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1. (I INTRODUCTION

This report contains the findings of a project de~igned to insure

that the American worker is provided ~vith a means of head protl~c-

tion which will substantially -reduce the probabilHy of serious

head injury in environments of known high risk.

Towards this end, a series of standards for industrial and fire-

fighter's head protective devic.es has been developed. These con-

stitute: (a) a performance standard which lists the attributes and

levels of performance for four classes of industrial head protective

devices, (b) a testing standard J ~vhich describes test methods, proce-

dures, and equipment for each attribute to be tested, and (c) a user

standard ~.,hich describes how industrial and firefighter's head protec-

tive devices are to be properly selected, used and maintained.

Though accident prevention is tne most certain method of preventing

accidental head injury, with "the use of the levels of head protection

developed by this study, both the frequency and seITerity of head in-

jury to the industrial worker Elnd firefighter may "Je reduced.
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2.0 CURRENT REGULATION OF HEAD PROTECTION

The need for adequate forms of head protection is presently re.cognized

by the U. S. Department of Labor. The regulation of head protective dE:-

vices as noted in the Code of Federal Regulations, Title 29, Chapter

XVII, is as follows:

(a) Part 1915 - Safety & He~llth Regulations: Ship Repairing.
1915.83 - Head, Foot and Body Protection.

(b) Part 1916 - Safety & HeEllth Regulations: Shipbuilding.
1916.24 Painting.
1916.83 - Head, Foot and Body Protection.

(c) Part 1917 - Safety & lIe~,:lth Regulations: ShLpbrealdng.
1917.83 - Head, Foot and Body Protection.

(d) Part 1918 - Safety & He['.lth Regulations: Longshoring.
1918.105 - Head Protection.

(e) Part 1926 - Safety & He~l.1th Regulations, Construction.
1926.100 - Head Protection.
1926.300 - General Requirements.
1926.551 - Helicopters.
1926.650 - General Protectj.ve Requirements.
1926.800 - Tunnels and Shafts.
1926.951 - Tools and Protectiv,~ Equipment.

(f) Part 1910 - Occupational Safety and Health Standards, Subpart I,
Personal Protective Equipment.
1910.132 - General Requirements.
1910.135 - Occupational Head Protection.

(g) Part 1910 - Occupational Safety and Health Standards, Subpart R,
Special Industries.
1910.261 - Pulp, Paper, and Paperboard Mills.
1910.262 - Textiles.
1910.265 - Sawmills.
1910.266 - Pulpwood Logging.
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3,,0

3,,1

3,,1.1

EVALUATION OF THE NEEDS OF INDUSTRIAL HEAD PROTECTION

The. Occupational Head Inj u17 Accident

The Frequency and Severity of Head Injury.

The National Safety Council reports [I} that in 1971 t there were

l60 t OOO occupational head, face and neck (excluding eye) injuries

which accounted for 7 percent of all injuries and 8 percent of

workman's compensation paid.

To serve as an aid in the development of standards for industrial

and firefighters head prote:ctive devices
t

calculations of injury

frequency rates and injury severity rates have been made for all

industries, with respect to head injury.

The state of New York was chosen for the analy,:ds. New York has

a population of approximately 18 million and a wide range of

industries. In addition t information: necessary to correlate

accident statistics with labor statistics t by :lndustry classifi-

cation was available.

In the United States t most individual states t.wulate accident

cases as needed to implement workman's compensation programs.

The methods used vary from state to state and c:ross checking or

accumulation of data is oft'em impossible.

Accident data for 2564 head injuries ($6,931,568 compensation)

from the state of New York for the year 1970 [:n was tabulated

by electronic data proCeSSil:lg methods as follOlors:

*Numbers in brackets design.ate references in Section 8 of this
report.
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3.1.1 The Frequency and Severity of Head Injury. - (Continued)

Industry by extent of disability

Industry by number of cases and comper.sation
awarded

Occupation - Numbel: of cases and compensation
al.;arded

Accident agency by type of accident
(number of cases)

Accident agency by type of accident
(compensati011 awarded)

These data, from the files (If compensated cases closed during 1970,

were used in the calculation of Head Injury Frequency Rate (HIFR)

and Head Injury Severity Ra.te (HISR). HIFR and HISR follow the

method as set forth in ANSI Z16.1 - 1967 [3] f·)r Disabling Injury

Frequency Rate and Disabling Injury Severity Rate. The number of

head injuries and total days charged per head :lnjury were sub-

stituted for the total number of injuries and total days charged,

respectively.

The Head InjUry Frequency Rate and Head Injury Severity Rate have

been therefore calculated as:

• Head Injury Frequency Rate = Number of Head Injuries x 1,000,000
Employee Hours of Exposure

• Head Injury Severity Rate = Total Days Charged x 1,000,000
Employee Hours of Exposure
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3.1..1 The Frequency and Severity ()f Head Injury. - (Continued)

Total days charged "ere computed by determining the dollars earned

per employee per day from the Bureau of the Census "taxable payrollB"

for the first quarter of 1970 and assuming this constant for the year.

By dividing the dollars compensation awarded to a particular indust;~y

by the dollars earned per employee per day, a IITotal Days Charged"

was found.

The Head Injury Frequency and Severity Rates for the 64 industries

studied is presented in Table 2.

The accident data used for ealculation of these rates was checked .

against national head injun' figures. The New York State data show

total compensa ted cases closed as 117,100 cases. There fore 2.2 percent

of New York's accidents are head injuries of the following types:

Brain injuries (916 cases)

Skull and scalp injuries (809 cases)

Ear injurtes (357 cases)

Head injuries not otherwise classified (482)

These cases accounted for 2.5 percent of the total compensation for the

state. The percent of injuI'Y / percent of complmsation ratio is eqt,iv­

alent for the National Safety Council (7%/87.) and the New York State

(excluding face and neck) of 2.2%/2.5%. In Hew York there were 11,907

head, face and neck injuries (excluding eyes) which represent 9% of the

total cases. This compares favorably with the 13 state National Safety

Council average of 7%.
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3.1.1 The Frequency and Severity of Head Injury. - (Continued)

The 2564 head injury cases were reported from 64 industries and

were tabulated by Standard Industrial Classifil~ationManual

Codes (SIC) [4] and are shown in Table 1.

To obtain the value of employee hours of exposure needed for HIFR

and HISR calculation, an assumed average of 2000 hours worked per

year was multiplied by the number of employees in that particular

industry. Employment values were taken from Bureau of the Census

figures [5].
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TABLE l. HEAD INJUIUES, COHPENSATED
CASES CLOSED, NU-l YORK, 1970

SIC NillffiER NillffiER OF DOLI.ARS
CODE INDUSTRY ENPLOYED HEAD INJURIES COHl'ENSATION

07 Agricultural services, 9003 12 66,365
forestry, fisheries
(Agricultural services
and hunting)

10 Mining 1818 1 2,612
Metal Mining

l'~ Non-metallic minerals, 3601 1 57
except fuels

1 1- Contract Construction 58062 80 279,826.)

General building
contractors

16 Heavy construction 29583 54 109,076
contractors

1:7 Special trade 147630 178 666,177
contractors

20 Manufacturing 106815 95 351,299
Food and kindred
products

2'l Textile mill products 50625 22 35,059..
23 Apparel and other 277339 46 144,325

textile products

2l~ Lumber and wood 14611 17 176,459
products

2 eo Furniture and fixtures 33101 18 59,085.l

26 Paper and allied 59637 32 118,881
products

2j' Printing and publishing 177347 39 92,972

28 Chemicals and allied 62009 21 14,157
products
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TABLE 1. HEAD INJUHIES, COMPENSATED
CASES CLOSED, NEW YORK, 1970

SIC NUHBER NUMBER OF DOLLARS
CODE INDUSTRY EMPLOYED HEAD INJURIES COHPEHSATIOU

29 Petroleum and coal 2573 4 4,160
products

30 Rubber and plastics 33487 11 4,360
products, n.e.c.

31 Leather and leather 40261 10 1.3,606
products

32 Stone, clay and 38532 27 91,014
glass products

3:3 Primary metal 70277 54 184,833
industries

3l+ Fabricated metal 95319 74 178,320
. products

31- Machinery, except 153070 59 211 ,133.)

electrical

36 Electrical equipment 211843 54 170,703
and supplies

3:7 Transportation 87441 73 70,903
equipment

38 Instruments and 92746 22 45,086
related products

39 Miscellaneous 83587 21 61,255
manufacturing industries

40 Transportation and other 33500 3
public utilities
Railroad transportation

4JL Local and interurban 95128 104 363,543
passenger transit

4'· Trucking and ware- 82230 113 306,815..
housing
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TABLE 1. HEAD INJURIES, COMPENSATED
CASES CLOSED, NEW YORK, 1970

SIC
CODE

45

46

4'1

so
c:: ",J ...

S3

S5

56

5]'

58

60

NUHBER
INDUSTRY EHPLOYED

Water transporation 33337

Transporation by air 57397

Pipe line 189
transportation

Transportation services 29580

Communication 151546

Electric, gas and 55517
sanitary service

Wholesale trade 496740

Retail trade 25131
Building materials and
farm equipment

General merchandise 201170

Food stores 166975

Automotive dealers 88644
and service stations

Apparel and accessory 101598
stores

Furniture ~~d home 41761
furnishing stores

Eating and drinking 229607
places

Miscellaneous retail 105332
stores

Finance, insurance and 175038
real eatnte; banking

NIDffiER OF
HEAD INJURIES

15

107

1

30

25

16

105

.12

68

62

31

23

16

86

36

22

DOLlARS
COHPENSATIOH

53,843

32,123

4,485

55,800

12.2,933

36,250

367,835

59,227

67,300

161,466

63,708

12,440

63,732

238,160

152,696

48,389
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TABLE 1. HEAD INJURIES, COMPENSATED
CASES CLOSED, NE\-l YORK, 1970

SIC
CODE

61

62

63

64

65

67

70

7".-
73

7c-.'

76

79

80

81

84

89

NUMBER
INDUSTRY E}~LOYJ~D

Credit agencies other 24209
than banks

Security, commodity 99344
brokers and services

Insurance carriers 125951

Insurance agents, 34824
brokers and service

Real Estate 124321

Holding and other 10882
investment companies

Services 73691
Hotels, and other
lodging places

Personal services 94176

Miscellaneous business 290493
services

Auto repair, services 35013
and garages

Miscellaneous repair 18875
services

Motion pictures 30423

Amusement and recreation 49193
services, n.e.c.

Medical and other 296949
health services

Miscellaneous services, 130841
legal services
and museums, botanical
and zoological
gardens

NUMBER OF
HEAD INJURIE S

1

5

12

1

48

1

42

34

54

15

16

5

23

142

10

DOLLARS
CmfPENSATION

19,440

3,565

12,645

1,058

216,907

350

92,512

46,116

200,166

15,321

12,105

2,966

15 ,225

190,453

2,719
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TABLE l. HEAD INJUEIES, COHPENSATED
CASES CLOSED, NEW YORK, 1970

SIC NUNBER NillffiER OF DOLLARS
CODE INDUSTRY EMPLOYED HEAD INJURIES COHPENSATION

82 Educational services 137273 71 137,553

86 Nonprofit membership 138827 46 149,348
organizations

93 Govemrnen t; Local 831900 103
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TABLE 2. HEAD INJURY FREQ1JENCY RATE A1\D HEAD
INJURY SEVERITY RATE t NEH YORK

HEAD INJURY HEAD INJURY
SIC. CODE FREQl.mNCY RATE. SEVERITY RATE

07 .6664 163.5

10 .2750 19.2

14 .1389 0.2

15 .6889 66.5

16 .9127 44.0

17 .6029 59.lf

20 .l.447 54.3

22 .2173 13.6

23 .0829 11.1

24 .5818 241.2

25 .~!719 33.5

26 •~!683 33.6

27 .1010 7.3

28 .1693 3.4

29 •i'773 20.9

30 .1642 2.5

31 .J.242 8.2

32 •;1504 31.5

33 .3842 38.0

34 .3882 30.3

35 .J.927 20.3

36 .J.275 11.9

37 .[1174 10.2
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TABLE 2. HEAD INJURY FREQUENCY RATE A"'U HEAD
INJURY SEVERITY RATE, NEW YORK

HEAD INJURY HEAD INJURY
SIC CODE FREQUENCY RATE SEVERITY RATE

38 .1186 5.8

39 .1~:56 15.0

40 .0~·48

41 .5~·66 70.9

42 .6871 60.7

44 .2250 25.2

45 .9321 6.0

46 2.6455 204.6

47 .5071 ·28.2

48 .0825 11.1

49 .1441 7.8

50 .1057 9.9

52 .2387 46.9

53 .1690 9.8

54 .18.57 27.3

55 .17'+9 13.9

56 .1132 3.2

57 .1916 29.2

58 .1873 35.6

59 .1709 31.5

60 .0628 4.3

61 .0207 13.7

62 .0252 0.4

63 .04i'6 1.5
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SIC CODE

64

65

67

70

72

73

75

76

78

79

80

81
84
89

TABLE 2. HEAD INJURY FREQUENCY RlI.TE AND HEAD
INJURY SEVERITY RATE, NEW YORK

HEAD INJURY HEAD INJURY
FREQUENCY RATE SEVERITY RATE

.0144 0.5

.1930 41.1

.0459 0.4

.2850 34.1

.1805 12.5

.0929 11.9

.2142 8.7

.4238 10.9

.0822 1.6

.2338 6.8

.2391 13.6

.0382 0.3

82

86

93

.2586

.1657

.0619
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3.1..1 The Frequency and Severity ()f Head Injury. - (Continued)

National average values for HIFR and HISR ~~y ce found by ayeraging

. the 1970 and 1971 National Safety Council disabling injury fre-

quency and severity rates and taking 3 percent of this as the ratio

of head (excluding face, neck and eyes) injuries to total bodily

injuries. This yields a two year national average HIFR of 0.27 and

HISR of 19.0.

Industries found to have a BIFR and HISR greater than the two year

national averages are considered to deserve priority analysi.s of

head injury hazards. In order for these industries to reduce both

frequency and severity rate" it will be necessary to have employers

adhere to more stringent safety policies by:

Reducing head i.njury hazards

Increasing the use of adequate head
protective devices

The 17 New York industries ~~ich fit into this category are listed

in ascending SIC code order as follows:

Agricultural Services and Htmting

Metal Mining

General Building Contractors

Heavy Construction Contractors

Special Trade Contractors
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3.1.1

3.1,,2

The Frequency and Severity of Head Injury. - (Continued)

Food and Kindr<:~d Product Manufacturing

Lrnnber and Wood Product l-1anufactUl'ing

Furniture and 'Fixture Manufacturir..g

Petroleum and Coal Product Manufac,turing

Stone, Clay and Glass Product }1anufacturing

Primary Metal Industries

Electrical Equ:ipment }1anufacturinf;

Local and Inte'rurban Passenger Transit

Trucking and W.arehousing

Pipeline Trans,portation

Transportation Services

Hotels and Other Lodging Places

Economics of Head Protection.

The New York State accident sample showed that head injuries

accounted for 6.9 million dollars of the state's workman's com­

pensation payment. We have earmarked all industry in that state

which has demonstrated a HIFR and HISR greater than the national

averages.

We may demonstrate the reduction in head injury costs through the

implementation of more rigoJ~ouS head protection programs and thus

project the cost effectiveness of industrial headgear.
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3.1.2 Economics of Head ProtectiOl!... - (Continued)

From the data presented in Table 1, it is seen that the totlll

. compensation awarded to the 17 previously cited industries is

$3.021,892.

It is widely accepted [6] that uninsured costs (lost production,

accident investigation, acc:l.dent report writing, lowered employee

morale, etc.) may cost from a low of one times the insured cost

to a high of six times the i.nsured costs of accIdents. The actual

percentages are based upon the individual employer's circumstances.

Studies of motorcycle accidents have shewn [7] that the introductior..

of adequate head protection in a hazardous envil~onment is likely

to cause a 30 percent reduction in injuries.

In any attempt to control a hazardous environment by means of

adequate head protection there will remain a pel~centage of unavoid­

able accidents. The New York samples showed thHt 445 head injuries

were the result of vehicular accidents and 388 eases were classi';'

fied as resulting from "Other Agencies". This represents 32.5% of

the accident cases.

Industrial head protection, unless specifically designed to mitigate

the effects of a vehicular hl~ad impact will not offer total protection.

-1273 Vol. I Page 17



3,,1.2 Economics of Head Protecti.cm. - (Continued)

In the same regard, head injuries from undefined events may not

be able to be controlled by head protective delTices whose needs

have been predetermined by the known conditions of the environ-

mente

Under these circumstances ,~ may expect approximately 30% of in-

dustria1 head injuries to he unavoidable.

In summary then, after implementing a strong h~ad protection we'

may expect:

(a) 30% of all accidE!nts to be unavoidable

(b) 30% reduction of head injuries

(c) 40% of head injuries to be of reduced severity

In terms of actual injuries avoided:

Compensation Costs
Uninsured Costs (100%)
Total Costs

Unavoidable Injury

Avoidable Inj ury

Avoided Injury
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$ 6,900,000
$ 6,900,000
$13,800,000

$ 4,140,000

$ 9,660,000

$ 2,900,000



3.1.2

3.1.3

Economics of Head Protectj.on. - (Continued)

Because there are approximately 900,000 employees in the 17

industry sample, any helmet which costs the e'nployer:

$ 2,900,000. = $3.20/employee
900,000

will be cost effective.

Host forms of head protection, as will be dis,~ussed further on

may be expected to last 2 1/2 to 3 years. Therefore, if the head

protection cost is written off in a two year period a $6.40 hel-

met would be cost effective.

An average retail price of $4-5 per helmet, will be cos t

effective in most circumstances.

Type of Industrial Accident and Severity of HE~ad Injury.

There is presently a great variability in the quantity and quality

of accident statistics from state to state. This situation may be

alleviated in the future wlth the analysis of information contained

in the current Occupational Safety and Health Administration of the

U.S. Dept. of Labor (forms 100 and 101).

The one characteristic of accident statistics which is both useful

to the analysis of the needs of industrial and firefighters head

protective devices and is fOWld in most accident report tabulation:;

is the descriptive category "Type of Accident".
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3.1.3 Type of Industrial Accident andSeveri'!y- of Head Injury. - (Continued)

From the frequency and severity of accidents of any particular

type, it is possible to estimate the basic rClluirements of in-

dustrial headgear.

Table 3, shows a ranking, in terms of compensation awarded, from

the New York State accident sample. The accident types listed

in the table are the most common. Others had either too Iowan

occurrence or could not be controlled by meann of a head pro-

tective device.

