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Engineering Contractor Management

TERABEE

Jian Zhong & Zhengkai Huang, China Construction Third Engineering Bureau Second Installation Company
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Megatall high-rise projects face difficulties that require innovative solutions in terms of material coordination, allocation of labor resources,
large massing, complex multi-system engineering, noise control, net height control, multi-process coordinated construction, processing venue
restriction, and more. To explore these solutions, a unique organizational management approach was adopted. Firstly, it established progressive
management concepts that relied on new technologies (e.g. logistics shipping management, factory based pre-manufacturing, on-site
assembly, BIM modeling, cloud network coordination, CFD data simulation, etc.). Furthermore, advanced technical approaches were used,
along with the establishment of a lean construction method that utilized technological solutions. This chapter addresses the difficulties faced
by project administrators for the Ping An Finance Center and provides an overview of the identified solutions from a project management

perspective.
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Project Scale

The scope of engineering contracting for the Ping An Finance Center includes: advanced
electric engineering (substation and distribution system, dynamic lighting power
distribution, lightning protection and grounding, civil defense and electrics), electronic
engineering, and HVAC engineering.

Technical coordination includes disciplines such as fire protection, electronics, floodlighting,
plumbing, and other sub-contracting projects.

MEP Construction Schedule

- February 27,2013 comes into play

- completed in March 12,2016 the combined mechanical and electrical debugging
« completed in April 16, 2016 and passed the acceptance

- completed in June 23,2016

Project Management Pattern
General contract + self operation + sub-contract + technical coordination (see Table 5.1)

Project Organization Structure and Team Setup

Project Organizational Structure

Figure 5.10 shows the adopted four-tier management structure that includes a corporate
assurance monitoring section, an engineering general contract management section, a
construction administration section, and a construction section.

Setup of Engineering General Contract Management Section
There are 11 departments in total that comprise the general contract management system:

Engineering General Contract Coordination Department, Planning & Management Department,
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Design Development Center, BIM
Workstation, Technical R&D Department,
Material Management Department,
Business Management Department,
Construction Administration Department,
Quality Management Department, Safety
Management Department, and the

General Office. To identify the duties of
personnel in charge of major management
departments, an engineering sub-contract
management department, a phased and
regional coordination management team,
a design development, a BIM management,
an engineering and commissioning
department, and a safe environment
management department were established.

Project Organizational Structure Diagram
and Management Duties

In order to ensure the achievement of

the project's management goals, the
Engineering General Contract Department
has identified the following management
duties:

- To be responsible for the control and
management of the overall safety,
quality, and progress of engineering
projects

- To be responsible for the review
of design development progress
including the planning of all
engineering related disciplines.
Furthermore, to review design
development drawing quality,
initiate and organize comprehensive
engineering piping design, and
to promote design development
utilizing BIM models.

- To be responsible for organizing
construction design review
and specialized construction
program review within its scope of
management

- To be responsible for the
organization and coordination of all
engineering related disciplines

- To be responsible for organizing and
participating in various engineering
production meetings and to
convene regular engineering general
contractor coordination sessions
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Table 5.1. Project management objective(Source: Tiejun Tang)
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Figure 5.10. Ping An financial center electrical contracting organization chart. (Source: Tiejun Tang)
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Construction Concept of Supertall Projects

Concepts supporting lean and technological construction are established in order to fully
explore new ideas for technological application and raise the management quality of
architectural projects by applying innovative approaches incorporating BIM technology.

New development methods for the construction industry are summarized and explored
from the project management practice. The development of any industry should identify
innovative concepts, i.e, new mindsets, new ideas, new concepts; and incorporate them into
management and production activities, generating new management processes, and using
them to drive the application and development of new technologies in the industry.

96 | Building Services

B THETRINEE, HFHTB a5
TECBALRE UL RANF, LB T
W, mREEETHE.
BARMAFEER. MRERS . ERE
BWERRE (FFELHES)
REEREMHNELESHNASEHE
By WWZmAN, REARZH, &
AL, G—. U FEFEE, RN
HE I .



Figure 5.11. Overall Strategic Thinking (Source: Jian Zhong)
B511. SRR B (i B: 4 4))

For instance, Ping An Center utilized pre-visualization through the establishment of BIM models.

Using simulations, collision test reports, and factory based pre-manufacturing, the goals of
reducing material consumption, increasing quality, and raising process efficiency are achieved.

Innovation also lies in developing technological construction methods. Various new technical
services need to be incorporated into construction, (e.g. combined application of robot

total station and BIM models, two-dimensional code logistics management system, multiple
simulated applications of BIM models, etc.).

