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Facade Construction in China: Journey to Lean Design

FERERE B

T2

Allan Chung | gh3¢te
Project Architect | Ifi 2 25/

Gensler | Gensler BHI&ITE S FT

Chicago, United States | Z /]|
g =B

Prior to joining Gensler Chicago, Allan Chung was an associate
at Goettsch Partners with over 11 years of experience.

Given his technical focus, he serves as a project architect,
working on various high-rise office, hotel and mixed-use
developments, plus the design and detailing of those building
enclosure systems throughout China, such as the 40-story
Nexus Center office building in Beijing; a 200-meter-tall
residential tower in Tianjin. Recent projects in Gensler include
a nine-story contemporary office building retrofitted from an
existing structure in Chicago's West loop, and a 480,000 sqft
Northwestern Medicine Lake Forest Hospital, 35 miles north of
downtown Chicago.
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Ivan Mutis

Assistant Professor of Civil and
Architectural Engineering
IARERATIRRBERIR
lllinois Institute of Technology
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Dr. Ivan Mutis'work focuses on understanding the complex
social nature of civil and construction projects through theories,
tools, and methods to achieve high project-performance
through information technologies. He investigates the ability

to improve the effectiveness and efficiency of associated
processes such as project design, construction, and
sustainability by focusing on social systems, technological
tools, and the natural environment of the project. Dr. Mutis'
interest is on studying more effective means of collaboration
and communication of project information by working on
areas such as natural language processing, information retrieval,
social networks, and organizational theories.
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Abstract | {HE

There is a recent trend in the construction industry to implement “lean concepts,” a management
strategy based upon the Toyota Production System philosophy. While the construction industry
mainly focus on lean strategy for production in both the shop and field environments, there

are also opportunities to apply the concept during the production of designs, such as fagade
design and production processes, where the fagade design and consultant team convey their
methodology of quality assurance and quality control (QAQC) into the process. However, to
overcome new challenges posed from overseas projects, foreign design teams need to evolve
their conventional QAQC systems and procedures in order to enhance the architectural product
quality through long distance operation and oversight. This evolution of traditional standards
and workflows resembles the lean strategy, resulting in a win-win condition for both the foreign
design team and the local fagade subcontractor, thus delivering a more successful project.

Keywords: Building Enclosure, Facade, Lean Construction, Lean Design Management,

Quality Assurance, Quality Control
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Introduction

In 2014, Chicago Tribune architecture critic
Blair Kamin published an article series,
“Designed in Chicago, Made in China,’
reviewing the rapid urbanization of China
and the role Chicago architects played in the
expansion. Modern China’s urban population
growth has benefited from the Chinese
economic reform which began in the late
1970s, with the inflow of foreign investment
toward the first tier cities — namely Beijing,
Shanghai, Guangzhou and Shenzhen.
Shenzhen for example, went from a sleepy
border town of 58,000 in 1980 to a sprawling
urban metropolis of more than 10 million
today (Kamin 2014).

To better visualize the urbanization growth,
two timelines of building comparisons have
been generated from the CTBUH's Skyscraper
Center online database between China and
United States, from 1985 to 2014. Figure 1 is
the comparison of 100+m (330+ft) buildings,
and Figure 2 is 150+m (490+ft) buildings
(Figure 1 &2).
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Figure 1. Comparison of completed tall buildings 100m or above between China and United States (Source: The Skyscraper Center interactive data, June 2015) (Source: Allan Chung)
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Figure 2. Comparison of completed tall buildings 150m or above between China and United States (Source: The Skyscraper Center interactive data, June 2015) (Source: Allan Chung)
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The timelines reflect the consequences of the
global economy at the time and illustrate a
dramatic discrepancy in high-rise construction
between the two countries. It is evident that
the recovery pace in China is quicker, mainly
due to the nature of the newly industrialized
country, plus the following enhancements:
demand and involvement from the local
governments, competitive labor rates, and the
investments inflow from foreign investors to
minimize their damages from the recessions
around the world.

In order to keep up with the country’s
economy growth, Chinese developers
brought in architectural talent from overseas
and learned insights from these experts on
subjects including architectural aesthetics,
allocation and layout of the programming and
functions, and facade design and detailing.
Contrarily, there are also learning curves for
those foreign design teams to fulfill their
design and ideas in China. Like other foreign
companies in China, architects often struggle
to realize their ambitions (Kamin 2014).

