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Abstract A forklift is an industrial vehicle with a power-operated fork for lifting and moving heavy
loads over short distances. A significant number of accidents are caused by forklifts every year. Most
of them are known to be caused by the unsafe acts of workers. However, only a few studies have
focused on the risks of forklift work from the perspective of human error. In addition, various methods
have been developed to analyze the risk of human error, while it is hard to find studies that directly
compare the effectiveness or strengths/weaknesses of those methods. This study aims to analyze risk
factors related to unsafe behavior in forklift operations using two representative human error analysis
techniques, i.e., .SHERPA and HE-HAZOP, and compare their advantages and disadvantages. The
analysis was performed on three main forklift operations (‘unloading from the truck', 'moving and
loading into the storage', and 'loading on the truck'). As a result, 118 errors and 34 remedial measures
were derived by SHERPA. Through HAZOP, 139 errors and 54 measures were derived. The two
techniques were compared in terms of the number of results and the method of deriving errors and
remedial measures, cause analysis, and risk assessment. This study might be used to reduce human
error related disasters in workplaces using forklifts. In order to provide a guide for choosing an
appropriate analysis method, more comparative studies on different techniques involving wide range
of tasks are needed in the future.
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Fig. 1. Number of injuries and deaths from forklift
accidents in Korea (2008-2017)
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2.2.1 SHERPA
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Table 1. Human Error Taxonomy of SHERPA[21]

Task type E;;Z Error type
Al Operation too long/short
A2 Operation mistimed
A3 Operation in wrong direction
A4 Operation too little/much
. A5 Misalign
Action A6 Right operation on wrong object
A7 Wrong operation on right object
A8  Operation omitted
A9 Operation incomplete
A10  Wrong operation on wrong object
R1 Information not obtained
Retrieval R2 Wrong information obtained
R3 Information retrieval incomplete
C1 Check omitted
C2 Check incomplete
) C3 Right check on wrong object
Checking C4 Wrong check on right object
Ch Check mistimed
C6 Wrong check on wrong object
Selection S1 Selection omitted
S2 Wrong selection made
) n Information not communicated
Information

o 12 Wrong information communicated
communication

13 Information communication incomplete

2.2.2 HE-HAZOP
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Table 2. Guide words of HE-HAZOP[23]

Guide word Description
No No operation
Repeated Performed repeatedly
Less than Performed less/smaller/slower than normal
More than Performed more/larger/faster than normal
Reverse Operated in wrong direction
As well as Performed extraneous work along with normal
Other than Performed work other than normal
Sooner than  Performed earlier than normal
Later than Performed later than normal
Mis-ordered Performed in wrong order
Part of Performed partly or incompletely
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Moving and Loading into
the Storage

1. Checking the forklift
and the material

I
[ |
1.1 Checking the 1.2 Checking the forklift
unloaded material operation

[ [

1.1.1 Checking for
damaged pallet

1.1.2 Checking for
damaged container

1.1.3 Checking for
defective material

1.2.1 Break check

1.2.2 Steering wheel
check

1.2.3 Checking for
deformed backrest

1.2.4 Fork operation

packaging check
1.1.4 Checking for weight 1.2.5 Checking for
balance

external damage

1.2.6 Visual inspection of
the tire air pressure

1.2.7 Checking for
deformed head
guard

1.2.8 Front and rear
lighting check

1.2.9 Rear approach
alarm check

1.2.10 Battery level check

1.1.5 Checking for
content leak

2. Moving the unloaded
material

3. Loading the material
into the storage

2.1 Moving the forklift
toward the material

2.2 Stopping the forklift
in front of the
material

2.3 Inserting the fork into
a container outlet of
the loaded pallet

2.4 Lifting the fork 10-
30cm from the
ground

2.5 Turning the forklift

2.6 Moving to the
material storage area

3.1 Stopping at the
entrance of the
storage area

3.2 Moving into the
internal storage area

3.3 Checking the loading
position

3.4 Stopping at the
loading position

3.5 Lowering the fork to
the ground

3.6 Removing the fork
from the container
outlet of the loaded

pallet
3.7 Turning the forklift
3.8 Moving to the
material unloaded
from a truck

Fig. 2. Hierarchical task analysis result for ‘Moving and Loading into the Storage’ task.

