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This publication is prepared for general reference only. The publication may
include (and is not limited to): (a) content prepared using information from
various sources contributed by third parties, (b) information provided by third
parties, and (c) links to third party information on internet websites. Whilst
reasonable efforts have been made to ensure the accuracy of the publication,
readers should make direct reference to the original sources of information and
the legal requirements referred to by the publication or seek appropriate
independent advice from professional advisors before taking action. Readers
should not treat or rely on this publication as a substitute for professional
advice. The publication is subject to change without notice.

No statement, representation or warranty (express or implied) is made as to the
reliability, completeness, accuracy or fitness for any particular purpose of the
publication. The Construction Industry Council shall not have any liability under
the law of contract, tort or otherwise howsoever for any loss, expense, damage,
or injury which may arise from or be incurred or suffered by any party relating to
or in connection with any information in or any omission from the publication.

Enquiries on this publication may be made to the CIC Secretariat at :

CIC Headquarters

38/F, COS Centre,

56 Tsun Yip Street,
Kwun Tong, Kowloon

Tel: (852) 2100 9000
Fax: (852) 2100 9090
Email: enquiry@cic.hk
Website: www.cic.hk

© 2022 Construction Industry Council
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The Construction Industry Council (CIC) is committed to seeking continuous
improvement in all aspects of the construction industry in Hong Kong. To achieve
this aim, the CIC forms Committees, Task Forces and other forums to review
specific areas of work with the intention of producing Alerts, Reference Materials,
Guidelines and Codes of Conduct to assist participants in the industry to strive for
excellence.

The CIC appreciates that some improvements and practices can be implemented
immediately whilst others may take more time for implementation. It is for this
reason that four separate categories of publication have been adopted, the
purposes of which are as follows:

Alerts The Alerts are reminders in the form of brief leaflets produced
quickly to draw the immediate attention of relevant stakeholders
to the need to follow some good practices or to implement some
preventive measures in relation to the construction industry.

Reference The Reference Materials are standards or methodologies

Materials generally adopted and regarded by the industry as good
practices. The CIC recommends the adoption of the Reference
Materials by industry stakeholders where appropriate.

Guidelines The Guidelines provide information and guidance on particular
topics relevant to the construction industry. The CIC expects all
industry stakeholders to adopt the recommendations set out in the
Guidelines where applicable.

Codes of The Codes of Conduct set out the principles that all relevant

Conduct industry participants should follow. Under the Construction
Industry Council (Cap 587), the CIC is tasked to formulate codes
of conduct and enforce such codes. The CIC may take necessary
actions to ensure compliance with the codes.

If you have read this publication, we encourage you to share your feedback with
us. Please take a moment to fill out the Feedback Form attached to this
publication in order that we can further enhance it for the benefit of all concerned.
With our joint efforts, we believe our construction industry will develop further and
will continue to prosper for years to come.
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The Construction Industry Council (CIC) is committed to creating a workplace
that is safe and healthy, and has been organizing many functions and events to
heighten the awareness of workers and the personnel involved in health and
safety in the past. The “Life First” campaign was launched recently aiming to (i)
raise safety standards on site; (ii) enhance safety awareness of the stakeholders
in the construction industry; and (iii) urge them to take up their respective roles
and responsibilities to enhance construction safety and "Say No to Danger".

There has been a huge advancement in smart safety-related technologies over
the past years, in the areas of nanotechnology, robotics, data analytics, video
and telecommunication, which can all help the construction industry to improve
workplace safety in a variety of ways, such as in better monitoring workers'
health, reducing physical stress, and keeping workers out of dangers. The
construction industry now has access to a range of technology solutions to
support the health and safety of the workforce. These include wearable safety
devices, incident reporting software and alarm monitoring systems, incidents and
task management software, etc.

The costs of workplace accidents are high, involving not only higher premium
costs and claims handling, but also intrinsic costs, such as loss in morale and
productivity, increase in turnover and absenteeism, etc. In comparison, the costs
for acquiring and using the smart safety-related technologies are small. Besides,
use of the smart safety-related technologies on the CITF! pre-approved lists?
enjoys a 70% reimbursement of the equipment costs used for the project. The
CITF is managed by the CIC.