This paper focuses on the study of quality
assurance and quality control (QAQC)

execution in facade designs and productions
that were developed by a Chicago
architectural firm compared with the

finished products that were built and installed
in China.

Successfully executing facades requires
numerous design and engineering
contributions, with multiple trades for
production and assembly, which require
extensive and sustained coordination efforts.
It is one of the architectural components that
require substantial amounts of time and effort
to document the component relationships.
Unlike old solid masonry walls, which required
tight tolerances (the interdependence of

the components were less sensitive for
interfacing to adjacent material because of
field installation flexibility), modern facade
technology is more sensitive to design and
construction mistakes (Pietroforte et al. 2012).

Design Process

Throughout the facade design process, there
are several participants involved. Figure 3

AT R EERNEFHERDE, FEFA
FMEINS | HEIFNER, HMXLEL K
¥, BHEERMET. RUNIENEE
5%F, EEINEHRAT R L. B
1, ANENZITEIAE B EF g e
ESSERE s IR, GEMESDEINE
i, EIMEEAERIE CNIREMmiE
FL(Kamin 2014),

AN BERAAR— I HZIEHERESA
FWEIIMNEIIT ST, BRI mE
PE4 M ARATHIERNRERIENRE
=% (QAQC) RUITH .

B IIHIBEIME R ER AR SRR T
EJ\/E :FF/J/& /l\?—_l'll_;%‘ﬁiﬁﬁuiﬁ
% BREZNFEFEMNAE. TEIE
AP EEEF—INEERSHN BB kK
IDRAN KRR, MEEERR LSS
FEEEHAE, BRIMWIEZENTE
15, BN RN ERE B EFF
U, mMILCIMER AN 12 TTHI5E T
KRN BZZHIE00N (Pietroforte et al.
2012)
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Figure 3. Example of typical Contractual relationships among the participants in the facade design process (Source:

Allan Chung)

B3 MBI REF S 5ENARBEEXALTF CRR: e

shows an example of typical contractual
relationships among the participants for
executing facade design and production

in China (Figure 3). The highlighted roles in
the diagram indicate the group, the design
architect, and their facade design team, which
this research perspective is based upon,

and also shows their QAQC on the facade
design process, from the pre-construction
phase to completion.

Building construction involves complex
coordination among different teams with
dissimilar perspectives. Per Oliveira and
Melhado's (2011) research, table 1 identifies
the generic activities and phases of facade
design and production. Both the design
architect and the facade design team have
the responsibility to collaborate on all various
requirements and document them in an
organized manner. They also proactively
review subcontractor documents

and activities to ensure the design
expectation can be executed properly in the
construction phase.

The Facade Tender Package is a critical

phase that, without this deliverable from the
design team, ensures the construction stage
cannot be executed effectively, as there is no
designated benchmark for reference. Itis a
detailed documentation built upon existing
information from the pre-design phase, which
is included but not limited to the following
requirements (Oliveira and Melhado 2011):

- Identify and define the criteria of the
facade performance requirements,

- Define the facade systems and principal
elements

- Document the composition of the facades,
including definition of construction
technologies,

« Preliminary list of interfaces, such as

« Interface with selected facade
technologies

- Interface between the facade and the
building mechanical systems

- Interface with design specifications
(quality and performance)

- Interface with the means and methods of
construction

- Graphically represent the adopted
solutions with drawings

« Analyze the durability and maintenance
issues of the selected facade system

The purpose of Facade Bid Package Review is
to provide technical support for the project
owner choosing the subcontractors by
evaluating the comprehensiveness of the
overall design and scope of work from their
submission package. Figure 4 shows a generic

"t

AEIPBEIUMEIRITIRES, HREHH
25, H03 TR 7 —MEPEIMERIT
SEmRIREFERSE5ENHEBGRIXA
PlF (E3) « AXHRRIRERRE
RRES5F, ITRAMSEINERL
A, HYAREIINEIR I AR T TRY
B3, METLRIMER E TRk,

Eiie Ty R ERAEEZ BN S
SZVE. ARIEERMLANARIGE

(Oliveira and Melhado, 2011) HYHF
R, BRI RRE—MINET S EARYE
INNER. 1T ERImSIMERITEIA S
BRALGSATENEK, FHEHERH
B 2ok, M IBEMEZYEFNY
HAES), DIRRTERZ T EN e TR
A BUERBRYSHE.

