
 

 

����������	 

���
��
��
�������������������������������������������	
�����

��������������������������	� !!��"��#�	  ��$�%&�#�:  

������(���
��)**+����
�������,� 
 

ACCIDENT INVESTIGATION BY ROOT CAUSE ANALYSIS 

AND HUMAN FACTOR ANALYSIS AND CLASSIFICATION 

SYSTEM CASE STUDY: WIRE & CABLE MANUFACTURER 
 
 
 

���
����������  $ ���  
 
 
 

��$B����������  "������������#��%�
��	 

�.%. 2551 





 

 

��P����O��" 
 

��WX�� 
 

���	��	��	���
��������������

���
������� ���������!�"	���
�������#�$�!��� ���������!�"
�%&&
����'�" ��� �(�'�: ������*��
	��+,,-�$�!	�������.� 

 
Accident Investigation by Root Cause Analysis and Human Factor Analysis and  

Classification System Case Study: Wire & Cable Manufacturer 
 

 
 
 
 
 
 

��� 
 

���	�����
!�
�  � ��� 
 

 
 
 
 
 
 

�	�� 
 

�
���
��P���
�  �����P���
���'
���	
�" 
�OWX�����	��S��"$�U����VV�����������	
�����
���
 (�����������������
�) 

O.�. 2551 







 

 

��������"�����% 
 
 �������O�!��� �����	
��&���" ��.�	�  ���
����  ��&���"P X��(�'���P����O��"��
� 
$�! �����	
��&���" ��. ��!+O��  	�P
��" � ������ ��&���"P X��(�'���P����O��"�U�� P X`�#
�_���(�'�`������ �� ����#���#���&
� 
���&����
��&$�#+���P����O��"&���!P
X��	�h&	��S��" 
$�!�&#���#�P X�
���
��P���
� P X`�#���������
��&$�#+���P����O��"&���!P
X��	�h&	��S��" 
 
 ���������O�!�����&���"`�������������������������
�P��PU�� P X+�#`�#���
����	
X�	��$�!��������S#�
���j���!��T�"��U����X� $�!���������&#���#�P X��!&_��������
�����������������
�P��PU�� P X+�#`�#����TU�����W�$�!`�#�_�$�!�_� 
 
 	��P#���������O�!��� ����� O X	��$�!����T�� *S#c(X�	�#��������
�P X����U�$�!
�_��
�`&P X��X�`�VU ����^O�!�����*S#c(X���j�$���
����`&$�!`�#���	�
�	����#�O�&#��	���� 

 
���
!�
�  � ��� 

   Oi'����  2551 
 
  
 
 



 

 

(1) 


����H 

 
 ���� 
 

	���
V  (1) 
	���
V
���� (3) 
	���
V��O (4) 
�_��_�   1 
�

g���!	��"  3 
���
��&���	��  4 
������"$�!��� ��� 18 

������" 18 
��� ��� 18 

*�$�!��&���" 32 
*� 32 
��&���" 42 

	���$�!�#��	��$�! 43 
	��� 43 
�#��	��$�! 44 

���	��$�!	�X��#����� 46 
���*��� 48 
 ���*��� �  ����_������
	 (Code) 	_���
�	���
�P��
�� 49 
 ���*��� �  ����_������
	 (Code) 	_���
�	���
�������#� 55 
 ���*��� �  ����_������
	 (Code) `�#�
�����*��O�������!�����&
���� 
  �#�����������
� 65 
 ���*��� �  ����_������
	 (Code) `�#�
������!P_����$
U�!����� 74 
 ���*��� &  ����_������
	 (Code) `�#�
�	���!�U��P X&!�������

���
� 78 
 ���*��� ^  ����_������
	 (Code) `�#�
���P��O�&���
���#������W� 
  *S#�
��
��
VT�
��	����� 84 



 

 

(2) 


����H 

 
   ���� 
 
 ���*��� T  ����_������
	 (Code) `�#�
���P��O�&�����"�� 89 
 ���*��� c  $��,��"����	��	��	���
��������������

���
�������  RCA  
  $�! HFACS 92 
��!�

�����(�'� $�!���P_���� 96 



 

 

(3) 


����H����� 
 

�������L ���� 

  

     1 $	������!�� ���������#��S�P X�� ���#�����$��� Visual Basic 6.0 20 
     2 	������������!�"���

���
�`��
��#�	���
�P��
�� 32 
     3 	������������!�"���

���
�`��
��#�	���
�������#� 34 
     4 	������������!�"���

���
�`��
��#�����*��O�������!�����&
���� 

�#�����������
�  36 
     5 	������������!�"���

���
�`��
��#������!P_����$
U�!����� 38 
     6 	������������!�"���

���
�`��
��#�	���!$���#���U��P X&!�������

���
� 39 
     7 	������������!�"���

���
�`��
��#���P��O�&���
���#����/ *S#�
��
��
VT�


��	����� 40 
     8 	������������!�"���

���
�`��
��#���P��O�&�����"�� 41 
 

 
 



 

 

(4) 


����HI�� 

 
I����L ���� 

  

1 $��&_���� SWISS CHEESE - Model of Human Error 7 
2 $	������!�� �����T .�U��%&&
����i
 13 
3 $	������!�� ������
.�
�����������!�"�%&&
�P X�� X���#���
����'�"  15 
4 $	������	
�O
��"�������	�#���#��S� (Entity Relationship Diagram) 19 
5 $	����������
�������$���  21 
6 $	�����$����
��#�P X 1 | ����!�� ������������

���
� 23 
7 $	�����$����
��#�P X 2 | ������"P X�� X���#���
�����������

���
�  23 
8 $	�����$����
��#�P X 3 | TWX�	��T�����P �	��	��	���
���� 

����������

���
�  24 
9 $	�����$����
��#�P X 4 | �#��Ph&&����������������

���
�  24 
10 $	�����$����
��#�P X 5 | �%&&
����i
  25 
11 $	�����$����
��#�P X 6 - ���	��	��	���
��������������

���
�

������ ���������!�"	���
�������#�$�!��� ���������!�"�%&&
����'�" 25 
12 $	�����$����
��#�P X 6.1 | 	���
�P��
�� 26 
13 $	�����$����
��#�P X 6.2 - 	���
�������#� 26 
14 $	�����$����
��#�P X 6.3 | ����*��O�������!�����&
���� 

�#�����������
� 27 
15 $	�����$����
��#�P X 6.4 - �����!P_����$
U�!�����  27 
16 $	�����$����
��#�P X 6.5 | 	���!$���#���U��P X&!�������

���
�  28 
17 $	�����$����
��#�P X 6.6 - ��P��O�&���
���#����/ *S#�
��
��
VT�


��	����� 28 
18 $	�����$����
��#�P X 6.7 - ��P��O�&�����"��  29 
19 $	�����$����
��#�P X 7 | $*�����_��������$�#+�$�!�-���
�  29 
20 $	�����$����
��#�P X 8 - �S���O����������

���
�  30 
21 $	�����$����
��#�P X 9 | ���������	��	��	���
�����������

���

���
� 30 



 

 

(5) 

�P�������
�H���#$	����P��O� 

 
HFACS  = Human Factor Analysis and Classification System 
RCA  = Root Cause Analysis 

 
 
 
 
 
 



 

 

1 

���
��
��
�������������������������������������������	
�����������������������

��������	� !!��"��#�	  ��$�%&�#�: ������(���
��)**+����
�������,� 
 

Accident Investigation by Root Cause Analysis and Human Factor Analysis and 

Classification System Case Study: Wire & Cable Manufacturer 
 

�P��P� 
 

	_���
����"��P X*S#P_���&
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� ��j����"��P X� 	_��
����`�VU

.���SUP X
��!�P�	��
��������  P��	_��
����`�VU+�#����������#�����������
�+��
�	���
U���  
������'
PP X��!&����SU`�$
U�!��!�P�  	�X�	_��
V�
��
�$��������"��  �W� ���������
����
O�
����  �
��
.����	��	�����

���
�  
���&����O
a���!��	_���
����&
���h��#��S�        
���������!�"���

���
�  �OWX��_�*�P X+�#���(�'�����
�����T���-���
�  &(���j�	�X�P X&_���j�$�!              
� ����	_��
V��j���U����X�	_���
����"�� 
  

`�TU��$��P�����"�����*S#P_���&
�`T#��� ���������!�"	���
�������#� (Root Cause Analysis: 
RCA) `����	��	��	���
��������������

���
� $
U`��%&&��
�+�#�_���
����������!�"�%&&
����'�" 
(Human Factor Analysis and Classification System: HFACS) ��`T#��!����
� �OWX�`�#*�
���	��	��	���
��������������

���
�gS�
#����X��(.� $�!	����g`T#�_������
�����T���-���
�
P X����!	�+�# 

 
P�����"�����*S#P_���&
�+�#�_���
����	��	�����

���
�������  HFACS ��`T#�U���
����  

RCA `��� O.�. 2549 $
U��WX��&�����  HFACS �
�`��U	_���
���!�P�+P�$�!+�U$O�U�����
� 
���g(��
.�
��`����������!�"� ����c
�c#����SUO�	���� &(�� �������P X&!	�#�������&
��� X���
�
���	��	��	���
��������������

���
�������� ��� RCA $�! HFACS $�!O
a���!��	_���
�
�
�P(��#��S�P X+�#&�����	��	��	���
��������������

���
��#����� ���P
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`����"�����
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������
��������&
�`���
.�� .  �W�  ����_����

���
�P X�����(.�`��!��U���� O.�. 2546 
| 2551 ������������ �(�'�&_���� 2 ������  �W�  ������	��P�������  $�!�������!���  
���&!O�&�����^O�!���
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�

.�$
U�
.�P X
#��+�#�
�����
�'�O����� (Medical Treatment)  
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.�$
U�
.��
�'�O�����P X�����(.�`��!��U���� O.�. 
2546 | 2551 ������������ �(�'� 
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���"�"������P�!P�������"��L���L������
P����������!��d�����, 

 
 1. ���

�����" (Incident)  
 
  ��
�����"P X+�UO(���!	��"P X�����(.�$�#�� *�`�#�����������&h� ����&h��r��&��          
���P_����  ��W��	 �T ��
  ��W���
�����"P X��W���������

���
� (OHSAS 18001:2007, 2007) 
 
 2. P�
O�"	���	 ���� (Property Damage)  
 
  ��
�����"P X� $����#�P X&!�U�`�#�������

���
�`�����
  �����
�����"�
���U��P_�`�#
P�
O�"	���	 ���� �S��U������U� 500 ��� �V	��
�  

���U���TU�  O�
�����
��g���#�������(����� 
P_�`�#��U����h�O��	
����U��	 ���� &_���� 2 ��U�� O�
����P_�����
��
.�
�� P_�`�#*��
�
��"
$�!���WX��&
�����������	 ���� 
 
 3. ��
�����"P X��W��&!P_�`�#�������

���
� (Near Miss) 
 
  ��
�����"P X� $����#�P X&!�U�`�#�������

���
���W�� *���!P�
U�	����O`�����
 
�����
�����"�
���U���
�+�U� �������&h�  $
U��&� ��W�+�U� ���	SV�	 ����P�
O�"	���h+�#$�!
	��OP X+�U�����
� (Unsafe condition) &!+�UgW���j���
�����"P X��W��&!P_�`�#�������

���
� 
��#��	 �$
U&!� ����#�+��� X���#���#�� 

���U���TU� 
 
  3.1 � �._��
��������SU��OW.� �W� 	��OP X+�U�����
� (+�UgW���j� Near miss) 
 
  3.2 O�
��������*U����$�!��� �����._��
�P X�������SU ��W���WX� �W� Near miss          
(+�UgW���j����

���
�) 
 
  3.3 O�
������� ���._��
� �WX� �
�,��OW.� $�!�
�$
� �W� ���

���
� 
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 4. ���

���
� (Accident)  
 