Innovative Engineering Construction Administration

Considering the complexity of the engineering systems in super high-rise buildings, the large
specifications (or large capacity) of equipment and piping, and the large quantity of machine
rooms, a higher requirement is set for construction organization and process operation
capacity. The machine room and main piping are comparatively concentrated, system
hierarchies are clear, and the building’s functional zoning is well defined. Construction should
be organized by adopting a phased approach based on the requirements for construction
processes and techniques so as to meet the requirements of the construction schedule.
Moreover, continued improvement of management processes and technological innovations
are required to achieve highly efficient construction.

The management concept of coordinated organization, coordinated service, and integrated
management should be consistently implemented (see Figure 5.11).

Organization and Management of Vertical Shipping for Supertall Equipment and
Material

Professional shipping teams should be put in place to achieve professional, efficient, orderly,
and timely deliveries.

Our team also gathered data and analyzed the weight of various engineering materials,
selected shipping methods and numbers of shipping trips based on site conditions, and
prepared the shipping timeframes of various materials based on overall progress. Two-
dimensional codes and RFID technologies are introduced for logistics management to facilitate
tracing and inquiry. 15% of vertical shipping for small-sized materials can be shared by localized
vertical transit shipping through dual-track suspended cage set up at ventilation shafts.

Work Method Arrangement of Megatall Operation

1. Difficulties in personnel and materials transport can be alleviated with organized, well
planned, and reasonable arrangements of two-shift or three-shift work teams during
construction rush hours.

2. The limited capacity of elevators in super high-rise building construction results
in prolonged journeys and over-crowded rides during rush hours, which is not
conducive to workers' lunch breaks and can cause difficulties with dining. To
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organize synchronized meal and
water delivery to the floors, the
construction team operates at set
hours.

Management Concept of Prioritized
Engineering

- Prioritized machine room concept:
the machine room is the heart of
the entire engineering system,
which has a deciding effect on
the commissioning, delivery, and
acceptance

- Prioritized shaft concept: shafts are
the veins of the overall construction
and the backbone of engineering,
which directly affects the formation
and commissioning of engineering
systems

« Prioritized commissioning concept:
prioritized single machine or
local system commissioning is to
be conducted after substantial
completion of equipment
installation on certain local
engineering systems while prior to
final acceptance of construction, so
as to eliminate defects at the very
beginning, laying a solid groundwork
for subsequent procedures

Application of Innovative Technology

Technological innovation is inevitable in

the sustainable development of a company,
which generates new standards and patents,
further increasing the core competitiveness
of a company.

Two-Dimensional and Logistics Delivery
To adopt digital information management
technology to efficiently manage the
materials on site, a two-dimensional code is
allocated to each section of piping and each
component while BIM generates wind and
water piping pre-manufacturing drawings.
This establishes an information database
platform containing the location, dimension,
system location, and purpose of each section
of piping and component. Consequently,
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Figure 5.12. (a) Two-dimensional code equipment accessories (Source: Tiejun Tang)
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Figure 5.12. (b) Two-dimensional code equipment accessories (Source: Tiejun Tang)
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this ensures that all equipments are able

to read two-dimensional codes and have
access to information at any time. For
stages including dispatch, shipping, on-
site acceptance and installation of pre-
manufactured finished products; the project
department can carry out whole course
follow-ups and accounting through a“LOT”
management system. A database is built to
facilitate the operation and maintenance
management system of future properties
(see Figure 5.12a, b, cand d).

Combination of Robotic Total Stations
and BIM Models

The powerful Trimble VISION visualization
tool can be used to rapidly and easily
capture relevant data by clicking the

screen. Dedicated measuring personnel
and institutions are put in place to carry out
necessary reviews of the benchmark anchor
spots and axes by using a total station.
Engineering, installation, measurement
completion drawing, and BIM completion
models are prepared based on measurement
results. The specific deviation between the
BIM model and the on-site construction

can be obtained through computerized
processing. Efficient lofting and accurate
construction can be guaranteed.

BIM Cloud Network Coordinated Design
Studio

Currently, our company is joining forces with
internet technology companies to create

a BIM cloud platform for Ping An Finance
Center for the following reasons:

- to solve the problem of slow or failed
operations due to large volumes
of information through cloud
computing technology increasing
the design development efficiency
of models;

- to ensure the safety of information
storage and facilitating the
coordinated management of
information;

- to reduce dependence of BIM on
computer hardware equipments.