TABLE 3. 'TYPES OF ACCIDENTS VERSUS
COST OF INJURY

NUMBER OF COMPENSATION!
TYPE OF ACCIDENT INJURIES INJURY

Slip or Overexertion 5 $7,769

Caught in or Between 22 4,930

Fall to Different Level 320 4,226

Struck By 1107 2,755

Fallon Same Level 306 2,406

Exposure to Temperature 29 849
Extremes

Struck Against 329 783

In Table 3 the compensation/injury has been calculated by dividing the

total con:pensation awarded for anyone type of accident by the number

of occurrences of head injury.
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3.1. 3 Type of Industrtal Accident I'ud Severity of Head Injury. - (Continued)

To allow any conclusions to be drawn from theHe data, attention

must be focused on the most prominent types o:E accidents. Of

the 2118 head injuries shown in Table 3, Slip, or Overexertion

accounted for .2% of the injuries, Caught in or Between for 1%,

and Exposure to Temperature Extremes for 1.4% of the injuries.

In not considering these we are left ldth only those accident

types as shown in Figure 1.

Intuitively, each of these accident types will have individual

characteristics and will require different le'~ls of head pro­

tection.

The Struck Against accident is seen to produc(~ the least severe

type of injury. This is, h~lever, a significcmt injury type.

Because so many of these injuries are minor, rmny are not re­

ported as lost time accidents. The cost to the employeref a

great many superficial wounds can be substanttal.

It should be noted that a means of head protec:tion from the

Fall to Different Level, Struck By and Fall on Same Level

accident types, because of their more severe nature, would at

the same time offer protection from the Strucl; Against accident.
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3 .. 1.3 ~ of Industrial Accident and Severity of Head Injury. - (Contimled)

It is thus concluded that :lndustrial protective headgear (l~xcludin5

firefighter's) should be capable of controlliI1 g these types of

accidents. These then lay the basis for the major classes of in-

dustrial head protection. These are sho,~ in. Table 4.

TABLE 4. DISTRIBUTION OF MAJOR CLASSES
OF HEADGEAR

LEVEL OF PROTECTION
ACCIDENT TYPE HAXU1UH DUTY MEDIUM DUTY LIGHT DUTY

Fall to Different Level X

Struck by X X

Fallon Same Level X X X

Struck Against X X X

3 .. 1.4

3.1.4.1

Other Industrial Head InjU1:y Accident Parameters

Area of the Head.

We have shown that the Struck By type of accident is the most

common of the serious head injury accidents. One would expect

therefore that the top of the head would be the most vulne'X'able

to falling objects.

Lynch [8] in a study of industrial head protec':ion in New Zealand,

found that approximately on.e half of all head impacts occurred at

the top of the head and one half around the periphery. Interestingly,

from our accident sample, the Struck By accidellt caused 1107 injuri.es

and the sum total of the Fall to Different Levl;!l, Fallon Same Level

and Struck Against accidents was 955.
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3.1.4.1

3.1.4.2

Area of the Head. - (Continued)

This is not to say that all accidents where one is struc.k by falling

objects will occur at the top of the head nor that whenever

one falls or strikes his hf~ad an injury will clccur on the sides.

However, protection from these accidents should follow this patterll.

In a study of 150 accident reports involving head impacts [9]

where the recipient of the blow was wearing an industrial

helmet of the type used in the United States, it was found

that an equal distribution of impacts occurred at all head

areas.

Rather than being contradic~tory to what has previously been

said, these 150 accident rE~ports graphically demonstrate that

the present level of head protection is limited to areas at

the top of the head.

The industrial helmet, depending upon the environment in which

it is used, needs varying degrees of top of head and lateral

protection from impact.

Electrical Hazards

Industrial head protective devices of the high voltage electrical

insulation type have been instrumental in redudng the number of

fatalities in the electric utilities industry attributed to bum

and electric shock through contact with the head.
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3.1.4.2 Electrical Hazards - (Continued)

The STOP SHOCK campaign of the Edison Electri(: Institute, start­

ing around 1961, led to the development of a test for electrical

insulation characteristics of industrial headgear. This effee­

tively controlled the electrical hazard.

Figure 2 shows a plot of the number of fatalities resulting from

electrical contact with the head for the period 1949 to 1953

(compiled from [10]) •.

It should be noted that 1961 was the year that the insulating

headgear was made mandatory in the electrical light and power

industry.

In 1967, the New Jersey Pawer and Light Company reported that

since the adoption of hard hats in 1954, no dnaths or serious

injuries have occurred [11]. The employment j~r this utility

is approximately 1700.

In recent years, the materials used in the conBtruction of

industrial headgear have changed. Host have shells made of a

thermoplastic material. Hany such materials :~nherently possess

electrical insulating qualities. This situat:~on has resulted

in many helmet manufacturers producing one deflign of helmet and

by means of different labeling, designating separate models for

general industrial use and for those whose en'rironments contain

the electrical hazard.
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3.1.4.2 Electrical Hazards - (Continued)

A review of accident data from the State of miio in 1970 [l2]

shows that bodily injuries resulting from contact with electric

current occur in many different industry clas:dfications. These

data are shown in Table 5.

TABLE 5. BODILY INJURIES RESULTING FROM CONTACT
WITH ELECTRIC CURRENT, OHIO, 1970

INDUSTRY

Agriculture
Automobile }funufacturing
Chemicals
Communications
Concrete Products
Construction
Electrical Equipment
Electric Utilities
Food
Foundry
Glass
Iron & Steel Production
Machinery
Meat Packing
Mining, Coal
Miscellaneous Manufacturing
Non-Ferrous Hetal Production
Petrolewn
Printing and Publishing
Pulp and Paper
Quarry
Rubber
Service
Sheet Metal
Steel
Transit & Transportation
Wholesale & Retail
Wood Products
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NUMBER OF CASES

3
8
5
2
1

48
7
7
5
3
2
8

18
'1
5'
3
2
2
1
2

,2
1

10
3
6
3
2
1



3,,1.4.2

3.2

3.2.1

Electrical Hazards - (Cont:lnued)

Because of the distribution of the electrical hazard prob1E!m

and the fact that an electrical insulation requirement would

not place an undue burden em present industrial helmet tech-

nology, all industrial headgear should possess electrical

insulating qualities. Those particular industries in which

an environment hostile to thermoplastics is pr,asent may be

considered a specialty case~.

Head Injury Types

Degree of Head Injury.

Head injuries are often categorized into three groups.

Soft tissue (scalp) injuries

Skull fractures

Brain injuries

These types may be expanded upon and categorized as follows

(from [13]):

Minor contusions, abrasions, f:uperficia1
lacerations

- mild concussion with no loss of
consciousness

Moderate deep or disfiguring lacerations
(non-dangerous)

extensive lacerations without
dangerous hemorrhage

concussion with unconsciousness
5 to 30 minutes

skull fracture without concussion
or other intracranial injury
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~•• 2 .1 Degree of Head Injury. - (Continued)

Dangerous
(survival
not assured)

lacerations with dangerous
hemorrhage

skull fracture ';-lith con­
cussion as evid~nced by
loss of conscio~sness up
to 2 hours

concussion as evidence
by loss of cons.::iousness
from 30 minutes to 2 hours
without referen'~e to poss­
ible intracranL'l.l injury

depressed fractures of the
skull

evidence of critical intra­
cranial damage

We may define these injuries as follows:

Contusion - A contusion occurs when a blunt force is applied

to the scalp of sufficient magnitude to extravasate blood

into the surrounding tissue under the inta<:t skin. The

characteristic black, yellow and blue discoloration occurs

as blood is broken down and removed from the area (from [14])

Abrasion - 1m abrasion is caused by a blunt object sliding

over a body area with sufficient force to denude the super-

ficial layers of the sk:ln (from [14]).
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3.2.1

3. ~~. 2

Degree of Head Injury - (Continued)

Lacerations - A laceration may be either of two types, a

punctu.re wound or a longer, incised wound. A puncture wound

occurs when a sharp object applies enough force to the skin

to penetrate it. When a sliding force is added to the pene­

tration by a sharp object, a tearing or slicing produces a

long opening in the skin (from [14]).

Concussion - Concussio:n is that immediate post traumatic con­

scious state; not associated with microscopic lesions of the

brain. frequently reversible but potentially fatal; and associated

in the human with amne:sia (from [15]).

Consciousness - General wakefulness and responsiveness of the

mind to impressions made by the senses.

Skull Fracture - The blreakage of the bones of the skull result:~ng

from tlte application of an external force.

Head Injury in the Industriul Environment

Accident statistics from thf~ State of Wisconsin [16] allow a closer

look at hcn-T the various typE!S of head injury relate to the type of

accident.

Table 6 shows type of injury versus type of accldent for some 290

accident cases.
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3.2.2 Head Injury in the Industri.'!ll Environment - (Cc1ntinued)

TABLE 6. TYPE OF HEAD INJURY vs.
TYPE OF ACCIDZNT

SKULL BRAIN SCALP
FRACTURE CONCUSSION BRUISES & LACERATIONS

(a) (b) (c)
No. -r No. % No. %-- .-

All Types 31 100 181 100 78 100
Fall To Different Level 10 32.3 19 10.5 3 3.8
Struck By 10 32.3 47 26.0 30 38.5
Fall on Same Level 4 12.9 38 20.9 7 9.0
Struck Against 0 0 31 17.1 29 37.2
Other or Unspecified 7 22.6 57 31.5 9 11.5

It should be noted that in this data. skull fractures were of the

moderate-to-dangerous type nnd concussions of the moderate type.

These data suggest that:

(a) Moderate to severe skull fractures may be controlled by pro-

tecting the head from falls to different lavels and objects

striking the head.

(b) Moderate brain concussions may be controll,ad by protecting from

objects striking the head. from falls on the same level and

from striking against o~jects.

(c) Scalp bruises and lacerations may be contr,)lled by protecting

from being struck by objects and striking ,:igainst objects.
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3.2.3

3.2.3.1

Head Injury Criteria.

The ultimate goal in evaluating the safety characteristics of a

helrrtet is to assure that human head impact tolerance is not: ex-

ceeded as a result of an accident. Thus, it is necessary to

define human head injury tolerance. Various measures of he.ad

impact tolerance have appeared over the years, the most recent

of which is the Head Injury Criterion as adopted by the U.S.

Department of Transportation [32].

Head Injury Criterion.

Considerable research was conducted by the National HighHay

Traffic Safety AdministraUon of the DOT into the developme.nt

of the Head Injury Criterion in order that it ·,.;ould "set limits

on the acceleration exposure of the head that reflect the avail­

able biomechanical data in terms that can be s~tisfactorily

measured by a tes t dunnny" [33] .

The Head Injury Criterion, abbreviated HIC, re')resents a toler­

ance limit assigned to the maximum permissible acceleraton ex-

posure the head may experience without serious internal injury.

The Head Injury Criterion may be expressed mathematically as:

Jt2 adt

t1

t2-tl

(t2 - tl)
~ 1000
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3,,2.3.1 Head Inj ury Critedon. - (Con tinue d)

Hhere: a = Instantaneous acceleration at the
head center of gravity

tl = An arbitrary time in the puls.e

t2 = For a given tl, a time in the pulse
which maximizes the HIC

This mathematical expression was derived from the tolerance

limit line as shm·m in Figure 5:

- 2.5
A T = 1000

l.Jhere: A equals the average acceleration of t'1e head
during impact, the area under an amel~ration-time

history of the head at impact, divHed by the time
duration of impact" or:

Average acceleration a ft2 adt

tl
t2-tl

3.2.3.2

and T is the time duration of impadt.

The data from which the tolerance line has ;jee'1 derived comes

from two basic sources, the Hayne State Uni~ersi ty skull fracture

data and the whole body aceeleration data at' s.1mmarized by

Eiband [27].

The Need for a Head Injury Criterion.

The factors of human injuD' tolerance which mu3t be considered in

the performance of an industrial helmet are as follows.
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3.2.3.2.1 Skull Fracture - In many cases, skull fractures themselves are

not a major cause of injury. They often serve as indicators of

the actual severity of the head injury. For this reason, fracture

threshold has been widely used in cadaver impact studies as a means

of gaging serious trauma.

The exceptions are (from [17]):

(a) when a fracture crosses a major artery or vein and gives

rise to hematoma.

(b) when the fracture line enters an adnasal sinus or the

mastoid cells providing an entry for infection.

(c) when a basal linear f1C8cture traumatizes or severs a

cranial nerve or majo1r artery.

(d) when a depressed fracture causes the cranial cavity to

decrease in size and the blow causes the brain to s\o1ell

and demand more intraeranial space.

There are two major types l)f skull fracture, open and closed.

The open fracture will have a break in both the scalp and the

underlying bone and the closed fracture will have a break in

the bone with no break in the overlying skin.

Subdividing these general types there are many sub groups

such as:

Simple Linear Fracture - occurring as a result of the

application of a blunt force which cracks the bone.
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3.2.3.2.1 Skull Fracture - (Continued)

The crack often takes the form of a single line run­

ning for a short distcmce from the area of contact.

Comminuted Fracture - resulting in an area of the bone

breaking into many smelll pieces.

Depressed Fracture - occurs when an object of small

surface area strikes the skull and causes a localized

indentation and breaks the depressed bony area into

several pieces.

3.2.3.2.2 Human Tolerance to Skull Fracture.

A pressure of 800-1000 psi is sufficient to cause the skull to

fracture [18]. It has also been reported [19] that the cadaver

head with scalp intact requires 400 to 600 in - Ib of energy to

fracture.

Insofar as the area of the head is concerned, the head is

strongest with respect to fracture in the rear, side, and front

in that order [20]. It is expected that the t.)P of the skull

is at least as strong as the sides [21].

The fracture tolerance of the head decreases wlth a decreasing

radius of the impacting object [22].
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3.2.3.2.3 Brain Injury-.

In general, there are three major types of brain injury:

Cerebral Laceration

Cerebral Contusion

Cerebral Concussion

Cerebral laceration, the tearing of the brain substance is the

most severe type of brain injury and may be cllused by direct con­

tact of an imp~.cting object with the brain or by violent motions

of the brain relative to the skull.

Cerebral contusion is a bruising of the brain without a break in

the continuity of the surf.9.ce of the deeper ti ssues [14 J•

The brain contusion injury may occur in both the coup (point of

impact) and contrecoup (directly opposite) locations of the skull!

brain interface. The contusion injury is characterized, by the

rupturing of small blood vessels at the coup and contrecoup points.

Blood is then extravasated into the surrmmding brain tissues. In

the brain contusion injury" the contrecoup injury is more severe

than the coup [23, 24J.

It has been shown that rotations of the head will cause shearing

of the membranes between the skull and the l>rain [25 J•

Cerebral concussion is often classified as the least severe form

of brain injury because it is often reversible. There are many

theories concerning the mec:hanism of cerebral [:oncuss1on. The

conditions which exist when concussion is produced are [26J:
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3.2.3.2.3 Brain Injury. - (Continued)

Shear stresses always occur in the brain stem region.

Compression stresses ()ccur in some areas or throughout

the entire brain.

Pressure gradients generally occur throughout the brain.

Although pressure gradients may be minimal throughout the

brain but are always present in the brair. stem region.

The brain t or at leas t a portion of it he.s been linearly

accelerated in all tests in which concusEion has been

produced to date.

Electrical transients occur which may be due to compres­

sive stresses.

It is felt that a primary cause of cerebral ccncussion is the

interruption of neural impulses in the reticular formation

(located within the spinal cord at the base of skull). These

interruptions are caused by stretching of the reticular forma­

tion [14]. It may be expe(:ted that this stretching will occur

as a result of rotation of the brain mass about the brain stem

in any of the three principal axes of head rotation (see figure

3) caused by an impact to t.he head.

3.2.3.2.4 Human Tolerance to Brain In.jury.

The effects of cerebral laceration and cerebral contusion have

been well documented in the medical literature but human
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3.2.3.2.4 Human Tolerance to Brain Injury. - (Continued)

tolerance values for these brain injuries are not available.

Cerebral concussion tolerance data are availahle and may b,~

used as an injury criterion.

Hodgson [27] points out three reasons why coneussion toler­

ance is a useful design parameter:

It can be produced in laboratory animals under controlled

investigations of mec:hanism and/or mitig<:ltion.

By definition, concussion is often reven:ible and there­

fore may be considered as a conservative tolerance limit.

Linear fractures comp'rise 80% of all skull fractures

and 80% of all linear fracture cases have had associated

concussion. In essence, this states that acceleration

data from cadaver impact studies of threshold linear

fractures may be used as concussion tolerances.

Until the present time, thl~ most widely accepted cerbral con­

cussion tolerance data has been the Wayne State University

cerebral concussion tolerance curve [28], Figure 4.

The ordinate of the curve represents a measure of head linear

acceleration, the effectivE~ acceleration. Effective accelera­

tion has been defined as the average acceleration or the area

under the acceleration-timE~ impact response curve divided by

the time duration of impact:.
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3,.2.3.2.4 Human Tolerance to Brain Injury. - (Continued)

The Wayne State University curve represents the results of

cadaver head impacts on to hard, flat surfaces.

The acceleration-time expOBure seen by the head as a result of

an impact "rith an object may be compared with the curve and if

the data point lies above the tolerance line, a concussion is

assumed to have occurred.

Gadd, seeking z. useful tolerance criteria for testing purposes

combined the Wayne State University and Eiband Data and formu-

lated a Severity Index. The Severity Index was derived from a

plot of the Wayne State Unj,versity and EibandC)ata on lop,-log

coordinates.

The resultant line had the equation

A2.5T = 1000

In Gadds words: "The inverse of the slope of :;uch a straigh t

line threshold corresponds numerically with a l:dmp1e exponential

\veighting factor t from which it follows that injury threshold

can be defined as a single number." [30]

From this, 'was produced the Severity Index fon1U1a [31]:

SI ={a2 .5dt

Where: SI = Severity Ind-ex

a = Acceleration (Instantaneous)

2.5 = 't-Jeighting Factor for head impacts

t = time
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3.2.3.2.4 Human Tolerance to Brain Il~. - (Continued)

mIen: SI = 1000 it is .1.ssumed that the head injury

tolerance threshold has been reached.

Although the 51 has been used for over 10 years, it has recently

been under considerable criticism regarding its injury assessment

accuracy and reproducibility. It has since been replaced by the

Department of Transportatic)U with the Head Injury Criterion.

One essenttal NHTSA critic:lsm of the Gadd Severity Index is that

the Gadd SI "implicitly assumes that the injurious effect of

acceleraticm exposures are additives" [33].

It is point:ed out by the NHTSA that an analysis of air bag impacts

conducted clt Hollman Air Force Base [34] using human volunteers' \vh:~ch

showed that: in several cas(!s the volunteers were not injured and yet

the Gadd SI exceeded 1000.

When the W~lyne State University, Eiband (whole body acceleration)

and the Hollman studies arE! then plotted on log-log coordinates,

Figure 5, i.t is seen that all fall at or near the injury threshold

line.

The characteristics of the Head Injury Criterion may be summarized

as follows (from [35]):
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3,,2.3.2.4 Human Tolerance to Brain Injury. - (Continued)

It fo1lO'...s a formulation on which actual human

t:olerance is bas(~d.

It assures that an exposure to acceleration does not

(~ntain any time intervals that have average acceler-

~~ions which are above the tolerance line

- 2.5
A T = 1000

J:t implicitly separates an impact impulse and a re-

bound impulse unless they are extremely close to-

gether.

It does not scale injury in terms of severity but

rather represents a boundary between unacceptable and

~lcceptab1e acceleration-time exposures.