  ��
�����"P X+�UO(���!	��"P X��&����&�����P X+�U+�#������+�#�U����#���W�+�UP���
�U����#���W�������������  $
U��WX������(.�$�#�� *�`�#�����������&h���W������&h��r��&��          
���P_����  ��W�����	 �T ��
  ��W�����	SV�	 �
U�P�
O�"	����W������	 ����
U�	��O$���#�� 
`����P_������W�
U�	�����T� (OHSAS 18001:1999, 2002) 
 
  4.1 ���

���
��
.����O����� (First Aid) 
 
   ���

���
�P X� �������&h������(.� $�!�������&h��
.�	����g`�#����
�'�������
���O�������W�P_�$*���W.��
#�+�#  

���U���TU� $*�g���&�������!$P��

g�  $*�� ����
T���+�U
#����h�$*�  $*������W�$*�+��#&�������#����W�������h�`��!�
� 1 (T
.���
�
�_�O�#�)  ����
�'��������#��$*�$�!���$*�  ����_��

g�$����������&���U�����  �TU�  
�
��W��S  *�&�������h�c���" P X+�UO�����*����
�  ���*S#`�#������O�����	_���
��������&h�
�
���U�� ��&��j�

�O�
������� �
���#������W����O�����P X��!&_��#��O������h+�# 
 
  4.2 ���

���
��
.��
�'�O��������+�U� ���������� (Medical treatment Injury ��W� 
Recordable Injury) 
 
   ���

���
�P X� �������&h�$�!�������&h��
.�&_���j�
#��+�#�
�����
�'�P�����$OP�"  
c(X���j��������&h�P XO�
����+�U
#���������  

���U���TU� $*������W�$*�+��#&�������#��
��W�������h�`��!�
� 2 $�! 3 (T
.���
�$P#$�!T
.�������W��)  $*�P X
#��� �����h�������$*�   
���

�*����
���W���W.���WX�	U��P X
�����&���U�����  *�&�������h�c���"P XO�����*����
� 
 
  4.3 ���

���
��
.�	SV�	 ��
�P_���� (Lost Time Injury) 
 
   ���

���
�P X� �������&h�  $�!�������&h��
.�&_���j�
#��+�#�
�����
�'�                  
���*S#�T X��T�VP�����$OP�" c(X�*�&���������&h�P_�`�#O�
����
#����������OWX��
�'������
����&h�$�!+�U	����gP_����+�#`��
�g
�+� P
.�� .���g(����

���
�P XP_�`�#O�
�����	 �T ��
 
(Fatality) `�P
�P ��W���
�&��+�#�
�����
�'�+��!�!��(X� 
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 5. �����W������&h��r����WX��&�����P_���� (Occupational Illness)  
 
  �����W������&h��r��P X��&�����P_���� c(X�+�#�
��������&^
�&��$OP�"  

���U���TU� 
������&��p�r�p-�� (Byssisnosis)  ������&��p�r������W�p�r�P��� (Silicosis)  ��#����W.���
�
�
��	�  ����!��h�&�����P_���� ��� 

 

�������������"��e�"���� HFACS 

 
 �P�������	��	��	���
��������������

���
������� ���������!�"�%&&
����'�" (Human 
Factor Analysis and Classification System: HFACS) P X����#�$�!O
a������
�&�
��P��������
���	��
�������� �W� Shappell and Wiegmann (2001) c(X�$�����X�`T#`����	��	��$�!����-���
�
�����������

���
� ���� OW.������&�����������!�"�!�����  Reason (1990) ��j�$�U$���
.�            
� ���`T#����
���U��$O�U����$�!��j�P X����
��
���U����#������`�����#�������� 
 
 &��Pi'�  HFACS &!O��U�	���
��������������

���
�� �%&&
�P X�� X���#����SU����	���
� 
����^O�!	���
��
�����&�����'�" �TU� ������O�U��	U������� ��W������#�����P X$p���SU`�
���"��  &(�`T#�P	������P X�� X���#�����U�� .���_������j���
����$�!�#��
��
�P X&!	����g
�_����b��

�  �OWX��-���
�����������

���
���W����������$��`�#�#���� 
 
 Reason (1990) �
�&�
��P��$�U������P���
�$���T	�
��"  ��U���U�  ���

���
���j���WX�����
���"�� P X&!
#������� ����-���
�����������

���
�������"�� ���������!�"g(��
�
���cU����#� 
(Latent Failures) �
��
�
���P X����b��W������h�+�# (Active Failures) ���$	��`��S�$��&_���� 
REASON�S Model of Latent and Active Failures c(X���j�P X�S#&
��
�P
X�+��U� $��&_���� �SWISS 
CHEESE� ���������g(�����*��O���������'�" P
.�	��O��WX��+����*S#�b��

���� (Condition of 
Operators) $�!���+�U��!	�*�	_���h&�!�
����"�� (Organizational Failure) P X&_�$���
�
���
��W�����*��O��������j� 4 �!�
� �W� 
 
 �!�
�P X 1 : �����!P_����$
U�!����� (Individual Acts) 
 �!�
�P X 2 : 	���!$���#���U��P X&!�������

���
� (Pre-conditions) 
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 �!�
�P X 3 : ��P��O�&���
���#����/ *S#�
��
��
VT�
��	����� (Middle Management 
Influences) 
 �!�
�P X 4 : ��P��O�&�����"�� (Organization Influences) 
 
 ���	��	��	���
��������������

���
��#����� ���������!�"�%&&
����'�" (HFACS) 
&!
#����!P_�P
.� 4 �!�
�������"�� �W� &���!�
��U��������"�� �W� *S#�b��

���� (Individual Acts) 
&�g(��!�
���������"�� (Organizational Influences) 
 

 
 
I����L 1  $��&_���� SWISS CHEESE - Model of Human Error 

Organizational 

Influences 

Middle 

Management 

Preconditions 
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�������L 1 : �������P������O������� (Individual Acts) 

 
 1. ����*��O��� (Errors) 
 
  1.1 ����*��O���`����

�	��`& (Decision Errors) 
 
   1.1.1 ���

�	��`&$���(�
���
���
�����" (Rule-Based Decisions) 
   1.1.2 ���

�	��`&`T#

���W��P X*�� (Improper Choice in Decisions) 
   1.1.3 ���

�	��`&P X���������#�`&
U�	g������" (Ill-Structured Decisions) 
 
  1.2 ����*��O���`��#��P
�'! (Skill-Based Errors) :   
 
   1.2.1 �������`	U`& (Attention Failures) 
   1.2.2 �������&�&_� (Memory Failures) 
   1.2.3 ����*��O���`��#���P���� (Technical Errors) 
 
  1.3 ����*��O���`��#������
��S# (Perceptional Errors) 
 
   1.3.1 ����
��S#*��O��� (Misperceptions) 
   1.3.2 ���$������*��O��� (Misinterpreted) 
 
 2. ���pr�ps� (Violations) 
 
  2.1 ���P_���#�P X��!&_� (Routine) 
 
   2.1.1 ���	����#��S�+�U�O ��O� (Inadequate Briefing) 
   2.1.2 ���pr�ps���������pq����� (Violated Training Rules) 
   2.1.3 ���+�U�b��

�
���SU�W����P_���� (Failed to Comply with Departmental 
Manuals) 
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   2.1.4 ���+�U�b��

�
���_�	
X� ���!�� �� (Violation of Orders and/or 
Regulations) 
 
  2.2 ���pr�ps��^O�!���  (Exceptional) 
 
   2.2.1 ���P_����P X+�U+�#�
����V�
 (Performed Unauthorized Operation) 
   2.2.2 �������
������	 X���U��+�#�
����V�
 (Accepted Unauthorized Hazard) 
   2.2.3 ������	��

� (Not Current/ Qualified) 
 
�������L 2 : 
I���������"�O����L!��������������� (Pre-conditions) 

 
 1. �%&&
��#��	��O$���#�� (Environmental Factors) 
 
  1.1 	��O$���#���#�������O (Physical Environment) 
  
   1.1.1 	��O����� (Weather) 
   1.1.2 $	�	�U�� (Lighting) 
   1.1.3 �	 ���
� (Noise) 
   1.1.4 �����#�� (Heat) 
   1.1.5 ����	
X�	!�PW�� (Vibration) 
 
  1.2  	��O$���#���#���P������  (Technological Environment) 
 
   1.2.1 ������"$�!��������� (Equipment and Controls) 
   1.2.2 ������$�����$�!�!�� ���b��

� (Task and Procedure Design) 
   1.2.3 ������$���SU�W�$�!������
��&	�� (Manuals and Checklist Design) 
   1.2.4 ���$	��*� (Interfaces and Displays) 
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 2. �%&&
��#��

������ (Personnel Factors) 
 
  2.1 ���	WX�	��/ �����!	����� (Communication/ Coordination) 
 
   2.1.1 �����#�����`����	����#��S� (Failed to Conduct Adequate Brief) 
   2.1.2 ������P_������j�P � (Lack of Teamwork) 
   2.1.3 ������	WX�	��/ �����!	�����P X�   (Poor Communication/ 
Coordination) 
   2.1.4 ���!*S#�_��#����� (Failure of Leadership) 
 
  2.2 ����O�#�����

������ (Personal Readiness) 
 
   2.2.1 ���O
�*U��P X�O ��O� (Crew Rest Requirements) 
   2.2.2 ���`T#���
�'���� (Self-Medicating) 
   2.2.3 Oi
��������������+�U����!	� (Poor Dietary Practice) 
   2.2.4 ���`T#�_��
��������+� (Overexertion While Off Duty) 
 
 3. 	��O��WX��+����O�
���� (Condition of Operators) 
 
  3.1 	���!P��&�
`& (Adverse Mental States) 
 
   3.1.1 �������
�!��
�g(�	g������" (Loss of Situational Awareness) 
   3.1.2 ������� �� (Stress) 
   3.1.3 �����TWX��
X�	S� (Overconfidence) 
   3.1.4 	���!&�
`&�U���#� (Mental Fatigue) 
   3.1.5 � 	�X������&�
`& (Distraction) 
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  3.2 	���!P���U����� (Adverse Physiological States) 
 
   3.2.1 �!�
��._�
��`���W��
X_� (Low Blood Sugar) 
   3.2.2 ���!�U���������._� (Dehydration) 
   3.2.3 � ���`T#��/ $�������" (Medication/Alcohol) 
   3.2.4 � ����&h��r�� (Medical Illness) 
 
  3.3 �#�&_��
�P�������O/ &�
`& (Physical/ Mental Limitations) 
 
   3.3.1 �#�&_��
�`���������h� (Visual Limitations) 
   3.3.2 ������	��

� (Not Current/Qualified) 
   3.3.3 	��O�U�����+�U����!	� (Incompatible Physical Capability) 
   3.3.4 ����	����g`������ ���S#+�U�O ��O� (Incompatible 
Intelligence/Aptitude) 
 

�������L 3 : �������!������������/ (M���������HJ���"
����� (Middle Management 

Influences) 

 
 1. ����
��
��
VT�+�U�O ��O� (Inadequate Supervision) 
 
  1.1 �����#�����`����pq����� (Failure to Administer Proper Training) 
  1.2 ���$��P������W���T O (Lack of Professional Guidance) 
  1.3 �����#�����`�����������S$� (Failure to Provide Oversight)  
 
 2. ������$*�+�U�O ��O� (Inadequate Planning) 
 
  2.1 	�X���!
�#�/ &S�`&+�U����!	� (Inappropriate Incentives) 
  2.2 �����!���������	 X��+�U�O ��O� (Poor Risk Assessment) 
  2.3 ������U�� ����*S#�
��
��
VT� (Supervisor Implied Haste) 
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 3. �����#�����`����$�#+��%V�� (Failed to Correct Problem) 
 
  3.1 �����#�����`����$�#+�Oi
�����P X+�U����!	� (Failure to Correct 
Inappropriate Behavior) 
  3.2 �����#�����`����$�#+������	 X�� (Failure to Correct a Safety Hazard) 
 