Figure 5.12. (c) Two-dimensional code equipment accessories (Source: Tiejun Tang)
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Figure 5.12. (d) Two-dimensional code equipment accessories (Source: Tiejun Tang)
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To create a complete, high performance,
and safe architectural design system

by establishing a BIM cloud computing
network, an inter-connected, coordinated,
and efficient work pattern is formed among
disciplines, realizing timely optimization and

model maintenance (see Figure 5.13a and b).

Application of BIM workstation In
Projects

Revit Modeling

In combination with the manufacturer's
product information base, we have
established a complete 3-D digital model
for the engineering system of this project
using 3-D modeling software including
3ds Max, Revit, and Inventor. Through the
configuration of various products'Revit
files, parameters carried out optimized
coordination of disciplines and integrated
piping and net/standard height analysis,
solving spatial collision problems.

Progress Simulation and Collision Report
The simulation of this project's progress
plan and integrated piping collision are
carried out by using Navisworks software

in combination with the various on-site
progress schedules. Navisworks organizes
the construction process and progress
arrangements as well as, optimally organizes
the integrated piping systems. The
construction process is simulated to achieve
the purpose of monitoring of the entirety

of the construction process. The second
development of BIM models is then carried
out including model construction, collision
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Figure 5.13. (a) Cloud Network System lllustration (Source: Shenzhen xiechuang Tiancheng Technology Co. Ltd.)
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Figure 5.13. (b) Cloud Network System lllustration (Source: Shenzhen xiechuang Tiancheng Technology Co. Ltd.)
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Figure 5.14. (a) Air Flow Organization Simulation (Source: Changsha University of Science & Technology)
E5.14. () RMAREM (B E: KVETAH)

handling measures, and the final preparation
of construction drawings.

The engineering construction program
and simulation methods as well as the
most optimized construction program, are
demonstrated as an example.

Preparing System Assembly Drawing
Using 3-D Software

Through combining the components'
BIM model with digital components using
the high precision and automatic coding
functions of the software, it was possible
to digitalize the precise processing for
the pre-manufactured and pre-processed
components; ensuring the construction
quality of relevant portions. This process
enabled 3 factors:

1. The realization of factory pre-
manufacturing, logistic shipping,
and assembly construction;

2. The ability to compare the pros
and cons of pre-manufactured
processing construction with the
traditional construction approach,
thus creating a tool of cost analysis;

3. Itincreased work efficiency

through assembly program Figure 5.14. (b) Air Flow Organization Simulation (Source: Changsha University of Science & Technology)

planning and optimized the E5.14. (b) RMALEN (B KD E T AF)
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Figure 5.14. (c) Air Flow Organization Simulation (Source: Changsha University of Science & Technology)
E5.14. (0 ARALMMN (HE: KPETAH)

Figure 5.14. (d) Air Flow Organization Simulation (Source: Changsha University of Science & Technology)
E54. (d) ARALHEN (B KD ETA¥)
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construction approach, such as reducing in-situ welding work and the promotion of
a clamping assembly program.

Logistics Management System of BIM Model

The controlled management of the materials and equipment of engineering systems is carried
out using a two-dimensional coding system in combination with the logistics management
system. This increased the timeliness and traceability of logistics. The parameters are
programmed into the BIM model and the completion model facilitated the handover and
management of the property at later stages.

CFD Air Stream Organization Simulation

Fluent software is used to carry out air stream organization simulation research and program
optimization design for the cooling tower cluster on floors 6-9 of the building. Also, the wind
cooling units on equipment levels including L26, L50 and L82 and large office areas were
organized in this fashion. This includes: (1) simulation of cooling tower peripheral air stream
organization to obtain information on the traits of peripheral air stream field distributions,
thermal field distribution and air stream flow resistance; (2) to comprehensively evaluate the
feasibility of the program; (3) to improve and optimize the original design program, deciding on
the optimal program of cooling tower cluster construction.

Air Flow Organization Simulation

In summary, a highly efficient work flow and powerful execution capacity can be achieved
for supertall engineering and general contract project management by setting up unique
organizational structures and novel management concepts (see Figure 5.14a, b, cand d). The
application of high-tech software and innovative approaches in the design and construction
support enables the achievement of precise construction. The establishment of a well-
developed management system and closely coordinated work platform are technological
breakthroughs in terms of engineering construction competency and more innovations and
developments in the field are needed for further technological applications in engineering
construction. In-depth application of integrated technologies shall change the pattern of
future super high-rise engineering and construction.
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