Since average acceleration is used the lIIC has a tendency

(Jf smoothing closely spaced recurring peaks and troughs

rather than highlighting them.

A treatment of a mathemetical rationale for a Head Injury Criterion

suggests that there may be inadequacies in the analysis dUE~ to a

lack of biomechanica! research [36].
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3.2.3.3 Other Hlli~an Tolerance Considerations.

3.2.3.3.1 Head Rotational Acceleration.

As pointed out earlier, severe brain angular m:>tions are known to

produce brain injury. Rec€:nt investigations 0:1 the effects of head

rotational accelerations on brain injury [37, 38] have shmm that

these angular motions are closely related to the cerebral concussion

phenomena. Hm-1ever, at this time, there are nD quantitative human

tolerance data available.

Head rotational acceleration injury studies require the use of living

subjects and have therefore been restricted to tests on rhe.sus and

squirrel monkeys. Attempte: have been made to scale these data to

humans [39J but no conclusive evidence is available.

A method of measurement of head rotational accelerations has been

established [40] although no substantial htman tolerance data from

volunteers has been compiled.

The application of this information to humam. injury has, therefore,

been limited. The existenc:e of head rotaticnal accelerations nR.lst

be appreciated and their occurrance controlled through adequate

headgear design.

3.2.3.3.2 Cervical Injury.

It has been shown that industrial workers am.d firefighters are

exposed to hazards of fall:lng objects. If a falling object were
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3.2.3.3.2 Cervical Injury. (Continued)

to strike a man standing upright at the top of his head (a condition

which does occur in reality) the effects ''louIe be quite different

from a blow on the side of the head where the head may swing freely

on the neck.

If the man struck by the f':llling object were l'.ot wearing head pro­

tection, he would undoubtedly receive a head injury. If, on the

other hand, the man ,vas wearing head protecticn, the forces t rans­

mitted through his helmet "ould have to be liniitcd to protection 0 [

the weakest link in the body system. The cervical spine may be th,~

weakest link.

Cervical spine injury resulting from top of head blows may be

classified as extension - compression and flexion compression inju·ries

[41] .

This type of injury is fOtDld in automobile accidents and may also

be a result of [42]:

A direct blow on the head when the individual is standing

or sitting.

To a fallon the head such as diving into shallO\v water

or hitting a submerged object.

It has been reported that the values for maxinum allowable trans­

mitted force through a helmet as used in present standards for

industrial head protection have been the maxinum allowable force

to the cervical vertebrae [43, 44].
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3.2.3.3.2 Cervical Injury. - (Continued)

However, published research demonstrating human. tolerance to dynamic

cervical compression is not available.

Studies of vertebral toler8nce [45] shows the average ultimate

static compressive strength of the cervical vertebrae to be 830

pounds and that of the lumbar vertebrae to be l220 pounds for ages

20 - 59. Patrick [46] has stated an approximate dynamic tolerance of

2000 pounds for the lumbar vertebrae. If this static/dynamic ratio

is applied to the cervical vertebrae, we find::hat the cervical dy­

namic tolerance is in the order of 1360 pounds.
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3,,3 Anthropometry of the Head

For the purposes of establ:lBhing a standardized testing surface for

industrial headgear, a set of head forms must be defined.

Industrial and fircfighterliB headgear presently sold in the United

States must meet the requirement of the ANSI Z89.l and 289.2 standards.

The impact absorption and penetration resistance tests are conducted

"lith the helmet mounted on an "A.H.L. Size Hedium" headform,

Photograph 7.

The AML headforms were origj~nally fabricated as a result of work .

performed at the U. S. Army Aero Hedical Laboratory in Hay of 1944

[47].

This study summarized anthropometric data for a head circumference

sizing system. Four sizes, small, medium, large and extra large

were specified, the size medium being chosen f:>r the ANSI 2089 Standards.

In 1960, the WAnD TR 60-631 Head Circumference Sizing System [48] "ras

published. This system established head anthropometry for a six

size circumferential system. Differences betw,~en the WADD dimensions

and the MIT... dimensions are clccounted for by th,~ authors of the WADI>

system who state that the NIT.. sizing system "W.OlS based on rc.easurements

made on an Air Force populat ion known to be si:5!1ificantly different

from that measured in 1950".
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3.3 Anthropometry of the Head _. (Continued)

The latest available head ~lIlthropometry data generated in the

United States has been the U. S. Army Natick Laboratories [49]

for the male population and the U. S. Air Force Aero Medical

Research Laboratory (AMRL) [50] for the female population.

Table 7 shows a comparison of the AMI. sizes wi th the Natick data.

It is seen that the size mE~clium approximates a 40th percentile

male in the later study. Values for head circumference, head

length, head breadth and he:ad height are shown.

These quantities are defined as follows:

•

•

•

Head circum€erence - 'Ihe maximum circumfe1~ence of the head

measured above, but not including the bro'i7 ridges (bony

protrusions above the E:ye sockets).

Head Length - The maxin.um length of the head from the gabella

(the most forward point in the midline be::ween the brow

ridge) to the back of the head.

Head Breadth - The maximum breadth of the head in a plane

perpendicular to the mid-sagittal plane (plane dividing the

body into equal right and left sections).

• Head height - The vertical distance between the tragion, a

point located at the upper edge of the ear hole, and the

highest point on the head.
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3.3 Anthropometry of the Head .. (Continued)

Table 8 shows a comparison of head sizes for 5th, 50th and 95th

percentile male (Natick) CU"ld female (AMRL). From these da.ta, it

is seen that there are smelll differences betw'~en the male and

female. These differences pose no problem in headform dirr.ensioning.

In 1966, the Al\lSI Z90.1-19f6 [51] standard adl)pted a headform whose

basic dimensions were chosen from the WADD da'~a for a size 4

headform. The headform des ignated was modifil~d from the original.

data so that its contours '~ere smoothed in oreer to minimize

testing variables.

The latest series of standard headform dimens:~ons are those as

designated by the Department of Transportation for use in motor-

cycle helmet testing [52].

These dimensions are shown in Figure 6 for headform sizes A, B,

C and D.
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FIGURE 6 (n) - HEADFOHH SIZE A (FROH
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FIGURE 6 (b) - HEADFORH ~,IZE n (FROH [52])
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_ HEADFORH SIZE C (FROM [52])
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FIGURE 6 (d) - HEADFORM SIZE D (FROM [52])

10----'-'6.31---1

!!.ISC{ .
• E:.3IC

" IFIki?:

l---S:lId---l
. ~=':-9i

, ~"U".'R ;j pu:~ A-A

1--5.34--1
5.77~

CC!I:'<X,"R J..¥ prj~;E-E-3

~~ DJ10;sIet;:s Dl n;cE3

-1273 Vol.. I Page 54



3.4 Human Factors Considerations

In order for a head protective device to offer the protection

needed to overcome occupational hazards, it mUBt be comfortable to

the wearer. Comfort is necessary because:

(1) It is essential that the helmet be won! to be effective

and therefore any actions which would tend to discourage

use must be avoided.

(2) When protective qualit:les weigh too heavi ly, there may exist

a point where the man :ls so heavily taxed by factors of \-leight,

size, etc. that his oml defensive mechanisms may be impaired

and thus occupational hazards are amplified.

Once a \vorker dons his helmE!t, the two become an operating com-

bination interacting to brllig about a condition of sufficient pro-

teet ion from the environment: in which comfort and human accE~ptance

are limiting factors.

Human factors can weigh so heavily that it can logically be seen

that the maximum in head protection comfort is aquivalent to no

protection at alL Almost \\rithout exception, w':ten the factors of

comfort are maximized, they detract from the helmet's protective

capabilities.

3.4.1 Comfort

Human factors studies in the specific area of ctlmfort are scarce,

to say the least, and yet comfort is basic in the process of
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3.4.1

3.4.2

Comfort - (Continued)

providing the worker with protection. The study of helmet

'j comfort contains both physiological and psychological factors,

the most dominant considerations are weight, Ilize, fi t, thermal

characteristics, skin reaction to helmet mateJ:ials, restrictions

of sensory process and aesthetic qualities.

Helmet Welght

By means of a mail survey technique, an asses~:ment has been made

of the most frequent comfort complaints of inc:ustrial head pro-

tective devices. Approximately 90% of the responses complain that

industrial helmet ,,,eight is excessive. Consicering the fact that

most industrial helmets, ~1Uufactured to meet present standards,

weigh essentially one pound, it would appear 8S if these com-

plaints are ummrranted. From data gathered, it is evident that

the complaints are not so much unwarranted as misdirected. Height

must be subdivided and factors such as size and fit must be

examined.

Incorporating Titchener's [53] description of the three kinestheti(~

sensations, the perception of weight on the head and the contribut:~on

of weight to discor.1fort are:

Fatigue of muscles that move the head.

Pressure exerted on joints.

Strain induced in. tendons (effort).
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3.4.2

3,,4.3

Helmet Weight - (Continued)

To these we may add:

Restriction of blood vessels by excess pressure

at points of head/helmet contact.

The effects of helmet weight will be a function of how lolell

balanced a helmet is and for ho\" long a period of time it is

worn [54].

From the adaptation level theory [55], it is knov."11 that the longer

a helmet is worn, the more the wearer becomes accustomed to its

weight.

Size of Helmet

To date, the relationship between the helmet size and the c:omfort

it provides the wearer has not been firmly established. Generally

speaking, it can be stated that the optimum helmet design j.s one

which fits closely to the head, is not excessively hot and does

not restrict sensory input. That is, the mass moment of ;I.flertia

should be kept as low as possible while maintaining hwnan c.omfort

and compatibility.

In addition to moment of inertia consideration;;, the effects of

an altered head center of gravity resulting fr.,m the attachment

of a helmet must be examined. Inaustrial head:sear symmetry will

assure right or left center of gravity location at or near the
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3.4.3

3,4.4

Size of Helnet - (Continued)

mid-sagittal plane. Howe~~r, most industrial headgear offering

protection primarily to th,~ top of the head, Hill effectively

raise the head center of gravity. The increa~:ed moment experienced

at the occipital condyles (head/neck junction) when the head

vertical axis changes orientation will result in increased loading

of the muscles that move the head which will :l.ncrease muscular fatigue

and discomfort.

Helmet Fit

From a review of the available literature, there are strong indi-·

cations that helmet fit pli3.Ys an important pal't in helmet comfort.

It was established that, in many cases, fit wc.s found to be a pri­

mary cause of discomfort [56]. It has also been found [57) that

the ability of the helmet to form itself arour:.d the head (load

distribution) is an important fit and comfort consideration.

These factors suggest that it is quite possible that many of the CI)m­

plaints of excess helmet weight may be more accurately attributed

to fit characteristics rather the weight per se. The fit problems

found most frequently in present industrial head protection device:;

are due to:
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3.4.4

3.4.5

Helmet Fit - (Continued)

(a) Rigid or semi-rigid suspension compcnents

~lich do not fonn themselves to the head when

worn.

(b) Helmets with distinct methods of suspension

adjustments are not properly adjusted by the

wearer.

(c) Many helmets, especially the 1m-1 quality ones,

10se adjustment easily.

McKenzie [56] has found that "when fit characteristics are analyzed t

it will become apparent th<:lt the elimination of the current cradle-­

type suspension is the key toward developing a comfortable headgear."

When considering the need for a closely fit tin g headgear, the

thermal characteristics of the headgear become important con­

siderations.

Thermal Characteristics

From surveys on industrial head protection it Is evident that the

second most prevalent comfort complaint is att'ributed to excess

heat. lfui1e head/helmet clearance may provide ventilation t there

exists the undesirable attribute of greenhouse effect. The in­

clusion of a close fitting compressible liner lnay well serve to act

as a heat insulator.
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Thermal Characteristics - (Continued)

Some helmets with closely fitting liners are known to be hot

in warm weather [58] while there have been reports [59] thELt

industrial helmets of prese:nt design help keep the head cool

when in a hot environment. Because of lack of more substantial

data in this area, it would: seem desirable to retain the pre-

sent head/helmet clearance configuration.

From military experience [60], it is known that many complaints

of excess helmet heat may better be attributed to psychological

rather than physioligical factors. For this r.~ason, it is

recommended that most helmets have a glossy, l:lght colored

finish.

Skin Reaction to Helmet Material

It is desirable that the materials used in the construction of

helmets not react adversely with the skin and 1:he helmet should

be resistant to normal substances applied to the skin and ha:f.r.

In general, a helmet must b,e resistant to:

sweat, hair oil and grooming aids

dust, pollutants

fungus and rot
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3.4.7 Restriction of Sensory Processes

In order to assure that th~ industrial helmet provides adequate

head protection, it is essential that the senses of sight and

hearing are not restricted by the employment of the protective

device.

In the continuous process of mentally monitoring his '-lorking

environment, the worker's sensory inputs of potentially ha2:ardous

industrial conditions are the most important safeguards against

industrial accidents.

At present, the industrial helmet offers virtually unrestricted

use of sight and hearing. It is, therefore, important that such

features do not become infringed upon. In ord,~r to prevent the

possibility that new designs might tend to restrict the sensory

inputs, it is essential that the standards for head protective

devices specify minimum sensory restriction.

It shoulrl be noted that little is knmm about ':he psychological

effects of sensory deprivation on the industrial worker. Curtis

and Zuckerman [61] have sho'wn that adverse reaetion can be expected

from total sensory deprivation, but the effectB of partial sensory

deprivation as a result of protective headgear design have not been

fully investigated.
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3.4.8 Aesthetic Qualities

There is no available data in the literature on the effect of

wearer reaction to helmet style on the incidence or severity of

head injuries.

It is reasonable to assum~ that style factorH will be controlled

by consumer selection of marketed helmets.

There exists some concern that "mmen are less likely to wear

industrial head protection than men due to helmet style. How­

ever t from questionnaires -received from employers t there appears

to be no distinguishable problem in this area.
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3.!; Requirements of Industrial and Firefighter IS Hea.d ProtectiO':l.

Indus trial and firefighter I:s head protective devices must be

designed to provide:

(1) impact protection - by limiting the magnitude and concen-

tration of impact forc,a:s.

(2) penetration resistance- by being shatter resistant, smooth

and rigid.

(3) retention - by having sufficient securing strap strength.

(4) protection from the emrironment - by being resistant to

weather and fire and by being electrically insulating •.

(5) comfort - as required 'by the intended use,

Industrial Headgear Require·tnlants

Section 5 of this report det,ails the development of criteria

for the performance require:l1llants of industrial headgear. For

purposes of systematically Hsting the needs of industrial

headgear the essential perf,::)'rmance requirementfl are outlined

here.
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3.5.1.1 .!E.P-act Protection

As previously discussed, the distribution of c:Lasses of head

protection by severity of head injury accident type shows the

following:

CLASS

Class 1

Class 2

Class 3

HOST SEVERE FI.A;:ARD

Fall to Different Level

Struck by ObjectH

Fall on Same LevE~l

We may consider each of thes,e circumstances individually.

A. Falls to Different Lev'els - The fall to different level

accident may be viewed as a random occurrence which will

be dependent upon the 'Work area, the workE~r's protective

equipment (safety harn,ess, shoes, etc.) hi.s physical con-

dition, his acclimatiml to heigh'ts and hi~: mental attitude.

Some common types of fdls to different lE:vels are:

falls f'r'Drn roofs

falls f'r'Dm skeleton constructions

falls f'fl:)m scaffolds

falls d'01im stairs

falls off ladders

falls from platforms

falls fn)m motor vehicles
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3.5.1.1

L _
DA.'Y7'OZ\T T BROV?N IN;:;:'--,

Impact Protection - (Continu,ed)

The accident data studi.ed revealed no meal or common

fall height which would. enable laboratory accident

simulation. In addition, there appears t:> be no re-

lationship between the degree of injury a:ld height of

fall [61] which preclu.des comparison of injuries from

Fallon Same Level and Fall to Different Level accidents

for computations of mean fall height.

When the body falls in a position such that the head is

free to mOve on the neck, we may consider the head as a

rigid body.

Under these circumstances, a one story (IO feet) fall will

result in the head impacting with 110 ft- lb of energy

(assuming an 11 pound head). At present, the only class

of industrial headgear designed to operatE! at such high

energy levels are those built to New Zeal.md Standard

2264-1970 [62].

In the New Zealand specification, helmets must pass an

impact test comprised ,of dropping an 11 pound mass a dis-

tance of 10 feet onto .a rigidly mounted headform. Under

these circumstances, a force, measured at the base of the

headform , is not to ex,claed 5000 pounds.
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3.5.1.1

J __
DA.vro.....• T .F3n01N"N JNC.--y

Imnact Protection - (Contim:led).
B. Struck by Objects - A "~rker receives a head injury most

frequently from objects: striking his head. An analysis

of 150 Turtle Club [9] accident reports has shown SUcll

objects may weigh an 8~~rage of 17.8 pounds and may possess

300 ft - lb of energy nt the time of impact.

As stated earlier, the connnonly encounter ad accident ~There

the worker is struck by falling objects presents a un:f.que

problem to top of head impacts. In this configuration, the

head is not freely movable and may be con:;idered as semi

rigidly mounted to the neck.

Industrial helmets manufactured in the U .::;. are impact test-

ed by being mounted on a headform which i:1 turn is mounted

to a force measuring device and then haviag an 8 pound steel

sphere dropped a distance of 5 feet onto the apex of the

helmet.

The discussion in Section 5.1 of this report shows that when

the force measuring device used in the impact test system of

the ANSI Z89 standard reads its maximum allO"t¥'able, (1000 pounds)

an acceleration measured at the center of gravity of an instru-

mented drop mass (of approximately the weight of the head) will

be BOg.
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3 •.5.1.1

L or
DA.YToJV 7.' .J3R01.VJV r,.,,·c,-= ,

Impact Protection - (Continued)

When industrial helmets are mounted to an instrumented

headform and dropped onto .a rigidly mountE~d spherically

shaped anvil at the helmet apex from a diHtance of 72

to 75 inches, they remain operational. WHh improved

design it is expected that helmets subjected to such a

test will pass an 80g failure criterion.

To provide protection from falling objectB \vhich strike

the head, an industrial helmet should be :~pact tested

by being mounted to an instrumented headfClrm and dropped

a distance of 72 inches onto a hemispheriea11y shaped

steel anvil. Headform accelerations shou:.d not exceed

80g when such an impact occurs.

C. Falls on Same Level - Accidents 'where one falls on the

same level are frequently of the slip and fall and trip

and fall types. The blows applied to the head are of

the fall to different 1,evel type, but of a lesser magni­

tude.

Protection from falls ()f this nature requtres that a

helmet must sustain an impact of being drclpped from a

height of 36 inches onto a rigid flat steel anvil.
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3.:5.1.2

3.5.1.3

L ._
DAYT'ON T Bno"",'N JNC.- . .,

Penetration Resistance

The testing of the penetration resistance capahilities of a

helmet:

assures the integrity of the outer surface
of the headgear

demonstrates the helmets ability to nard off
sharp objects

requires that the helmet spread concentrated
forces over a larger area

Investigatory tests have sho~m that helmets deHigned to protect

from falls to different levels and to ward off falling objects

may be tested for penetration resistance by dropping a 1 Kg

(2.2 pounds) plumb bob a distance of 3 meters' ,:118 inches)

onto the outer surface of the helmet. Helmets used for pro-

tection against falls on the same levels should resist the

penetration of the same plumb bob when dropped a distance of

1.25 meters (47 inches) onto the helmet's outer surface.