 4. ���pr�ps�����
���#�/ *S#�
��
��
VT� (Supervisory Violations) 
 
  4.1 �����#�����`�����
��
�`T#���!�� �� (Failed to Enforce the Rules) 
  4.2 ���V�
`�#P_�����	 X�����+�U&_���j� (Authorized Unnecessary Hazard) 
  4.3 ���V�
`�#*S#P X������	��

�P_���� (Authorized Unqualified Crew for Operation) 
 
�������L 4 : �������!�����	�� (Organization Influences) 
 
 1. ���������P�
O���� (Resource Management) 
 
  1.1 �������� (Human) 
  1.2 ����!��� (Monetary) 
  1.3 ���WX��&
��$�!	�X��_��������	!��� (Equipment/ Facility) 
 
 2. �
a�����������"�� (Organizational Culture) 
 
  2.1 ����	�#�� (Structure) 
  2.2 ������ (Policies) 
  2.3 �
a����� (Culture) 
 
 3. ����O�#��������"�� (Organizational Readiness) 
 
  3.1 �!�� ���b��

� (Operations) 
  3.2 ��� ����b��

���� (Procedures) 
  3.3 ����������S$� (Oversight) 
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��,���������������	���������� 

 
 �
.�
��P X 1 - ���T .�U��%&&
����i
 (Identify Critical Factor)  
  
 �W� �
.�
��`����T .�U�g(���
�����" ��W�	��O���P_����  ��W�Oi
�����  c(X����+�U� 
��
�����" ��W�	��O���P_���� ��W�Oi
������ .$�#� &!+�U	����g�������

���
�+�#��W����

���
� 
P X����&!� �������$������ ����!�� ��$	���
���OP X 2 
 

Event

Condition

Behavior

Event

Condition

Behavior

Event

Condition

Behavior

Event

Condition

Behavior

INCIDENT

Critical 

Factor

Critical 

Factor

Critical 

Factor

Critical 

Factor

 
 

I����L 2  $	������!�� ���
.�
�����T .�U��%&&
����i
 
 
�
.�
��P X 2 - ���������!�"	���
�������#� (Root Cause Analysis : RCA) � ��SU 3 �
.�
�� 

�
�� . 
 
 2.1 ����!��	���
�P��
�� (Determine Direct Cause) 
 
  �_��%&&
����i
 (Critical Factor) $
U�!

� c(X�T .�U�+�#&���
.�
��P X 1 ��������!�"��
	���
�P��
�� (Direct Cause) ������

.��_�g���U� �P_�+�&(������%&&
����i
��WX��� .�(.�� �OWX��_����
��j�	���
�P��
�� c(X�	���
�P��
����!����#�� 2 �%&&
� �W� Oi
�����P X+�U�����
�  $�!	��O
��WX��+�P X+�U�����
�  ����_������
	  	_���
�	���
�P��
�� �S����!�� ��`����*��� � 
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 2.2 ����!��	���
�������#� (Determine Root Cause) 
 
  	_���
�	���
�P��
�� (Direct Cause) $
U�!

� c(X�T .�U�+�#&���
.�
��P X 2.1 �_���������!�"
��	���
�������#� (Root Cause) P XP_�`�#����	���
�P��
�� c(X�	���
�������#���!����#�� 2 �%&&
� 
�W�  �%&&
�P X��&��O�
����  $�!�%&&
�P X��&�����  ����_������
	  	_���
�	���
�������#�                 
�S����!�� ��`����*��� � 
 
 2.3 ����!������*��O�������!�����&
�����#�����������
� (Determine Health & 
Safety Management System Failures)  
 
  	_���
�	���
�������#� (Root Cause) $
U�!

� c(X�T .�U�+�#&���
.�
��P X 2.2 �_���
������!�"������*��O�������!�����&
�����#�����������
� (Safety & Health Management 
System Failures) P X�_�+�	SU	���
�������#� c(X�����*��O�������!�����&
�����#�����������
� �            
�
��#�P
.���� 22 �
��#�  ����_������
	  	_���
�����*��O�������!�����&
�����#��                  
���������
�  �S����!�� ��`����*��� � 
 

�
.�
��P X 3 - ���������!�"�%&&
�P X�� X���#���
����'�" (Analyze Human Factors Influences)           
� ��SU 4 �
.�
�� ����!�� ��$	���
���OP X 3 
 



 

 

15 

IndividualIndividual

ActsActs

Routine Exceptional

ViolationsViolationsErrorsErrors

Decision

Errors

Skill-based
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Mental

Limitations

Physical
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ManagementManagement

Supervisory
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Inadequate
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Failed to
Correct
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OrganizationalOrganizational

InfluencesInfluences
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Operational

Process

Resource

Management

Organizational
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I����L 3  $	������!�� ������
.�
�����������!�"�%&&
�P X�� X���#���
����'�" 
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3.1 �����!P_����$
U�!����� (Individual Acts) 
 
  ������!�"��T����������*��O��� (Errors) $�!���pr�ps� (Violations) P X����&��            
�����!P_����$
U�!�����P X�_�+�	SU����������

���
�  ����_������
	  	_���
������!P_����           
$
U�!�����  �S����!�� ��`����*��� � 
 
 3.2  	���!$���#���U��P X&!�������

���
� (Pre-conditions) 
 
  ������!�"��	���!$���#���U��P X&!�������

���
�P X� ��P��O�
U������!P_����$
U�!
�����  c(X���!����#�� 3 �%&&
� �W� �%&&
��#��	��O$���#�� �%&&
��#��

������  $�!	��O
��WX��+����O�
����  ����_������
	  	_���
�	���!$���#���U��P X&!�������

���
� �S����!�� ��
`����*��� & 
 
 3.3 ��P��O�&���
���#����/ *S#�
��
��
VT�
��	����� (Middle Management Influences) 
 
  ������!�"��*���!P���W���P��O�&���
���#����/ *S#�
��
��
VT�
��	�����P X�_�+�	SU
����������

���
�  c(X���!����#�� 4 �%&&
� �W� ����
��
��
VT�+�U�O ��O� ������$*�+�U�O ��O� 
�����#�����`����$�#+��%V��  $�!���pr�ps�����
���#����/ *S#�
��
��
VT�  ����_������
	 
	_���
���P��O�&���
���#����/ *S#�
��
��
VT�
��	����� �S����!�� ��`����*��� ^ 
 
 3.4 ��P��O�&�����"�� (Organizational Influences) 
 
  ������!�"��*���!P���W���P��O�&�����"�� (Organizational Influences) P X�_�+�	SU
����������

���
� c(X���!����#�� 3 �%&&
� �W� ���������P�
O���� �
a�����������"�� $�!
����O�#��������"��  ����_������
	  	_���
���P��O�&�����"�� �S����!�� ��`����*��� T 
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 �
.�
��P X 4 - ���O
a����
����$�#+�$�!�-���
� (Develop Corrective and Preventive 
Actions) 
 

 	�X�	_��
VP X	��	_���
����������!�"���

���
� �W� �������
�����OWX��-���
��������c._�         
c(X���
����P X� P X	�� �W� ��
����P X� ������j�+�+�#`�P���b��

� +�U`T#�P������ ��W��P����P X
c
�c#��  ���g(���j�P X����
����*S#�b��

����
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�����$	���������� 
 

�����$	 

 

 1.  ���WX�����O���
��"	U������� (Personal Computer) ��U������&_� 512 MB ����&�
������"���	�" 60 GB 
 
 2.  ���$��� Microsoft Visual Basic 6.0 

 

������� 

 
 1.  �(�'�����	
�O
��"����%&&
�
U��� P X�� X���#���
�����������

���
�
����� ��� RCA 
$�! HFACS  
 
 2.  &
��
� ���#��S�P X�� X���#��	_���
����O
a���!������
�P(��#��S����	��	��
	���
��������������

���
� 
 
 3.  	�#���!������
�P(��#��S����	��	��	���
��������������

���
� �#�����$��� 
Visual Basic 6.0 
 
 4.  P�	���!������
�P(��#��S����	��	��	���
��������������

���
�������  RCA 
$�! HFACS ���`T#�#��S����

���
�P X�����(.�

.�$
U �� O.�. 2546 | O.�. 2551 
 
 5.  ������!�"	���
��������������

���
� �OWX�O
a��$�!��
������#���O�U��������"��  
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I����L 4  $	������	
�O
��"�������	�#���#��S� (Entity Relationship Diagram) 
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 &������	
�O
��"����	
�O
��"�������	�#���#��S� (Entity Relationship Diagram) �_���
	�#����j�
��������!�� ���������#��S� �
�� . 
 

�������L 1  $	������!�� ���������#��S�P X�� ���#�����$��� Microsoft Visual Basic 6.0 
 

JKL�)*�	 ����������������"M� 

1. ANA.frm 	��T�����P �	��	��	���
��������������

���
� 
2. bricc.frm ����!�� ������������

���
� 
3. CRIC.frm �%&&
����i
 
4. DIRC.frm 	���
�P��
�� 
5. EQUC.frm ������"P X�� X���#�� 
6. FACC.frm �#��Ph&&�������������

���
� 
7. INDC.frm �����!P_����$
U�!����� 
8. MANAC.frm ��P��O�&���
���#����/ *S#�
��
��
VT����
�� 
9. MANC.frm ����*��O�������!�����&
�����#�����������
� 
10. ORGC.frm ��P��O�&�����"�� 
11. PictureAdd.frm �S���O����������

���
� 
12. PREC.frm 	���!$���#���U��P X&!�������

���
� 
13. Report.frm ����������������

���
� 
14. RootCC.frm 	���
�������#� 
15. PLAC.frm $*�����_��������$�#+�$�!�-���
� 

 

����P�������������" 

 

 ����	�#��������$�������
�P(��#��S����	��	��	���
��������������

���
�������  
RCA $�! HFACS ��!����#���
��#���
� &_���� 9 �
��#� �
�� ����!�� ��
U�+�� . 
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I����L 5  $	����������
�������$���  
 

 1. ����!�� ������������

���
� (Description of Event) ����!�� �����$���$	���
���O
P X 6 
 
 2. ������"P X�� X���#���
�����������

���
� (Equipments) ����!�� �����$���$	��             
�
���OP X 7 
 
 3. TWX�	��T�����P �	��	��	���
��������������

���
� (Investigation Team Members) 
����!�� �����$���$	���
���OP X 8 
 
 4. �#��Ph&&�������������

���
�  (Incident Facts) ����!�� �����$���$	���
���OP X 9 
 
 5. �%&&
����i
  (Critical Factors) ����!�� �����$���$	���
���OP X 10 
 
 6. ���	��	��	���
��������������

���
������� ���������!�"	���
�������#� (RCA) 
$�!��� ���������!�"�%&&
����'�" (HFACS) ����!�� �����$���$	���
���OP X 11 
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  6.1 	���
�P��
�� (Direct Cause or Immediate Cause) ����!�� �����$���$	��
�
���OP X 12 
 
  6.2 	���
�������#� (Root Cause) ����!�� �����$���$	���
���OP X 13 
 
  6.3 ����*��O�������!�����&
�����#�����������
� (Health & Safety Management  
System Failures) ����!�� �����$���$	���
���OP X 14 
 
  6.4 �����!P_����$
U�!����� (Individual Acts) ����!�� �����$���$	���
���O
P X 15 
 
  6.5 	���!$���#���U��P X&!�������

���
� (Pre-Conditions) ����!�� �����$���
$	���
���OP X 16 
 
  6.6 ��P��O�&���
���#����/ *S#�
��
��
VT�
��	����� (Middle Management 
Influences) ����!�� �����$���$	���
���OP X 17 
 
  6.7 ��P��O�&�����"�� (Organizational Influences) ����!�� �����$���$	���
�
��OP X 18 
 
 7. $*�����_��������$�#+�$�!�-���
� (Action Plans | Corrective Action and 
Preventive Action) ����!�� �����$���$	���
���OP X 19 
 
