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A study on improving the performance of industrial
safety helmets

Sang Woo Shim

Department of Safety Engineering, Graduate School
Pukyong National University

Abstract

Since safety helmets are designated as protective equipment to
prevent fall accidents under domestic law, a literature review of
domestic and foreign laws and related norms and standards was
conducted to identify inconveniences and problems caused by
wearing safety helmets and to explore elements necessary for
performance improvement. In addition, 50 ABE—-type safety
helmets commercially available from five domestic manufacturers
were used in the safety helmet shock absorption test, and the
protective performance and role of the safety helmet were
presented through a side impact absorption test without
performance standards.

Regarding the designation of safety helmets as fall risk
prevention protective equipment stipulated in the Occupational
Safety and Health Act, the following improvements were confirmed
in terms of the function and definition of safety helmets.

1) As a result of analyzing the purpose of use of safety helmets
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by country, the purpose of safety helmets used in industrial sites
in the European Union, the United Kingdom, and the United States,
excluding Korea, is to prevent the risk of falling, flying, shock, or
electric shock and is used as protective gear to prevent falling
accidents. Since it 1s not recognized, it was found that it is not
recognized as fall risk prevention protective equipment.
2) Safety helmets are designed to protect the top of the head
from impacts, falls, and flying debris by each country's safety
helmet performance standards. To ensure this protection, safety
helmets must be able to withstand impact energy values in the
range of 49 to 100 J and free fall velocities between 4.427 and
5.458 m/s in friction—less conditions. It is proposed that Korean
law should be amended to specify that hard hats designated as fall
protection equipment are for impact protection and must be used
only for that purpose.
3) Even if protective gear is not used at industrial sites, measures
such as facility improvement are necessary to protect workers
from harmful and dangerous work. However, there is a need to
improve the structure of industrial sites by omitting step—by—step
fall prevention measures to prevent fall risks and relying only on
the distribution and wearing of the cheapest and easiest to provide
safety helmets, through which fall risks can be prevented.

A questionnaire was sent to 300 construction site workers in 6
cities and 9 regions of the country who voluntarily agreed to

participate. I faxed 260 copies of the original and sent a photo of
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the response as a reply. Of these, 260 questionnaires were
returned, excluding 40 with insufficient information, and were
answered in all items, including those expressing subjective
opinions.

1) For an integrated safety helmet and safety eye—wear, a
light—blocking function is required that removes the brim of the
safety helmet and adjusts the safety glasses, it has been shown
that people are stressed by the sweat and bad odors generated by
headrests and chin straps.

2) Subjective opinions on performance improvement included the
introduction and procedures of high—end safety helmets used in
developed countries, side impact strength on the side of the safety
helmet, and lightening of the safety helmet.

A test was conducted on 50 ABE-type safety helmets
distributed ' domestically in accordance with the Protective
Equipment Safety Certification Notice No. 2020—35, and the
maximum impact energy value was measured. In addition, although
there are no performance standards, the side impact range of the
safety helmet was arbitrarily set and an optimized side impact
absorption test was conducted.

1) According to the safety helmet test performance standards
under the Protective Equipment Safety Certification Notice No.
2020—35, the maximum transmitted impact force of the safety
helmets of the five companies distributed in the market did not

exceed 4,450N It was confirmed that the performance standards
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were met as the functions of the mother body and attachment
were not lost.

2) Safety helmet side impact energy attenuation test, the average
for each of the five manufacturers was analyzed to be
4,722~5,267N.

3) According to national safety helmet testing standards and
specifications, the maximum transmitted shock wvalue for safety
helmets does not exceed 4,450~5,000N, so this value range seems
lower or lower than the limit.

After examining the reasons why hard hats are ineffective in
preventing falls, we decided that the results could be used to
suggest legislative changes. In addition, a new safety helmet model
was proposed through research on factors affecting construction
workers' wearing of safety helmets. It was confirmed that the
safety helmets of the five companies currently in use meet the
performance standards as the maximum transmitted impact force
does not exceed 4,450N, so the functionality of the helmet and the
wearer 1s not lost. Meanwhile, although there are no standards for
the side impact force of safety helmets in domestic law, it has
been confirmed that the side impact force of safety helmets is
more vulnerable than that of government safety helmets.