Retention

The forces generated in the fall to different :.eve1 accident

require that a chin strap used to retain a he1r~t on the head

should remain intact when subjected to a chin :.oading of 100

pounds. Helmets used for the purpose of warding off objects

and protecting from falls on the same level should withstand

25 pound chin forces.
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3.5.1.4

3.5.1.5

Protection from the Environment

Helmets designed for general industrial use:

should remain operable within a temperatu:~e range of
14°F to 122°F and should be resistant to :;toragetemper­
atures of l60°F

should not absorb more than 5% water by weight when
subjected to 24 hour water immersion

should not burn at a rate greater than 3 :lnches per
minute

should withstand voltages of 30,000 volts, AC

Comfort

Helmets designed to protect from falls to different levels

should not weigh more than 18 ounces, those de:>igned to ward

off falling objects should not weigh more than 16 ounces and

13 ounces should be the maximum allowable for helmets used to

protect from falls on same levels.

3.5.2 Special Requirements for Firefighter's Headgea:::..

3.5.2.1 Impact Attenuation and Penetration Resistance

Head injuries suffered by the 18,000 man New York City Fire

Department for the year 1971 [63] have been studied. These

data are shown in Table 9.

The data illustrate that firemen are most likely to receive

impacts from falling objects such as weakened c:eilings and

falling debris.

-1273 Vol. I Page 69



3.5.2.1
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Impact Attenuation and Pene:tration Resistance - (Continued)

From the above and from surveys of safety personnel in the

New York City, Los Angeles, Boston and Chicago fire departn~nts,

the special requirements of firefighter's headgear have been de-

terrei.ned.

Insofar as impact protection is concerned, firefighter's helmets

should be tested by being n~unted on an instrunented headform and

dropped a distance of:

72 inches onto a hemispherica11y shaped anvil
at the apex

36 inches onto a flat anvil in other areas of
the head

Penetration resistance should be of the type as noted for industrit::,l

headgear for the struck by and fallon same level protection, that

is, a 1 Kg plumb bob dropped a distance of:

3 meters onto the helmet apex

1. 25 metem onto other areas of the h,~lmet
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TABLE 9. NEW YORK CITY FIRE DEPARTHENT
HEAD INJURIES, 1971

Total Number of Head Injuries == 58; Total Days Lost == 71:~

Total Number Employed = 13,000; 42 hours/week

Head Injury Frequency Rate == 2.12

Head Injury Severity Rate == 27.4

A~~rage Days Charged Per Head Injury == 12.92

Extent of Head Injury By Accident Agency

A
I~...,. Q{.?llf

DAYTON To .l'JnCHV'h" JNC.

-
na7

Loss of
Conscious-

Concussion Contusion ness Laceration N.E.C. Total---
Falling 1 6 1 7 15
Objects

Falling 2 18 2 3 8 33
Ceilings

Hostile 3 1 2 6
Missles

Explosion 1 - 1

Direct 1 1
Lateral Blow

Bump into 1 1

N.:B.C. 1 1 2

4 27 2 6- --20 59*

N.E.C. = Not otherwise classified

*One report of a double agency
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3 •.5.2.2

3.S.2.3

Retention

Firefighter's headgear as presently manufactur(!d incorporate

a wide brim for deflecting 'water. Falling objects are likely

to strike such a large area and forcibly remOVE! the helmet

from the fireman's head.

It is essential that the chill strap of a firemnn' s helmet wi th-

stand a 100 pound chin forcl~.

Protection from the Environment.

A. Heat -Froman analysis of firefighting heat environments

[64], we find that heat conditions are likely to exis t in

the range of 20-7000°C.

In order to assure adequate performance" fire

helmets must be tested at temperatures of 14°F (-IO°C) to

300°F (lSO°C). Temperatures at this level are sufficient

to protect from most situations. Temperatures "in the

furnace" would require specialized radiation reflecting

protective apparel.

B. Fire Resistance - The necessity of the firefighter's

helmet to resist fire JLs self explanatory. These helmets

must be made of materials which exhibit self-extinguishing

characteristics.
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3.5.2.3 Protection from the Environment. - (Continued)

C. Electrical Protection- Although the incidence of electrical

shock and burn injuries in firefighting activities :f.s low,

firefighters are often exposed to electrical hazards. Fires

in urban areas may tab:! the men :J.nto areas: on or around

electrically powered r,ail transportation flystems. In resi-

dential and industrial fires, it is our miderstanding that

electrical supply lines are often not disconnected prior to

commencement of firefighting activities. This is clearly an

electrical hazard. Thf~ low incidence may be explained by the

usage of other rubber insulating gear worn by firefighters.

These circumstances di,:tate that firefighter's headgear

should withstand the 30,000 volt require1llE.nt of industrial

headgear.

D. Water Absorption - Firl~fighter' s headgear must be made of

materials which will not absorb an excess1ve amount of water.

Five percent water absorption (by weight) after a 24-hour

water bath is an agreeable upper limit.

E. Hej.ght - Firefighter's headgear are \-lOrn for relatively short

durations. Under thesl~ circumstances, a maximum helmet weight

of 30 ounces is accept.able.
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3.6 Methods of Head Protection

In the discussion thus far, the head injury en,rironment has

been described and the levels and types of head protection

necessary to overcome a hazard have been outlined. It is the

purpose of this section to explain the methods by which a head

protective device offers protection, to descrihe hm'1 present

industrial helmets in the United States are constructed and to

note how head protective devices are manufactUl~ed and \-,hat are

the manufacturing capabilities of the head protection industry

in the U.S.

3.6.1. Characteristics of Helmets

Protecting the head from injury is essentially a packaging pro-

blem. "-!hen the head is placed in a hostile en'rironment, it may

be shielded by being encased in a protective structure.

Nature has designed the head in a sophisticated fashion so that

the scalp, skull and cerebrospinal fluid surrolmd and shield the

brain from injury.

As an example, it is knmm [65] that the dry human skull will

fracture with the absorption 25 in - 1b of energy whereas ldth

the scalp and brain intact-400-600in - 1b is necessary for

fracture, 'when dropped-ana. hard -flat surface.
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3.6.1

3.6.1.1

Characteristics of Helmets - (Continu~d)

When it is expected that forces will be exerted on the head

which exceed the protective capabilities of thE~ anatomical

structure it is necessary that we provide addit:ional protec-

tion.

The Impact

When an object strikes the head (or when the head strikes an

object) forces exerted on the head will:

(a) compress the scalp

(b) deform the skull

(c) move the skull with respect to the brain

Each of these three actions is likely to cause injury if the

impact is of sufficient magnitude.

The present level of tmderstanding of biomechanics requires that

in designing for impact protection we consider the head as a rigid

body. As such, we may fashion a protective structure around the

head which will mitigate the effects of the impact.

In describing the impact situation it should bH noted that the

situations of a moving object striking an immovable head and a

moving head striking an immovable object are mechanically equiv-

alent, assuming the moving mass, be it the head or the object

have the same weight.
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3.6.1.1
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1be Impact - (Continued)

The consideration of the iTipact condition where a moving bCldy

strikes an immovable object is a simpler case than the object

striking a movable object <uld is less likely to induce error

in experimentation. We will consider the impending object as

striking normal to the immovable surface. These situations

are shown in Figure 7.

In the collision betHeen the head and an object t if the re-·

lative velocity betl-leen the 0.10 is brought to zero without

injury to the head, impact protection will have been achieved.

If tile unprotected head is taken as colliding with a rigid

surface t the head will be brought to rest relative to the

surface by its own deformation. To eliminate deformation of

the head t some other medi~l which provides a stopping distance

must be added. This stoppj.ngor crush distance may be supplied

by a helmet.

In this case, the head is brought to rest by forces applied to

it by the helmet. Due to tne compression of the helmet these

forces are exerted even after the head comes to rest and the

head is accelerated in a dj.rection opposite to its original

motion.
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FIGURE· 7.· HEAD IMPACT SCHEMATIC

Rahotmd --.jDeceleration

Time

FIGURE 8. HEAD IMPACT ACCELERATION RESPONS~

-1273 Vol. I Page 77



3.6.1.1 The Inpact - (Continued)

The measurement of the deceleration and rebound of the head

~1Ould permit the graphical representation of the impact as

shown in Figure 8.

Such an acceleration - time exposure must then be critically

analyzed for its injury producing ~otentia1.

The ability of a material to decelerate the head without in-

jury will be dependent upon the physical propel:ties of the

material.

The methods of head protection which are used to effectively

provide a sub-critical acceleration - time exposure are:

protective padding/semi-rigid shell

suspension/semi-rigid shell

padding & suspens:ion/semi-rigid shell

In all cases, a semi-rigid shell is used to diE:tribute con-

centrated loading.

In the first case stopping distance is provided by padding

material and in the second ,method the head is naintained a

distance from the semi-rigid shell by means of a suspension

or harness. These are depi,eted in Figures 9 (a) and 9 (b)

respectively. The third case may be considered as a hybrid

and will possess properties of both protective padding and

the suspension system.
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9(a)

9(b)

'c •. _

HEAl>

FIGURE 9. PROTECTIVE PADDING"AND SUSPENSION SYFTEMS
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3.6.1.1 The ~Etpact - (Continued)

A. Protective Padding - Protective padding, which may be

of a resilient or non-·resilient nature, in its normal

configuration is bonde:d to the inner surface of a hel-

met shell (semi-rigid outer surface).

Although a thorough tl~atment of the design of pro-

tective headgear and the dynamic behavior of their

composite materials is: beyond the scope of .this report,

a series of illustrative examples of mteris1 and hel-

met response is in order.

For purposes of exper:f.mentation, protective padding

materials were mounted to a helmet impact testing

apparatus in much the same manner as would be experi-

enced in the testing of the helmet itself. The test

apparatus, as shown in Figure 10, is the standard rigid

anvil apparatus as spe:cified in ANSI Z90.1-l971 [66].

The system is comprise:d of a drop carriag'~, to which

is mounted a magnesium test headform. Th~ headform has

a piezoelectric accelerometer mounted at its center of

gravity which, when appropriate signal cO::lditioning

equipment is used, provides accurate recording of the

acceleration - time history of the impact onto the rigid

steel anviL A detailed discussion of thb equipment is

given in Section 5.2.
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3.6.1.1 The Impact - (Continued)

Samples of protective padding materials were prepared by

cutting the materials into 4" x 4" squares and attaching

to their surfaces shee:ts of 4" x 4" x 1/8" polycarbonate

plastic, as depicted in Figure 11.

The samples were then attached to the for'ahead part of

the test headform and dropped from variou.:3 heights onto

a hemispherically shaped rigid steel anvil of 1. 9 inch

radius.

The materials studied were:

3
(a) expanded polystyrene foam, 9 lb/ft density

1 inch thickness

(b) ethafoam (polyethylene), 9 lb/f1: 3 density
1 inch thickness

Figure 12 (a) and 12 (b) show the impact reuu1ts in terms

of:

peak acceleration (g) versus drop height

Head Injury Criterion and Gadd :;everity
Index versus drop height

respectively.
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3.6.1.1 The Impact - (Continued)

From the graphs it is evident that for greater drop heights,

the expanded polystyreme produces lOl-ler acceleration and

injury index values than the ethafoam. This may not be con-

strued to be an indictment of any class of materials because the

material selection prclcess will involve many other factors

which must be determined experimentally for the application.

When designing a prote.ctive headgear, the engineer must view

the following factors as variables in the selection of his

helmet materials:

density, thic.kness and stiffness of the
outer shell

density and thickness of padding material

curvature of anvil

local curvature of headform

size and sha.pe of helmet

resistance e,f construction materials to
expected environmental conditio:1S

To these must be added the required range of operating impact

energies, the required acceleration - tim~ output, the over-

all weight of the helIret, its expected selling price, ease of

manufacture and safety factors for production - line variation.
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The Impact - (Continued)

Examination of Figures 13(a) and 13(b) sh(~vs the variation

in pulse shape for the expanded polystyrene for drops at

the 54 inch and 72 inch levels respective:.y.

It should be noted that no protective padding material will

compress to its fullest. Most padding materials will behave

in a spring-like manner where the acceleration (force) will

increase with increased deformation. ThiB will continue

until the material "bottoms" and can be no longer compressed.

At this point accelerations will have greatly exceeded human

tolerance limits.

An example, of this characteristic is seen in the acceleration

pulses of Figures l4(a) and l4(b) for the drops with the etha-

foam padding at the 54 inch and ,84 inch levels respectively.
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3.6.1.2
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Suspension System

In the suspension type helrr.et, straps encircle the head and are

attached to the helmet shell maintaining crush distance between

the head and the shell. This configuration is extensively used

in present industrial headgear sold in the U.S.

The system makes use of the deformation charac':eristics of the

helmet shell and the tensile properties of the webbing material.

As in the case of protective padding, head acceleration is the

measurable quantity. The suspension rests on ;ind distributes

load' over the head, and therefore the area of ':he suspension in

contact with the head must be sufficiently large to minimize the

risk of skull fracture during impact loading.

There are two general types of suspension SystE~ms:

(a) crOlm straps - (Figure 15) crOlffi straps are normally

made of either nylon webbing or of one-piece plastic

construction. These straps are rigidly anchored to

the helmet shell at four, six or eight points. de-

pending upon the number of straps used. Attached to

(or in the case of molded plastic, integral with) the

crown straps is a headband which enc:~rcles the head.

At the forehead part of the headband is a sweatband

and at the rear on some models is a nape strap which

assists in retaining the helmet on the head when in

the bending over forward position.
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3.6.1.2
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Suspension System - (Continued)

The type of suspension system thus used will provide

tmtidirectional inpact energy absorption and in this

case will afford protection from blOt·1s to the top of

the head only.

The use of crown straps requires that a minimum dis-

tance exist bet\olE!en the top of the head and helmet

shell. The ANSI 289 standards require a minimum of

1 1/4 inches be maintained regardles 3 of wearer a.d-

ju.stment.

A1:tachment of the straps to the shell is normally

provided by through - the - shell ri'Tets or, in the

case of electrically insulating headgear by hook type

anchors seated in grooves or indentations in the shell.

Depending upon design, anchorages projecting into the

shell cavity may pose a hazard to thE! wearer by being

non-deformable. These will become high forge concen-

tration points wh,en a blm" is delivered on or around

their location.
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Suspension System - (Continued)

In general, lvhen a blm., is delivered to the apex of the

shell/suspension helmet, the force of imp~lct is efficil~ntly

attenuated by the systf~m.

As an example of the Dlteraction betl-leen tbe shell and sus-

pension consider Figures l6(a) and 16(b). Figure l6(a) shows

the headform response l11'hen a helmet of alnminwn shell 'and

four-point nylon webbing suspension is drc,pped a distance of

40 inches onto a flat rigid anvil. Figure 16(b) shoHs the

response for the same type helmet with riE,id steel straps in-

stalled in place of th(~ original ,~ebbing material.

It is seen that the suspension effectively reduces both peak

acceleration and onset rate (g/sec.) and spreads out the

impact over a longer period.

The suspension helmet lnll function well until the head/shell

distance approaches zero and the total remaining force of im-

pact is transferred dil~ectly to the head.

Such a case may be seen in Figure 17 where a helmet of poly-

carbonate shell and nylon suspension was dropped a distance

of 90 inches onto a rigid hemispherical anvil at the apex.
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3.6.1.3 Herits and vTeaknesses of Pa~E.!!~g and Suspension Methods.

The inherent characteristics of both impact protection systems

may be summarized as follows:

(a) Direction of Impact - padding material possesses the

ability to protect from blows to man:r head areas. To

offer the same protection, suspension type helmets

would need an elaborate system of straps and anchorages

to maintain head/helmet clearance in all directions.

(b) Protection Ability - impacts to the apex of helmets

with padding and with suspension hav(~ shmm that the

suspension helmet offers superior energy absorption

characteristics. In areas other than at the apex, how-

ever, present industrial headgear offer virtually no

protection whereas the padding type helmets are capable

of absorbing high energy blows in all directions.

(c) Comfort Factors

(1) Heat - suspension type helmets are more suited to

high temperature '-lorking condit:Lons as the head/

helmet clearance allows ventila1:ion. The padding

helmet which fits closely to the head will tend to

be uncomfortably hot.

Conversely, in cold environment:; the padding helmet

is more suitable.
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I
Herits and Weaknesses of Padding and Suspension Hethods. - (Continued)

(2) Fit - Both the suspension and p8.dding helmet, to fit

well, must conform to the contot:rs of the head. In

padding type helmets this may be accomplished by a

soft foam covering over the padc1.ing material. For

suspension helmets, the nylon webbing material con-

forms well tC) the head dimensio~s.whereas the molded

plastic susp(!nsions are not pliable and tend to produce

poorer fit.

(3) Weight - If designed properly, tr.e padding type he1me t:

will not be ,appreciably heavier than the suspension

type, becausl~ of the very low de:nsity of padding mat,a-

rials.

However, bee,ause of the large he:ad/helmet apex elear-

anee in the :suspension helmets, these will tend to

have a high center of mass and tnerefore will feel

II top heavy II ,..men worn.

(d) Ease of Maintenance - The suspension helmet is by far the

more easily maintained of the two. By removing the sus-

pension from the shell, both may be (~leaned or disinfected

or, if needed, a new suspension may be installed.
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3.6.1.3

3.6.1.4

3.6.2

3.6.2.1

Merits and Weak~esses of P~~ding and Suspensio1~~thods. - (Continued)

Host padding materials are not easily cleanable, and may

be damaged if cleaning is attempted. Thus, soiled padding

must b~ able to b,e removed and easily replaced with new

material or the padding mus t be covered with a material

which is resistant to contaminants.

The Hybrid

In many applications such as protective headgear for sports and helmets

for law enforcement officers, the relative rnerj~ts of both protective

padding and suspension have been combined to offer the best possible

protection.

Present Types of Head Protection

In the United States there are two basic 1eve1~: of industrial head

protective devices:

The industrial heltret and the fire hE:lmet.

The bump cap.

The Industrial Helmet

The standard industrial protective helmet, oftE:n referred to as a

hard hat or industrial he1IIl1~t, is governed by the following types

and classes according to ANSI Z89.1-1969 and A}'SI Z89 .2-1971:
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3.6.2.1 The Industrial Helmet - (Continued)

Type 1

Type 2

Class A

Class B

Class C

Class D

Helmet, full brim

Helmet, bJ:imless, with peak

Limited Voltage Protection

- Maximum Voltage Protection

No Voltage Protecti.on

Limited Voltage Protection, Fire Fighter's
Service, Type 1 only.