 8. �S���O����������

���
� (Incident Photos) ����!�� �����$���$	���
���OP X 20 
 
 9. ���������	��	��	���
��������������

���
� (Incident Investigation Report) 
����!�� �����$���$	���
���OP X 21
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I����L 6  $	�����$����
��#�P X 1 | ����!�� ������������

���
�  

 

 
 

I����L 7  $	�����$����
��#�P X 2 | ������"P X�� X���#���
�����������

���
�  



 

 

24 

 
 

I����L 8  $	�����$����
��#�P X 3 | TWX�	��T�����P �	��	��	���
��������������

���
� 
 

 
 

I����L 9  $	�����$����
��#�P X 4 | �#��Ph&&����������������

���
� 
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I����L 10  $	�����$����
��#�P X 5 | �%&&
����i
  
 

 
 

I����L 11  $	�����$����
��#�P X 6 | ���	��	��	���
��������������

���
������� ��� 
    ������!�"	���
�������#�$�!��� ���������!�"�%&&
����'�"   
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I����L 12  $	�����$����
��#�P X 6.1 | 	���
�P��
��   
 

 
 

I����L 13  $	�����$����
��#�P X 6.2 - 	���
�������#�   
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I����L 14  $	�����$����
��#�P X 6.3 - ����*��O�������!�����&
�����#�����������
�  
 

 
 

I����L 15  $	�����$����
��#�P X 6.4 - �����!P_����$
U�!����� 
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I����L 16  $	�����$����
��#�P X 6.5 | 	���!$���#���U��P X&!�������

���
� 

 

 
 

I����L 17  $	�����$����
��#�P X 6.6 - ��P��O�&���
���#����/ *S#�
��
��
VT�
��	�����  
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I����L 18  $	�����$����
��#�P X 6.7 - ��P��O�&�����"��  
 

 
 

I����L 19  $	�����$����
��#�P X 7 | $*�����_��������$�#+�$�!�-���
�  
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I����L 20  $	�����$����
��#�P X 8 - �S���O����������

���
�  
 

 
 

I����L 21  $	�����$����
��#�P X 9 | ���������������!�"���

���
� (Incident Analysis Report) 
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��������,�������" 

 
 ���$�������
�P(��#��S����	��	��	���
��������������

���
�������  RCA $�! HFACS 
	�#���(.��#�����$��� Microsoft Visual Basic 6.0 c(X�	����g
��

.�`����WX�����O���
��"+�#    
�������
����$�!�_�+,�"�
���U�����`� Drive C: &���
.�&(��� ��`T#���$����������
����.�
����P X Program Root Cause Analysis (Exe. File)  

 
�����
��������" 

 
 ���P�	�����$���� �

g���!	��"�OWX�
��&	�����P_����
����#�P X
U��� ���
���$���P X+�#���$��+�#  +�#$�U  ����
�P(�$�!���$�#+��#��S� ����� ���#��S�������                    
���	��	��	���
��������������

���
�P X�
�P(�+�#�(.����S 
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(������!��$	 

 

(� 
 

(������������	���"M����
��
��
�������������������������������� RCA ��� HFACS 

 
 `��!��U���� O.�. 2546 | 2551 ������`�&
���
�	��P�������$�!������`�&
���
�
�!���  � ���

���
�

.�$
U�
.��
�'�O������(.�+� &_���� 5 ��� $�! 4 ��� 
���_��
�  ��WX�P_� 
���������!�"�#��S����	��	��	���
��������������

���
�������  RCA $�! HFACS &!+�#*�
���������!�" c(X�� ����!�� ���
�
����P X 2 - 
����P X 8 
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33 

�������L 2  *����������!�"���	��	��	���
��������������

���
�`��
��#�	���
�P��
�� 
 
J������
����� � !!�� ���������� % !P���� �����L 1 �����L 2 �����L 3 �����L 4 �����L 5 �����L 6 �����L 7 �����L 8 �����L 9 

1) 	���
�P��
�� 1.1 Oi
�����P X 
+�U�����
� 
�����j�  66.67% 

1.1.1 ����b��

�
��
�!�� ���b��

� 

27% 6 - SB 101 SB 101 - - VE 101 
SB 101 

SB 101 
SB 104 

VR 101 DE 114 

  1.1.2 ���`T#���WX���W�
$�!������" 

18% 4 - VE 103 
VR 105 

- DE 103 DE 102 - - VE 104 - 

  1.1.3 ��� �����W�
��
�����-���
� 

14% 3 -  - - DE 116 - SB 121 
VR 106 

SB 121 
VR 106 

- 

  1.1.4 ����������`&`	U/ 
�������
�!��
� 

41% 9 SB 110 SB 110 SB 110 DE 106 DE 106 SB 110 SB 108 
SB 110 

VE 109 
SB 110 

SB 110 

 1.2 	��O��WX��+� 
P X+�U�����
�  
�����j�  33.33% 

1.2.1 �!������-���
� 45% 5 TE 101 - - TE 103 - TE 103 TE 102 TE 103 
TE 105 

- 

  1.2.2 ���WX���W� ������" 
$�!���O���! 

36% 4 TE 110 TE 109 - - IS 102 - RM 103 - - 

 
 
1.2.3 	�X�P X	
�*
	&�����
P_���� 

0% 0 - - - - - - - - - 

  1.2.4 	��O$���#��`�
���P_���� 

18% 2 - PhyE 113 - - - - PhyE 113 
PhyE 114 

- - 
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34 

�������L 3  *����������!�"���	��	��	���
��������������

���
�`��
��#�	���
�������#� 
 
J������
����� � !!�� ���������� % !P���� �����L 1 �����L 2 �����L 3 �����L 4 �����L 5 �����L 6 �����L 7 �����L 8 �����L 9 

2) 	���
�������#� 2.1 �%&&
�&��
O�
���� 

2.1.1 ����	����g�#��
�����O 

5% 1 - PM 107 - - - - - - - 

  �����j�  51.43% 2.1.2 	���!P�������O 0% 0 - - - - - - - - - 
    2.1.3 	���!&�
`& 16% 3 - - - DE 107 DE 107 - DE 107 - - 
    2.1.4 ������� ��P��

&�
`& 
0% 0 - - - - - - - - - 

    2.1.5 Oi
����� 21% 4 VR 112 
FC 102 

- - - FC 102 - IP 103 VR 112 
FC 102 

- 

    2.1.6 ���pq�����/ ���
`�#�����S# 

16% 3 - - - - - IS 113 
IS 115 

IS 113 - PM 111 

    2.1.7 �!�
�����T_���V 5% 1 - - - - - IS 106 - - - 
    2.1.8 ������j�*S#�_�$�!

�����
�*��T�� 
37% 7 - - IS 129 IP 111 FC 103 IP 111 IP 111 IP 111 IS 129 
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�������L 3  (
U�) 
 
J������
����� � !!�� ���������� % !P���� �����L 1 �����L 2 �����L 3 �����L 4 �����L 5 �����L 6 �����L 7 �����L 8 �����L 9 

 2) 	���
�������#� 2.2 �%&&
�&�����  
�����j�  48.57% 

2.2.1 ������$��P��
�������� 

18% 3 IP 117 IP 122 - - - IP 122 - - - 

  
 2.2.2 ������$�����

$�!���cU���_���� 
6% 1 - IP 127 - - - - - - - 

    2.2.3 ���&
�cW.� 0% 0 - - - - - - - - - 

  
  2.2.4 ���WX���W�$�!

������" 
41% 7 - IP 130 IP 129 

IP 130 
IP 130 IP 129 IP 130 - IP 130 IP 130 

  
  2.2.5 ����
���W��

*S#�
����� 
0% 0 - - - - - - - - - 

  
  2.2.6 ��/ ������/ 

�!�� ���b��

� 
24% 4 - - IP 141 - - - IP 141 FC 108 IP 141 

IS 130 
  2.2.7 ���	WX�	�� 12% 2 - - - - - CB 106 - CB 104 - 
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36 

�������L 4  *����������!�"���	��	��	���
��������������

���
�`��
��#�����*��O�������!�����&
�����#�����������
� 
 

J������
����� � !!�� % !P���� �����L 1 �����L 2 �����L 3 �����L 4 �����L 5 �����L 6 �����L 7 �����L 8 �����L 9 

3) ����*��O������ 3.1 ������j�*S#�_� 3% 1 - - - - - 1.7 - - - 
�!�����&
�����#�� 3.2 ���O
a��������j�*S#�_� 6% 2 - - - - - 2.1 - - 2.6 
���������
� 3.3 �����
�*��T�� 9% 3 - - - - - 3.6 - 3.5, 3.6 3.5, 3.6 
 3.4 ���&
�����#��S� 0% 0 - - - - - - - - - 
 3.5 �����!�����
�
���$�!���

������!�"�����	 X�� 
13% 4 - - - - 5.10 5.8 - 5.8 5.8 

 3.6 ���������/ ���	��	�����

�����" 6% 2 - - - 6.5 - - 6.5 6.11 - - 
 3.7 �����
�����Oi
����� 9% 3 - - - 7.1 - - 7.1 7.1 - 
 3.8 �����#��._�/ ���T��T� 3% 1 - - - - - - - 8.1 - 
 3.9 ����
� ��O�#��	_���
����! �̂�� �̂� 0% 0 - - - - - - - - - 
 3.10 ������/ ���������!�"����OWX�����

�����
�/ �!�� ���b��

��#������
�����
� 

9% 3 - - - - 10.5 10.1 10.2 - - 
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37 

�������L 4  (
U�) 
 

J������
����� � !!�� % !P���� �����L 1 �����L 2 �����L 3 �����L 4 �����L 5 �����L 6 �����L 7 �����L 8 �����L 9 

3) ����*��O������
�!�����&
���� 

3.11 ���pq������#�������S#$�!P
�'!
����T_���V 

13% 4 11.4 - - 11.6 - - 11.4 
11.5 

- 11.2 

�#�����������
� 3.12 ���&
����������� X��$��� 0% 0 - - - - - - - - - 
 3.13 ���	WX�	�� 6% 2 - - - - - - - 13.1 

13.5 
13.2 

 3.14 ������$��P���������� 16% 5 - 14.3 14.2 
14.3 

- - 14.2 - 14.3 14.2 
14.3 

 3.15 ����b��

��#��P�
O��������� 0% 0 - - - - - - - - - 
 3.16 ���� 	U���U�� 0% 0 - - - - - - - - - 
 3.17 	�X�$���#�� 0% 0 - - - - - - - - - 
 3.18 ���&
����*S#�
����� 0% 0 - - - - - - - - - 
 3.19 ����b��

����/ ���cU���_���� 6% 2 - 19.2 19.2 - - - - - - 
 3.20 ��T �����
� 0% 0 - - - - - - - - - 
 3.21 ������$��PU�P�����P_���� 0% 0 - - - - - - - - - 
 3.22 	���	O
��$�!$�������" 0% 0 - - - - - - - - - 
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38 

�������L 5  *����������!�"���

���
�`��
��#������!P_����$
U�!����� 
 
J������
����� � !!�� ���������� % !P���� �����L 1 �����L 2 �����L 3 �����L 4 �����L 5 �����L 6 �����L 7 �����L 8 �����L 9 

4) �����!P_���� 
$
U�!����� 

4.1 ����*��O���  
�����j�  72.73% 

4.1.1 ���

�	��`& 44% 4 - DE 102 
DE 106 

- DE 106 - DE 110 - - DE 114 

     4.1.2 P
�'!/ ����
T_���V 

56% 5 SB 121 SB 105 SB 101 - SB 121 - - - SB 121 

    4.1.3 ����
��S# 0% 0 - - - - - - - - - 

 
4.2 ���pr�ps�  
�����j�  27.27% 

4.2.1 ���P_���#�P X
��!&_� 

100% 3 VR 112 - - - - - VR 106 VR 101 
VR 106 

- 

 
 4.2.2 ���pr�ps��^O�!