In this reference material, a description of the digital platform used for storing the
data/records obtained from the smart safety-related technologies and its data
structure, is given. The ten items applicable to a smart site safety system are
described. A guide to the CITF pre-approved digital platforms and smart
safety-related technologies, categorized in terms of the ten items, is given.

1. CITF is a funding scheme established by the DEVB of the HKSAR that aims to provide the impetus to
transform the local construction industry through automation, industrialisation and digitisation; and to
enhance the capability of existing and prospective practitioners to harness technology for the continuous
improvement in Hong Kong’s construction industry.

2. The pre-approved lists were established to let CITF applicants have hands on reference to innovation and
technology. The products and technologies were reviewed by the Vetting Sub-committee. Currently, there
are three lists established: BIM software, BIM training courses and Advanced Construction Technologies.
Please see the CITF’s website on the pre-approved lists: https://www_citf.cic.hk/?route=search



2. Digital Platform for Monitoring

It is recommended that the data/records obtained from the smart safety-related
technologies are stored in a digital platform, which is a centralised project and
site activities information hub (Figure 1). The digital platform usually comprises a
dashboard, from which users can get access to the information obtained from
one or more projects, which could be images, videos, drawings, BIM models,
different types of documents in different formats, data received from sensors or
loT equipment, etc., and perform analysis.

Figure 1 - Digital Platform

A typical data structure of a digital platform for Progress Monitoring, Safety
Monitoring and Site Monitoring is given in Table 1.



Table 1 — Data Structure of a Digital Platform for Progress
Monitoring, Safety Monitoring and Site Monitoring (After CIC,

20225)

Progress Monitoring

Site Record

Inspection Checklist

Defect / Outstanding
Work Monitoring

* Request for Inspection /
Survey Check (RISC) Form

« Site Diary / Site Record Book

* Labour Return Record

« Site Safety Inspection Records

« Cleansing Inspection
Checklists

* Quality Inspection Checklist

» Environmental Inspection
Checklist

« Site Defect / Outstanding
Work Inspection

« Automatic comparison of site
image and design

« Drone for external inspection

Safety Monitoring

Personal Protective

* Reflective Vest
« Life jacket

tracking

« Body temperature

« Driver sleeping
« Driver using mobile

« Safety shoes * Heartbeat phone
* Wrist band / « Blood pressure * Driver motionless
smart watch « Sudden fall * People count based
* Motionless on different vests

and helmets

Equi t (PPE Well-being Workers' Behaviour | Hazardous Area Zoning /
guipnet ( ) Monitoring Monitoring Access Control

Checking

« Safety Helmet * Workers’ location | * Smoking « Truck license plate detection

« Truck delivery and analytics

« Face recognition for access
control

« Anti-collision / Machinery
safety distance - Sensor-
based

« Anti-collision / Machinery
safety distance - Al-based

* Restricted zone / Danger
zone - Sensor- based

* Restricted zone / Danger
zone - Al - based

« Fall from height prevention

« Fire hazard detection and
alarming

« Crane for working platform
and crane operation CCTV

Site Monitoring

Site Environment
Condition Monitoring

Building Element Monitoring

Equipment Status Monitoring

* Noise -+ Vibration

« Titling / Inclination

« Displacement -« Settlement

 External sensor compatibility
* Dust / Air quality

* Harmful gas - Fire

» Water level and / or leakage

* Gas leakage

« Electricity leakage

* Loading
 Concrete maturity
« Drainage piping assessment

« Equipment data

« Equipment location tracking
« Equipment operating data

* Fuel consumption

« Power system fault

3. CIC (2022). CIC Beginner’'s Guide on Construction Digitalisation — Digital Platform for Construction Work

Management (in preparation).



3. Categorization of Digital Platforms
and Smart Safety-related
Technologies

The digital platforms and smart safety-related technologies can be categorized in
terms of the ten items applicable to a smart site safety system (SSSS), as
described in the sections below. A guide to the digital platforms and smart
safety-related technologies, categorized in terms of the above ten items, is given
in Appendix A.

3.1 Centralized Management Platform

The Centralized Management Platform (CMP) platform (see Figure 2) is
used for responding, managing and recording signals / alerts received from
the smart SSSS components used in the site. It provides a direct means
of monitoring the site safety performance online. The signals / alerts, in
form of video, audio, image and data received from the smart SSSS
components, are displaced in the CMP on the corresponding CMP monitors,
and the data can be used for subsequent analysis, if needed.

