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NIOSH Construction Program Mission

To eliminate construction fatalities, injuries, and
illnesses through a focused program of research and

prevention
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Work-related Fatalities

2. Number and rate of work-related fatalities in construction, 2003-2014
(All employment)
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3. Number of work-related fatalities, by major industry, 2014°
(All employment)
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Nonfatal Injuries in Construction

22. Number and rate of nonfatal injuries involving days away from work,
21. Distribution of nonfatal injuries resulting in days away from work in selected occupations, 2013

construction, by event, 2011-2013 total (Private wage-and-salary workers)

(Private wage-and-salary workers)

Number of injuries Injuries per 10,000 FTEs

Helper 3,570 I ::01
Total = 230,840 injuries Power-line installer 1020 N 3505
" Sheet metal 1,260 NN 301.4
Transportation (4.0%) Cther (1.5%) Ironworker 650 M 2115
Exposure [4.1%) Cement mason 850 N 210.3
Plumber 6,870 NG 2C.2
Contact w/objects Heat A/C mechanic 4,990 I o057
(33.9%) Laborer 17,510 [N 15¢.
Electrician Rt 020202 ELhy
Truck driver 2,010 I 1453
Falls, slips, trips (26.3%) Bipeniier g.os0 N 143
Drywall 1,070 [ 1200
Roofer 1,680 [ 1219
Welder 390 N 107.3
Painter 3,150 [ 105.6
Foreman 3,940 [N 555
Operating engineer 1,600 N 72.0
Brickmason 700 M 709
Exertion/bodily reaction Construction manager 1,590 [ 36.5

(29.8%)




Early Construction...

Workers having lunch atop RCA Building. Possibly Charles C. Ebbets.

Atop the Woolworth Building. By Leslie Jones via Boston Public Library



Key Issues in Construction today
kPMG

M
Skills shortage - The industry is
struggling to provide the skilled \_/

workforce needed to meet the
demand for current and planned ) )
projects - 82% of respondents to a How offsite manufacturing can

CIOB survey believed a skills shortage transform our industry

exists across the construction sector’ Productivity — The construction

industry continues to suffer from low
labour productivity rates, and has failed
to realise any substantial growth in
productivity in the last 20 years®

Data transparency — A lack of imely
and accurate project and investment

performance data adversely impacts

client decision making.

Certainty in delivery — Despite some
high profile success stories including
the Olympics and Crossrail, the sector
has a reputation for unreliable project
delivery times and costs - in 2015 only
69% of projects were completed on
budget and only 40% on time”

While the industry is currently buoyed by predicted
growth and expansion, it continues to underperform in
four key areas:




Productivity by Industry Sector

Many sectors have transformed and achieved quantum leaps in productivity;
construction has changed little, limiting productivity gains
Key advances, 19472010

Leveraged scale through Implemented entirely new Utilized scale advantages Lirmited improvements in
land assembly and concepts of flow, and cutting-edge logistics technological capabilities,
automation; deployed modularized and to provide affordable goods  preduction methods, and
Gross value added per hour worked, constant prices advanced bioengineering standardized designs, and 1o the masses scale
Index- 100 = 1947 to increase yields aggressively automated to
’ ' increase production
1,800 -
Compound
annual
1,600 growth rate,
19472010  Total
1,400 e change
1,200 —— Agriculture 45 16.1x
1,000 Manufacturing 3.5 8.6x
—— Wholezale 3.4 8.0x
800 and retail
Owerall 1.9 3.3x
s00 SCOnomy
400 = Mining 0.3 1.4x
—  Construction 0.1 1.1x
200




What does the Future look like?....

Researchers & theorists in the field of ISARC 2018 8 Berlin, Germany ¥July 20-25, 2018
. o 35" International @)\
robotics say... automated machines are === gy st

about to migrate from factories and Things

manufacturing facilities to building and
construction sites as a result of rapid
technological advances which enable
them to perform increasingly complex
tasks.




Construction Areas of Interest

Emerging Issues

Nanotechnology
Opioid addiction
Terrorist threats

Radiofrequency

Wearahle-safetv-dea
Smart construction

Robotics and automation

Building Information Modeling (Bl



Adoption of Automation
and Robotics

While few occupations are fully automatable, 60 percent of all occupations
have at least 30 percent technically automatable activities

ACTIVITIES WITH HIGHEST Share of roles
100% = 820 roles
AUTOMATION POTENTIAL: About 60% of occupations
- have at least 30% of 100

Predictable physical activities 81% their activities that 01

Processing data 69% are automatable

Collecting data 64% l —

62
51

<5% of occupations consist 42
of activities that are 34
100% automatable 26

l 18
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Five factors affecting pace and
extent of adoption

1 2
TECHNICAL  COST OF
FEASIBILITY DEVELOPING
Technology  AND
has to be DEPLOYING
invented, SOLUTIONS
integrated, Hardware
and adapted and software
into solubions  costs
for specific
case use

3

LABOR
MARKET
DYNAMICS
The supply,
demand, and
costs of
human labor
affect which
activities will
be automated

4 D
ECONOMIC  REGULATORY
BENEFITS AND SOCIAL
Include higher ACCEPTANCE
throughput ~ Even when
and increased automation
quality, makes
alongside business
labor cost sense,
savings adoption can

take fime




Challenges In Construction

The work environment is highly unstructured and
involves handling heavy objects,

Work at height, adverse weather, large heavy
equipment,

Low levels of standardization, medium levels of

industrialization and pre-fabrication, many small
businesses,

Productivity, skill shortages, coordination between
architects, builders, suppliers, etc.