���  
0 0 - - - - - - - - - 
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�������L 6  *����������!�"���

���
�`��
��#�	���!$���#���U��P X&!�������

���
� 
 
J������
����� � !!�� ���������� % !P���� �����L 1 �����L 2 �����L 3 �����L 4 �����L 5 �����L 6 �����L 7 �����L 8 �����L 9 

5) 	���!$���#��
�U��P X&!����
���

���
� 

5.1 �#��
	��O$���#��  
�����j�  90.00% 

5.1.1 �����O 22% 2 - PhyE 113 - - - - PhyE 114 - - 

  5.1.2 �P������  78% 7 TE 101 
TE 110 

- TE 109 TE 101 TE 109 TE 103 - TE 103 TE 109 

 5.2 	��O��WX��+�
���O�
����   

5.2.1 	���!P��&�
`& 100% 1 - - - - AM 116 - - - - 

 �����j�  10.00% 5.2.2 	���!P���U����� 0% 0 - - - - - - - - - 
   5.2.3 �#�&_��
�P��

�����O/ &�
`& 
0% 0 - - - - - - - - - 

 5.3 �#��

������  
�����j�  0.00% 

5.3.1 ���	WX�	���#����� 0% 0 - - - - - - - - - 

  5.3.1 ����O�#�����

�
����� 

0% 0 - - - - - - - - - 
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40 

�������L 7  *����������!�"���

���
�`��
��#���P��O�&���
���#����/ *S#�
��
��
VT�
��	����� 
 

J������
����� � !!�� % !P���� �����L 1 �����L 2 �����L 3 �����L 4 �����L 5 �����L 6 �����L 7 �����L 8 �����L 9 

6) ��P��O�&��
�
���#����/ 
*S#�
��
��
VT�
��
	����� 

6.1 ����
��
��
VT�+�U�O ��O� 38% 5  - IS 102 IS 122 IS 102 IS 119 - - IS 109 

 6.2 ������$*�+�U�O ��O� 46% 6 IP 104 
IP 117 

IP 115 
IP 127 

IS 131 - - - IP 111 
IP 130 

IP 130 
IP 142 

IP 111 

  6.3 �����#�����`����$�#+��%V�� 15% 2 - - - - FC 107 - - - IP 130 
  6.4 ���pr�ps�����
���#����/ 

*S#�
��
��
VT� 
0% 0 - - - - - - - - - 
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�������L 8  *����������!�"���

���
�`��
��#���P��O�&�����"�� 
 

J������
����� � !!�� % !P���� �����L 1 �����L 2 �����L 3 �����L 4 �����L 5 �����L 6 �����L 7 �����L 8 �����L 9 

7) ��P��O�&�����"�� 7.1 ���������P�
O���� 75% 6 RM 103 RM 108 - RM 103 - RM 103 RM 109 - RM 103 
 7.2 �
a�����������"�� 13% 1 - - - - - - - OC 106 - 
  7.3 ����O�#��������"�� 13% 1 - - - - - - OP 101 - - 
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��!��$	 
 
���
��
��
�������������������������������� RCA ��� HFACS 

 
 1.  *�P X+�#&�����	��	��	���
��������������

���
�������  RCA $�! HFACS &!� 
�������������%&&
�$
U�!�%&&
�P X��j�	���
��������������

���
� +�#� ��U����	��	��	���
�
�������������

���
�������  RCA �O ����� �� �� ��WX��&����� ��� HFACS � ����_��%&&
�P X�� X���#��
�
�����*��O���������'�"&_���� 4 �!�
� ���U��O�&���� P_�`�#*����	��	��	���
����    
����������

���
�� ����T
��&� ���g(���
����$�#+�$�!�-���
�P X�_��������� ����	����#���
�
	���
��������������

���
� 	����g�-���
��������c._������
�����"`��
�'�!�� ���
�+�# 
 
 2.  ���	��	��	���
��������������

���
�������  RCA $�! HFACS ��!����#���
.�
�� 
&_���� 7 �
.�
�� c(X�P �P X�_��������	��	��	���
��������������

���
�
#��� ������#�`&`����
�!�� �����
.�
��$
U�!�
.���U���O ��O�  &(�&!	����g������!�"	���
��������������

���
�+�#
��U��gS�
#�� 
 
������"�������&����"M���L)��!�����
��
��
�������������������������������� RCA ��� 

HFACS 
 
 ���$���P X���$�� 	����g`T#�
�P(� $�! �#����#��S�P X�� X���#���
����	��	��	���
�
�������������

���
�������  RCA $�! HFACS +�#��U��� ��!	�P���O  ���&��� .���$���              
�
�TU��`�#���	��	��	���
�����������

���
�������  RCA $�! HFACS � ���������h�$�!            
������*��O���`����P_������+�#  
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����������
����� 
 

 
��� 
 

 &������_���� ��� RCA $�! HFACS ��`T#`����	��	��	���
��������������

���
�          
P X�����(.�&_���� 9 ��� 	����g	���	���
�`�����������

���
����$
U$�!�%&&
�P X�� X���#���
� RCA 
$�! HFACS �
�� . 
 
 1. 	���
�P��
�� 
 
  ����&���%&&
�&��Oi
�����P X+�U�����
� (66.67%) �����U��%&&
�&��	��O��WX��+�        
P X+�U�����
� (33.33%) ����
��#�P X��j�	���
�	S�	������%&&
�&��Oi
�����P X+�U�����
� �W� 
����������`&`	U$�!�������
�!��
� (41%) $�!�
��#�P X��j�	���
�	S�	������%&&
�&��	��O
��WX��+�P X+�U�����
� �W� �!������-���
� (45%) 
 
 2. 	���
�������#�  
 
  ����&���%&&
�&��

�O�
���� (51.43%) �����U��%&&
�&����� (48.57%) ����
��#�P X
��j�	���
�	S�	������%&&
�&��

�O�
���� �W� ������j�*S#�_�$�!�����
�*��T�� (37%) $�!
�
��#�P X��j�	���
�	S�	���%&&
�&����� �W� ���WX���W�$�!������" (41%) 
 
 3. ����*��O�������!�����&
�����#�����������
�  
 
  	_���
�	���
��������*��O�������!�����&
�����#�����������
�  &_����                
3 �
��
�	S�	��  �W�  ������$��P���������� (16%)  �����!�����
�
���$�!���������!�" 
�����	 X�� (13%)  ���pq������#�������S#$�!P
�'!����T_���V (13%) 
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 4. �����!P_����$
U�!����� 
 
  ����&���%&&
�&������*��O��� (72.73%) �����U��%&&
�&�����pr�ps� (27.27%)           
����
��#�P X��j�	���
�	S�	������%&&
�&������*��O��� �W� ��WX��P
�'!$�!����T_���V (56%) 
$�!�
��#�P XP X��j�	���
�	S�	������%&&
�&�����pr�ps� �W� ���P_���#�P X��!&_� (100%) 
 
 5. 	���!�U��P X&!�������

���
�  
 
  ����&���%&&
��#��	��O��WX��+����O�
���� (100%) $�!�%&&
��#��	��O$���#�� 
(90%) ����
��#�P X��j�	���
�	S�	������%&&
��#��	��O��WX��+����O�
���� �W� 	���!P��&�
`& 
(100%) $�!�
��#�P XP X��j�	���
�	S�	������%&&
��#��	��O$���#�� �W� �P������  (78%) 
 
 6. ��P��O�&���
���#������W�*S#�
��
��
VT�
��	�����  
 
  	_���
�	���
�&����P��O�&���
���#������W�*S#�
��
��
VT�
��	�����  &_����              
3  �
��
�	S�	��  �W�  ������$*�+�U�O ��O� (46%)  ����
��
��
VT�P X+�U�O ��O� (38%)  $�!
�����#�����`����$�#+��%V�� (15%) 
 
 7. ��P��O�&�����"��  
 
  	_���
�	���
�&����P��O�&�����"�� &_���� 3 �
��
�	S�	�� �W� ���������P�
O���� 
(75%)  �
a�����������"�� (13%)  $�!����O�#��������"�� (13%) 

 

����
����� 
 

 1.  ���&
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���
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�TU� �
���#���� ������ $�!*S#&
����$*�� 
 
 2.  ���&
�`�#� ���������� ���`T#������$��� $�!����S$����$���`�#�
��������P X
�� X���#���
����`T#��� 
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 3.  �����
������!������#��S�`�#	����g`�#	����g`T#���`��!�����W��U��                 
�OWX�����	!���`������ ���S�#��S�$�!����������#��S� 



���
�����
�L�������� 
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X�, �����PO�. 
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X�, �����PO�. 
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I��(��� 
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I��(��� �  

����_������
	 (Code) 	_���
�	���
�P��
�� 
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����������� (Direct Causes) 

 
��!����#�� 2 	U�� �W� Oi
������	 X�� (At Risk Behaviors) $�!	��O����"P X�              

�����	 X�� (At Risk Conditions) c(X�&!� ����_������
	 (Code) ���$
U�!�
��#�
������!�� ��
�
�� . 

 
1. Oi
������	 X�� (At Risk Behaviors) 

����b��

�
���!�� ���b��

� (Following Procedures) 

VR 101  Violation of SOP�s by individual 
VR 102  Violation of SOP�s by group 
SV 101  Violation of SOP�s by supervisor 
SV 102  Violation of rule by supervisor 
SV 103  Failed to follow directive 
VE 101  Operation of equipment without authority 
SB 101  Improper position of posture for the task 
SB 102  Overexertion of physical activity 
SB 103  Work or motion at improper speed 
SB 104  Working in awkward posture 
SB 105  Improper lifting 
SB 106  Improper loading 
VR 103  Taking shortcuts 
DE 104  Rushed to complete task 
DE 108  Task mis-prioritization 
DE 109  Failed to follow training received 
DE 110  Attempted task not trained for 
DE 111  Unnecessary action to complete task 
DE 114  Improper use of PPE 
SB 116  Checklist error 
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���`T#���WX���W�$�!������" (Use of Tools or Equipment) 

DE 101  Improper use of equipment 
DE 102  Improper use of tolls/wrong tool 
DE 103  Improper placement of tools, equipment or materials 
VE 102  Use of defective equipment (aware) 
VE 103   Use of defective tools (aware) 
VR 104  Operating equipment at improper speed 
VE 104  Service equipment while in operation 
VR 105  Wrong tool for the job 
SB 111  Improperly maintained equipment 
SB 112  Improperly maintained tools 
SB 117  Navigational error 
PE 103  Misinterpreted/misread instrument 
 

��� �����W���
�����-���
� (Use of Protective Methods) 

SB 121  Lack of hazard awareness 
VR 106  Personal protective equipment not used 
VR 107  Improper use of PPE 
VR 108  Use of defective or contaminated PPE 
VE 105  Inadequate energy control (lockout/tagout) 
VR 109  Equipment or materials not secured 
VE 106  Disabled guards or safety devices 
VE 107  Removal of guards or safety devices 
IS 101  Personal protective equipment not available 
DE 115  Poor risk assessment by individual 
DE 116  Poor risk assessment by team 
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  ����������`&`	U/ �������
�!��
� (Inattention/Lack of Awareness) 

DE 106  Improper decision making 
DE 112  Delayed reaction 
AM 101  Distraction from workplace/environment 
AM 102  Distraction by other 
SB 107  Unsecure footing/3-points of contact 
SB 108  Failure to maintain eyes on path 
VE 109  Acts of violence 
DE 105  Failure to warn 
PR 101  Use of drugs or alcohol 
SB 109  Routine activity without thought 
AM 103  Habituated to hazard or warning signs 
VE 108  Horseplay 
SB 110  Placed self in the line of fire 
DE 113  Caution/ Warning ignored 
SB 113   Memory failure 
SB 114  Poor coordination or reaction time 
SB 115  Placed body part near pinch point 
SB 118  Attempt multiple tasks simultaneously 
SB 119  Breakdown in visual scan 
SB 120  Timing error 
PE 101  Illusion | kinesthetic 
PE 102  Illusion | Visual 
PE 104  Temporal distortion 
PE 105  Misperception 
AM 126  Complacency 
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2. 	��O����"P X� �����	 X�� (At Risk Conditions) 
 