In the future, it is expected that the introduction of a safety
helmet side impact performance test method will contribute to
reducing industrial accidents through comparative testing of safety

helmets used in various forms at home and abroad.
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Table 1 Safety helmet certification types

Er R e e e pulo ke P

Fig. 1 Safety

m
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oIEUIEER oEn
FALEH X0
8253 0K

OROIZHE 1 ** - AV (Q-****

oUtEy

QIHOIZRRF: 20" "

HEYURF:20™, ", "
pEEINHE U

certification

Zrolx|o|Af 2!

elmet shape and indication of safety

Autonomous safety

Regulation Safety certified product confirmation declaration
product
ABE AB AE A
Type flying, falling, flying, falling, flying, falling, flying, falling
falling, falling electric shock
electric shock
Prevention or Prevention or Prevention or Prevention or reduces
reduces the reduces the reduces the the risk of falling or
risk of falling risk of falling risk of falling flying objects
or flying or flying or flying
Purpose

objects, falls,
and electric

objects, falls,

objects and
electric shock

shock to the to the head.
head.
Material of . .
. ABS ABS ABS ABS, Synthetic resin
the matrix
Voltage Voltage Non—voltage Voltage Non-—voltage
resistance resistance resistance resistance resistance

ABS: Acrylonitrile Butadien Styrene.

Voltage resistance refers to withstanding a voltage of 7,000V or
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Table 2 Standards and purposes of safety helmet by country

Standards Purpose
MOEL ) .
For preventing fall and electric shock hazard
2020—35%
KS G For preventing or mitigating hazards caused by
flying or falling objects and for preventing hazards
6805:2021 ving g Ob P .

caused by electric shock in the head area

ISO 3873:2012

For preventing the upper part of a wearer's head

against a blow.

Primarily to provide protection to the wearer

EN 397:2013 against falling objects and consequential brain
injury and skull fracture.
Unlike industrial helmets, bump caps are intended
only to protect the wearer from static objects
EN 812:2012

(e.g. walking into low ceilings or hanging

obstructions)

EN 14052:2012

Protection against falling objects and off crown
impacts and the consequential brain injury, skull

fracture and neck injury.

Establishes minimum performance requirements

ANSI/ISEA for protective helmets that reduce the forces of

789.1-2014 impact and penetration and that may provide
protection from electric shock.

JIS T Protection of head against flying or dropping

8131:2000 objects, tumbling and falling down.

* MOEL 2020—35 means Notification 2020—35 of Ministry of

Employment and Labor
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Table 3 Conduct safety helmet standard tests and

impact energy by

country
) ) Impact | Impact | Velocity
Striker | Falling
Standards Test ) energy | force
mass height
(J) (N) | (m/s)
Shock 3.6kg | 1.52 53.6 | 4450 | 5.458
. .52m . .
MOEL absorption test &
2020—-35
Penetration test | 0.45kg 3m 13.2 - 7.668
Shock 3.6kg | 1.525m | 53.8 | 4450 | 5.467
. . m . .
KS G absorption test &
6805:2021
Penetration test | 0.45kg | 3.05m 13.4 - 7.731
Shock
absorption test:
S5kg 1m 49 5000 4.427
equal to EN
3873:2012
Penetration
test: equal to 3kg 1m 29.4 = 4.427
EN 397
Sfock 5k 1 49 5000 | 4.427
m .
EN absorption test &
397:2013
Penetration test 3kg Im 29.4 - 4.427
I t
EN mpact: Skg | 0.25m | 12.2 | 15000 | 2.213
812:2012 protection test
(Bump cap) | penetration test 0.5kg 0.5m 2.5 - 3.130
Shock
absorption test: 10017,
EN 2.04m 100 5000 6.323
for crown bkg
14052:2012 impact 100J
(High for off—crown
performance impact 50J 5017,
) ) 1.02m 50 5000 4.471
— only guided Skg

fall

_2']_



for

crown
. impact
Penetration
2.5m,
test: 24.5 7
1kg for -
— 1lkg, a flat 19.6 6.260
. off—cro
blade striker
wn
impact
2m
Force
transmission 3.6kg 1.5m 53 4450 5.422
test
Apex
1.0kg 2.45m 24 - 6.929

penetration test

Impact energy
attenuation test
- Additional 5kg 0.625m 30.6 3780 3.5

requirements

ANSI/ISEA
7289.1-2014

for Type II

Off—center

penetration test
— Additional lkg 1.276m 12.5 - 5
requirements

for Type II

Shock

. 5kg 1m 49 5000 4.427
absorption test

Penetration test 3kg 1m 29.4 - 4.427

JIS T Impact
8131:2000 absorption test bkg 1m 49 5000 4.427

— Annex 2

Penetration test
1.8kg 0.6m 10.6 - 3.429

— Annex 2

#FAUAE 7 BE FA7 EHd iR A (GEtsE
10nk or 9.8 W)k Om, FA7t 1EHA gow FHAEE 9.8 nbE

A g3ko] AT,
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Collecting opinions
from managers