The data captured helps streamline site processes, facilitate
collaboration and improve productivity

Figure 2 - Centralized Management Platform



3.2

3.3

Digitized Tracking System for Site Plants, Powered Tools
and Ladders

The system is used for real-time online tracking of site plants, powered
tools and ladders up-to-date status with respect to the record of test
certification, examination, checking and maintenance. A unique digital
identification code is attached to each and all plants, powered tools and
ladders used in the site. A mobile device is used to scan the digital
identification code, and information from a database platform on
certification, examination, checking and maintenance records of the

equipment being scanned is displayed on the mobile device.

Digitalized Permit-to-work System for High Risk
Activities

The system is used for real-time online application, issuance and tracking
of permit-to-work / permit to move and operate for the following high risk
activities using a mobile device: (i) work in confined spaces; (ii) work with
electrical hazard,; (iii) work in lift shaft; (iv) mobile crane, heavy machinery
and pilling rig operating or moving on site; (v) hot work; (vi) use of ladder for
work above ground; (vii) lifting operations by tower cranes, mobile cranes,
crawler cranes, or cranes alike or lifting operation by mechanical means.
The real-time information on the corresponding permit-to-work / permit to

move and operate status is displaced on the mobile device.

10



3.4 Hazardous Areas Access Control by Electronic Lock and
Key System
This system is used to prevent unauthorised opening of locked cover,
doorway and barrier to hazardous areas within the site (e.g. electrical
distribution board cabinet, floor opening equal to or larger than 500mm x
500mm, entrance to confined space area; lift shaft opening, etc.) (see
Figure 3). The system is provided with an electronic lock and key system
for locking down access to hazardous areas in the site, which is only
openable to authorised electronic keys with key owners’ identity
electronically embedded in the key.

Installation of Four leaf of lift shaft gates as Installation of NB-loT senor on the inner side of
an essential safety measure for lift shaft the door

16T Dash Board

A perss ()

[} M2-1/F PD PRV Room g4

Detection by the NB-loT sensor and triggering a alert signal to the control office and
officer-in-charge for follow-up action when there is unauthorised opening of the gate.

Figure 3 - System for Controlling Hazardous Areas Access



3.5 Unsafe Acts / Dangerous Situation Alert System for
Mobile Plant Operation Danger Zone
In this system, adequate number of sensors are installed on the mobile
plant chassis and movable plants (e.g. excavators, crawler cranes, mobile
cranes, etc.) to ensure a full 360° coverage around the mobile plant danger
zone perimeter (See Figure 4). Mobile plant operator and any site
personnel encroaching the mobile plant danger zone perimeter of the risk
of being run over or hit by the plant moving components will be alerted by

the system.

By combing images captured with cameras mounted at four locations
(front ,back, left and right of the machine), a 3D bird’s eye-view through
a full 360° around the machine is displayed in the system.

Figure 4 - System for Monitoring Unsafe Acts / Dangerous
Situation for Mobile Plant Operation Danger Zone



3.6 Unsafe Acts / Dangerous Situation Alert System for
Tower Crane Lifting Zone
In this system, adequate number of sensors are installed on or around the
tower crane to ensure a full coverage of all loading/unloading areas danger
zone perimeter at all floor levels involved (See Figure 5). Tower crane
operator and any site personnel encroaching the tower crane loading /
unloading danger zone perimeter of the risk of being hit by the moving load
under the crane hook will be alerted by the system.

Numerus of sub-alarm lights can
be wirelessly connected to suit
any s e

nce ere

i u

sub Light

\\- -4

Main Light

Figure 5 - System for Monitoring Unsafe Acts / Dangerous Situation for
Tower Crane Lifting Zone

3.7 Smart Monitoring Devices for Workers and Frontline Site
Personnel
These are smart devices provided to every workers and frontline site
personnel deployed for the works, such as smart safety helmets (see
Figure 6), smart wristband, etc.

Figure 6 - Smart Monitoring Devices



3.8

The smart devices are connected through cellular, WiFi, NBloT, LoRa
networks, etc. These smart devices have the following functions, among
others: (i) outdoor and indoor location tracking and recording of workers’
and frontline site personnel in different area and time of working; (ii)
real-time detection of any standstill; (iii) real-time detection of body
temperature and heart beat rate; (iv) detection and sending alert to workers
and plant / machinery operators of moving plants or vehicles; and (v)
detection and sending alert to workers and frontline site personnel of
unauthorisd entry to restricted area.