�!������-���
� (Protective Systems) 
 

TE 101  Inadequate guarding 
TE 102  Defective guarding 
TE 103  No guarding 
TE 104  Inadequate/defective PPE 
TE 105   Inadequate/defective warning system 
TE 107  Inadequate isolation of equipment 
TE 108   Inadequate/defective safety devices 
 

���WX���W� ������" $�!���O���! (Tools, Equipment, Vehicles) 
 

IS 102  Inadequate tools for the job available 
TE 106  Ergonomics factors not considered 
TE 109  Defective/inadequate equipment/tools 
TE 110  Defective vehicle 
TE 111  Poor man-machine interface design 
RM 101  Inadequate vehicle for the purpose used 
RM 102  Improperly prepared/equipped vehicle 
RM 103  Improperly designed tools/equipment 
VR 110  Improper proximity to equipment or vehicle 
 

	�X�P X	
�*
	&�����P_���� (Work Exposures) 
 

PhyE 101 Fire or explosions 
PhyE 102 Noise 
PhyE 103 Repetitive motion 
PhyE 104 Energized electrical systems 



 

 

54 

PhyE 105  Energized mechanical, hydraulic, pneumatic, chemical 
systems 

PhyE 106  Radiation 
PhyE 107 Temperature extremes 
PhyE 108  Hazardous chemicals 
PhyE 109 Mechanical hazards 
PhyE 110 Clutter or debris 
PhyE 111 Weather or acts of nature 
PhyE 112 Slippery floors or walkways 
 

	��O$���#��`����P_���� (Workplace Environmental) 
 

PhyE 113 Congestion or restricted motion 
PhyE 114 Inadequate illumination 
PhyE 115 Inadequate ventilation 
PhyE 116  Unprotected height 
PhyE 117 Inadequate workplace design 
PhyE 118 Restricted visibility 
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I��(��� �  

����_������
	 (Code) 	_���
�	���
�������#� 
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������������� (Root Cause) 
 

��!����#�� 2 	U�� �W� �%&&
�	U������� (Personal Factors) $�!�%&&
�`���� (Job Factors) 
c(X�&!� ����_������
	 (Code) ���$
U�!�
��#�
������!�� ���
�� . 

 
1. �%&&
�	U�������� (Personal Factors) 

 
����	����g�#�������O (Physical Capability) 
 

PM 101  Vision deficiency 
PM 102  Hearing deficiency 
PM 103  Other sensory deficiency 
PM 104  Reduced respiratory capacity 
PM 105  Musculoskeletal disorder 
PM 106  Other permanent disability 
AP 101  Inability to sustain body position 
PM 107  Restricted range of body movement 
AP 102  Substance sensitivities/allergies 
PM 108  Inadequate size or strength 
AP 103  Influenced by medication 
AP 108  Sudden incapacitation 
 

	���!P�������O (Physical Condition) 
 

AP 104  Previous injury or illness 
AP 105  Fatigue due to workload 
AM 104  Fatigue due to lack of rest 
AM 105  Fatigue due to sensory overload 
PhyE 119 Exposure to temperature extremes 
PhyE 120 Exposure to oxygen deficiencies 
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PhyE 121 Exposure to atmospheric variations 
AP 106  Blood sugar insufficiency 
AP 107  Impairment due to drugs or alcohol 
AP 108  Sleep deprivation/fatigue 
PR 101  Use of drugs or alcohol 
PR 102  Insufficient rest, fatigue 
PR 103  Poor nutrition 
PR 104  Poor physical condition 
 

	���!&�
`& (Mental State) 
 

DE 107  Poor judgment 
PM 116  Memory ability/lapses 
PM 117  Motor skill/coordination 
AM 106  Emotional disturbance 
AM 107  Fears or phobias 
PM 109  Low mechanical aptitude 
PM 110  Low learning aptitude 
AM 108  Influenced by medication 
AM 118  Inattention 
AM 119  Channelized attention 
AM 120  Task saturation 
AM 121  Confusion 
Am 122  Geographical mis-orientation 
AM 123  Pre-existing disorder 
AM 124  Overconfidence 
AM 125  Pressure 
AM 127  Motivation inadequate/misplaced/excessive 
AM 128  Overaggressive 
AM 129  Motivation exhaustion (burnout) 
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AP 109  Sleep deprivation/fatigue 
 
������� ��P��&�
`& (Mental Stress) 
 

AM 109  Preoccupation with problems 
AM 110  Frustration 
AM 111  Meaningless/degrading activities 
AM 112  Emotional overload 
AM 113  Extreme judgment/decision demands 
AM 114  Extreme concentration demands 
AM 115  Extreme boredom 
 

Oi
����� (Behavior) 
 

FC 101  Improper performance rewarded/ tolerated 
IS 105  Proper performance punished 
VR 111  Improper attempt to save time 
VR 112   Improper attempt to avoid discomfort 
VR 113  Improper attempt to gain attention 
AM 116  Employee perceived haste 
IP 101  Supervisor implied haste 
IP 102  Lack of appropriate incentives 
IS 103  Improper supervisory example 
IP 103  Inadequate reinforcement of safe behaviors 
AM 117  Inappropriate peer pressure 
IS 104  Inadequate performance feedback 
FC 102  Improper recognition for at-risk behavior 
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���pq�����/ ���`�#�����S# (Training/ Knowledge) 
 

IP 107  Inadequate instructor qualifications 
PM 111  Inadequate knowledge transfer 
PM 112  Inability to comprehend 
PM 113  Misunderstanding training instructions 
PM 114  Inadequate recall of training received 
PM 115  Limited experience 
IS 107  Inadequate training equipment 
IS 108  Training not reinforced on the job 
IS 109  Inadequate refresher training provided 
IS 110  Inadequate design of training program 
IS 111  Inadequate training objective/goals 
IS 112  Inadequate new employee training 
IS 113  Inadequate on-the-job training 
IS 114  No measurement of training effectiveness 
IS 115  No training provided 
IS 116  Need for training not identified 
IS 117  Training records incorrect/not current 
IS 118  New process introduced without training 
IS 119  Management decision not to provide training 
OP 103  Organization training issues/programs 
OP 104  Lack of safety incentives 
 

�!�
�����T_���V (Skill Level) 
 

IP 104  Inadequate assessment of required skill 
IP 105  Inadequate practice of skill 
IP 106  Infrequent opportunity to practice skill 
IS 106  Lack of coaching/training on skill 
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IP 144  Ordered assignment beyond capability 
RM 122  Human resource practices 
 

������j�*S#�_�$�!�����
�*��T�� (Leadership & Accountability) 
 

IP 108  Unclear/conflicting reporting relationships 
IP 109  Unclear/conflicting assignment of responsibility 
IP 110  Improper/insufficient delegation of authority 
FC 103  Inadequate accountability system in place 
IS 120  Inadequate or incorrect performance feedback 
IS 121  Failure to conduct work-site walk-through 
IP 111  Inadequate identification of workplace hazards 
IP 112  Inadequate management of change system 
IS 122  Inadequate incident reporting/investigations 
IS 123  Inadequate or lack of safety meetings 
IS 124  Inadequate performance measures 
IP 113  Inadequate matching of qualifications for job 
IS 125  Lack of supervisory/management knowledge 
IP 114  Inadequate health hazard evaluation 
IS 129  Inadequate monitoring of work 
IS 131  Leadership/supervision/oversight inadequate 
IS 132  Supervision-Modeling 
IS 133  Supervision-Personality conflict 
IS 134  Supervision-lack of feedback 
FC 112   Failure to resolve employee concern 
FC 113  Failure to document change 
OC 101  Organizational values/culture 
OC 102  Safety enrollment system not established 
OC 103  Safety not established as a personal value 
OC 104  Evaluation/promotion/upgrade not include safety 
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OC 105  Ineffective organization structure 
OC 106  Effective policies: not practiced/enforced  
 

2. �%&&
�`���� (Job Factors) 
 
������$��P���������� (Engineering Design) 
 

IP 115  Failure to identify hazards 
IP 116  Inadequate ergonomic design 
IP 117  Inadequate technical design 
IP 118   Inadequate monitoring of construction 
IP 119  Failure to include H&S review in process 
IP 120  No independent design review 
IP 121  Failure to document change 
IP 122  Inadequate review of potential failures 
 

 ������$����� & ���cU���_���� (Work Planning & Maintenance) 
 

IP 123  Inadequate work planning 
IP 124  Inadequate preventive maintenance 
IP 125  Excessive wear and tear 
IP 126  Inadequate reference material available  
IP 127  Inadequate inspection/monitoring 
IP 128  Inadequate job placement 
FC 110  Failure to correct known hazard 
FC111  Failure to conduct risk analysis 
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���&
�cW.� (Purchasing) 
 

RM 104  Inadequate specs on invoice 
RM 105  Inadequate research on materials 
RM 106  Inadequate specs to vendors 
RM 107  Inadequate mode of shipment 
RM 108  Improper handling of materials 
RM 109  Improper storage of materials 
RM 110  Improper substitution 
RM 111  Inadequate material packaging 
RM 112  Exceeded shelf life 
RM 113  Material hazards not identified 
RM 114  Inadequate H&S approval process 
RM 115  Failure to receive MSDS 
CB 106  Poor communication of H&S data 
OP 101  Poor communication of hazards 
 

  ���WX���W� & ������" (Tools & Equipment) 
 

IP 129  Inadequate assessment of needs 
IP 130  Inadequate assessment of risks 
IP 131  Lack of ergonomics consideration 
IP 132  Inadequate standards/specification 
RM 116  Inadequate availability 
FC 106  Inadequate salvage/reclamation/repair/adjustment 
FC 107  Failure to replace worn parts 
IP 133  Poor equipment record history 
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����
���W��*S#�
�����/ ���������
� (Contractor Selection/Safety) 
 

RM 117  No contractor pre-qualifications 
RM 118  Inadequate pre-qualifications 
RM 119  Inadequate contractors selection 
RM 120  Use of non-approved contractor 
IS 126  Lack of contractor oversight 
IS 127  Lack of job oversight 
IS 128  Failure to provide safety training 
IP 134  Lack of contractor communication 
IP 135   Failure to specify H&S requirements 

 
��/ ������/ �!�� ���b��

� (Rules/Policies/Procedures) 
 

IP 136  Lack of SOP�s 
FC 108  No accountability for SOP/JSA 
IP 137   Lack of/inadequate JSA conducted 
IP 138  SOP�s inconsistent with work processes 
IP 139  Lack of employee involvement with SOP 
FC 109  Unclear definition of corrective action 
IP 140  SOP�s not accessible/Poor SOP format 
IP 141  Inadequate implementation of SOP�s 
FC 104  Inadequate enforcement of safety rules 
FC 105  Inadequate correction of known hazard 
IS 130  Inadequate supervisor knowledge 
IP 142  Inadequate communication of SOP 
IP 143  Outdated SOP�s/no revision schedule 
RM 121  Acquisition policies 
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���	WX�	�� (Communication) 
 

CB 101  Expectations not communicated 
CB 102  Confusing directions/demand 
CB 103  Conflicting directions/demand 
CB 104 Poor communication between co-workers, supervisor 

& employee, department/work groups, work shifts, 
senior management 

CB 105  Ineffective communication methods 
CB 106  Poor communication of H&S data 
CB 107  Standard terminology not used 
CB 108  Incorrect instructions provided 
CB 109  Verification techniques not used 
CB 110  Message to long/complicated 
CB 111  Lack of communication feedback loop 
OP 102  Procedural guidance/publications 
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I��(��� �  

����_������
	 (Code) `�#�
�����*��O�������!�����&
�����#�����������
� 
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���"(����������������!������������"����I�� (Safety & Health Management System 

Failures) 

 

��!����#�� 22 �
��#� c(X�&!� ����_������
	 (Code) ���$
U�!�
��#�
������!�� ��
�
�� . 

