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The Construction Supervision Process
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Yadong Li, Haochuan Lang, Jing Sun & Xiangdong Xu, Shanghai Jianke Engineering Consulting Co,, Ltd.

ZLF, BRF|, B, LA TE L2

This chapter summarizes innovative management methods in the construction supervision process of Shanghai Tower, outlining the
implementation process and application results. It includes key steps of the construction supervision process, acceptance criteria beyond
specification, targeted inspection methods, safety management, sustainable building management, and BIM technology. Results prove that
these innovative methods could satisfactorily meet the construction requirements of Shanghai Tower. Furthermore, these methods will provide

a reference for other ultra high-rise buildings in the future.

This new landmark building in Shanghai has no parallel in history in the size of its engineering and architectural features. Additionally, it
brought many challenges to the work personnel during the construction process. This article, from the perspective of supervision personnel,

illustrates some innovative management practices used during the course of construction.
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The Innovation Comes from Challenges

The Challenges in Techniques

The construction process of the project required a broad range of engineering techniques.
Furthermore, because the height of the building makes it the tallest in China, many technical
aspects were beyond common practice. The main responsibility of supervision staff is to ensure
quality results and accurate implementation at every step during construction. Therefore, the
main challenge is identifying the essential elements of quality and controlling the key processes
in this extraordinary project.

The Challenges in Management

For this project, management methods differ from normal engineering projects because of the
numerous amount of involved subcontractors. Therefore, an innovation management model is
required in order to achieve high quality results.

In addition to the routine work, there is the inevitable interface between the different
technologies used in the project. For example, elevators need to be constructed within the core
tube structure. For the sake of structural integrity, the structural steel personnel fabricated the
elevator separator beams and completed the on-site installation. After the transfer procedures,
elevator construction began. There are many other examples like this, and they took up a large
part of daily technical coordination.

Innovation and Technical Measures - The Keys to Addressing Challenges

Identifying Key Processes in High-Rise Construction Supervision

Identifying and controlling critical processes are the key elements of quality management. This
was done early in the project preparation period and 20 key main procedures were identified
(see Table 5.3). These covered almost all of the engineering work, including the foundation, the
main structure, curtain wall installation and decoration, etc.

As the project progressed, thorough screening of key procedures was very important. For
aspects that exceeded current standards or had specific engineering difficulties or unusual
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Figure 5.14. The Shanghai Tower under construction (Source: Gensler)
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characteristics, we arranged further
examination and identification. For many
divisional working units, we updated

the requirements and proposed specific
evaluation criteria for components including
the bored piles, the steel structure, the
internal and external curtain wall and the
supporting system, etc.

In addition, these key elements contain some
requirements outside normal construction
industry standards, such as: window coverings
for the entire inner and outer curtain wall
system, a large substation providing power
for the building, a damper with the total
weight up to 1,000 tons, a wind turbine group
located at the height of 580 m, etc,, all of
which demanded a high level of technical
performance and comprehensive evaluation
of the strength and build ability of the
construction elements.

Specific Inspection Methods

This section describes the innovative
technology measures of key sub project
procedures which were summarized above.

Inspection Method of Super-Deep Bored
Grouting Piles

The main aspect of the pile foundation is that
the pile diameter is large and the piles are
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20 Main Procedures Required For Preliminary Indentifying
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Figure 5.15. The heavy steel structure of the Shanghai Tower in it's early stages (Source: Antony Wood)
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very deep, with the deepest being 86 m into the ground. Controlling the verticality of the piles
is the primary focus. Therefore, in addition to routine checks, we insisted that the inspection on
the entire process be carried out as summarized below:

1. Inspection of the entire pile forming process required 24-hour uninterrupted
monitoring. The proportion of sand in the mud had to be controlled in a certain range,
or the wall of the pile may collapse. During this process, the weight of drilling mud was
checked every 2 hours in order to ensure drilling verticality.

2. Since the project used post-grouting technology to improve the bearing capacity of
the pile foundation, grouting was the key to quality control. The post-grouting quality
control was refined in each step, including the grouting pipe connection, water
pressure testing of the grouting pipe, and controlling the amount of grouting and
grout pressure.

Inspection Method for Large Steel Structures

The total amount of steel structure in this project accumulated to more than 110,000 tons,
which was provided by two domestic steel work factories. Because of the steel structure system
that was adopted for the project, the number and size of components is very large, especially
the trusses, the tower crown, and other key parts (see Figure 5.15). In the steel structure
fabrication factory, inspection methods were very important and are summarized as follows:

3. Itisimportant not only to inspect the components’ processing quality, but to ensure
that there were sufficient checking points to ensure the overall quality of the process.
Therefore, the inspection of the quality management systems in the factories was
important. In addition to routine evaluations, we also used ad-hoc inspections and
statistical measurements, such as qualified welding procedures, to assess the quality of
the steelwork machining and welds.

4. If all of the elements were pre-assembled in accordance with the general requirements,
it would be difficult to reach the project schedule and cost requirements. Therefore,
in this project, we used actual entity preassembly combined with BIM pre-assembly
to control the precision of trusses and other key parts. The geometry of large steel
components was modeled in 3D. This took advantage of the ability to model the
steelwork by using the electronic analog of pre-assembled components in the BIM and
it replaced the need for actual pre-assembly of the steelwork.