Collecting opinions
from workers

Y

On-site survey

Literature research

Y

Questionnaires creation
and distribution

Y

Statistical analysis

b4

Derivation of
determinants of
satisfaction

Fig. 3 Procedure of the study
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Table 4 Structure of questionnaire

Structure Division Key word

1-1. Brim (awning)

1—-2. Safety glasses

1-3. Brim (awning) blocks

1-4. Brim (awning) length

1. Shell
1-5. Heavy

1-6. Performance loses

1-7. UV rays

1-8. Exchange by impact

2—1. Headrest straps
General

Structure 2—2. Cushioning

2. Headband & cradle
2—3. Blood pressure

2—4. Sweat

3—1. Shock absorber

3. Liner
3—2. Additional function

4—1. Smell

4. Chin strap 4—2. Itchiness

4—3. Chin strap by the impact

5—1. Areation holes

5. Areation
5—2. Need

Performance
6—1. Head from impact

6. Impact
6—2. Heavy

_29_



7—1. Feature wearing

7. Function
7—2. AR safety glasses

improvement
7—3. Air conditioner
8—1. Upregulation
8. Design 8—2. Cause stress

8—3. UV protection

9—1. Smart function

Design o G
Satisfaction N rrance 9—2. Overall weight

9—3. Improvement

10—1. Wearing average

10—2. Wearing time

10. Wear 10—3. Drying time

Satisfaction

10—4. Questionnaire to improve

10—5. Smart helmet is releas
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Table 5 Social and

demographic composition

Items Groups Personal (n) Distribution (%)
male 245 94.2
Gender female 15 5.8
total 260 100.0
~29 29 11.2
30~39 120 46.1
40~49 64 24.6
Age
50~59 22 8.5
60~69 25 9.6
total 260 100.0
1~5 91 35.0
6~10 74 28.5
Year of career
over 10 95 36.5
total 260 100.0
contractor 46 17.7
Type of
sub contractor 214 82.3
employment
total 260 100.0
architecture
) 191 73.5
(housing)
Type of civil 15 5.7
i lant
construction plan 54 20.8
(power)
total 260 100.0
manager 75 28.8
Type of work employee 185 71.2
total 260 100.0
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Table 6 Survey total guestions and response rate

Answer
No Question
Very . Very
Agreed | Neutral | Disagreed X Total
agreed disagreed
Is there a brim (awning)
1-1 that serves as a 2 7 77 106 68 260

covering?

If you're not sure, do you
think it's necessary to
have a feature that allows
1-2 you to adjust the safety 64 70 114 9 3 260
glasses upwards
(detachable function) by
shortening the brim?

Do you feel that the brim
(awning) is dangerous
1-3 F 26 49 90 71 24 260
because it blocks a lot of

your view?

Do you think the length
of the brim (awning) is
1-4 appropriate? 6 47 155 39 13 260
(Current brim length
averages 35mm.)

Do you think t
1-p | o YOU T VOUL CHTEE 42 62 119 31 6 260

safety helmet is heavy?

How long do you think a
safety helmet loses its
ffecti fter
1-6 e eetveness M 21 30 96 73 40 260
wearing it? (D3 months,
@6 months, @1 year, @2

years, 53 years)

Is the plastic deformation
or physical property
change of the safet

1-7 £ Y 25 97 90 36 12 260

helmet caused by UV

exposure a factor that

reduces durability?

Do you think that the
safety helmet should be
replaced 1 if it
g | PReed M ERe R g3 69 60 36 12 260

receives an external
shock (fall, flight) at least

once?
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Do you feel that the
depth of the headrest
straps is shallow and
lacks the feeling of being
close to the head?

20

45

133

50

12

260

Would you like some
cushioning or elasticity in

your headrest straps?

78

79

63

31

260

Do you think hair loss or

increased blood pressure

is caused by the headrest
strap?

51

70

82

41

16

260

Have you ever
experienced a foul odor
from sweat on the
forehead of the
headband?

134

73

38

260

Do you think the shock
absorber will not be able
to mitigate the shock in
the event of an external

impact?

13

57

121

52

17

260

Is there any additional
function you would like to
apply through the shock
absorber? (@ Ventilation
function @ Odor removal
@ Strong shock
absorption @ Noise
reduction @ All
functions)

93

67

47

46

260

Have you ever had an
unpleasant or stressful
experience because of the
smell from the chinstrap?