INEBIR S 2— N EENSE, R
BRERTERAEX A ERR, EIMER
BRERBEINNIT. AARE—NEE
MEEESE, INEBIr R — A
XERIEREIENIIEER, 8
FEEAPREFLLT (Oliveira and Melhado,
2011)
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Figure 4. Workflow of awarding facade bidder(s) (Source: Allan Chung)
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workflow of a bid review process for reference
(Figure 4).

This process is usually done by an individual
from the facade consultant team in order to
maintain a relevant evaluation on the bidder’s
submissions and generate an analysis report
through systematic evaluations based on the
comprehensiveness of the information
(Figure 5). Among 4 to 6 submissions, the
consultant is able to recommend the top 2 or
3 bidders for owner’s consideration.

Facade Shop Drawings Review is a critical
process to evaluate the proposed engineering
solutions, verifying the functionality and
aesthetic character of the facade systems
(Pietroforte et al. 2012). Shop drawings
interpret and transform initial design
drawings into detailed descriptions of
construction processes and methods. They
show instructions about the engineering

of each component, such as attachment
methods, fabrication and assembly with
other components, plus method statements
to explain the assembly and installation
sequences. It requires a lengthy review
process to determine if the subcontractor
correctly understands the architectural design
intents and can transfer them into workable
shop drawings.

The Visual Mock-Up Unit (VMU) and
Performance Mock-Up Unit (PMU) are
physical full scale replica models that help

all participants to understand the design
proposal without misinterpretation. The
VMU is more about aesthetic and visual
control, which allows the owner and design
team to verify cladding finishes in a full-
scale perspective. Compared to the VMU,
which is usually assembled with simulated
framing elements, the PMU is performance
oriented and composed of the actual project
extrusions, which are approved after the shop
drawing review process, in order to focus on
the facade structural and thermodynamic
qualities. The PMU test is a crucial QAQC

- SPTEEIME AR

MBS BRI B R ZBRVH

- SRt (REMMRE) AIHHE
- ST AR B

- BRI RAPTRARRRR T R

- T AT BUSME R STRUMY A AN 4E
Gialla)l

SMERRATEZ FAERAINE W EEED
BRRHEERASS, HERITEATRR
FRE R B BN A RSB ERY
ZEM. B4 A—NMAREZH—MRT
ERiEUHEE (E4) .

AT RIS — P EaNTHE, &
REEER—TAKTR, BEARFRIT
EFHIRIEE R E R L — D0 TiR
& (B5) . m4E6NMRInHFH, i)
SHEFRM = RITE LA I EEE.

SMERE T BB B— P RBRIS BRI
EFFRNAN IR AR, WEINERSE
AIHBEMEAISNIII R A 1E (Pietroforte
et al. 2012), Je TERFEIRITELHRREH
AU AE I AN AR AR T L
B EREAXZEMN IR, fl
MiFET A, SEAEAAHRISTIRE,
RORAMZEL, FFINETERRIA KRR
BENZENRF. BIERE—ITTK
HEETRE, DREHET S ERERE
FRRTEE, AR AN BRASERRE
It

MoitEA BT (VMU) MIMEERELE T
(PMU) BSRMIRREEEBFES S A
MR T RIBARTIR. WRAL ST
ETWEEMMTANES], XEVFLEM
witEET B RS REAEIME B
H. AEEERLIEZ T RARAI
TARAEIT, HRERALSITE TIHRES
DASEBRIN B RIS AR AR, =L
BIEREZAERINFRIRLT, LUEEIME
iRt HREREL A TN Z R
KAZFHEXER, DRRIMERTSR
FREBAE L RERTAE,

Figure 5. Bid document review workflow (conventional) (Source: Allan Chung)
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procedure to ensure the fagade system
is physically able to withstand the
performance criteria.

After the typical facade installation reaches a
certain point, a Field Test will be performed
with a high pressured water spray to several
designated locations per specification
requirements to test for leakage. The
consultant will be present on the job site

to witness the test to ensure the testing
procedures follow the specified standard.