The most prevalent construction details of the~e head protective

services are:

1. A hard shell, some smoc:>th, others with re:f.nforcing ridges of

various designs. The most common shell materials are poly-

ethylene, p01ycarbonat,e, ABS (AcryIontriIE~-Butadiene-Styrene),

polycarbonate/ABS blend, aluminum, fiberglass, and resin-

impregnated textiles.

2. A suspensio~ which encircles the head usually of plastic con-

struction and adjustc;m Ie to a variety of f:izes. The suspension

provides impact protection from top of head blows.

3. A sweatband which contacts the workers head at least at the

forehead area. It is usually of a 1eathel:ette construction.
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3.6.2.1

3.6.2.2

The Industrial Helmet - (Continued)

Accessories for these helmets include:

1. A chin strap of fabric covered elastic which attaches to the

shell or suspension.

2. A nape strap usually of plastic material, sometimes containing

a plastic foam pad. It extends from the rear of the suspension

and encircles the occipital region of the head for retention

purposes.

Firefighter I S helmets are governed by the Z89.:L specification, how'-

ever, these are often thought of as being clasfiified separately be-

cause of their different construction. The shell materials for fire-

fighter's headgear are found to be made of leather, fiberglass, thermo-

plastic and aluminum.

The shells have large, contoured brims which are designed to shed fa11-

ing water. Chin straps found on these helmets may be of the elastic

type or of leather construction. The suspension may be of the type

found on industrial helmets but in some cases a cotton skull cap is

used in its place.

The Bump Cap

The bump cap is a small light helmet whose function is to serve as pro-

tection from bumps, cuts, and scrapes. Presen1:1y, no standard or

specification exists for this type of headgear.
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3.6.2.2 The Bump Cap - (Continued)

The bump cap consists of:

1. A light, smooth plasti.c shell of cap design which has a peak

but no brim. Some des:igns incorporate a rolled edge. Other

designs contain 2 to 4 inches of perforations for ventilation

on the sides of the cap.

2. A positioning suspension which secures th~ shell to the head-

band, usually of plastic construction and not designed to ab-

sorb impact forces.

3. An adjustable headband with size ranges marked. The headband

is usually made of plastic material and covered by a leather-

ette sweatband.

Manufacturing Capabilities

The purpose of this section is'to outline the c:apability of industry

within the United States and in foreign countr:'.es to manufacture the

types of head protective devices needed.

Present United States Production

In 1971, some 30 manufactur!;!rs and distributore: in the United States

sold over 15,000,000 industrial and firefighter's head protective

devices, as described in Sel~tion 3.6.2.
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3.6.3.1 Present United States Produetion - (Continued)

Table 10 lists 26 helmet models which appeared on the 16 February

- 1972 Qualified Products List of Construction Hc,rker's Helmets

(Federal Specification GGG-n-l42) [67].

Helmets having thermoplastic shells, the most ~bundant type. are

manufactured using injectiml molded techniques. There are an

estimated 30 molds in use in the U.S., each costing approximately

$20,000 (mold only, does not include molding ~chine).

Fiberglass shell helmets ar(~ normally of flocking/resin construction

and manufactured by common Inolding techniques. Helmets of aluminum

shell construction are produced by metal stamping methods. Helmets

of resin impregnated textil(~s are normally fabricated by application

of phenolic resin to several layers of textile matting.

Fireman's helmets of leathel: construction are made from sewn to-

gether segments of horse leather, contoured and. finished by hand.

Internal suspensions of the plastic type are injection molded.

Other types and materials of suspension components are manufactured

and assembled by various automated and manual production methods.
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TABLE 10. REUlET HODELS APPEARING ON
16 FEBRUARY 1972 QUALIFIED

PRODUCTS LIST OF CONSTRUCTION
WORKERS I HELHETS

Type I (Full Brim Hat)

L_ __
nAY'TON'T.BR'~·~NrNC.

"'7

MANUFACTURER

Apl~x-Fibre Glass Products

E. D. Bullard Co.

E. D. Bullard Co.

Thl~ Fibre Metal Products Co.

Hine Safety Appliance Co.

Mine Safety Appliance Co.

Hine· Safety Appliance Co.

Min.e Safety Appliance Co.

Willson Products Div.

Willson Products Div.

MODEL

Apex IF-1

Models 70-503DM, DL

Models 70-803DM, DL

Superglas

Type "K" "Skul1gards"

M.S .A. Glass FibE~r Hat

H.S.A. Topgard

M.S.A. V Gard

Style No. 3STH

Model 8STH

Am~rican Optical Corp.

Type II (Cap with Peak)

X l6A

Ap4~ Fibre-Glass Products

E. D. Bullard Co.

E. D. Bullard Co.

E. D. Bullard Co.

Caln-Hi Safety, Inc.

Thl:! Fibre-Metal Products Co.

Thl~ Fibre-Metal Products Co.

Apex IF-2

Models 70-S02DM, DL

Model ES502

Model 70-802-D

CH-69 Raintrough

Superglas

Super1ectric E-2 Cap
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NANUFACTURER

Type II (Cap "lith Peak)_
(Continued)

MODEL

Jackson Products SC-3

Jackson Products SC-lO

Mine Safety Appliance Co. Type liB" "Skullg.:l.rds"

Mine Safety Appliance Co. M.S .A. Glass Fib,~r Hat

Mine Safety Appliance Co. H.S .A. Type B Sk1Jl1gard

Mine Safety Appliance Co. H.S .A. V Gard

Welsh Hfg. Co. Polycap

Welsh Mfg. Co. CAPAT

Willson Products Div. Willson Products No.5 STC

Willson Products Div. Style No. 9 STC
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3.6.3.1

3.6.3.2

L x-.
DAYTON T BnOlN'N JNC.-- ,

Present United States Production - (Continued)

With the exception of the leather firefighter':;; helmet, modern

mass production techniques have been applied tJ the manufacture

of industrial protective headgear.

This accounts for the relatively low retail prlce of industrial

headgear. Industrial helmets conforming to AN:H 289 standards,

depending upon design and rr~terials, will cost the consumer

approximately $3-6 each.

Foreign Production

Most industrialized nations of the world manufacture and use

industrial head protective devices. Most nations have their

own specifications, hO\-1ever, many western European countries

adhere to ISO standards.

Although actual total production figures have heen difficult to

obtain, the following estimates have been obta:~ned for three

representative countries:

West Germany

Australia

Japan

3,000,000 units/year

300,000 units/year

6,000,000 units/year
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3.6.3.3 Required Modification for ]~ved Head Protective Devices

The production of head protective devices to m~et the needs of the

industrial and firefighting environment as dev2loped in this study

will require modification of existing designs and/or totally new

headgear.

The need for standardized i.dentification markitlgs and consumer in-

formation appearing on each head protective device will, by itself I'

necessitate modification of all existing indus trial helmet shell

molds and dies.

As has been previously stated, the impact protl~ction afforded by

industrial headgear should be extended to incl'Jde the front, rear

and sides of the head as well as the top.

Modification of the present shell/su~pension dl~sign will be needed

in order to effect this change.

Manufacturers may be expected to incorporate various types of pro-

tectivc padding and suspension arrangements depending upon the

chosen design t materials and manufacturing methods.

It is expected that all requirements set'forth herein are within the

state of the art technology. The apex impact requirement (72 inch

impact drop - 80g muimum h,ead accelera't!ori) of CLASS 1 t CLA.SS 2,

CLASS 4 headgear may pose some problem to designers.
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3.7 Matrix

The needs of industrial and firefighter's head protective devices

may be tabulated with respect to devices prese:ltly available, de-

vices which may be produced wi th present techn"logy, and current

standards which apply to the need.

As such this represents a matrix or guideline ',y which recommended

standards may be developed.

The matrix is presented as Table 11 and considl~rs the following

need categories:

Table 11.

(a) Impact Protection, fall to different level hazard

(b) Impact Protection, struck by object hazard

(c) Impact Protection, fall on same level hazard

(d) Penetration Resistance, fall to difft~rent level hazard

(e) Penetration Resistance, struck by object hazard

(f) Penetration Resistance, fall on same level hazard

(g) Retention, fall to different level hazard

(h) Retention, struck by object hazard

(i) Retention, fall on same level hazard

(j) Operating Temperatures

(k) Electrical Resist,ance

(1) Flammability

(m) Mois ture Resis tance

(n) Weight

(0) Identification Markings
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4.0 EVALUATION OF CURRENT STANDARDS

The ANSI Z89.l and Z89.2 cU'rrently govern it1du~trial and fi:ce-

fighter's helmets sold in ~1e United States. ~~e performance

requirements of these stand,ards are summarized. in Table 12.

4.1 Background of the ANSI Standards

The existing ANSI Z89 Class A, B, C and D head~;ear have evolved

from previous standards and represent a compil~ltion of many

different requirements which have been found te, be necessary

through the years.

Fragments of research and test methods develope:d over the past

50 years form the basis of these standards. Consequently,

much of the reasoning which led to the product:l.on of the per-

formance levels has been lost.

Many of the researchers res'ponsible for the det'ivation of the

methods and procedures of the old standards arE~ deceased and

the files and test reports surrounding their we,rk has been lost

or destroyed.

We may trace the development of the ANSI standnrds which is

shown in Figure 18. The cO'mplete titles of thE!se standards are:
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4.1 .~~~k..Bround of the ANSI Standards - (Continued)

Z2.1-1921 American Standard Code for the Protection of

Heads, Eyes and Respiratory Organs.

Z2.1-1938 American Standard Code for the Protection of

Heads, Eyes and Respiratory Organs.

Federal Specification GGG-H-142

Z2.1-1959 American Standard Safety Code for Head, Eye and

Respiratory Protection.

AP-1-1961 Specifications for Electrical Workers Insulating

Safety Headgear, EdisOll Electric InstitutE:.

Z89.1-1969 American National Standard Safe ty Requirements

for Industrial Head Prl)tection.

Z89.2-1971 American National Standard Safety Requirements

for Industrial Protect:lve Helmets for Electrical lvorkers,

Class B.

Of particular interest in the progression of these standards is

the development of the performance requirements.

The bulk of the Z89.l-1969 !ltandard appeared in the Z2 .1-1959.

Thus, we may focus our attention at the 1938-1959 standard evolution.
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Z2.1-192~

Z2.1-193~

Fed. spe;-l
GGG-H-H~

r - -....,-.'--- ......
I
I
I
I
I
I
I

EEl AP-1-1961

Z89.2-1971

Z2.1-1959 ]

Z89.1-196J

FIGURE 18. Development of the ANSI Industrial Helmet Standards
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4.1.1 Impact Protection

Prior to the 1959 standard, the impact test was conducted by

adjusting the helmet's crmm straps to allow 1 1/4 inch crclwn

clearance, a sheet of white paper backed up by carbon paper

was then lined inside the shell. The helmet "1.:1S then mounted

on a wooden hat block and an 8 pound s teel sphl~re was dropped

a distance of 5 feet onto the center of the C'r-own of the helmet.

"The transfer of marks from the block or strap:; to the crown,

or vice versa, shall indicate failure to withs::and the impact

from this same blow without breaking or forcing the hat down over

the head" [68].

In July 1949, the New York Naval Shipyard reported [69] the

results of a program to inv,:!stigate possible improvements in

this procedure.

In their words, "it was considered desirable tCI develop a method

whereby the magnitude of thl! force transmitted by the impact to

the hat block could be evaluated quantitatively." Their work

resulted in the construction of an impact test apparatus consisting

of a hat block mounted on a simply supported beam to which strain

gages were attached. The strain gage output was amplified and

displayed on a cathode ray oscilloscope, providing a record of

the force transmitted throu~~ the helmet.

In August 1951, the Material Laboratory [70] engaged in a project

to develop a simplified imp~lct test evaluation method for brand

approval and inspection test purposes.
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Impact Protection - (Continued)

It was noted that the carbon mark transfer method was tI ••• found,

in general, unsatisfactory and in many cases c')mpletely inadequate

in evaluating drop ball impact performance."

The developed strain gage u,ethod was not considered a viable

solution because " •••of the relatively intricate procedure in-

volved in recording and calibrating the transient force-time curves."

Their final effort produced an apparatus wherehy the force trans-

mitted through a helmet under test was measured by means of a

mechanical indentation gage. This system called the "Brinell

Impression Method" consisted of havin~ a hat block apply force by means

of a hardened steel ball to which an aluminum har whose Brinell Hardness

has been predetermined. The diameter of the resulting impression in

toe aluminum bar, when read with a micrometer laicroscope, represents

a measure of the transmitted force.

The diameter of the impress:lon could be evaluated by the following

Brinell hardness formula:

where:

F ... transmitted force j~n pounds.

H iii average Brine!! hardness number of the impression bar

D ... diameter of impression ball, mm

d .. diameter of impression, rom
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4.1.1 Impact Protection - (Continued)

This test method was adopted in Federal Specif:lcation GGG-H-l42

and later Z2.1-l959 and exists in the ANSI Z89 standards almost

exactly as developed by the Material Laborato~,. The Brine11

penetrator assembly as specified in ANSI Z89 in shown in Figure 19.

The developers of the Brinel1 impression method, as a result of

impacts on 69 helmets demonstrating an average transmitted force

of 1090 pounds, recommended that a performance standard using this

method should limit allowable transmitted forcE~s to a maximum of

1000 pounds average force of the samples tested and a maximum

individual force of 1500 pounds. Although the actual progression

is not known, it is noted that Federal Specific.ation GGG-H-142 re-

qUired a maximum average fo:rce of 850 pounds wjth no limitations

on peak individual forces. Z2.1-1959 adopted this same requirement.

The ANSI Z89 standards now limit transmitted forces of 850 pounds

maximum average and 1000 pOlmds maximum individual.

It should be noted that in the Z2.1-1959 standard a Class C headgea~l

for limited impact protection and having no electrical protection

was specified. This helmet II specifically intended to refer to the

metallic helmet, was subjected to an impact of a 3 foot drop of the

8 pound steel sphere. This deviation from the 5 foot drop height

was later omitted from the ANSI Z89 specifications.
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4 .. 1.1 Impact Protection - (Continued)

Two other impact test developments are noteworthy:

(a) Headforms - Originally, a single \<700den headform of unknown

dimension was used fot' the carbon mark trans fer method.

With the development cof the Brine11 Impression method [71],

a set of six wooden ha.t blocks of the typ'~ used for shaping

the crowns of felt hats of different head sizes were employed.

Subsequently, a set of four wooden headfo rlnS were produced

from AML head size standards (Section 3.3) and used for

impact evaluation. The present ANSI speclfications require

the use of the AMI.. size medium headform f,)r all impact tests.

Presently, the short supply of wood headfl)rms has led to the

use of an aluminum headform as marketed b:7 the Industrial

Safety Equipment Association.

(b) Crown Clearance - Understandably in the ilnpact test, a variation

in helmet crown clearance adjustment could yield vastly differing

test results. To overcome this problem, l:he authors of the

ANSI Z89 specifications eliminated the Z2.1-l959 requirement

for adjusting crown clearance to 1 1/2 in(:hes and mandated that

all industrial headgear when suspension in in its most relaxed

position should have no less than 1 1/4 inch crown clearance.
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4.1.2

4.1. 3

Penetration and Low Voltage Insulation Resist~lce

The currently specified ANSI Z89 Penetration fu~sistance Test

and Low Voltage (2200V) Insulation Resistance ~l'est were in effect

at the time of the Material Laboratory impact test investigations [69].

In addition, the current performance requirements for water absorption

were also governing protective hats.

High Voltage Insulation Resistance Test

Concern over the number of fatalities to electrical workers due to

contact of the head \.n.th sources of electric current led the

Accident Prevention Committl~e of the Edison ElE~ctric Institute to

develop a specification for high voltage electrically insulating

headgear (EEl AP-l-1961). This requirement has: been adopted in

ANSI Z89.2-197l for Class B headgear.

4 .:~ Inadequacies of the Z89 Test Methods

The specific attributes of the·Z89 test methods will be treated

in detail in Section 5.2; the following, however is an overview

of some of the more obvious inadequacies of the Z89 tests.

Impact Test

The drop ball impact using the Brine11 Penetrator Assembly "7as, as

previously stated, developed as a simplified impact test for inspection

test evaluations. At that t:ime, the mechanical test offered simplic~ity,

ease of evaluation, low testing cost and, at that time, more re-

producible results than morE! sophisticated force measuring devices.
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Impact Test - (Continued)

L ......_..__
DAYTON 'T.BnO~N ZNC.--,

4.2.2

It is apparent that certain factors, which at one time were

considered insignificant, are causing a relatively large scatter

in impact test results. TIlese are summarized as follows:

(1) Degree of homogeneity of impression bars.

(2) Accuracy of impression bar hardness measurement.

(3) Elastic deformation of impression bar at the point of

impact.

(4) "Mushrooming" at the e:dges of the impression bar giving

rise to inaccurate meB,surements.

(5) Variation in drop ball impact point.

In addition, the Z89 impact test apparatus doe; not provide

for impacts at areas other than at the apex of the helmet.

Penetration Tests

This portion of the standard should be revised to reflect the state

of the art of helmet testing. The present method requires that

penetration of the helmet shall not exceed 3/8 inch (measured along

the side of the point of the plumb bob) when a one-pound plumb bob is

dropped from a height of 10 feet into the apex of the helmet. The

test is conducted at room ambient temperature and the results reported

as the average result of the three helmets tested.
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4.2.3

Penetration Tests - (Continued

The existing method of measurement is inaccurate and does not

account for the existence (If transient deformation of the helmet

shell. The test should be conducted at high and low temperatures

as well as at room ambient in order to assess the variation of

helmet material mechanical properties with temperature. In

addition, the helmets should be tested on the sides, in addition

to the penetration tests at the apex.

Electrical Insulation Test

The electrical insulation test, while essentially adequate for

evaluation purposes fails to:

(1) specify instrumentation accuracy;

(2) explicity define breakdown voltage.

4.3 Review of Standards

The specifications for industrial head protect:lon in countries

other than the United States have followed the basic concepts of

the ANSI test methods.

In particular, the standards of Canada, Great Britain and Australia

closely parallel the Z89 standards.

Tables 13, 14, 15 and 16 summarize the standard designations, per-

formance requirements, test methods and user information of the

U.!:., Canadian, Australian, British and New Zen1and standards.
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4.:3 Review of St.andards - (Continued)
L.. ..........

D.A.YT'ON T BR01VN INC'.--,
The most radical departure of this trend is se,::m in the newly

developed New 7~aland specification (NZS 2264:1970) for maximum

protection industrial head protection.

It is readily apparent that none but the New Z(~aland standard

have realized the need for providing helmet rel:ention.

Of significance is the departure from the Brincdl impact evaluation

method in the Light Duty British Standard (BS 1.033: 1966) and the

New Zealand standard which have sought to more accurately measure

impact performance.

The only other major departure from the norm i!l the edge stiffness

test of the Australian standard which somewhat resembles the now

defunct edge stiffness test of the Z2.1-l959 U"S. standard.
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5,,0 CRITERIA FOR RECOl1HENDED STANDARDS

5,,1 Performance Criteria

It has been determined that: the overall problem of pro-

viding adequate head protection for industrial workers and

firefighters may best be al:comp!ished by four levels of head

protection:

(1) Maximum Duty - for use by industrial workers in extremely

hazardous environmentu where work on elevated surfaces

risks the precipitation of falls and where there is con-

siderable risk of being struck by falling or flying ob-

jects.