 
1. ������j�*S#�_� (Leadership) 

1.1 General H&S policy and vision statement established 
1.2 Assigned responsibilities for safety/tools control 
1.3 Senior & middle management participation 
1.4 Established safety management measurement systems 
1.5 H&S as agenda items in all meetings 
1.6 Internal H&S audits conducts by management 
1.7 Individual responsibility for safety assigned  
1.8 H&S committees in place and functional 
1.9 Production demands never compromise safety 
1.10 Adequate H&S management reference materials 
1.11 Applicable regulatory requirements identified 
1.12 Communication with external H&S experts conducted 

 
2. ���O
a��������j�*S#�_� (Leadership Development) 

2.1 H&S training needs regularly analyzed 
2.2 H&S training provided to new managers (METALS) 
2.3 H&S training provide to senior management 
2.4 H&S training for management regularly updated 
2.5 Records of leadership training maintained 
2.6 Training effectiveness measures/monitored 
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3. �����
�*��T�� (Accountability) 

3.1 H&S accountability system established 
3.2 Accountability system exists in writing 
3.3 Roles/expectations exists for all job classes 
3.4 Measurement systems identified (KPI�s) 
3.5 Regular evaluations conducted 
3.6 Consequences in place (negative/positive) 
3.7 Annual renewal component established 

 
4. ���&
�����#��S� (Information Management) 

4.1 H&S information database in place 
4.2 Trend and pareto analysis conducted 
4.3 Analysis integrated into strategic plan 

 
5. �����!�����
�
��� & ���������!�"�����	 X�� (Hazard Evaluation & Risk Analysis 

(HERA) 

5.1 Planned general inspections conducted 
5.2 Follow-up system for corrective actions 
5.3 All levels of management involved  
5.4 Audit report analysis established 
5.5 Both conditions and behavior are audited 
5.6 External audit conducted annually 
5.7 Pre-used equipment inspections conducted  
5.8 JSA�s conducted for all jobs 
5.9 Process renewal component established 
5.10 Consequence thinking is implemented 
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6. ���������/ ���	��	�����

�����" (Incident Reporting/Investigation) 

6.1 Written incident investigation system 
6.2 Line management participation 
6.3 Management review of major incidents 
6.4 Remedial action and follow-up 
6.5 Near miss reporting and investigation 
6.6 Communication system for incidents 
6.7 Hazard risk assessments conducted 
6.8 Tracking and trending of incident data 
6.9 Root cause analysis always conducted 
6.10 Property damage analysis included 
6.11 Near miss analysis conducted 
6.12 Training for root cause analysis provided 

 
7. ����
�$���Oi
����� (Behavior Modification) 

7.1 At risk behaviors identified 
7.2 System for observation and feedback 
7.3 Observer training program established 
7.4 Management role identified 
7.5 Behavior leadership team in place 
7.6 Database of behavior date exists 
7.7 Action plans developed based on data 
7.8 Timely follow-up on corrective actions 
7.9 Process renewal component established 
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8. �����#��._� & ���T��T� (Reinforcement & Recognition) 

8.1 Formal R&R system in place 
8.2 Systems uses upstream H&S measures 
8.3 Recognition is person-specific 
8.4 Recognition is mostly symbolic 
8.5 Recognition considers employee input 
8.6 Recognition motivates behavior 

 
9. ����
� ��O�#��	_���
����!^���^�� (Emergency Preparedness) 

9.1 Administrative roles established 
9.2 Identification of potential emergencies 
9.3 Written emergency plan 
9.4 Identification of energy control sources 
9.5 Emergency response teams trained 
9.6 First aid & response equipment available 
9.7 Emergency communications established 
9.8 Coordination with local agencies 
9.9 Evacuation drills conducted 
9.10 Training of workforce conducted   

 
10. ������/ ���������!�"����OWX����������
�/ �!�� ���b��

��#�����������
� 

(Policies/JSA�s/SOP�s/Development) 

10.1 Policies/JSA/SOP exists 
10.2 Policies/JSA/SOP available for employees 
10.3 Policies/JSA/SOP review is part of training for job 
10.4 Policies/JSA/SOP reviewed before work 
10.5 Policies/JSA/SOP is current 
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11. ���pq������#�������S#$�!T_���V (Knowledge and Skill Training) 

11.1 Administration system established 
11.2 Training needs analysis/testing of learning 
11.3 Instructor qualifications established 
11.4 Training systems in place 
11.5 Training systems evaluation/follow-up 
11.6 H&S training & task training performed 

 
12. ���&
����������� X��$��� (Change Management) 

12.1 Written system in place 
12.2 Administrative responsibilities identified 
12.3 Communication system established 
12.4 Measurement system for effectiveness 

 
13. ���	WX�	�� (Communication) 

13.1 Communications reach entire facility 
13.2 Process for top-down & bottom-up in place 
13.3 Feedback and coaching available 
13.4 Training in personal communications 
13.5 Task instruction  
13.6 Planned personal contact 
13.7 Audited for effectiveness & timeliness 

 
14. ������$��P���������� (Engineering Design) 

14.1 Administration roles identified 
14.2 Hazard identification conducted 
14.3 Risk assessment conducted 
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14.4  Project review for safety 
14.5 Health & Safety analysis conducted 
14.6 Operational/work process controls in place 

15. ����b��

��#��P�
O��������� (Human Resource Practices) 
15.1 Job capability requirements established 
15.2 Medical pre-placement exam required 
15.3 Behavioral interviews carried out 
15.4 New hire skill analysis completed 
15.5 General orientation/training conducted 
15.6 Widespread recruiting/quality candidates 
15.7 Pre-employment qualification checks made 
15.8 Mentoring systems in place 
15.9 Probationary review period established 

 
16. ���� 	U���U�� (Enrollment & Involvement) 

16.1 Informal enrollment process in place 
16.2 Formal enrollment process established 
16.3 Enrollment renewal process in place 
16.4 Process addresses chronic non-enrollers 

 
17. 	�X�$���#�� (Environmental) 

17.1 Environmental policy established 
17.2 Spill/release controls in place 
17.3 Administrative responsibilities identified 
17.4 Integrated contingency plan established 

 
18. ���&
����*S#�
�����/ �

g� (Contractors/Materials Management) 

18.1 Written policy/procedures established 
18.2 Procurement of goods and service 
18.3 Selection of contractors includes safety 
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18.4 Management of contractors while onsite 
18.5 H&S review of incoming materials 
18.6 H&S training of contractors 
18.7 Communication systems for MSDS�s 

 
19. ����b��

���� & ���cU���_���� (Operation & Maintenance) 

19.1 Preventive maintenance system in place 
19.2 Critical process/parts inspected 
19.3 Pre-use equipment inspections conducted 
19.4 Work order system in place 
19.5 H&S issue prioritization (24 hours) 

 
20. ��T �����
� (Occupational Health) 

20.1 Responsibility defined 
20.2 Hazard identification and evaluation 
20.3 Hazard control system in place 
20.4 Appropriate IH monitoring conducted 
20.5 Information and training provided  
20.6 Health care education available 
20.7 Professional assistance & oversight 
20.8 Medical surveillance conducted 
20.9 Internal communications established 
20.10 Record keeping tracked and maintained 
20.11 Collaboration established for health & IH 

 
21. ������$��PU�PU�����P_���� (Human Engineering) 

21.1 Ergonomics designed equipment in place 
21.2 Ergonomics reviews conducted 
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21.3 Ergonomic education is provided 
21.4 Fatigue factors have been identified 
21.5 Fatigue awareness training is provided 

22. 	���	O
��$�!$�������" (Drug and Alcohol) 

22.1 Policy established & well communicated 
22.2 For-cause testing in place 
22.3 Employee assistance program available 
22.4 Random D&A testing in place 
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I��(��� �  

����_������
	 (Code) `�#�
������!P_����$
U�!����� 
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�������P������O������� (Individual Acts) 

 
��!����#�� 2 	U�� �W� ����*��O��� (Error) $�!���pr�ps� (Violations) c(X�&!� ����_���� 

��
	 (Code) ���$
U�!�
��#�
������!�� ���
�� . 
 
1. ����*��O��� (Errors)  

 
����*��O���`����

�	��`& (Decision Errors) 
 

DE 101  Improper use of equipment 
DE 102  Improper use of tool/wrong tool 
DE 103  Placement of tools/ equipments, or materials 
DE 104  Rushed to complete task 
DE 105  Failure to warn 
DE 106  Improper decision making 
DE 107  Poor judgment 
DE 108  Task mis-prioritization 
DE 109  Failed to follow training received 
DE 110  Attempted task not trained for 
DE 111  Unnecessary action to complete task 
DE 112  Delayed reaction 
DE 113  Caution/warning ignored 
DE 114  Improper use of PPE 
DE 115  Poor risk assessment by individual 
DE 116  Poor risk assessment by team 
 

����*��O���`��#��P
�'! (Skill-Base Errors) 
 

SB 101  Improper position of posture for the task 
SB 102  Overexertion of physical activity 
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SB 103  Work or motion at improper speed 
SB 104  Working in awkward posture 
SB 105  Improper lifting 
SB 106  Improper loading 
SB 107  Insecure footing/3-points of contact 
SB 108  Failure to maintain eyes on path  
SB 109  Routine activity without thought 
SB 110  Placed self in the line of fire 
SB 111  Improperly maintained equipment 
SB 112  Improperly prepared tools 
SB 113  Memory failure 
SB 114  Poor coordination or reaction time 
SB 115  Placed body part near pinch point 
SB 116  Checklist error 
SB 117  Navigational error 
SB 118  Attempt multiple tasks simultaneously 
SB 119  Breakdown in visual scan 
SB 120  Timing error 
SB 121  Lack of hazard awareness 
 

����*��O���`��#������
��S# (Perception Errors) 
 

PE 101  Illusion - kinesthetic 
PE 102  Illusion - visual 
PE 103  Misinterpreted/Misread instruments 
PE 104  Temporal distortion 
PE 105  Misperception 
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2. ���pr�ps�(Violations) 
 
���P_���#�P X��!&_� (Violation | Routine) 
 

VR 101  Violation of SOP�s by individual 
VR 102  Violation of SOP�s by group 
VR 103  Taking shortcuts 
VR 104  Operation of equipment at improper speed 
VR 105  Wrong tool for the job 
VR 106  Personal protective equipment not used 
VR 107  Improper use of PPE 
VR 108  Use of defective or contaminated PPE 
VR 109  Equipment or materials not secured 
VR 110  Improper proximity to equipment or vehicle 
VR 111  Improper attempt to save time 
VR 112  Improper attempt to avoid discomfort 
VR 113  Improper attempt to gain attention 
 

���pr�ps��^O�!���  (Violation | Exceptional) 
 

VE 101  Operation of equipment without authority 
VE 102  Use of defective equipment (aware) 
VE 103  Use of defective tools (aware) 
VE 104  Servicing of equipment while in operation 
VE 105  Inadequate energy control (lockout/tagout) 
VE 106  Disabled guards, warning systems or safety devices 
VE 107  Removal of guards, warning system or safety devices 
VE 108  Horseplay 
VE 109  Acts of Violence 
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I��(��� !  

����_������
	 (Code) `�#�
�	���!�U��P X&!�������

���
� 
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I���������"�O����L!��������������� (Pre-conditions)  

 
��!����#�� 3 	U�� �W� �%&&
��#��	��O$���#�� (Environmental Factors) 	��O��WX��+�

���O�
���� (Condition of Operators) $�! �%&&
�	U������� (Personal Factors) c(X�&!� ����_����
��
	 (Code) ���$
U�!�
��#�
������!�� ���
�� .  