Observed Issues in the Process

When individual project participants work
in geographical, social and cultural contexts
that are both physically and figuratively
distant from the context of the construction
environment being developed, this can

add considerable complexity to project
collaboration (Jargensen and Emmitt 2009).
For projects in China, design architects must
partner with an LDI who will be responsible
for the construction documents. This causes
fragments in the technical and management
interfaces which frequently occur in fagade
design and production between the design
team and the consultants, suppliers and
contractors. Due to poor coordination
between building systems and lack of
direct communication between the project
participants concerned in the design and
construction processes, integration problems
can occur and lead to major fagade design
failures, ranging from technical failures such
as water leakages to disappointment in the
realization of design ambitions (Oliveira and
Melhado 2011). Depending on both parties’

experiences, the run-in period of collaboration
may vary, due to the following reasons:

1. Language and culture differentiation;

2. Lack of understanding of the project’s
local code;

3.Varying expectations/understandings
of construction workmanship and
methodology;

4.Vague scope of work;

5. Due to contractual scope of work, the LDI
is not able to offer advice or preliminary
service in advance;

6. Contrarily, follow-up service from the
design team is limited by contract and fee;

These impact not only the schedule, but also
the aesthetic and performance expectation
of the project. Figure 6 highlights some
common issues that the conventional QAQC
procedures encounter in Chinese projects
(Figure 6).

As architects reaching out for new client
relationships with projects that are larger in
size and taller in height, these new clients
with their large construction business
networks tend to prefer more subcontractors
involved in the bidding process in order to
select the best value, or even pick two to split
the responsibilities in large scale complexes
(Pietroforte 1995). This leads to the consulting
team requiring more man-hours to review
submittals in both the bid and shop drawing
review processes, while the given timeframe
to review is unchanged. And to make the

Figure 6. Common issues conventional QAQC procedures are facing in Chinese projects (Source: Allan Chung)
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Phase Processes Participants
Design Process Conceptual Design Preliminary Definitions / Project Owner | If F\[l/ 3=
1BIhIfE [isreascans Creating the Product (Facade) Design Architect | %1+ 25T

AOR | LRI

Design Development

gt

Preliminary Design | #]4#1&1t

Project Owner | I\l 3=
Design Architect | 81T E 5T
AOR | LR ETIM

Pre-Design | #1i&1t

Executive Design | 1771811

Facade Design Team | SMEFi&1+HIBA
Facade Consultant | #M&f[]
AOR | LB EE 5T

Preparation for

Construction

Detailed Design | ;Z£i%1t

Project Owner | If1E I/ =

Documentation

e TS 4

Construction

e

Facade Design Team | SMEHi%1+HIBA
Facade Consultant | 75/ o)

AOR | ZFE T

Facade Subcontractor | JME G/

Construction Design and Engineering
ML TR

Facade Design Team | SN i%1HEI A
Facade Consultant | JME/if[]

AOR | 2T

General Contractor | £ EJ7E

Facade Subcontractor | IME B

Delivery | #31%

Planning for Construction | & T #71%/)

Facade design Team | JMZ &1+ EIA
Facade consultant | JMZ ()

AOR | 8725

General Contractor | 217

Facade subcontractor | SME N B

Building Delivery | Z 3747 #1%

Facade Design Team | SMHi%1+HIBA
Facade Consultant | N /Eilo)

AOR | 2RI

General Contractor | 217

Facade Subcontractor | SME G/

Figure 7. Generic activities and phases of facade design and production (Source: Allan Chung)
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matter worse, there are no English translations
in the submission documents.

In the shop drawing review process,
resubmission is needed when the

submittal does not meet the design criteria.
Unfortunately, the resubmission may not
necessarily address all the review comments,
resulting in consistent re-submissions with
unresolved issues, which is mainly due to
the following:

- Inexperienced design team on the
subcontractor side;

- The design team would not hire staff who
can read and write the local language;

- The translation misinterpreted the English
comments;

+The level of understanding to the issues vary;
- Subcontractors’excessive pursuit of profit.
The issues above require synergy between

design teams and subcontractors
to overcome.

Synergy and Strategies

As shown in table 1, there are several phases
(highlighted) that were targeted in this

study, where facade design and consultant
teams are engaged in the design process

and review the design proposal, evaluate
details for refinement, and provide solutions
to design errors (Figure 7). The teams apply
and execute their standard QAQC practices
to the project. However, for projects designed
in the US and located in foreign country like
China, the conventional QAQC procedures
required further development utilizing the
“lean principle”to implement new methods
in order to meet the needs and overcome the
barriers (Figure 8).