(2) Medium Duty - for use by industrial workers in moderately

hazardous environrnentH where there is considerable risk

of being struck by falling objects and where imperfect

working surfaces create a risk of slips and falls.

(3) Light Duty - for use by industrial workers in low hazard

areas where working surfaces create a risk of slips and

falls and where object.s in the work area create a signif-

icant bump-into hazard.
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5.1 Performance Criteria - (Continued)

(4) Firefighter's Headgear - for use by indiv~duals en8aged in

municipal firefighting activities ~vhere there is considerable

risk of being s truck by falling debris and where walki~g sur-

faces are such that a slip and fall hazard is prevalent. In

addition, firefighter's headgear must be highly resis tant

to fire and heat.

The following sections develop the attributes Hnd levels of per-

formance for these classes.

5.1.1

5.1.1.1

General Requirements

Materials

Industrial protective head~~ar for general use will be subjected

to varying degrees of user abuse and environmer:.tal exposure.

For this reason all industr:laland firefighter's headgear must

demonstrate:

(a) durability of matE~rials - Durability is a qualitative

requirement which must be designed into the headgear,

and which may be Ewaluated by the user. A manufacturer

who does not produce a helmet which will stand up to

the abuses of the wearer will find difficulty in market-

ing it.
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5.l.1.l Materials - (Continued)

(b) resistance to sunlight - No helmet should be severely

attacked or have its performance degraded by ultra-

violet radiation. Although all materials will show

some degradation 'nth age, most helTllE:t materials .~ppear

to be unaffected loy exposure to the E:lements [72].

This, of course, does not guarantee performance of

future designs, and a test trethod is desirable. How-

ever, the most reliable weathering ir,formation must

come from actual l=xposure which is nc,t well suited to

laboratory test. Present methods of artificial U.V.

conditioning such as the weatherometer, '\-1i11 not per-

mit uniform and realistic exposure of a helmet. Until

better definition of the U.V. condition is made, the

requirement must be left to. the integrity of the manu-

facturer.

(c) compatibility with the wearer - All materials which come

in contact with the wearer's head must not cause skin

irritation or disE~ase and must not be affected by per-

spiration, body oj~ls or normal hair preparations. In

addition, the structure of the helmet must not possess

inherent risks to the wearer. That is, all edges of the

helmet must be smooth and there must be no rigid i.ntel"nal

projections which may cause injury to the wearer in the

event of an impact.
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5.1.1.1

5.1.1.2

Materials - (Continued)

(d) resistance to common cleaners - All helmets must lvith-

stand soap and wa.ter cleanings by the user. This should

extend to common household detergents and, of course,

any cleaners rece,mmended by the manufacturers.

Helmet Assembly

All industrial and firefighter's helmets must ';>rotect all areas of the

upper part of the wearer's head. This area m~f be described as

lying above the reference plane of the head. The reference plane

is an immaginary plane which lies a specified distance above and par-

allel to the basic plane. The basic plane paS:3es through the centers

of the external ear openings and the lower edgl~s of the eye sockets,

as shown in Figure 20. The distance between the reference and basic

planes will be proportional to head s;tze and therefore must be de-

signated on appropriate positioning headforms.

It is not intended that all protective headgeal~ should limit pro-

tection to the upper area of the head. It is desirable that as much

of the head as possible be protected, however, hea,dgear for

general industrial and firefighting use must bu compati.ble with exist-

ing forms of eye, ear and r,espiratory personal protective equipment. Thus s

any required area of protection should be limited so that H does not

conflict with the space requirements of other protective gear.
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S.1.1.2 Helmet Assembly - (Continued)

Helmets designed for incree.sed area of protectioo must not interferE:

with wearer's vision. To accomplish this, no l~ss than 120 0 periph-'

eral "ision to each side of the mid-sagittal, p Lane must be maintair..ed

from the basic plane to the brow opening of the helmet Figure 21.

In order to meet the needs of industrial and firefighter's head pro·-

tection a11 helmets must provide:

(a) outer shell - The outer shell of a helmet must be hard

and non-brittle tC) resist penetrating: objects and to

spread impact loading. The shell must be as smooth as

possible to minim:lze head rotation aI1.d ward off glancing

impacts. In the area above the refeI·ence plane, the

shell must be of lmiform strength ane. thus have no holes or

gaps,and must be of nominally uniform thickness.

For eye protection and ease of placement each helmet must

have a peak extending, as part of the shell, oyer the eyes.

The peak must be .'1 minimum of one inc:h in width al1d to re-

duce the possibi1:lty of head rotatior.. from falling object

impact, should be no greater than twc, inches in width.

The peak should e:lttend to at least the biocular diameter

(distance between the outer corners clf the eyes) which is

approximately two inches to each sidE! of the mid-sagittal

plane for the 50th percentile male [Lf8].
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5.1.1.2 Helmet Assembly - (Continued)

In some applications it may be desireble for the helmet

to have a brim wh:lch extends the full circumference of

the helmet for deflecting water. In this case

brims on industrial helmets should be no greater than two

inches in width .

For firefighters use, brim dimensions and contours will

be as selected by the user. Some firefighting department:;

have gone to great lengths· to accurately describe brim

contour requirements [73]. Many fire departments are

currently investigating the use of OI:.e piece protE~ctive

suits and helmets with integral eye protection. In these

cases no peak or brim need be required.

(b) force attenuating medium - It is imperative that the forcl~

attenuating medium used in the helmet be it protectiTe,

padding or a suspension systero,have the following charac-

teristics:

be moisture and perspiration resistant

be easily cleanable (exposed padding and straps)

cements m.ed for the installa.tion of protective
padding must be weather and perspiration resistan':
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5.1.1.2 Helmet Assembly - (Continue.d)

(c) retention system - The helmet must have a chin strap

or some other means of retaining the helmet on the

head with equivalent strength. Straps used must be a

minimum of 3/4 inch in width to elimlnate concentrated

loading and to maximize comfort.

(d) identification markings - For purposes of identification,

each helmet must have a clearly visible marking depicting

the class of protection. In order tl) optimize visibility

a seal on the forehead part of the :3hell, such as that .

shown in Figure 22, should be molded as part of the shell.

These markings are:

Maximum Duty - CLASS 1 -(0
Hedium Duty - CLASS 2 -0
Light Duty - CLASS 3 -0
Firefighter - CLASS 4 -(0

In addition, on. the underside of the peak or brim, the

following information must appear:

Class of Headgear

Manufacturer's Name

Model Designation

Month and Year of HanufacturE!

Recommendl:!d Cleaning Agent
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~ r-1-SHELL THICKNESS

J-SHELL THICKNESS PLUS 1/16 MINIMUM

-(a) GU~SS1_.- Mj\X.lrvlUIV! DUTY HEADGEAR

]b)CL~ssi.-MEDIUM DUTY HEADGEAR

Jc)(;LI\S~_3.~ L1ClHT DUTY HEADGEAR

- ._- - .. _ .. ....,.--._- ._._-- ---.. --_. --_._-----_.----+. -.- .. -. - --

Jd) CL~SS 4.- FI REFIGHTERS HEADGEAR

- -- --- ~- -. -

FIGURE 22 IDENTIFICATION MARKINGS
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5.1.1.2 Helmet Assemb!x. - (Continued)

This information ~must be permanently molded, stamped,

branded, engraved or etched into the shell material.

In this manner, the user will have this important in-

formation readily available. This will also aid the

employer by assuring him that the helmet used is correct

for the applicatinn. This will also assist him when it

is determined that replacement of thE! entire helmet or

parts of it is necessary.
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5.L2

5.1.2.1

Performance Requirements

Impact Attenuation

In keeping within the basic impact protection needs of industrial

and firefighter's headgear, we may develop the impact performance

requirements of the various levels of protection:

5.1. 2 .1.1 Output: Human Tolerance - for purposes of assessing the helmet's

ability to mitigate the effects of a blow to the head, we must

evaluate a helmet's impact performance in tenrnl of available human

tolerance data.

A. Lateral Impact - In Section 3.3, it was shown that severe

injury to the front, rear and sides of thn head may be reduced

by controlling cerebral concussion.

Subsequently, it was shown that the Head Injury Criterion has

been accepted as a mea:rlS of assessing head impact response,

such that the concussion injury threshold is not reached.

Thus, the Head Injury Criterion must be ufied as a failure in-

dex for all helmet imp,acts except those o<:curring at the hel-

met apex.
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5.1.2.1.1 Output: - (Continued)

B. Apex Impact - As stated previously t the b:Lomechanical response

of the human to an impact to the top of a protected head is

not well defined. Many researchers have .lssumed that such

impacts must be governed by the brain conl:ussion inj ury tolerance.

This has not been demonstrated. On the o1:her hand, many have

voiced concern that top of head impacts may accelerate the head

downwards with such magnitude that cervical fracture will result.

Because of this lack of definitive data, :It is considered essential

that the present Z89 apex impact failure levels, which have not

shown a large incidence of cervical or concussion injury be main-

tained. It is understood that this repre:;ents a conservative in-

jury estimate, however, such a safety factor can only be expected

to save the lives of more workers.

Head Injury Criterion evaluation requires the measurement of head

acceleration. The present Brinell penetrator assembly does net

allow this. The use of an instrumented headform as an impact test

device is required. As such, it is benef:lcial to conduct all im-

pact evaluations on one fixture, so a cor-relation is necessary

between the Brine11 method, and the instrumented headform method.
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5.1.2.1.1 Output: - (Continued)

The correlation is necessary because the Brinell method is

known not to accurately measure impact fl)rce.

The developers of the Brinell Impression apparatus [70] state:

"In the Brine!1 Impression method, the mHasurement of transmitted

force, made by means of a mechanical ind.mtation gage, represents,

in effect, an "integrated" or summation .,alue."

As shown in Photographs land 2, the Brinell Impression apparatus

response was compared by means of a cont1~olled impact. An instru-

mented drop mass having a 3.8" diameter, hemispherical anvil

attached was dropped such that the potential energy of impact

was equal to 40 ft.-lb., onto the Brinel]. apparatus. An HEP

(1" open blue Modular Elastomer Programm(~r, MTS Systems, Inc.)

was mounted to the Brinell assembly. ThE~ weight of the MEP and

its mounting was adjusted to equal the wEdght of the standard

ISEA headform (Photograph 7).

Twenty drops were mad,a with a calibrated load washer mounted in

place of the impression ball and aluminun bar. These results,

shown in Table 17, yielded a mean peak tl~ansmitted force of

3,423 pounds.
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TABLE 17.

STATISTICAL VARIATION IN 20 DROPS USING
INSTRUHENTED DROP MASS AND LOAD ,,-rASHER

l-lOUNTED IN PLACE OF ALUMINUM IMPRESSION BAR

LOAD WASHER READINGS

DROP NO. FORCE, F H-F (N-F) 2
-

43 3,401 1bs. +22.4 1bs. 501. 76 1bs.
44 3,368 +55.4 3,069.16
45 3,501 -77.6 6,021.76
46 3,463 -39.6 1,568.16
47 3,449 -25.6 655.36
48 3,417 + 6.4 40.96
49 3,448 -24.6 605.16
50 3,524 -100.6 10,120.36
51 3,463 -39.6 1,568.16
52 3,467 -43.6 1,900.96
53 3,459 -35.6 1,267.36
54 3,366 +57.4 3,294.76
55 3,436 -12.6 158.76
56 3,418 + 5.4 29.16
57 2,419 + 4.4 19.36
58 3,310 +113.4 12,859.56
59 3,359 +64.4 4,147.36
60 3,379 +'.4.4 1,971.36
61 3,429 - 5.6 31.36
62 3,391 +32.4 1,049.76

r 68,467 1bs. 50,880.60 Ibs.

MEAN (M) = 68,467
20

= 3,423.4 1bs.

SrA.~DARD DEVIATION (9) = + Jr(M-F)2 I = + r;;lO.60
n-l - 4~)

... + 51. 75 Ibs. (1.5%)
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5.1.2.1.1 Output: - (Continued)

Next. the same apparatus vnth the standard indlmter and aluminum

impression bars (25 - 0 aluminum t 23.6 Brinell Hardness) was then

subjected to 22 drops of the same magnitude. Computed values of peak

force ,,,ere made by measuring the diameters of ':he impressions in

the aluminum bars (Photograph. 3). using a toolmakers microscope,

and are shown in Table 18. The mean peak tran:;mitted force is seen

to be 3122 pounds.

The differences may best be atrributed to energy absorbed in defoming

the aluminum bar [74].

The next series of tests were conducted by dropping the mass onto

the MEP, where the MEP was rigidly mounted with a load washer be-

neath it to the back-up anvil. This instrumented mass/rigid anvil

is basically the same configuration as the ANS:: Z90.1 instrumented

headform/rigid anvil as shown in Photograph 4. Converted to force t

the acceleration readings, Table 19 t show a menn peak transmitted

force of 2906 pounds.

The ratio, then t between rigid anvil drop mass acceleration (conveI'ted

to pounds force) and Brinel1 pounds is:

Drop Hass
Brine11

= 2906 = 0.931
3122
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MEAN (M) = 68,685
22 = 3,122.0 1bs

STAt'iDARD DEVIATION (5) = + rEO-I-F);'
- ~- n-1

- + J 990,1':;'
- 21

- ± 217.14 1bs. (7.0%)
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TABLE 19.

STATISTICAL VARIATION IN 20 DROPS USING
INSTRUHENTED DROP MASS AND MEP ON RIGID ANVIL

ACCELEROHETER READINGS

DROP NO. ACCELERATION, G FORCE, F H-F (H-F) 2

1 261 g's 2,913 Ibs. - 7.4 lbs. 54.76 1b~: .
2 258 2,879 +26.6 707.56
3 259 2,890 +15.6 243.36
4 259 2,890 +15.6 243.36
5 261 2,913 - 7.4 54.76
6 260 2,902 + 3.6 12.96
7 261 2,913 - 7.4 54.76
8 262 2,924 -18.4 338.56
9 260 2,902 + 3.6 12.96

10 261 2,913 - 7.4 54.76
11 262 2,924 -18.4 338.56
12 261 2,913 - 7.4 54.76
13 257 2,868 +37.6 1,413.76
14 261 2,913 - 7.4 54.76
15 261 2,913 - 7.4 54.76
16 261 2,913 - 7.4 54.76
17 259 2,890 +15.6 243.36
18 261 2,913 - 7.4 54.76
19 261 2,913 - 7.4 54.76
20 261 -b913 · - 7.4 54.76

L 5,207 gIg 58,112 1bs. 4,156.80 Ibs.

MEAN (M) = 58,112--20-- = 2,905.6 Ibn.

STANDARD DEVIATION = + ~ L (11-F) 2- J n-l
I = + ~ 4156.80 Ibs.2'

- ~ - 19

=j:14.791bs (+0.5%)
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5. L 2.1.1 Output: - (Continued)

We may now apply this ratio to the 1000 pound Brinell failure level

for individual blows.

1000 Pounds x 0.931 = 931 Pounds

or,

931 lb f = 83.lg

11.2 Ibm

It is thus concluded that when tested on the Z90 fixture, the head

acceleration equivalent to the Z89 Brinell pounds is 83g.

For purposes of test, impact evaluations may be conducted with an

BOg head acceleration failure criterion.

At this point, it is well tC) note the differences in measurement

variation.

Accelerometer readings - standard deviaticn = 0.5%.

Brine11 penetration readings - standard deviation = 7.0%

The Brinell apparatus, even tmder closely controlled impact conditions

is seen to be a comparatively imprecise measuring device.

For any given impact energy " helmet response will be different for

the Z89 and Z90 fixtures due to differing impact velocities. To

demonstrate this, impacts were conducted on twelve helmets of high

density polyethylene shell/nylon suspension type; six on thE! Z89

fixture and six on the Z90 fixture. The results are shown below:
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5.1.2.1.1 Output: - (Continued)

FIXTURE

Z89
Z89
Z89
Z89
Z89
Z89

. FIXTURE

Z90
Z90
Z90
Z90
Z90
Z90

PEAK FORCE

752
920

1188
732
705
720

Average = 836

EQUIVALENT
BRINELL FORCE

636
777
843
701
742
757

Average = 743

The tendency of the samples tested to demonstrate suspension

mounting failure was apparent under both test conditions as is

shown in Photographs 5 and 6.

Regarding a tolerance limit of 80g, if the rigid body motion of

the head is shown to be the controlling facto): for apex blows,

80g may be expected to be well wi thin toleranl:e limits

[75, 76].

5.1.2.1.1 Input: Applied Impact Energy -

A. Falls to Different Levels. From studies of accident data, it

has not been possible to derive required impact energy from the

fall to different level accident. Height: of fall and conditions

of impact are random occurrences.

It is therefore necessary that the applif~d impact is such that

" •••maximum possible protection is the d(!sired goal" [77].

The state of the art :must be assessed and the best available per­

formance must be used as an indicator of current helmet technology.

-1273 Vol. I Page 147



5,,1. 2.1.1 Input: - (Continued)

Helmets designed for 'rehicu1ar or military applications,

while capable of high impact energy absorption are not suited

to industrial uses.

The quantities balancj~ng protective features and human

factors must be anal~:ed [78] and only a helmet designed for

industrial applications is suited for state of the art assess·-

ment.

The only industrial hE~lmets produced which provide a high

degree of lateral impt~t protection are those designed to

NZS2264:l970.

Standard maximum prote,ction industrial helmets, supplied

by Noel Daly, Ltd. of New Zealand were us,~d for the analysis.

The impact test fixtur~ used was the Z90 type with rigid flat

steel anvil, chosen to simulate a rigid floor surface. Head-

form acceleration output was analyzed by t~omputer and values of

Head Injury Criterion calculated.

The results, shown in Table 20, illustrat(~ that the helmet

1s capable of passing the Head Injury Criterion tolerance limit

of 1000. Following the evaluation, the manufacturer stated

that with modification to the helmet. conststent passing values

could be expected.
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TABLE 20.

IMPACT RESULTS OF HAXIHUH PROTECTION
NEW ZEALAND INDUSTRIAL HEL~1ET, FLAT RIGID ANVIL

HEAD INJURY
DROP HEIGHT, (Inches) LOCATION CRITERION

75 Forehead 1295
75 Forehead 1261
75 Forehead 1168
72 Forehead 1118

75 Left Side 974
75 Left Side 996
75 Left Side 841
72 Left Side 974

75 Right Side 1095
75 Right Side 1059
75 Right Side 846
72 Right Side 1055

75 Rear 1230
75 Rear 1473
75 Rear 1277
72 Rear 1355

AVERAGE HIC = 1126
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5.L2.1.l Input: - (Continued)

It has therefore been concluded that an irrpact of 72 inches

onto a flat anvil is within the capability of current helmet

design;>

B. Struck By Falling Objects. The philosophy ,..hich was necessary

in arriving at the impact level for the fall to different level

hazard applies in general to falling objects striking the head.

We must look to the ma:dmum attainable within the state of the

art.