Safety Monitoring System Using Artificial Intelligence
The system, comprising Internet Protocol (IP) cameras and associated
Artificial Intelligence (Al) processors, is designed to detect, identify and
classify the different types of unsafe scenarios in the site, including but not
limited to the following: (i) unauthorised access to restricted zones, danger
zones, lifting zones and no-parking zone; (ii) workers near site vehicles or
plant; (iii) potential collisions between workers and site vehicles or other
plant; (iv) monitoring of fatigue, distraction, inattentive behaviours of site
vehicles drivers and plant operators during operation of site vehicles and
plant; (v) workers and other personnel not wearing the required personal
protective equipment (PPE), including safety helmet and reflective vest; (vi)
heights of lifting in excess of the authorized limits; and (vii) workers working
at height either without a proper working platform or wearing safety harness
linked to a lifeline (see Figure 7).

ASite Hllagem |
- Unknvwn & POI Hard Hat

IPC -

EHS Platform

Restricted Area
f

Flame & Smoke Gathering

Figure 7 - Safety Monitoring System Using Atrtificial Intelligence



3.9 Confined Space Monitoring System

This system is used for monitoring the areas in the site defined as confined
spaces. The system has the following functions: (i) real-time site worker
counting and location tracking inside confined spaces; (ii) confined space
environment monitoring including oxygen (O2) level, temperature, PM2.5
level, carbon monoxide (CO), carbon dioxide (CO2), hydrogen sulfide
(H2S) and methane (CH4) level and combustible gas; and (iii) real-time
alert if any monitoring parameter exceeds the pre-determined safety levels
or any anomaly of workers’ conditions is detected.

3.10 Safety Training with Virtual Reality Technology
This is a safety training using virtual reality (VR) technology for workers
engaged in the following high risk activities: (i) heavy lifting operation; (ii)
heavy machinery operation; (iii) working in confined space; (iv) erection /
alteration / dismantle of bamboo scaffolds; and (v) electrical and other works
with potential electrical hazards or chance of coming into contact with live
electrical parts.

15
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CONSTRUCTION
INDUSTRY COUNCIL

Q BEXES

Feedback Form
[Guide to Smart Safety-related Technologues for Use in
Construction Works (December 2022)]

Thanks for reading this publication. To pursue improvement in our future versions, we appreciate your
valuable suggestions.

(Please put a™ v " in the appropriate box)

1. As a whole, | feel that the publication is: Sggr”e%y Agree  Neutral Disagree Sggg?éﬁ
Informative a a a a a
Comprehensive Q Q Q a a
Useful a a a a a
Practical a a a a a
2. Does the publication enable you to Yes No No Comment
understand more about the use of Q Q Q
smart safety-related technologues in
construction works?
3. Have you made reference to the publication Quite Often Sometimes Never
in your work? Q Q Q
4. To what extent have you incorporated the Most Some None
recommendations of the publication in Q Q Q
your work?
5. Overall, how would you rate the gygjent (\B/ené Satisfactory ~ Fair Poor
publication? Q E(l) Q Q Q

6. Please give any other comments and suggestions (use separate sheets if necessary).

Personal Particulars (optional)* :
Name :Mr. /Mrs./ Ms./ Dr./ Prof./Ir / Sr *

Company :
Tel
Address

E-mail

* 1. The information you provide to the Construction Industry Council (‘CIC'), including any personal data as defined in the
Personal Data (Privacy) Ordinance (‘Ordinance’), will be used solely for purposes related to the activities of the CIC.
2. The CIC will not transfer your personal data to any third parties without your prior consent.
3. ltis not obligatory for you to supply the CIC with personal information in this form.
4. You are also entitled to request access to and correction of any errors in your personal data. If you wish to do so please
write to the CIC at 38/F COS Centre, 56 Tsun Yip Street, Kwun Tong, Kowloon.
A Circle the appropriate option.

Please send this feedback form to :

CIC, Construction Safety - Industry Development

E-mail : enquiry@cic.hk

Address : 38/F, COS Centre, 56 Tsun Yip Street, Kwun Tong, Hong Kong
Fax No :(852)2100 9090