Lean construction is commonly known as
the conversion of lean from production to
construction. Lean production is based on

- DEE—HRZELHNAIRITE;
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ATHEH— AR T RIZ AR R
HE (A7) . ANKNINESSHEFFMITH
MRRERRIIRG. AT, WTFEEER
i, BIMBIIhENINE, SMENS
BEZH—SLRE. XA “BaE”
(lean principle) SSIFTELURER <
NEZEH=REXERS (E8)

B IS IE E I MBI E
BB E. BaErISEREER
Foot250FREHEH (Toyota
Production System, TPS) . FEHRR
WEBR, FRARE—EETRGLUE
M. B/ REE, EIEMERERIERN
8, "EERE, ALENEMITER,
RO S, FEDRaiAEL e
TERIIN R FRIEERELE T RGN
5&1E (Pestana 2014) .

BABRMSTEEFERIIIRT
BIEED), XERENEERTFHAENE
F5ES) (Pestana 2014) . XIR&ETRHE
BT SXHE RN ERREm A, HBEfE
g7 ket VR E T R FIE F
EIBIEA (Emmitt 2011)

v
/|

Figure 8. Lean concept implementation model for QAQC system (Source: Allan Chung)
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Design Phase Activity Constraints and Objectives Lean Principles
Pz Pl Pl e
Pre-Design Issue Facade Tender Package Define scope of work and building fagade interface details using drawings of the facade systems and specifications. #3, #5,#7
Fuigit HMEIRAT ST FASMEARFEFRAISRE TECER R AYINEHHET 2.
Executive Design Facade Bid Package Review Evaluate facade subcontractor’s bidding submission and provide an objective recommendation to project owner of the #1,#2, #6
RITIRTT HMEIRITER X adequate bidder. -
TZIMEN BRI AR B W R — R RS OB
Detailed Design Facade Shop Drawings The awarded contractor submit their drawings for approval. Consultant verifies if details are still correct according to the #1,#3,#7
Mgt Review design and specification, whether the facade system interfaces are properly detailed, or the continuity of air / water and
HNEHE T EEZ thermal barriers are being maintained.
¢D§<@@ﬁ§E2Rfﬁ?ﬁ}tEQ JRIEZSRA0T S A ERH R T RRITTAIANE, IMERFHHEN AR DIRLATR
£, ARERFKEHEMRRRAESE.
Construction Design and Visual Mock-up Unit (VMU) / Verify any hidden issues before mass producing, using full size replica of a small portion of the actual building facade #1, 43, #6, #7
Engineering Performance Mock-up Unit system(s).
e TR TAZIRLT (PMU) review FKAERERYIMERGH — NP RERIREL, R RAURAE = 2 BIZ AT FIRREIR D R,
ARSI (VMU) 71
MREREISETT (PMU) BR#%
Building Delivery Witness Field Test Witness and verify any water leakage or other issues in the final installation. #3,#6
FESTkY)EEE M TALE TERATER RIS R E R,

Figure 9. The association of the Facade design and production process with lean principles (Source: Allan Chung)
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the concepts and practices supported by the
Toyota Production System (TPS) which was
originated in the 1950s. Toyota developed

a production system to be more efficient

as resources were extremely limited after
the war. The principles used to improve

the design and operation of production
systems by minimizing waste, includes
reduced lead times, increased transparency,
reducing nonvalue-adding activities,
reducing variability of inputs and outputs,
and balancing improvement of flow and
conversion activities (Pestana 2014).

While the lean concept mainly focuses on the
construction activities in the field and off site,
these principles are also applicable to office-
related activities (Pestana 2014). This research
study concentrated on the lean approach to
the design and documentation stages, and
subsequently to the implementation of a “lean
culture”in the organizations contributing to
the projects (Emmitt 2011).

While lacking a universal definition,

lean design in construction refers to
approaches, principles and methods for
managing processes of design and product
development (Jgrgensen and Emmitt
2009). Essentially, lean production systems
consist of waste reduction and continuous
improvement which can be applied to
designs by conceptualizing design in
three different ways (Tzortzopoulos and
Formoso 1999):

- design as conversion of input to
outputs — transform the perception of
the client’s requirements (inputs) into
design decisions and actionable design
documents (outputs),

- design as processing the flow of
information — from various stakeholders to
the designers and vice-versa,

- design as a process of value generating
activities — identifying and eliminating
nonvalue-adding activities in design.