82

80

53

28

17

260

Has the material of the
chin strap ever touched
your skin and caused
trouble or itchiness?

22

40

83

70

45

260
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The chin strap should
automatically be released
by the impact strength.
Do you think that the
chin strap of the helmet
you are currently wearing
has the ability to be
released by the impact
strength? (D I think it
has loosening properties.
@ I don't think it will be
solved. @ I don't know.)

69

85

106 - -

260

Do you wish your safety
helmet had ventilation
holes?

103

85

44 11 17

260

Do you think it is
convenient to use if the
ventilation hole is made

in a structure that can be
opened and closed in the
cap body?

57

56

82 37 28

260

Do you think a safety
helmet can actually
protect your head from
impact?

60

91

73 21 15

260

Do you think safety
helmets are heavy? (The
average weight of
currently available for
purchase safety helmet is
around 380 grams)

38

58

136 25 3

260

What do you think is the
most necessary feature of
the safety helmet you are
wearing? More than two
can be selected
(MOCamera @LED
flashlight @Heartbeat
sensor @ Brain wave
measurement sensor Gas
detector Notification
service when collapsed
Rescue request button &
Select all)

Multiple response questions
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If there is a product with

additional functions that
provide virtual reality
(AR) information to

safety glasses, would you
be willing to wear it?

47

49

101

30

33

260

If a portable air
conditioner that lowers
the temperature using a
refrigerant was released,
would you be willing to

wear it on a safety
helmet?

90

73

55

22

20

260

If there is a product that
combines a safety helmet
and safety glasses in an
upward adjustment way,
would it be convenient
for work?

62

69

93

24

12

260

Do you think that safety
helmets and safety
glasses that are currently
being sold to people who
use glasses and lenses
cause stress due to
inconvenience in use and
deterioration of function,
leading to a high risk of
accident?

31

58

134

25

12

260

Do you wish your safety
glasses had light—blocking
capabilities? (Function
that automatically changes
on a sunny day)

75

89

68

14

14

260

Do you think safety
helmets with smart
features will actually help
prevent accidents?

52

75

102

17

14

260
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Although the overall
weight of the smart
safety helmet is slightly
higher, do you hope that
the technology to prevent
accidents through its
function will be
introduced as soon as
possible?

61

64

93 24

18

260

Please write down the
performance or
improvements you need
for the safety helmet
while you are at work.

Short—answer question

10—-1

How long in a year did
you wear a safety
helmet?

(D3 months, @6 months,
39 months, @12 months)

43

105

82 30

260

10-2

How many hours per day
do you wear a safety
helmet?

(D4 hours or more, 26
hours or more, @8 hours
or less, @10 hours or
less, ®12 hours or more)

Dl

41

82 70

16

260

10-3

Average time per day to
sterilize, disinfect,
sun—dry, and
machine—dry safety
helmets
(@ 30 minutes, @ 1
hour, @ 2 hours, @ 3
hours, ® not drying.)

66

32

21 6

135

260

10—4

Do you think that the
questionnaire to improve
the discomfort and
performance when
wearing a safety helmet
is beneficial?

13

57

121 52

17

260

10-5

If a smart safety helmet
is released, are you
willing to actively try it

on?

98

62

47 7

46

260
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Question. 1-1
120

106

100

80 n

B8

B0

A0

20

7
z
[] - —
Very

Disagreed Neutral Agreed Very
disagreed agreed

Fig. 4 Result on the question: Have you ever had an
unpleasant or stressful experience because of the smell
from the chinstrap?
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Question. 1-2
120 114

100

g
3
0 — .

Verydisagreed  Disagreed Neutral Agreed Very
agreed

Fig. 5 Result on the question: If you're not sure, do
you think having a feature that allows you to adjust the
safety glasses upwards (detachable function) by
shortening the brim is necessary?
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Question. 2-4

160
140 14
120
100
80 72
B0
38
40
, I =
Very Disagreed Neutral Agreed Very
disagreed agreed

Fig. 6 Result on the question: Have you ever
experienced a foul odor from sweat on the forehead of
the headband?