Inspection Method of Flexible Suspension Curtain Wall System

The double glass curtain wall of the building has a beautiful appearance, but it also brings
extreme technical challenges. This can be seen in the outside curtain wall parts that require
precision control from the curtain wall supporting system and curtain wall installation.
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The installation of the curtain wall supporting
ring beam required meeting the requirements
of the plate connector construction schedule
as well as requirements of the overall
construction site schedule. Therefore, the
method called “professional sub contractor

— overall contractor-supervision”model was
used. That is, the three parties respectively
measure and double check their data and
finally put their measured results into the BIM.

Inspection to Ensure the Sustainable
Construction

In addition to conventional engineering
objectives, the project also needed to
achieve the standard of American LEED-CS
Gold Standard and the Three-Star “double
certification” standard of Green Building of
China. Therefore, more than 30 green building
technologies were used in the design. In
order to achieve the “‘double certification”
target, we identified some special technical
improvements in the quality control points.

For example, the ground source heat pump
differed from the conventional buried pipe
approach. Different from normal ground
source pump, we used a “pipe pile”as the
source of ground source pump in this project.
Therefore, the survival rate of the buried pipe
is very important, because it is linked with the
requirements of final energy savings.

Innovation Management - Guarantee of
Efficient Operation

Safety Supervision Mode of Adjustments
Guarantee of Safety Technology

It is difficult to introduce safe production

and non-hazardous construction processes
without reasonable scientific and technical
solutions. This is especially true for large
projects, involving more breakthroughs in
safety technology, such as the excavation of
deep foundations, tall braced bents, etc. (see
Figure 5.16) In the construction process, safety
is highly inter-related with complete technical
proposals, and they should be reviewed and
demonstrated to comply with approved
procedures.
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Figure 5.16. The construction workers following safety procedures during the concrete pouring process (Source: Antony
Wood)
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During on-site management, supervisors must follow the approved procedures and coordinate
with construction personnel to ensure production safety and safe construction practices. It
was forbidden to use non-approved quality checking processes and to use any behaviors

that were not aligned with the approved process. For example, in the acceptance process for
concealed steelwork and templates, there must be an approved acceptance listing. The on-site
implementation must strictly follow the approved construction proposal. If they were unable
to be executed in accordance with approved procedures, then the proposal would be adjusted
accordingly, after verification. It was a useful methodology to ask the construction units to
consider their proposals in detail. They had to be reasonable and scientific. This methodology
emphasized the importance of verification and on-site implementation.

Safety Management Model
Clarify that the main safety production responsibility is with the project leader:

- Itis essential to ensure that the main responsibility for safety is with the project leader.
When the project leader is committed to his responsibility and involved in onsite
construction, the supervision and management of construction safety can be fully
achieved. This brings awareness to the project team members at all levels. On-site
management can be developed once they are aware that the project leader is the main
person responsible for all onsite production safety.

Clarify the safety responsibilities for each role in the project.

- Itis essential to follow the main principle that everyone must be committed to their
responsibility in their position. Defining the safety responsibilities of the project leader,
the general engineer, the functional head, and the relevant team members is essential.
The goals of safety management should be achieved when everyone is clear about their
responsibilities and that they can improve site safety from their own position.

Set up the management system for safety in construction for all levels of personnel:

- The accident control responsibility covers all levels of project members and it requires
bottom-up management, so that everyone in the team is actively involved. It is also
important to set up evaluation systems, such as specificity and measurability that ensure
safety in construction. Secondly, timely tracking and periodic appraisal systems carried
out by management must be implemented to ensure the continuous and consistent
improvement of safety records. As a result, safety objectives should be achieved
successfully and on schedule.

Innovative BIM Supervision Mode

Currently, BIM technology has been used in many large projects. For instance, it was used
efficiently and developed in some specific process throughout the Shanghai Tower project. A
series of BIM related technology and methods were developed and practiced, according to the
characteristics of the supervision work.

Development of BIM Platform

In the development process for the BIM platform, the main factor was the management of
important engineering information, such as quality, safety, progress, etc. Based on the existing
engineering BIM, the concept of “data label”was introduced to associate the data in the model.
The labels contain important information and data including engineering material, inspection,
acceptance and solutions for specific problems. Furthermore, the label orientates the exact
position of the element in the model. For the overall project, there is a summary list which is
very clear and useful for early warnings of discrepancies.
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Figure 5.17. Shanghai Tower’s impact on the Shanghai skyline creates an anchor for the many people travelling nearby. (Source: Gensler)
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Additionally, the supervisors can implement conventional engineering management processes £ #ATBIMF & & H o b JF X e 7] 8, 4T
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BIM-Aided Technology B 2R,

In the development of BIM platform, a series of BIM-aided technology for supervision was - S RO DU I A A 3k

applied. We summarize two scanning modes for on-site management, 3D scanning and BEHMBNEN A HER, B

panoramic scanning. EHE, mEENEE. H—%
FH TR ZITHE AL K EIHALH

+ 3D laser scanning can accurately obtain the 3D geometry model of the object; it is very R
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- Panoramic scanning technology is another tool to acquire the entire on-site model
but it is different from the 3D scanning. The image in panoramic scanning is not high-
precision, but it can record the construction site at specific times. This technology is
very useful to rapidly review the on-site situation in quality management.

The Implementation Effect and Summary: Future Inspiration
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important to inspire the project participants through the accumulation of engineering

technology and management experience in innovative construction practices. By reviewing, RIFHE AR ETE R T RERE
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similar projects in the future.
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