Implementation of Lean Concept in Design
Process

Practical considerations (Tzortzopoulos and
Formoso 1999) that have been suggested to
implement lean principles into architectural
design and development process (Deshpande
et al. 2012) are as follows:

1. identify and eliminate nonvalue-adding
activities in design,

2.increase output value through systematic
evaluation of client requirements,

3. reduce variability in the design process,

4. reduce approval cycle times for design
documents,

5. focus on the complete design process
using stage gates within design,

6. benchmark with other similar projects for
systematic performance evaluation, and

7. build continuous improvement milestones
in the design processes.

Figure 9 shows the association of the facade
design and production process with the

lean principles, according to the researcher’s
observations of the constraints and objectives
for each design activities in the design phase,
as identified in Figure 9. Further analysis below
reveals how the processes are related with the
lean principles (Figure 9).

The design documentation cannot be
accomplished without the direct involvement
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of a bilingual team member clarifying the
drawings and specification with translation
for the local bidders. As the process evolves,
common design and material terminology
has been standardized and consolidated
where the English annotations are tied with
the Chinese translations. This allows other
team members to access and utilize the
standard terminology into their drawings. This
continuous process improvement (principle
#7) helps to make the drawing production
more efficient by minimizing variation and the
transition time for translation.

The bilingual team members in the
conventional shop drawing review process
also help to refine the translation language to
avoid comments lost in translation that lead
to miscommunication and inefficiency in

the resubmission.

To align with the lean concept, the process
has been further adjusted:

- Identifying and eliminating nonvalue-
adding activities in the design (principle
#1) — instead of a consultant team leader
following up the resubmission review, by
providing an intensive review on the first
submission, he or she is able to spreads
out the work to apprentices and assistants
to follow up the resubmission review
based on previous comments with proper
tutorial and communication, in order to
minimize the manager’s own time on the
nonvalue-adding activities.

- Standardizing tasks in order to minimize
approval cycle times for design
documents (principle #4) — The cycle times
of the procedure gradually improved
from previous experiences once the team
understands the “know-how"and the final
output expectation; the lead-time of their
part can be reduced.

- Standardization being the foundation for
continuous improvement in the design
processes (principle #7) — to further
reduce lead-times and cycle times in

the process, a list of standard review
comments is developed and tied with
proper translations into a spreadsheet.
The director only needs to select the
applicable comments and the report can
be formalized by the assistant in a much
quicker fashion.

With the increased bidders and timeframe
constraint in the bid review process,
assistance is necessary. Junior team
members with extensive shop drawing
resubmission review experience are valuable
in assisting and evaluating portions of the
bidding submission, such as verifying the
comprehensiveness of the information.

The technical director on the other hand
would focus on the critical elements that
affect the architectural aesthetic appearance
and performance, by evaluating the details
among the submittals. Once the evaluation
is completed, it would be sent over to the
translator for the Chinese translation, and the
bilingual junior team members would review
the final version of the translation before
sending out the package to the project owner
(Figure 10).

As the workflow has been established,
individual workloads are dramatically reduced,
while still keeping the evaluations relevant.
The lean concept once again has been
reflected in the refinement process:

- Identify and eliminate nonvalue-adding
activities in the design (principle #1) — the
team leader spread out the task to
his team in order to reduce his or her
own workload.

- The output value and quality was
maintained regardless of the increased
number of bidder submissions through
systematic considerations of the project
owner'’s requirements (principle #2).

The project owner’s preference, however,
may not necessarily be the candidates that
the consultant recommended. To ensure the
design team is able to work with the best

Figure 10. Bid document review workflow (China projects) (Source: Allan Chung)
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subcontractor, an extra step is made by the
consultant team by requesting observation
tours of both factory and completed projects
of the pending subcontractors before
determining the awarded bidder (refer to the
highlighted portion in Figure 04). Another
layer of benchmarking was performed by
reviewing the subcontractor’s “back of house”
and interviewing other building management
groups (principle #6).

Although there are unforeseen issues still
unexamined, such as maintenance and
sufficient training of construction crews,
this additional step helps the design team
to adjust their time and resources in the
following shop drawing review process
by having a better idea of subcontractors’
skill and experience through examining
their documentation quality and their
shop environment.

Unit of Analysis / Benchmarking
The shop drawing review process allows us
to evaluate the efficiency of the lean concept
implementation. The submittals transition log
provides the following information:

« incoming submission date

- outgoing feedback date

- the duration days of the review process for
each submission

- the submission content

The transition log of the following two
projects have been reviewed and compared.