However, it is desirable that at least equal if not greater im·-

pacts be attenuated fo:::, top of head blows. For apex impacts,

head acceleration must be limited to 80~

An additional consider.ltion is the impacting surface. The flat

anvil is reasonable fo:r approximation of the fall accident but

is not a realistic random falling object.

A hemispherically shap,ad anvil such as the type used in ANSI Z~O

(1.9" radius) has been selected. It should be noted that the

ANSI Z89 drop ball is ,also of 1.9 inch rac.lus.

Using these constraints, impacts were conducted at varying dro}

heights on Z89 type helmets on the Z90 fb:ture impacting on th;a

hemispherical anvil, the results of which are shown in Figure 23.
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5.1. 2 .1.1 Input: - (Continued)

For purposes of investigating the effect of a flat anvil drop,

tests were also conducted on Z89 helmets on the Z90 fixture

using a flat anvil, shown in Figure 24.

The post impact photographs of 9 helmets, three each from three

manufacturers, tested .at a 75 inch drop height are shown in

Photographs 10, 11 and 12.

It was noted that flat anvil impacts on oc:casion caused errati,~

suspension mounting faUures. For helmet model A in Figure 23,

no suspension mounting failures were seen until a height of 80

inches was reached, Phc)tograph 13.

For helmet models B and C, suspension mounting failure as shown

in Photographs 14 and 15 was seen at the 40 inch drop level and

did not appear at the higher levels.

One particular helmet triode1 , not depicted, showed repeated riVl~t

pull-out when impacted on the flat anvil and no apparent damage

when impacted on the hE!Inispherical, all impacts being conducted at

the 40 inch drop. These facts further indicate the undesirabillty

of the flat anvil apex impact.

In summary, tests indicate that a 72 inch drop onto a hemispherical

anvil ,dth an 80g head acceleration has not been demonstrated 'Hith

present helmets, howev€:r, at least one manufacturer feels that the

level is attainable. Until such time as prototype research deter-

mines that such a level is not within the ~apabilities of current

technology, the above requirement must be 'retained.
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5.1.2.1.1 Input: - (Continued)

c. Fallon same Levei Impact. Unlike the F''lll to Different Level

and Struck By Falling Object accident, the Fallon Sarre Level

accident is somewhat more definable.

In the worst case, if one were to fall o',er, pivoting on the

feet and the head struck the ground with no resistance to

motion, impact energy would equal the he:lght from the floor

to the head times head weight. Such mot:lon is not connnon

place.

Falls to the left and right side will be "broken" by the

shoulders. In fran tal falls the hands lnay be used for

protection. From a study of head bruises, contusions and

lacerations for the state of Wisconsin, ,~e find that in the

fallon same level accident, impacts are four times more

likely to occur at the rear of the head l:han at the front.

The severity of the fall accident will also be heavily de-

pendent upon the rigidity of the impactin~ surface.

For example, -when an instrumented drop mass (with HEP attached)

impacts a flat steel anvil, 8.8 ft-lb potential drop energy

will yield 200g acceleration. Hhen a If'l" steel plate is im-

pacted, 16.7 ft-lbs produces this same ac:celeration.

If we apply this 90% drop height differential to the 68 inch

tragion (ear) to floor height for the 95th percentile male, we

are left with a 35.5 inch head drop.
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5.1.2.1.1 Input: - (Continued)

A 36 inch head drop for the light duty helmet, being one half

the 72 inch drop distance for the maximum duty, is considered

both necessary and sufficient to protect the head in this

application.

5.1.2.2 Penetration Resistance

The penetration resistance requirement is the (~omparative ability

of a helmet to resist the penetration of a pointed object. The

present requirement is that a 1 lb. plumb bob (35 0 included point

angle) be dropped a distance of 120 inches onto the apex of the

helmet. The striker must not penetrate the he:Lmet more than .375

inch as measured along the side of the point.

The developers of the Brinell impression impact fixture evaluated

this penetration requirement in 1949 ·[69] and <:onc1uded that it

was " ••• adequate for determining the resistanc:e of a protective

hat to sharp pointed objects." The samples studied, however, were

of the cotton canvas/phenolic resin and vulcanized fiber type.

Penetrations were conducted on three helmet models at low temper-

ature (14°F), ambient, and high temperature (122 c'F) conditions on the

apex, forehead, left side, right side and rear using the. 3~~ point

striker dropped 120 incheq. A headform, confornrl.ng to the dimensions

of that in the ANSI Z90.1 was rigidly mounted cmd able to pivot to

allow penetrations, normal to the helmet surface, at all head locations.
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5.1.2.2 Penetration Resistance - (Continued)

Measurements were made of:

depth of penetration (along side of ,:;triker
reinserted into indentation)

headform contact (electrical continQLty device)

The results, shown in Table 21 indicate that:

(a) the. 375 depth requirement at this 1(~ve1 of penetration,

is not a realistic value.

(b) penetrations at other head locations may yield contact

of the striker with the head.

Identical helmets \-lere then subjected to penetrations of the same

magnitude, but with the included angle of the point reduced to 30°.

The results, Table 22, show that both the penetration depths and

number of occurences of headform contact increclse.

Additional penetrations werl~ then applied to tr:e apex of these hel-

mets with the 30° striker ~~ight increased to 2.2 1bs., at ambient

conditions, Table 23. The helmets are still seen to pass the .375

depth requirement.

Therefore, 2.2 times the applied penetration er..ergies of the once

considered sufficient requ!l:ement finds present Z89 helmets operab11~.
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TABLE 21. PEN1"TRATION TEST RESULTS,
1 lb. STRIKER 35 0 POINT, ALL HEAD LOCATIONS

Condition: Ambient

SAMPLE AREA PENETRATION DEPTH, HEADFORH CONTACT--- INCllES, SIDE

79 Apex 0.069 No
82 Apex 0.092 No
91 Apex 0.104 No
79 Front 0.092 No
82 Front 0.115 No
91 Front 0.127 No
79 Right Side 0.115 No
82 Right Side 0.081 No
91 Right Side 0.092 No
79 Rear 0.081 No
82 Rear 0.127 Yes
91 Rear 0.104 No
79 Left Side 0.081 No
82 Left Si.de 0.092 No
91 Left Side 0.092 No

Condition: High Temperature

SAJ'1PLE AREA PENETRATION DEPTH; HEADFORM CONTACT--- INCHES, SIDE

80 Apex 0.081 No
83 Apex 0.081 No
92 Apex 0.104 No
80 Front 0.104 No
83 Front 0.081 No
92 Front 0.115 No
80 Right Side 0.104 No
83 Right Side 0.069 No
92 Right Side 0.104 No
80 Rear 0.081 No
83 Rear 0.115 Yes
92 Rear 0.115 No
80 Left Side 0.115 No
83 Left Side 0.092 No
92 Left Side 0.092 No
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TABLE 21. PENETRATION TEST RESULTS,
1 lb. STRIKER 35° POINT, ALL HE/ill LOCATIONS

Condition: Low Temperature

SAHPLE AREA PENETRATION DEPTH, HEADFOPJ1 CONTACT--- INCHES, SIDE

81 Apex 0.081 No
84 Apex 0.069 No
93 Apex 0.104 No
81 Front 0.138 Yes
84 Front 0.092 No
93 Front 0.127 No
81 Right Side 0.104 No
84 Right Side 0.081 No
93 Right Side 0.092 No
81 Rear 0.092 No
84 Rear 0.092 No
93 Rear 0.115 No
81 Left Side 0.127 No
84 Left Side 0.092 No
93 Left Side 0.081 No
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TABLE 22. PENETRATION TEST RESULTS,
lb. STRIKER, 30 0 POINT, ALL HEAD LOC~TIONS1

Condition: Ambient

SANPLE AREA---

85 Apex
88 Apex
94 Apex
85 Front
88 Front
94 Front
85 Right
88 Right
94 Right
85 Rear
88 Rear
94 Rear
85 Left
B8 Left
94 Left

Side
Side
Side

Side
Side
Side

PENETRATION DEPTH,
IN~ES, SIDE

0.104
0.127
0.115
0.138
0.150
0.127
0.115
0.092
0.104
0.104
0.162
0.115
0.104
0.138
0.104

HEADFORM CONTACT

No
No
No
No
Yes
No
No
No
No
No
Yes
No
No
No
No

Ca~dition: High Temperature

SAHPLE AREA PENETRATION DEPTH, HEADFORM CONTACT--- INCHES , SIDE

86 Apex 0.104 No
;89 Apex 0.092 No
95 Apex 0.115 No
86 Front 0.173 Yes
89 Front 0.115 No
95 Front 0.138 No
86 Right Side 0.138 No
139 Right Side 0.127 No
95 Right Side 0.115 No
B6 Rear 0.138 No
89 Rear 0.138 Yes
95 Rear 0.150 Yes
86 Left Side 0.150 No
89 Left Side 0.150 Yes
95 Left Side 0.115 No
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TABLE 22. PENET:RATION TEST RESULTS,
1 lb. STRIKER, 30 0 :POINT, ALL HEAD LOCATIONS

Condition: Low Temperature

SAI1PLE AREA PENETRA'~ION DEPTH, HEADFORM CONTACT._--
INCHES SIDE

87 Apex 0.092 No
90 Apex 0.127 No
96 Apex 0.104 No
87 Front 0.138 No
90 Front 0.JL38 No
96 Front 0.127 No
87 Right Side 0.115 No
S'O Right Side 0.J.38 No
96 Right Side 0.104 No
87 Rear 0.104 No
90 Rear 0.150 Yes
96 Rear 0.115 No
87 Left Side 0.104 No
90 Left Side 0.138 No
96 Left Side 0.104 No

TABLE 23. PENETFATION TEST RESULTS,
2.2 lb. STRIKER, 30 0 POINT, APEX LOCATION

SAMPLE

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

PENETP~TION DEPTH,
INCHES, SrDE

0.156
0.133
0.133
0.121
0.104
0.156
0.139
0.133
0.133
0.115
0.133
0.127
0.133
0.127
0.121
0.121
0.115
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5.1.2.2

5.1.2.3

Penetration Resistance - (Continued)

It is thus concluded that :Ln order to parallel the impact magnitud,~s,

the following penetration :requirements must bE: applied using a 2.2 lb.,

30° angle striker.

(1) Falls to Different Levels - 3 meter drop (118.1 inches)
and objects striking the head

(2) Falls on Same Levels - 1.25 meter drop (47 inches)

Insulation Resistance

Insulation resistance of industrial and firefighter's headgear, as

previously shown, is necessary and the existing evaluation criterion

(9ma maximum leakage at 20,,000 volts) and method, Photograph 9, is

seen to have virtually eliminated electrocution deaths by contact of

the head with electric current when used.

The random occurr~rtce of electrical aontact accident requires all :l.n-

dustrial and firefighter's headgear to exhibit these qualities.

Tests have shown that precc,nditioning of helmets (24 hours water bHth)

significantly decreases the insulation abiliti,as of the helmets.

It has also been found that for Z89 Class B helmets, impact testing

prior to insulation resistance measurement does not place an undue

burden on the helmet, as seen from the fo11ow~lg data:
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5.1.2.3 Insulation Resistance - (Ccntinued)

LEAKAGE
SAHPLE MODEL IHPACTED (at 20,009 v. 11'12)_---- -_._-
116 A Yes 5.5

117 A No 5.0

118 B Yes· 3.5

119 B No 3.5

120 C Yes 6.5

121 C No 6.5

122 D Yes 6.5

123 D No 6.0

1:26 C Yes 3.5

132 D Yes 6.0

135 C Yes 6.0

136 C Yes 6.0

11~0 A 'Yes 5.0

151 A Yes 4.5

1:)0 B Yes 3.0

5.1.2.4 Flammability

The existing 3 inches/minutl~ burn rate requirements for industrial

headgear is considered suff:lcient for industrial headgear. Fire-

fighter's headgear must exh:Lbit se1f-extinguisr.ing characteristics

when tested for flammability. Most thermoplastic and fiberglass

helmet materials self-extinguish when subjectec to test.
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5.1.2.5 Retention Ability

5.1.2.6

The chin strap of a helmet must be of sufficient strength to retain

. the helmet during impact. 'TIle chin strap mus t:

exhibit load bearing ability

have limited defo:nnation under load

be easily fastened and unfastened

The NZS2264:1970 requirement of 100 lb. load and maximum elongation

of 1 inch is considered adequate for l1aximum Duty and firefighter's

applications.

Where a helmet is subjected to lesser hazards,a chin strap load of

25 lb. and 1" elongation is sufficient.

Height

Weight is an important human comfort factor which, although somewhat

self-limiting by market wants,must be maintained within reasonable

limits.

From consideration of expected design configurations and human weight

tolerances, the following v8l1ues of maximum weight are reconrrnended for

the various classes of headgear:

CLASS 1

CLASS 2

CLASS 3

CLASS 4

18 ounces

16 ounces

12 ounces

30 ounces

-1273 Vol. I Page 163



5.1.2.6 WEIGHT - (Continued)

Some other helmet factors which will influence wearer comfort but

for ",hich no human comfort factors data are available are:

(a) center of mass - Most present industl~ial helmets (Z89)

offering only apex impact protection tend to be top

heavy. Table 24, lists the center of mass locations for

various types of helmets tested. The test method used

was that used for aviator helmet evaluation (79). The

nomenclature is shown in Figure 25.

It is apparent that as the protectivE: area comes down

from the apex so does helmet C.M.

In the extreme case, for the total cClverage (face t chin,

head) vehicular (Z90) helmet, C.tI. is lowes t but, as can

be seen weight is greatest.

(b) moment of inertia - The ease with which the head may be

rotated on the ve:rtical axis will be dependent upon helT"..et

mass moment of inl~rtia. This quantity, though measurable

has also not been studied for indust~ial helmet comfort

consideration. Illustrative examples for various types of

helmets are shown in Table 25.

The lack of human tolerance information in these areas precludes

development of viable criteria.
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TABLE 24. CENTER OF HASS TEST RESULTS

HEIGHT
HELMET TYPE lb. 0. 0 R---
Z89 Cap (aluminum) 0.79 76.5 3.48

Z89 Cap (fiberglass) 0.78 84.0 . 3.52

Z89 Cap (plastic) 0.84 79.0 3.72

Z89 Hat (fiberglass) 0.90 75.0 3.75

Z89 Hat (fiberglass) 0.94 78.0 3.72

NZS2264:1970 (Max. Duty) 0.96 80.0 2.99

Z90 (partial coverage) 2.21 71.0 3.34

Z90 (full head coverage) 2.27 66.0 2.31

Z90 (total face coverage) 3.63 81.0 1.86
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FIGURE 25. CENTER OF MASS LOCATIONS

-1273 Vol. I Page 166



TABLE 25. MOMENT OF INERTIA TEST RESULTS,
HEAD VERTICAL AXIS

WEIGHT
HEUillT TYPE lb.---
Z89 Cap (aluminum) 0.79

Z89 Cap (fiberglass) 0.78

Z89 Cap (plastic) 0.84

Z89 Hat (fiberglass) 0.90

Z89 Hat (fiberglass) 0.94

·NZS2264:1970 (Max. Duty) 0.96

Z90 (partial coverage) 2.21

Z90 (full head coverage) 2.27

Z90 (total face coverage) 3.63
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5.l.2.7 Environmental Exposure

A. Moisture - To insure ~earability in wet w/~ather and to limit

the use of materials ~hich tend to absorb moisture and are thus

not easily cleanable, exposure to a water bath for a period of

24 hours must not increase helmet weight hy more than 5%.

B. Temperature - The normally used helmet tef:t temperature range

of l4°F to l22°F, is considered sufficient: to demonstrate helmet

performance extremes as shO\vn in Figure 26 for industrial head-

gear.

In addition, the manuf,'lcturer must design the helmet to withstand

l600F storage temperatures.

High temperature conditioning for fire helmets must be in the order

of 300°F for shock duration exposure.

Initial evaluation of available fire helmets, Photograph 8, wel=e

conducted by conditionj~g each at a temperature of 350°F for 5

minutes. The follm-dng was noted:

(a) fiberglass hE!lmet - shell showed no signs of damage from

the exposure, medium density polyethylene parts of StLS-

pension malte:d.

(b) thermoplastic. shell - shell and medium density polyet.hylene

parts of suspension u~lted.

(c) leather shell - shell softened, no visible damage to

cloth cap suspension.
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FIGURE 26. TEHPERATURE EFFECTS
ON I~~ACT PEBEO~~~NCEI

INDUSTRIAL HEU1ETS

Degrees Fahrenheit
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5.1.2.7 Environmental Exposure - (Continued)

Additional helmets Here then subjected to 350°F for 2 minutes~.

then impacted. The results combined with test data for samples

tested at 14°F and ambient temperatures are shovn in Figure 27.

These indicate that exposure was belm" critical.

For test evaluation an exposure of 300°F for three minutes to

allow stabilization is considered adequat,~.

5.2 Test Requiremen~s. A description of the development of test methods,

procedures and equipment used for the evaluation of industrial and

firefighter's headgear is as follows:

5.:2.1 Samples for testing, the helmets must:

be in a condition as offered for salE:.

have all attachments necess~ry to mee:t the minimum
performance requt-rements installed at the time of test ..

In order, to minimize testing time as small a number of samples as

possible should be used for evaluation. In add.ition, a measure of

the durability of the helmet will be accomplished by subjecting one

helmet to many tests.

The samples used for testing should comprise a set and a failure of

anyone helmet should require retest of an additional set. This

minimizes the possibility of a helmet model prone to cumulative ?er-·

formance degradation being l~submitted for one test only.

Conditioning

Limitations on cumulative ccnditioning time mus t be expressly stated.
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Impact Testing

Some of the nore common hEllmet impact test methods available to the

testing agency are:

instrumented heEldform/rigid anvil

drop mass/swing away headform

drop mass/instrl~ented rigid headfo~

drop mass/Brinell Penetrator Assembly

The performance criteria requires that the te:3t method:

accurately measu.re head acceleration - time impact history

be capable of testing over the enti:re upper head area

The instrumented headform/rigid anvil apparatus, as specified in

ANSI Z90.1 and FMVSS No. 218, shown in Photogl~aph 4, has been selected.

Headforms used should be of the standard SiZe!1 shown in Figure 6.

Headform response and material is presently under considerable study.

Hodgson, et a1 [28J has reported considerable differences between

cadaver head and metal headform response. As seen in ngure 28, the

differences are accentuated with the use of re:silient protective padding

as opposed to the non-resilient material where response differences are

essentially constant.

As a result, Hodgson has dl~ve1oped a human he2.d model expressly designed

for use in impact testing c,f protective helmet s [80J.
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5.2.3

]

'"

~act Testing - (Continued)

The model consists of:

(a) a rigid urethane foam skull, Photograph 16

(b) a silicone rubber gel brain

(c) a silicone rubber outer skin

The entire model, as shmm in Photograph 17, iH mounted on a drop

assembly for impact onto th,e rigid anvil. A triaxial accelerometer

is mounted at the headform center of gravity.