Table 3. Task classification

# of
Task Subtasks unit
tasks
Unloading 1. Checking the forklift and the material 15
from the ) ]
truck 2. Unloading the material from the truck 10
) 1. Checking the forklift and the material 16
Moving and
Loading into 2. Moving the unloaded material 6
the Storage 3. Loading the material into the storage 8
1. Checking the forklift and the material 15
Loading on ] -
the truck 2. Moving the material to load 7
3. Loading the material on the truck 10
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Table 4. Comparison of the analysis results

Human Error

Outcomes SHERPA

HAZOP
Number of errors identified 118 139
Number of causes identified - 240
Number of remedial measures 34 54
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Table 5. SHERPA results for 2. Moving the unloaded material’ task

Task step tE;;Zr Codelanc Error description Consequence Currezlte Probability  Criticality ~ Remedial strategy
. Organization: Separating loading/unloading
BZ qung l\/lovm‘g tovvard‘vvrong Loading the wrong material . work hours
information  material (material to be None Medium  Low . .
2.1 Moving gpiained loaded) into the storage Equipment: Marking the temporary storage
the forklift area for loading/unloading materials
towarn_:i the A3. Operation Operate the forklift in the Moving away from the Organization: Separating loading/unloading
material : ] . - " work hours
in wrong opposite direction of the unloaded material; Time None Medium  Low . .
direction material to be moved delay Equipment: Marking the temporary storage
area for loading/unloading materials
Repeating the act of Training: Training to work on signalman’s
22 Applying the break too moving away from the None Medium  Low signal ] o ) -
Stopping early material and closing the Procedure: Establishing additional signaling
the forklift A\2- Operation gap system for work
in front of Mistimed Training: Training to work on signalman’s
. Applying the break too Material falls due to ) signal
th terial ; - . -
© matera late collision None Medium - High Procedure: Establishing additional signaling
system for work
Training: Forklift pedal operation training
23 Pressing accelerator Only part of the forklift fork Signalman’s Equipment: Mark the_forkhﬁ fork according to
S odal 100 short is inserted sional Low Low the pallet and container length
Inserting P 9 Procedure: Establishing additional signaling
the fork into ;- Operation system for work
a container o - —
outlet of the ©° long/short Training: Forklift pedal operation training
loaded Pressing accelerator  Forklift hits a pallet or  Signalman’s . Equipment: Mark the.forkhﬁ fork according to
. . Medium  Medium the pallet and container length
pallet pedal too long container signal

Procedure: Establishing additional signaling
system for work
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Table 6. HE-HAZOP results for