Project A
26-story, 915,000 sq.ft., symmetric twin tower,
located in Guangzhou, China (Figure 11).

Completed in 2008, the drawings were
reviewed from May 2006 to July 2007.

The unitized curtain wall system features
stone, glass and metal, with the following six

major systems in the project:

- Typical unitized system with stone, glass
and metal

- Stick system along the base with stone
glass and metal

« Roof screen wall with stone and louver

- Ballroom podium cladding with glass
and metal

Figure 11. Grand Hyatt Hotel, Guangzhou, China (Source: Goettsch Partners)
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- Sky bridge cladding with glass and metal

- Structural glass wall system at the hotel
entrance

Project B
21-story, 441,300 sq.ft, single tower, located
in Suzhou, China (Figure 12).

Completed in 2013, the drawings were

reviewed from August 2010 to November 2011.

The unitized curtain wall system features
stone, glass and metal, with the following nine
major systems in the project:

- Typical unitized system one with shingle

glass wall with integrated shading device
track

- Typical unitized system two with glass and

projected stone fins

- Typical unitized system three with glass and

metal at double height recessed corners

Figure 12. Soochow Securities Headquarters, Suzhou, China (Source: Goettsch Partners)
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- Stick system along the base with glass,
metal and projected stone fins

- Roof screen wall with glass, louver and
projected stone fins

- Corner cantilevered wall with glass and
projected stone fins

- Podium cladding with glass and metal

- Structural glass wall system at the lobby
entrance

- Skylight system with triangulated glass at
top of tower

The comparisons between the two are fairly
even. For instance:

- Both projects are within 100m tall,

- Both are located in the southeast region of
China, so that the structural design criteria,
such as wind, seismic and the terrain
roughness and obstructions around the
site, are relatively similar.

- The engineering, fabrication and
installation of the enclosure for both
projects were done by the same facade
subcontractor.

Although Project A is double in size compares
to Project B, itis a symmetric twin tower
building, so that the facade design and detail
are identical.

While the drawing review duration of the
two are similar, the number of incoming
submittals between A and B is 49 vs. 33,
which mean the design team had 32%

less submittals to review in B compare to

A, with a less stressful and intensive pace.
The outgoing correspondence in A is 35%
less than its incoming submittals because
the resubmission had not been reviewed
as their drawings, and responses did not
fully address previous review comments. It
is worth mentioning, that the facade design
in Project B is more complicated in term of
system designs, components and interfaces
compared to Project A.

Through the comparison, the following
deductions can be made:

- Duration — while the complexity of the
facade systems in Project B is more
advanced than Project A, the team was
able to manage and complete the review
process to match the previous project
review duration.

- Number of outgoing correspondence
— the review comments from the
design team are clearer for the facade
subcontractor to understand. On the
subcontractor side, with their additional
four years of experience working with
other foreign design teams, not only
were their drawings more well-defined,
their resubmissions accurately addressed
the review comments. The coordination
cooperation process between the two
parties was shortened.

- Efficiency rate — this is the number of
resubmissions divided by the duration
of the overall review process. The
efficiency rate was 49/14 = 3.5 in Project
A, and 33/14 = 2.4 in Project B.The
lower efficiency rate means less time of
involvement to review the drawings within
the timeframe. This leads to the design
team requiring less man-hours to engage
the coordination process, while still able to
maintain a high level quantity control on
subcontractor’s submissions with effective
communication and understanding.

Conclusion

The conventional QAQC system is an excellent
measure to set a benchmark in the pre-
construction stage. However, due to the
nature of the project location, along with the
language and culture differentiation, and lack
of understanding to the local workmanship,
long distance overseeing becomes extremely
challenging. The well-established QAQC
system will need to accommodate those
new situations, which involve conversion

of input to output, flow of information and
value generation. The implementation of

the lean concept in fagade design and pre-
construction phases is prominent when

the QAQC system is being practiced in
overseas projects.

Through experience built by exploring

local facade subcontractors’ shop and

field operations to understand their skill
and workmanship for varies of projects in
China, the design and consultant team are
able to enhance the architectural product
quality through long distance operations
and oversight. There are cases where the
results are not satisfied as expected; those
experiences are part of the learning curve
to create a better result for the next projects
to continuously improve the design process
(principle #7). From the case study, we can
see that recent completed projects with more
complicated fagade systems required less
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