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Construction Fatalities (2005-2016)
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Accident Caused by Unsafe Behaviors

Imme
O How could it happ
O Did he see th ;
O If he saw, did he thin gerous?

O If he thought so, what did hme think and do?

Source: Zhulong.com, http://downs.zhulong.comitech/detailprof773977AQ.htm
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Research Questions

OWhat are the factors that cause unsafe behaviors
on construction sites and how do they interact
with each others?

OHow do these factors affect construction workers
and eventually lead to workers’ unsafe behaviors
and accidents?

O Can we model workers’ behaviors and the site
\ environment by considering both management and
individual factors?

O Can we simulate, visualize and predict how unsafe
behaviors occur?




Factors that Cause Unsafe Behaviors
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Hybrid Model for construction site environment and individuals
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Cognitive Model of Unsafe Behaviors
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Loops of System Dynamics Model

Regulation Loop B1: Effect of Management on Workers
Regulation Loop B2: Hazard Mitigation

Regulation Loop B3: Limited Management

Regulation Loop B4: Production Control

Regulation Loop B5: Impact of Events

Enhancement Loop R1: Rush after Loss of Man-Hours
Enhancement Loop R2: Work Stress

Enhancement Loop R3: Fatigue Accumulation
Enhancement Loop R4: Influences of Co-Workers
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Source: Jiang Z, Fang D, Zhang M. Understanding the Causation of Construction Workers' Unsafe Behaviors on System Dynamics Modeling. Journal of Management in Engineering. 2015; 31(6). 10.1061/(ASCE)ME.1943-5479.0000350




Main Loops of System Dynamics Model

Regulation Loop B1: Effect of Management on Workers
Regulation Loop B2: Hazard Mitigation

Regulation Loop B3: Limited Management

Regulation Loop B4: Production Control

Regulation Loop B5: Impact of Events

Enhancement Loop R1: Rush after Loss of Man-Hours
Enhancement Loop R2: Work Stress

Enhancement Loop R3: Fatigue Accumulation
Enhancement Loop R4: Influences of Co-Workers

Source: Jiang Z, Fang D, Zhang M. Understanding the Causation of Construction Workers' Unsafe Behaviors on System Dynamics Modeling. Journal of Management in Engineering. 2015; 31(6). 10.1061/(ASCE)ME. 1943-5479.0000350

Multi-Agent Models

T'he senior manager agent’s variables I'he supervisor agent’s variables
Variahie Definition { { Variable Definition
Vistbalsry (Veag) The percentage of safery activities the semior manager aget | | Teading by The percentage of safe behavior performed by the supervisor agear
atrends, | | example (LE)

Production goal The number of tasks expected 1o be completed on rach workday, | i Behavior From 51% 8o 100%, the supervisor will give positive feedback_ and

(PG) i | feedback (BF) | from 0% vo 49% will give negative feedback.

safery goal (SG) The upper bound number of daily meidents wlerable i | Leaming rate The leaming rate of the supervisor agent

Production From value 010 5 means that the senior manager agent has actually | | (LRm)

contrel | nolinle/skiph srengvery swong comtrol over production . {

(PPC) h ] -

Sy peformaace | Fom vahe 010 e Bl e veos st st sl The worker agent’s variables

control (SPC) noflicle/sliphtsome/strongvery  strong  comtol  over  safery
Variable Defimition
Safety awareness | The psychelogical state of nud vigilant to the potential hazards on
(5A) construction sites which may bust onesslf or others. The vabe of 0

means no safety awareness at all
Safety knowledpge | The personal experience on safety isswes and the abality of
(5K) understanding, mastering and applying salery elawed segulatons,

.. s .

The safety official agent’s variables protecion s, e, The value of 0 meaas no safery knowledge 1
1 { all
Variable Definition E ¥ % Artirude (AT) 'I’!efdegﬂ;ln[ f!;]‘-:!l tawards aafe behaviers, The valee of 0 means
9 ! not favarable a1

Saferyinapection | The number of safety inspections conducted on each workday —— Subjective norm | The impact from sigmtficant others’ expectanons. The value of 0

Safery = T e vahior 7 prove i :  (5) means the worst impact from others.

s o The value OF 7 mesns safely tmiming i ! Perorived The perception of \he depies of sase 1o pecform e bebavior. The

4 = ey 1 dups, i behavioral value of  means not casy atall

Competency (Csa) | The safery officer ageat’s abiliy to eaforce safery mspection and | coned (FEC)

g Fatigar state (FS) | The worker agent s fatigue state at the moment. The valie of O means
not fatigue 3t all
Leaming rate The learning rate of the worker agent.
{LRan)
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Cognitive Failure at Stage 1
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Agent Type Influencing Factor
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Cognitive Failure at Stage 2
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Cognitive Failure at Stage 3
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Cognitive Failure at Stage 4
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No cognitive failure in all five stages

T statechart
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Scenario Comparison and Analysis
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Scenario 1 : Safety Inspection

High safety inspection frequency — Sl = 2 times a day
Low safety inspection capability — Cso = half as required
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Implications to safety management :

1#(Green Line) When the safety officers conduct safety
inspection twice a day with limited ability to remove hazards
(S1=2&C,;=0.5).