_47_



Fig. 7oA+ ‘HolA dAsk= WA ol =3stAd AEUAE
w2 Aol AsUZF (Q4-Del gk A= s WER It
oA WAEtE WAE 1% AEHA Ao g Az 2"
T We 29y 2 S 81&(62.3%, 1629)0]  wlg 1EA] oF

o Es AR a2EA odn g S (17.3%, 457) Bk oF 3.64)

AE eS¢ 5 Uk ol APl 2RAT QA Baste WA
el BASAL AEdAE B el el AAel Aestrhn 914
sha gleh

w35, tolAlE A4S F8l p-valueZt 0.001H Tk B Zlo R 2Qlw]

S A=~
g 5

o] 71Wzk(53.2) 3 tinlste] EAH o7 §ous zolz} gk

k]

AT (N=260, DF=4, 7}o] A5 #k=63.7, p—value<0.001).

=
12
21_1(
ofo
off
o
rir
O

T AR Hor Qg go] A2 AAHdA LA I

oA, AR A% EAgdelY AEAAS o

e
flo
>
|o
i
BN
>
)
32,

_48_



Foll A Elite] Z2A =

S

A& o A= 150N o)A 250N o]

&

gt

of Alek glo] Ful7t 7hs

i

_49_



Question. 4-1

50

40

30

20

10 I
0

Disagreed Neutral Agreed
msagresd ageed

g2

Fig. 7 Result on the question: Have you ever had an unpleasant
or stressful experience because of the smell from the chinstrap?
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Question. 8-3

100
80
80 75
70
&0
50
40
30
2
“’ I §
i
Dizagreed Neutral Aereed Very
d:sagreed agreed

Fig. 8 Result of the question: Do you want your safety glasses to
have light-blocking features?
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Table 8 A construction company focused on the direct impact of safety
helmet during work-related accidents
q . . .. original
construc | construction work case of kind of | impact injured .
year | . ' i job type cause
tion type process category disaster disaster area area X
materials
dump
Soil . . . truck
2018 apt earthwork stricture death side head signalman .
transport loading
box
.. . head step
apt frame work clearance fall injury side worker
trauma ladder
temporary . . . head earth
2019 apt frame work L flying injury side i worker
facilities laceration anchor
L. . . .. . head .
apt facility pipe flying injury side . worker pipe cap
laceration
impact
system . . and system
apt frame work fall injury side scaffolder
support scapular support
fracture
brain
. . operator
apt frame work pour fall injury side hemorrha shackle
worker
ge
impact
2020 | logistics - . . . and monitor .
earthwork driving flying injury side ) Soil
center clavicle worker
fracture
traumatic
. . oz ; subdural work
hospital frame work formwork falling injury side worker
hemorrha platform
ge
. . . . head outer
apt demolition scaffold falling injury side i scaffolder
laceration End
impact
e o . .. . and
plant Facility lifting flying injury side ol scaffolder shackle
septa
2021
fracture
logistics . . .
earthwork driving flying death side head scaffolder shovel
center
data . - . monitor .
2022 Slurry Wall wall flying injury side head pipe cut
center worker
hypoxic
. . . . ischemic . scissor
2023 apt paint protect stricture injury side painter .
encephalo lift
pathy
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Fig. 9 The impact area on the safety helmet from the accident
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Fig. 10 Safety helmets are safety—certified products of
type A-E

Table 9 Construction of tested safety helmets

Symbol Shell material Safety glasses Cradle contruction
A ABS O Four—point
B ABS X Six-point
C ABS X Six—point
D ABS X Six—point
E ABS X Six—point
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Table 10 Test equipment

Type Equipment name
Thermo-—
hygrostar TH500
(High temperature)
Thermo-—
hygrostar TH500

(Low temperature)

) ) Safety helmet impact testing
Impact testing machine .
machine

Safety helmet impact testing
Sensor A )
machine head dummy

Safety helmet impact testing
Sensor B . .
machine anvil
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Fig. 11 Safety helmet shock absorption test device
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Table 11 Safety helmet impact point

Type Location
Crown Top
Above
Front
50mm
Above
Back
80mm
Off—crown
Above Left
50mm side
Above Right
100mm side
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Table 12 side impact absorption test results and averages

Company A B C D E
Location
{ﬁgh 4585 5465 5957 5084 1282
emp
Front
TLOW 4878 5578 5090 5591 6958
emp
{ﬁgh 5548 5424 5917 5482 6026
emp
Back
TLOW 4730 5694 5407 5718 6566
emp
THigh 5976 6016 5940 5859 6456
emp
Left
Side
TLOW 5547 6558 6349 6502 5463
emp
{ﬁgh 5397 1637 3589 5610 5241
emp
Right
Side
TLOW 5087 4287 4181 6198 3938
emp
Average 4722 5008 4839 5147 5267
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