 
1. �%&&
��#��	��O$���#�� (Environmental Factors) 

 
	��O$���#���#�������O (Physical Environment) 
 

PhyE 101 Fire or explosions 
PhyE 102 Noise 
PhyE 103 Repetitive motion 
PhyE 104 Energized electrical systems 
PhyE 105 Energized mechanical, hydraulic, pneumatic, chemical 

systems 
PhyE 106 Radiation 
PhyE 107 Temperature extremes 
PhyE 108 Hazardous chemicals 
PhyE 109 Mechanical hazards 
PhyE 110 Clutter or debris 
PhyE 111 Weather or acts of nature 
PhyE 112 Slippery floors or walkways 
PhyE 113 Congestion or restricted motion 
PhyE 114 Inadequate illumination 
PhyE 115 Inadequate ventilation 
PhyE 116 Unprotected height 
PhyE 117 Inadequate workplace design 
PhyE 118 Restricted visibility 
PhyE 119 Exposure to temperature extremes 
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PhyE 120 Exposure to oxygen deficiencies 
PhyE 121 Exposure to atmospheric variations 
 

	��O$���#���#���P������  (Technological Environment) 
 

TE 101  Inadequate guarding 
TE 102  Defective guarding 
TE 103  No guarding 
TE 104  Inadequate/Defective personal protective equipment 
TE 105  Inadequate/Defective warning systems  
TE 106  Ergonomic factors not considered 
TE 107  Inadequate isolation of process or equipment 
TE 108  Inadequate/Defective safety devices 
TE 109  Defective/Inadequate Equipment/Tools 
TE 110  Defective vehicle 
TE 111  Poor machine-man interface design 
 

2. 	��O��WX��+����O�
���� (Condition of Operators) 
 
	���!P��&�
`& (Adverse Mental State) 

 
AM 101  Distraction from workplace/environment 
AM 102  Distraction by other 
AM 103  Habituated to hazard warning signs 
AM 104  Fatigue due to lack of rest 
AM 105  Fatigue due to sensory overload 
AM 106  Emotional disturbance 
AM 107  Fears or phobias 
AM 108  Influenced by medication 
AM 109  Preoccupation with problems 
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AM 110  Frustration 
AM 111  Meaningless/Degrading activities 
AM 112  Emotional overload 
AM 113  Extreme judgment/decision demands 
AM 114  Extreme concentration/perception demands 
AM 115  Extreme boredom 
AM 116  Employee perceived haste 
AM 117  Inappropriate peer pressure 
AM 118  Inattention 
AM 119  Channelized attention 
AM 120  Task Saturation 
AM 121  Confusion 
AM 122  Geographic mis-orientation 
AM 123  Pre-existing disorder 
AM 124  Overconfidence 
AM 125  Pressure 
AM 126  Complacency 
AM 127  Motivation Inadequate/Misplaced/Excessive 
AM 128  Overaggressive 
AM 129  Motivation Exhaustion (Burnout) 
 

	���!P���U����� (Adverse Physiological State) 
 
AP 101  Inability to sustain body position 
AP 102  Substance sensitivities or allergies 
AP 103  Influenced by medication 
AP 104  Previous injury or illness 
AP 105  Fatigue due to workload 
AP 106  Blood sugar insufficiency 
AP 107  Impairment due to drugs or alcohol 
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AP 108  Sudden Incapacitation 
AP 109  Sleep deprivation/fatigue 

 
�#�&_��
�P�������O/ &�
`& (Physical/Mental Limitations) 

 
PM 101  Vision deficiency 
PM 102  Hearing deficiency 
PM 103  Other sensory deficiency 
PM 104  Reduced respiratory capacity 
PM 105  Musculoskeletal disorder 
PM 106  Other permanent disorder 
PM 107  Restricted range of body movement 
PM 108  Inadequate size or strength 
PM 109  Low mechanical aptitude 
PM 110  Low learning aptitude 
PM 111  Inadequate knowledge transfer 
PM 112  Inability to comprehend 
PM 113  Misunderstanding training instructions 
PM 114  Inadequate recall of training received 
PM 115  Limited experience 
PM 116  Memory ability/Lapses 
PM 117  Motor skill, coordination 
 

3. �%&&
��#��

������ (Personal Factors) 
 
����*��O���`����	WX�	�� (Communication Breakdown) 

 
CB 101  Expectations not communicated 
CB 102  Confusing directions/demands 
CN 103  Conflicting directions/demands 
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CB 104  Poor communication between 
CB 105  Ineffective communication methods 
CB 106  Poor communication of H& S data 
CB 107  Standard terminology not used 
CB 108  Incorrect instructions provided 
CB 109  Verification techniques not used 
CB 110  Messages to long/complicated 
CB 111  Lack of communication feedback loop 

 
����O�#�����

������ (Personal Readiness) 

 
PR 101  Use of drugs or alcohol 
PR 102  Insufficient rest, fatigue 
PR 103  Poor nutrition 
PR 104  Poor physical fitness 
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I��(��� d  

����_������
	 (Code) `�#�
���P��O�&���
���#������W�*S#�
��
��
VT�
��	����� 
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�������!������������/ (M���������HJ���"
����� (Middle Management Influences)  
 

��!����#�� 4 	U�� �W� ����
��
��
VT�+�U�O ��O� (Inadequate Supervision) ������$*�+�U
�O ��O� (Inadequate Planning) �����#�����`����$�#+��%V�� (Failed to Correct) $�!���pr�ps�
����
���#����/ *S#�
��
��
VT� (Supervisory Violation) c(X�&!� ����_������
	 (Code) ���$
U�!
�
��#�
������!�� ���
�� .  

 
1. ����
��
��
VT�+�U�O ��O� (Inadequate Supervision) 

 
IS 101  Personal protective equipment not available 
IS 102  Inadequate tools for the job available 
IS 103  Improper supervisory example 
IS 104  Inadequate Performance feedback 
IS 105  Proper performance is punished 
IS 106  Lack of coaching/training on skill 
IS 107  Inadequate training equipment 
IS 108  Training not reinforced on the job 
IS 109  Inadequate refresher training provided 
IS 110  Inadequate design of training program 
IS 111  Inadequate training objective/goals 
IS 112  Inadequate new employee training 
IS 113  Inadequate on-the-job training 
IS 114  No measurement of training effectiveness 
IS 115  No training provided 
IS 116  Need for training not identified 
IS 117  Training records incorrect/not current 
IS 118  New process introduced without training 
IS 119  Management decision not to provide training 
IS 120  Inadequate or incorrect performance feedback 
IS 121  Failure to conduct work-site walk-through 
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IS 122  Inadequate incident reporting/investigation 
IS 123  Inadequate or lack of safety meetings 
IS 124  Inadequate performance measures 
IS 125  Lack of supervisory/management knowledge 
IS 126  Lack of contractor oversight 
IS 127  Lack of job oversight 
IS 128  Failure to provide safety training 
IS 129  Inadequate monitoring of work 
IS 130  Inadequate supervisor knowledge 
IS 131  Leadership/supervision/oversight inadequate 
IS 132  Supervision - Modeling 
IS 133  Supervision | Personality conflict 
IS 134  Supervision - Lack of feedback 

 
2. ������$*�+�U�O ��O�  (Inadequate Planning) 

 
IP 101  Supervisor implied haste 
IP 102  Lack of appropriate incentives 
IP 103  Inadequate reinforcement of safe behaviors 
IP 104  Inadequate assessment of required skill 
IP 105  Inadequate practice of skill 
IP 106  Infrequent opportunity to practice skill 
IP 107  Inadequate instructor qualifications 
IP 108  Unclear/conflicting reporting relationships 
IP 109  Unclear/conflicting assignment of responsibility 
IP 110  Improper/insufficient delegation of authority 
IP 111  Inadequate identification of work place hazards 
IP 112  Inadequate management of change system 
IP 113  Inadequate matching of qualifications for job 
IP 114  Inadequate health hazard evaluation 



 

 

87 

IP 115  Failure to identify hazards 
IP 116  Inadequate ergonomic design 
IP 117  Inadequate technical design 
IP 118  Inadequate monitoring of construction 
IP 119  Failure to include H&S review in process 
IP 120  No independent design review 
IP 121  Failure to document change 
IP 122  Inadequate review of potential failures 
IP 123  Inadequate work planning 
IP 124  Inadequate preventive maintenance 
IP 125  Excessive wear and tear 
IP 126  Inadequate reference material available 
IP 127  Inadequate inspection/monitoring 
IP 128  Inadequate job placement 
IP 129  Inadequate assessment of needs 
IP 130  Inadequate assessment of risks 
IP 131  Lack of ergonomic considerations 
IP 132  Inadequate standards/specifications 
IP 133  Poor equipment record history 
IP 134  Lack of contractor communication 
IP 135  Failure to specify H&S requirements 
IP 136  Lack of SOP's 
IP 137  Lack of Job Safety Analysis conducted 
IP 138  SOP�s inconsistent with work processes 
IP 139  Lack of employee involvement w/SOP 
IP 140  SOP�s not accessible/Poor SOP format 
IP 141  Inadequate implementation of SOP�s 
IP 142  Inadequate communication of SOP 
IP 143  Outdated SOP�s/no revision schedule 
IP 144  Ordered assignment beyond capability 
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3. �����#�����`����$�#+��%V�� (Failed To Correct) 
 
FC 101  Improper performance rewarded/tolerated 
FC 102  Improper recognition for at-risk behavior 
FC 103  Inadequate accountability system in place 
FC 104  Inadequate enforcement of safety rules 
FC 105  Inadequate correction of known hazard 
FC 106  Inadequate salvage/reclamation 
FC 107  Failure to replace worn parts 
FC 108  No accountability for SOP�s/JSA's 
FC 109  Unclear definition of corrective action 
FC 110  Failure to correct known hazard 
FC 111  Failure to conduct Risk Analysis 
FC 112  Failure to resolve employees concern 
FC 113  Failure to document change 

 
4. ���pr�ps�����
���#�/ *S#�
��
��
VT� (Supervisory Violation) 

 
SV 101  Violation of SOP�s by supervisor 
SV 102  Violation of rule by supervisor 
SV 103  Failed to follow directive 
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I��(��� J  

����_������
	 (Code) `�#�
���P��O�&�����"�� 
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�������!�����	�� (Organizational Influences)  
 

��!����#�� 3 	U�� �W� ���������P�
O���� P�
O���� (Resource Management) 
�
a�����������"�� (Organizational Culture) $�!����O�#��������"�� (Organizational 
Readiness) c(X�&!� ����_������
	 (Code) ���$
U�!�
��#�
������!�� ���
�� .  

 
1. ���������P�
O���� (Resource Management) 

 
RM 101  Inadequate vehicle for the purpose used 
RM 102  Improperly prepared/equipped vehicle 
RM 103  Improperly designed tools/equipment 
RM 104  Inadequate specs on invoice 
RM 105  Inadequate research on materials 
RM 106  Inadequate specs to vendors 
RM 107  Inadequate mode of shipment 
RM 108  Improper handling of materials 
RM 109  Improper storage of materials 
RM 110  Improper substitution 
RM 111  Inadequate material packaging 
RM 112  Exceeded shelf life 
RM 113  Material hazards not identified 
RM 114  Inadequate H&S approval process 
RM 115  Failure to receive MSDS 
RM 116  Inadequate availability 
RM 117  No contractor pre-qualifications 
RM 118  Inadequate pre-qualifications  
RM 119  Inadequate contractor selection  
RM 120  Use of non-approved contractor 
RM 121  Acquisition Policies 
RM 122  Human Resource Practices 
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2. �
a�����������"�� (Organizational Culture) 
 
OC 101  Organizational Values/Culture 
OC 102  Safety enrollment system not established 
OC 103  Safety established as a personal value 
OC 104  Evaluation/Promotion/Upgrade 
OC 105  Organizational Structure 
OC 106  Effective Policies not in place 

 
3. ����O�#��������"�� (Organizational Readiness) 

 
OP 101  Poor communication of hazards 
OP 102  Procedural guidance/publications do not exist 
OP 103  Organizational training issues 
OP 104  Lack of safety incentives 
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I��(��� x  

$��,��"����	��	��	���
�����������

���
��#�����  RCA $�! HFACS 
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