Increasing use of advanced technologies




Advantages/Disadvantages of Construction Robotics

Robot mobility may be limited
Weight and size of robots

Robot accuracy for limited duties
Robot operation and maintenance

Stress, unemployment, worker
displacement

High initial costs

Use may outpace standards

|

Disadvantages
of robots

| |

Advantages of
robots

Improved work quality
Consistency and accuracy
Reduced labor costs

Savings accrued on safety and health
improvements

Time savings
Improved productivity
Human safety- reduced MSDs

Use in dangerous environments




Trends in Construction

Increasing trends toward green construction
Greater use of off-site construction methods

Growing adoption of Building Information
Modelling (BIM) and advanced technologies

Use of Virtual & Augmented Reality (VR/AR)
Prefabricated or modular building gains traction
Greater use of robotics and automation

Expanding application of additive
manufacturing (3D printing)




Applications In Construction Automation

Repetitive works like fabrication of large panels, stacking, and their installation etc.
Construction of modular houses

Fabrication of components and construction of pre-engineered buildings

Welding and fabrication of steel structures

Repair and maintenance of skyscrapers, particularly outer facade
Dismantling of old buildings

Removal of debris after disasters and sensing live human bodies

Fire protection and extinguishing in skyscrapers

Earthmoving and piling, tunneling

Concrete floor finishing and spray painting (synergypositioning.co.nz)



Automated Rebar Tying

From the Metional Institute for Occupational Sefe

Reducing Work-Related Musculoskeletal
Disorders among Rodbusters
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Prefabrication and Additive Manufacturing

Construction of conventional buildings using CC
source: http://3dprint.com




Drones- aerial mapping, inspections, and
surveying construction sites

Aerial photography
Other

Real estate

Aerial survey

Aerial inspection
Agriculture

Construction
Infrastructure inspection
Film and television

Utility inspection
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Photography Tops List of Commercial Drone Uses

First 1,000 federal exemptions for unmanned aerial systems, by type of
industry/operation

Source: “The First 1,000 Commercial UAS Exemptions,” Association for Unmanned Vehicle Systems International, September 2015, p. 4,
http:/ftinyurl.com/jtbyo89



Automated Trucks & Vehicles

Ground-breaking solution for future
autonomous and electric freight
transport



Workzone Safety and Automation

IMPROVING
WORKZONE

SAFETY

WORLDWIDE

Pennsylvania company shows off ilit——
driverless truck aimed at improving  ation e 1
safety in work zones i

> Increased safety for
crews & motorists
el

> Reduced work
zone congestion
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Automated Road Construction & Paving

Volve, g —— S
Concepct’E = rooe KRUI
Lat -

i
ol DA 0 v ol Vst
T aﬁ_ e




Automated Demolition

{H}Husqvarna




Automated Building Construction

Concrete finishing robot Brick Laying robot Welding robot



Automated Welding and Drilling
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Powered (active) and Non-powered (passive)
Exoskeleton Systems

Human Universal Load Carrier (HULC)
from Lockheed Martin. $250,000
battery powered and hydraulically

actuated exoskeleton
IR P "-“»'—‘.,’

Multi-Attachment Non-Tethered Industrial System
(MANTIS) variation - $15,000-520,000

Motion
Stabilizing
Arm
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Conclusions

Construction sites are complex systems involving many disciplines; automating
construction processes and integrating them into the overall process requires high skills
and advanced technologies.

Construction is going through rapid changes involving prefabrication, green building,
automation, robotics, & smart technologies.

The application of robotics in construction has not caught up with other industries such as
automobile manufacturing.

Increased use of automation and robotics is one approach for construction companies
who are seeking ways to improve productivity, quality, and safety.

More research is needed to ensure that these rapidly expanding technologies are
implemented safely.




C
, OSTRUCTIOQ&‘:IE THRE

ANTeMATED
MALMINES

COMDINATED



Thank you!

Scott Earnest, Ph.D., P.E., C.S.P. , ,
CDC, NIOSH mergﬁ!ce of_anstru__ctilonl Safety and Health
At the National Institute for Occupational Safety and Health—NIOSH

Deputy Director

Office of Construction Safety and Health
Construction Program Coordinator
513-841-4539|GEarnest@cdc.gov

NIOSH Directory of Construction Resources
www.cdc.gov/niosh/construction/

Twitter

http://twitter.com/NIOSHConstruct

The findings and conclusions in this presentation have not been formally disseminated by the National Institute for
Occupational Safety and Health and should not be construed to represent any agency determination or policy.


http://www.cdc.gov/niosh/construction/
http://twitter.com/NIOSHConstruct

NIOSH Robotic Research Areas ‘

Research Needs:

Area 1: Robot-related incident surveillance and hazard
analysis

Area 2: Robot incident risk factors

Area 3: Research design and evaluation of safety
Interventions

Area 4: Robot safety implementation
Area 5: Dissemination of robot-safety information