2#(Purple Line) When the safety officers conduct safety
inspection once a day with completely ability to remove
hazards (SI =1 & C¢qn=1).

3#(Dark Red Line) When the safety officers conduct safety
inspection twice a day with completely ability to remove
hazards (SI =2 & Cyn=1).

4#(Red Line) When the safety officers interacted with
workers while inspecting (Sl =2 & C¢n = 1, interactions
existed) .

O Improving the safety inspection capability of safety officers could be more effective than
simply increasing the frequency of safety inspections.

O Improving the communications amongst individuals ( including managers, superintendents
and workers) could be an effective approach to decrease incidents.

11



Integration for visualization
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Ideas for model improvement

L

Physics-Driven Modelling

Data-Driven Modelling (sensor based)

Ideas for model improvement

Drivers

Worker-Vehicle Collision Risks Monitoring and Warning
System Based on Binocular Vision System

Workers

Neglecting the workers in blind spots

Being unaware of the vehicles approaching

Overconfidence in driving skills

Misjudgment on vehicles moving

Bad driving habits

Failure to find safe zones

Risk-taking decisions

Risk-taking decisions

Losing control of the vehicles

Failure to escape
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Ideas for model improvement

Worker-Vehicle Collision Risks Monitoring and Warning
System Based on Binocular Vision System
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Worker’s behavior vs Safety leadership

Safety leadership model Owner’s and Contractor’s Supervisor's Safety
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for construction Safety Leadership Leadership

Safety influence and role modelling Leading by example
Safety caring and individual respect m

Safety controlling and performance management Informing

Showing concern/interacting with the team

Safety leadership matrix

Owner

Contractor
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Subcontractor
(Supervisor)
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Simulation: Supervisor’s Intervention

Unssfe behavior 1#(Green Lines) When most of the supervisor agents’

5 %7 |EaBF=009 incident - S . behaviors were safe (LE = 0.9) and their feedback towards
= E— worker agents’ behaviors were positive (BF = 0.9), worker
& 60% B agents tended to behave more safely than there was no
feil ; & - - -
ki - 1500 o intervention by the supervisor agents. The percentage of
S a0% = unsafe behaviors reduced from 32.5% to 27.9%, and the
"'uo'J - 1000 "E number of daily incidents were maintained at around 220.
Qo (1]
8 20% A =
S ‘g'z’ i LER BEr 08 e I 500 5 2#(Red Lines) When the means of both LE and BF were
ks . R e e e e T e . 0.09, the percentage of unsafe behaviors increased from
1 1 oy a1 a1 - 31.5% to 73.1%, and the number of daily incidents increased
Time (day) from 348 to 2241.
LE: Leading by Examples, stands for the percentage of safe behavior performed by the
supervisors themselves. LE & [0,1]. 3#(Blue Lines) When the means of both LE and BF were

BF: Behavior Feedback, stands for the percentage of positive feedback that the supervisors . . o
give to the workers. BF €[0,1]. 1 means supervisors usually remind and encourage 0.5, the percentage of unsafe behaviors increased from 31.9%

workers towards safety 0 means supervisors usually condemn and punish workers. to 65.6%, and the number of daily incidents increased from
27510 1814,

Implications to safety management :

O Supervisors who not only acts as a bad example, but also complains that the safety outcomes cause
losses of productivity.

O The management team should make more effort on the cultivation of positive and correct leadership
role among the supervisors.

Simulation: Safety Management Strategy

— task

—-—— incident i
1# When managers cared more about the production goal

=
g
g

E SG=2008&PPC=5&SPC=1 £ (Purple Lines), the number of tasks completed were increased
= SG=200& PPC=3 & SPC=3 a9 from 3434 to 3719 a day, but the number of daily incidents
E — F i e also increased from 226 to 533.
S £
v =
ﬁ - 1000 8 2# On the contrary, when cared more about safety (Blue
£ . 5G=0&PPC=1&SPC= 5 Lines), the number of daily incidents were maintained at a
o SG=200&PPC=1& Sﬁc 5 |50 8 low level, with an average of 236, while the number of tasks
£ PP AL :_ ‘ = - ¢ AT _‘g‘: E completed was also stabilized at around 3483 a day.
= - =
=z
200 § . - 0 3# When the safety goal was tightened from 200 to 0 (Red
= (day} Lines), indicating that the senior manager agent would never

SG: Safety Goal, the upper bound number of daily incidents tolerable for managers. be satisfied with safety performance, the number of daily
SPC & PPC: Safety Performance Control & Production Performance Control. From value incidents was reduced by another 9.0%, with an average of
1 to 5 means that the senior managers have actually little/slight/some/strong/very strong 213, while the number of tasks completed was stabilized at
control over safety performance or production performance. Due to limited management  around 3453 a day.
capacity, there is a balance between these two variables. The sum of them is 6.

Implications to safety management :

O Managers should have the ability to balance the productivity and safety while making decisions, and

need to make more efforts on achieving these goal.
O “Zero-Harm” is very effective on improving of safety performance.