Task

‘2. Moving the unloaded material’ task

- Guideword Deviation Consequence Cause Current measure Remedial strategy
. Fork actuator failure; Forklift ~ Check with
No Fork not raised Fork does not rise battery discharged pre-work checklist None
L Operate the fork ~ Material is not Inexperienced forklift Working according to flagman’s
”?55 up lever too raised from the operation; Lack of visibility of ~ None signal; Forklift lever operation
24 an short ground the operator training
Liftmg More Operate the fork  Material hits the Inexpﬁr\ehiedkfo;kli_ftvb_l_t N Work‘ing ackﬁ)trdling to ﬂagrtr_\an’s
the fork  than up lever too long  top of the vehicle operation. Lack of visibility o one signal, FOrKIITL lever operation
10-30c the operator training
;Eefrom Revers lOperate the fc.’{k Fork hits the Inexperienced forklift N Marking directions on the forklift
e ever In opposite ground operation one lever
ground direction
Operate lever . Attaching labels to the forklift
Other other than the Mast may be tlltgd Confusing forklift lever None lever; Standardizing forklift driver
than fork lever towards the forklift interfaces
N Forklift not Forklift does not Forklift steering system Check with N
o turned turn failure pre-work checklist one
25 Shortage of time; Forklift steering operation
Turning Forklift falls Inexperienced forklift None training; Ensuring sufficient time
the More Turning too fast operation for work
forklift than 9 Materi Shortage of time; Forklift steering operation
aterial falls from | . A ; - .
) nexperienced forklift None training; Ensuring sufficient time
the forklit ]
operation for work
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2 A7e 78 AAR AAS FolE BHAA &
5. At AE A o= AARE AMSShe B
Al ?1F aRlel oJ%t As HAdS ALY
2 Aol A Aol =2 AAR AU F 37F 93tk 99l Bajo] 29 Ao FuAEE e 5 9
A B4 2ol tishA SHERPASH HE-HAZOP 71¥ o} w3l ofelo] Alolxr 2 giEAel A=A Fwdz
= B89 AAe] S B AE A 24 24 7]9Q) SHERPASF HE-HAZOPS] A18-2 T2st
shi, 1 ATE wasiat F 78S B9 A9 94 1 o Aelgeld Aolzt sAe] EAS TEse] 7
& gefo] Fuojeiso] SlEiglon, 71Me] ARA  wo MESL § £eS Z & 92 Holtt
570l wet o] Aot =& 94, Al 24 77 sh&Ao] ZjojA B A7L tjEAol FAHA FHo
1 owu == =
e S ABE 24 f7 ARt =2 WA S 2 24 7199l SHERPASH HE-HAZOPS 593t 29
Zol7k AT, wEbA, Hid A AAFS] B4 AL of gis) H_sto] T 7 7to] AFZ0l H| IS 485
313}01 ARt 24 71‘%2 AEsiAY 2t 719 54 3 »ode =03} BY] E8 Ayl g 9oz} 9f
& Zolo] AgSHE ol MR AOR WAk & yt, 455 obrh B AT 28 SHERPAS)
71He A8 AL q*” Aol et S84, B 7 HE-HAZOP 71%9) 24 Al 2l2aEo] thoket 4k &

20X, ohl‘ I m{
Ol
o 05.4 r-r‘

A

ARk} 1,

Uot= 24 2] A B, A¥ opoa] el T
B7ke] L o Fof Higk xe7t dasich W
| eshAY B3t 39

, Aol B2 ARE

SE= AAA 2
€ "Mz 29E &2 +
I8y & d3te 2o 59 AIoFER QIs) st

Z7ptent
0] TL]-



214 $t=gststs|=2X| H123 M55

& o $Ysl] B IYgYgos AT
Aot PSS o) WAL EAYE. ok, b AR
ol AL UA~Y AN} Y AARE BT &
gaka glom, oIt /1] el SSHE LS Stst
£ g ST ) o, oS £ A
AARNE AGIE B2 AAYES B A9 Faph
FARA 488 & U Ao AgEr BE 2 @
Toll4= SHERPAS} HE-HAZOPE AQgh o-& 74
ofle] BA7HE AL kA o] el o
AUk Y S40] AT G 4 719
& W) U FED Tol=E AF =

of et

vl 04%% gl olE EYZ A3st FHofe]
A 719S AR5k 93t 7lo|=9] Ado] dgd A
2 Haolth

REFERENCES

[1] Ministry of Land, Infrastructure and Transport. (2020).
Statistics of Construction Machinery 2020.9.30.
KOSHA. (2019). Forklift Work Safety Manual.

KOSHA. (2019). Half reduction in industrial accident
deaths - Forklift Work Safety.

Dupont. (2011). Annual Safety Culture Report - The

2
3

(4

values-based safety process.
[5] T. E. McSween. (2003), The Values-Based Safety
Process:  Improving  Your Safety Culture with
Behavior-Based Safety, 2™ ed. Hoboken. New Jersey :
Wiley.
H. Kim. (2018). A Study on the Analysis of Causes of
Forklift  Accident and Improvement Safety. Master

6

thesis. Jeju National University, Jeju.

S. Saric, A. Bab-Hadiashar, R. Hoseinnezhad & L

Hocking. (2013). Analysis of forklift accident trends

within Victorian industry (Australia). Safety Science, 60,

176-184.

[8] N. A. Stanton, P. M. Salmon, L. A. Rafferty, G. H.
Walker, C. Baber & D. P. Jenkins. (2013). Human
Factors Methods: A Practical Guide for Engineering and
Design. Boca Raton. FL : CRC Press.

[9] KOSHA. (2017). Guide on SHERPA. KOSHA GUIDE
X-72-2017.

[10] KOSHA. (2017). Guide on Human Error HAZOP.

KOSHA GUIDE X-73-2017.

(7

[11] W. C. Shin, H. S. Rhee & J. H. Park. (2013). Proposed
Revision of Standard on Articles for Forklift Trucks in
Manufacturing Industries. _Journal of the Korean
Society of Safety, 28(4), 33-37.

[12] S. Han. (2012). A Study on Safety Measures through
Analyzing the Cause of Accidents in Forklift. Master
thesis. Seoul National University of Science and
Technology, Seoul.

[13] J. Chae. (2013). A Study on Safety Improvement of
Forklift Truck. Journal of the Korean Society of Safety,
28(4), 91-96.

[14] W. H. Seung. (2019). A Study on the Mapping of
Contributing Factors of Forklift Truck Safety System
through AcciMap. Master thesis. Seoul National
University of Science and Technology, Seoul.

[15] E. Lehtonen, P. Perttula, I. Maasalo, K. Reuna, H.
Kannisto, V. Puro & M. Hirvonen. (2020). Learning
game for improving forklift drivers’ safety awareness.
Cognition, Technology & Work, 1-11.

DOI : 10.1007/s10111-020-00648-7.

[16) M. Choi, S. Ahn & J. Seo. (2020). VR-Based
investigation of forklift operator situation awareness
for preventing collision accidents. Accident Analysis &
Prevention, 136.

[17] K. N. Solman (2002). Analysis of interaction quality in
human—machine systems: applications for forklifts.
Applied Ergonomics 33(2), 155-166.

[18] T. Horberry, T. J. Larsson, I. Johnston & J. Lambert.
(2004).  Forklift
intelligent transport systems: a case study. Applied
Ergonomics, 35(6), 575-581.

[19] M. V. Fattor & M. G. A. Vieira. (2019). Application of
human HAZOP technique adapted to identify risks in

safety, traffic engineering and

Brazilian waste pickers’ Journal of
Environmental Management, 246, 247-258,

[20] B. Ulutas & N. F. Ozkan. (2019).
occupational risk factors for forklift drivers. Ze Travail
Humain 82(2), 129-149.

[21] D. E. Embrey. (1986). SHERPA - A systematic human

error reduction and prediction approach. /n Paper

cooperatives.

Assessing

presented at the National Topical Meeting on
Advances in Human Factors in Nuclear Power Systems.

[22] T. Kletz (2006). Hazop and Hazan, 4th ed. Taylor &
Francis.

[23] B. Kirwan & L. K. Ainsworth. (1992). A Guide to Task
Analysis. London : Taylor and Francis.

[24] A. Shepherd. (1998). HTA as a framework for task
analysis. Ergonomics, 41(11). 1537-1552.



AR AIHES XX 20l 2ot SHO2| 24 Al ¢ 215

&t 7 &(Gyu Cheol Ha) SR
- 201449 24 @ QIdTska fPdESt
(34D

-202049 29 : SEREGSHEL FHL
Azt (44

£ 20149 119 ~ BA) : AH7olololH
olAAII QPR

- E-Mail : du2kai@naver.com

g8t & E(Jungchul Park) [H3]2]

- 20079 2% EgFadisty A4F
e} (FTHEAD

- 200749 3¢ ~ 20084 2%3 s A
A SASRE g

20084 3¢ ~ @A : i’-%tﬂﬁ—l'ﬂ
auge 2, REt 25

RO} AHeR, A 4

S, RS 5

- B-Mail : jcpark@ut.ac.kr