A test program was initiated to investigate. impact response differen.ces

bet\oleen the metal headform system used at Dayton T. Brm-m, Inc. and the

head model apparatus at Wayne State University.

The results of impacts on a }lEP, are shown in Figure 29. It is seen

that the response differences on this e1astomet'ic material fo110\"s the

pattern of the cadaver/metal headform compariscn.

Figure 30 shows the results of impacts on expanded polystyrene foam

and ethafoam materials samples (Figure 11). Be low are shown the re:m1ts

of impacts with industrial (289) helmets. The eratic natur(~ of these

results is attributed to individual sample performance and limited data.

In Photograph 18, the helmet: test configuration is shown.
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*Average of bvo readings

This information is sufficitent to conclude that: though the metal head-

form and cadaver or head model responses are not proportional for

different energy absorbing systems, a conservative injury

est:l.mate from the metal headform may be expectE:d.

The viability of the head model for compliance testing is hindered by:

limited availabil:lty

non standard dimensions

frangibility of headform (HEP drop were limited to 20 11

maximum to avoid head model damage)

The standard magnesium headforms as specified in Fl-roSS No. 218 are thus

considered sufficient for tc\sting of industrial helmets. Ot.her important

system considerations are:

a uniaxial accelerometer, mounted at the headform center of
gravity of the hec:ldform must have its sensitive axis aligned
with the point of impact, Figure 31, for accurate acceleration
measurement •

anvils must be of standardized dimension, hardness and finish

anvil must be backed up by sufficient mass to insure rigidity

guide wires for drop assembly must be of a type which will
minimize velocity losses
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TRANSCUCER
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___+ -l

FIGURE 31 HEAD FORM AND TRANSDUCER MOUNTING
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Impact Testin~ - (Continued)

For purposes of peak g and He;ad Injury Criterion analysis. th.~

instrumentation system as shm.7U in Figure 32 was used. The Z90.1

instrumentation was retained to enable the techn1.cian to exam:lne

the oscillograph acceleration·-time curve for poseib1e equipment

malfunction.

The equipment used was as follows:

Piezoelectric Acce1Elrometer - Kistler 808A

Charge Amplifier - Kistler 503

Power Amplifier - K:lst1er 567A

Oscillograph - C.E.C. 5-124A

Galvanometer - C.E.C. 7-326

Power Amplifier - Kistler 567J:,.

Variable Filter - Kl:onHite 3202R

DC Power Supply - Hewlett Packard 6207E

Digital Computer - Digital Equipment Corp. PDP BIL

Instrument Amplifier - Dynar.lics 75l4B

Photocell - Power Instruments Corp. C-836

This equipment, previously reported on for use in motorcycle helmet

testing [81], was developed to meet the requirements of the proposed

federal motorcycle helI!ICt specification [82].
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FIGURE 32 IMPACT IN-$rRUMENTATION FLOW CHART
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5.2.3

L. ~~
DA.YTON''T:E.P'IOVV'N INC.--,

Impact Testin~ - (Continued)

Some basic attributes of the system are:

(a) For computational accuracy, a 5 kHz sam')ling rate is used,

the Digital Equipment Corporation PDP BIL computer acquires

data directly. Software was ,.;ritten to :3ynchronize the

sampling of the analog to digital conve",ter with the real

time clock of the computer. AID conver":er readings were

deposited sequentially into a buffer area of 1000 core

locations for later processing.

(b) Amplifiers ,.;ere used to match the levelB of the Figure 32

instrumentation. A variable filter \<las Ilsed to limit the

frequency response of the system. A photocell was located

several inches above the rigid anvil which provides a signal

initiating sampling 'by the computer every 200 microseconds.

(c) To expedite testing, the sampled acceleration pulse 'vas

punched out on paper tape together with identifying :Lnfor-

mation for later processing.

(d) Prior to impact, the computer system was calibrated by in-

serting a signal equ:lvalcnt to SOOg acceleration into the

system. This signal ,vas used in converting AID converter

readings into equivalent accelerations. This is a precaution

against any long tenn drift of the system components.
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5.2.3 Impact Testing - (Continued)

(e) As a check, peak acc:eleration, time duration at 150 and

200g were relayed to the technician via· teletype for

visual comparison wHh the osc:i.llograph record.

(f) The frequency response of the system was tailored by

introduction of a low pass filter so that the data

channel exhibited the characteristics of Class 1000

channel, Figure 33, as defined in SAE J21la for head im-

pact acceleration evaluation [83]. A frE!quency response

characteristic such as Class 600 would tend to produce

low'er acceleration values.

(g) As a precaution against AID converter tlme to conversion

error a sample and hold module 'Hi thin the AID converter

was used. This unit samples the input at the start of

conversion and holds that voltage until completion.

The PDP 8/L Computer had the following peripheral equipment:

an analog multiplexer consisting of an ,~~08 multiplexer
control and an AH02A hi8h level multiplexer

an AD08A 10 bit analog to digital conve~rter with AH03
input amplifier and AH02 sample and hold module

a KW8L-F 10 kHz progratmnabl~ interval real time clock

A pe8L high speed paper punch tape reader and punch

In addition, a great deal of the computer software required to perform

the data acquisition was especially written.
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5.2.3 Impact: Testing - (Continued)

Head J~ury Criterion Computation:

Computation of the Head Injury Criterion ,vas performed by the use of

the trapezoidal rule approxim.:ltion to obtain the required averages. A

simplified flmv chart of the reduction program il: shown in Figure 34.

Starting at the first sample, the program computEs the Head Injury

Criterion Expression for all possible end points and saves the maximum

value. It then does the same for the second sample and all succeeding

samples. The maximum value of all these computations is then reported

as the larges t Head Inj ury Cr:1. terion for that san-pIe.

Output of the computer, FigurE! 35 consists of: (in g)

(1) acceleration values (in g) for each 200 mi.crosecond sample

(2) the maximum Head Injury Criterion value for each start and
end point greater than 100

(3) a restatement of thE! largest Head Injury Criterion value

(4) a plot of accelerat:lon vs time with the inter.val yiE:lding
the largest Head Injury Criterion value shaded.

The data for Figure 35 ,vas obtained from the impact of a New Zealand

Maximum Duty industrial helmet dropped a distance of 72 inches onto

a flat anvil.

For purposes of production-lot testing, the Head [njury Criterion

calculation may be expected to place an over burden on the manufac-

turer. Under these circumstances, a simplified ev,lluation is beneficial.
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FORH AVERAGE GOVER EAClI

REfill G VALUES FROH DATA TAPE J
( START )'>----Ji
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lll'1)U CT :rilN

200 HICROSECOND INTERVAL

l-r-=l-;-l1-i-O-·~-I=O---. I

.---------[-~-------,
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yes ~ l
~-- 'I MH = LHL-=r--

l?------.-----
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III = T * [Q(I,J)] 2.5
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FIGURE 34. FLOW CHART FOR HEAD INJURY CRITERION
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/~~.I'U!!S.!'Oa$.1i""
D.J4..-v-ro:1'T 7.' jJrl{~'"(..'\?.l'VIl....~C.

FIGURE 3.5 • COMPUTER AN'ALYSIS OF HEAD INJURY CRITERWN -,
G VALUES EACH 200 MICROSECONDS

1 .136 11 1 .64 51 .85
1 .06 119.135 45.50
I .13(5 n~9. 63 4e.21
1 .136 lL1I.27 .3 7 .134
I .59 1 ~)3 .97 33.86
3.18 165.61 313.16
5.29 171 .43 25.93

, 7.94 175.66 22.75
J 1 • 1 1 J75.66 19.58
1 6.93 113.55 J 6.93
23.28 1113.37 13.23
31 • 75 161.91 9.52
38.113 152.38 5.29
46.133 14 1 .813 3.713
55.133 130.69 2.12
69.31 115.34 1 .06
84.13 98.94 1 .06

1133 • 71 83.613 0.53
116.40 69.84 1 .06
117.46 63.49
112. 713 57.67

HIG START END

7605.'757 8 41
'797 • ~;34 9 41
B28. '759 I 13 40
B59.~~10 1 1 413
88'7.4133 12 413
91~).n41 13 413
936."137 14 413
956.~:77 I 5 39
969.948 1 6 39
$I7~•• 858 1 7 39
$I 6~j • Qil 8 18 39
94~l .A,95 19 39
S'16.5'55 213 39
891.5,113 21 39
869 .432 22 39
845,.1134 23 39
813 .1 613 24 39
771 .392 25 38
718.678 26 38
654.337 27 39
582.476 28 39
5136.579 29 39
429~639 3e 39
354.712 31 39
283.336 32 39
219.939 33 413 lARGES T HI C
165.3313 34 41 973.858 17.01313
1:21 • €lIZ 1 35 42 39.13013
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l~.... ~. ~1Y7
D.A.YTC>?V T Hncn,",..-..v ZJ"\,~C'.

~~

FIGURE 35. COMPUTER ANALYSIS O:i? HEAD INJURY CRITERION (Continu i2ld9'

100 G 200 G 300 G 400 G
+- -- ---- ----+- -- -- -- -- _..+--- -- -- -- --+- _.. -- -- -- --+
1* 1 1 1 1
1* 1 1 1 1

2 MS+-*---------I----------··I-----------I---,--------1
1* 1 1 1 I
1 * 1 I I 1
1 * 1 1 1 1
1 * 1 1 1 1
1 * 1 1 1 1
1 * 1 I I 1
1••••••••• * +-SA MP LE # 17 I 1 1
1 •••••••••••* 1 1 1
1 ••••••••••• 1.* 1 1 1

4 MS+ .•.•......• 1.*--------·,1-----------1 --- --------1
1 ••••••••••• 1.* 1 1 1
1 ••••••••••• 1* 1 1 1
1 ••••••••••• 1 .* 1 1 1
1 ••••••••••• 1 ••• * I 1 1
1 ••••••••••• 1 ••••* I 1 1
1 ••••••••••• 1 ••••• * 1 I I
1 ••••••••••• 1 •••••••* 1 I 1
1••••••••••• 1 •••••• ••* 1 1 1
1 ••••••••••• 1 ••••••••* 1 1 I

6 MS+ ••••••••••• I ••••••••* - _. 1- - - - - - - - - - - I - - - - - - - - - - - 1
1 ••••••••••• 1 ••••••••* 1 1 1
1 ••••••••••• 1 ••••••• * 1 1 1
1••••••••••• 1 •••••• * 1 1 1
1••••••••••• 1••••• * 1 1 1
1••••••••••• 1 •••• * 1 1 1
1 1 ••• * 1 1 1
1 ••••••••••• 1.* 1 1 1
1•••••••••••* 1 1 1
1••••••••• * +-SAMPLE # 391 1 I

8 MS+-------*---l-----------l-----------l-----------l
1 * 1 I' 1 1
1 * 1 1 1 1
1 * 1 1 1 1
1 * 1 1 1 1
1 * 1 1 1 1
1 * 1 I I 1
1 * 1 III
1 * 1 1 I 1
1 * 1 I 1 1

10 MS+--*--------1-----------I-----------I-----------1
1 * 1 1 1 1
1 * 1 I 1 I
1 * 1 I 1 1
1* : 1 1 1 1
+-----------+-----------+-----------+-----------+
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5.2.3 ~ct Testing - (Continued)

Figure 36 shows a plot of the ratio of Head Illjury Criterion to Gc:dd

Severity Index for 91 impacts conducted on material samples,

Z89 industrial helmets and New Zealand indust rial helmets. A least

squares fit of the data shows that for these ')u1ses the two indice:s

are related as follows:

Head Injury Criterion a 0.836 Gadd Severlty Index

In addition, is shmvn the line:

Head Injury Criterion a 0.879 Gadd SeverIty Index

which was determined from a least squares fit of 514 motorcycle helmet

impacts.

As none of these data show the Gadd severity [ndex exceeding the line:

Head Injury Criterion = Gadd severity Index

It is considered adequate that for production testing the Gadd Severity

Index be substituted for the Head Injury Crit,~rion. For qualification

purposes, however, the Head Injury Criterion 1s necessary.

The Gadd Severity Index may be computed manually for acceleration time

data, as shown in Table 26, which follows the glmeral format of SAE J885a

[84] for severity Index calculation.
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TABLE 26. Gadd Severity Index Hanual Calculation of Sample Pulse in Figure 35

Incremental
Time of Increment Nidpoint SI INDEX

Increment No. (Sec.) (g) g2.S (Time X. g2 •5 )

1 .0006 .5

2 .0006 2.1 6

l' .0006 7.2 139~,

~. .0006 21.4 2119 1..3

5 .0006 43.4 12409 7.5

6 .0006 79.37 56123 33.7

i' .0006 108.2 121777 73.1

8 .0006 121.2 161717 97.0

9 .0006 147.6 264675 158.8

10 .0006 170.6 380143 228.1

11. .0006 168.8 370195 222.1

12 .0006 146.3 258887 155.3

13 .0006 107.1 11870,) 71.2

14 .0006 70.7 42029 25.2

15 .0006 48.9 16721 10.0

16 .0006 35.2 3751 2.3

17 .0006 25.1 3156 1.9

18 .0006 14.6 814 .S

19 .0006 5.8 81

20 .0006 1.3 1.9

---
GADD SEVERITY INDEX: ~ 1088
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5.2.3

5.2: .4

Impact Testing - (Continued)

Procedure:

The procedural requirements of the impact test mu~t address the

follow:ing:

equipment warmup

system accuracy

system components specifications

system verification procedures

impact velocity verification

mounting of samples

standard drop heights

acceleration reference calibration

sample breakage

Penetration Testing

The basic system components for penetration testing include

(a) penetration striker .- having an included angle of 30°, a
minimum cone height of 1.5 inches, Figure 37. The striker
tip must be of specified hardness and be electrically con­
ductive

(b) penetration headform must be metallic with an electrically
conductive surface

(c) contact sensor with sufficient detection abiHty. Th(~ system
used at Dayton T. Brmvn, Inc. incorporat.es a Hallory and Co.
Sonalert SC628 continuity checker, Figure 38.
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FIGURE 38. PENETRATION CONTINUITY CHECKER
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5.2.5

5.2 .. 6

5,,2.7

Electrical Insulation Test

The test method and procedure used in A.."1SIZS9.2-l971 is considered

sufficient for testing purposes, however, voltmeter and milliammeter

accuracy should be specified.

Test equipment used at Dayton T. BroHn, Inc. consisted of: (Photograph 9)

Hipotronics 730-2 High Voltage AC po~.,er Supply

Belden 60,000 Volt Hi.re

Glass Tank

F1a~ab~lity Test

ASTH D635 - "Flammability of Self Supporting Plast:lcs" is considered

adequate for the flammability test, except that only three samples

need be cut from the outer shell of the helmet. TIle self extinguishing

characteristics of firefighters' helmets may be evaluated using the same

method, however, a maximum burn rate of 0.5 inches/minute should be specified

as opposed to the 3 inches/minute for industrial UBe helmets.

Retention Test

The test of the retaining strength of a helmet chin strap may be con-

ducted as shown in Photograph 19. Figure 39 shows the basic dimensions

necessary for a standard mechan:lcal chin structure.

A procedure for assuring the helmet has "seated" p}'ior to elongation

measuren~nts must be stated.
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5.3 Recommendations to the User

As' with any personal protective device, a helmet ,:an only be bene-

ficial if it is worn and used correctly.

It is with this in mind that recommendations to the user should

comprise:

a method of selection

proper use

recommended maintenance

5.3.1 Selection

Helmets must be able to be selected Hith a minimun of difficulty.

This requires that:

(a) hazards applicable to a specific class of headgear be
easily identifiable

(1)) the number of distinct classes should bn kept as low
as possible to avoid confusion

(c) identification of various classes of heJ.mets must be
as simple and as readily apparent as pOBsible. A large
arabic numeral appearing on the forehead of the helmet
would best suit this need. In addition, the class of the
helmet, appearing on the underside of the peak or brim
allows the ,-'orker, un-accustomed to the elass designations,
to identify the heIn,et •

The user should be cautioned that:

his specific application may require a ~;pecialized helmet

·0 his helmet will not protect from all acc:idents
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5.3.2 Use of the Helmet

Following selection, the user must correctly adju3t the headgear

to his head. Thus, when sold, the helmet must be3.ccompanied by

an instruction sheet from the manufacturer which .,dll provide a

procedure for these adjustments.

The instruction sheet must also tell the user where and how he may

apply his personal identification to the helmet.

The user should be cautioned, by means of a durable label affixed

to the inside of the helmet, that a severe blow to the helmet may

result in permanent damage to it.

In the user's standard, the user must be cautioned that:

(a) the helmet must be secured to .the head °:0 offer best
protection

(b) the helmet materials may be adversely affected by un­
common chemical exposure or environmental conditions

(c) the helmet's ability to protect 'Volll be degraded by
alteration

(d) the helmet's performance may be degraded by application
of decals or paint, unless otherwise stated by the manu­
facturer

(e) the helmet's electrical insulation characteristics are
not intended to make it suitable for use as an electrical
insulator
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5.3.3 Maintenance of the Helmet

The abtlity of the helmet to wIthstand the constant use of the

wearer will be heavily dependent on design, constl~uction, and

materials. For this reason, in the instruction sheet, the manu·-

facturer must provide the user with a method of visually examining

the helmet for damage and wear.

The helmet factors which must, however, requir.e immediate action on

the part of the user are:

shell breakage or fnlcture

shell disfiguration, warpage or softeniLg

suspension or chin strap breakage or frclying

If it is deemed necessary to r.~place defective pal'ts of the helmet,

to aid the user in identifying the manufacturer arld model desi:;nation,

this information must appear on the underside of the peak or brim of

the helmet.

The manufacturer must supply the user with a recommended method of

cleaning and disinfecting the helmet. The type of reconunended cleaning

agent must be readily accessible by appearing on the underside of the

peak or brim.

As helmet deterioration will b,= a function of age and use abuse, unless

specified by the manufacturer, the user must deciC::e when to replace a

helmet which exhibits no apparlmt signs of damage. To assist him in th:ls

decision., the month and year o:f manufacturer should appear on the unde'r-

side of the peak or brim.
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5.3.3 Maintenance of the Helmet - (Continued)

The user should be cautioned as to abuse of the helmet and Whl!U

continual electrical hazards l~xist in the workin£ environment.

the user should be informed that periodic testin~ may be necessary.

As a final precaution, the user should be made m.;are that a helmet

found to be \IDsuitab1e for fu:rther use should be rendered incapable

of being \-lorn.
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6.0 SUMMARY

This report represents the results of a project to develop a per-

formance standard, a testing standard and a user'B standard for

industrial and firefighter's head protective deviees.

Volume I of this report summarizes the needs of industrial head

protection and the criteria us·ed to develop the n~conrrnended st:ln-

dards. In Volume II are presented the recommende.d standards.

In this study it has been found that adequate industrial and

firefighter head protection ne(:essitates the use (If four distinct

levels of protection and the use of these protectlve devices must

be determined by the occupational hazard.

Cu:rrently available head protective devices have been found to offer

impact protection to a limited area of the head and are not well suited

to the broad range of accident types found in the industrial environment.

A human head injury index, the Head Injury Cr.iterion, has been ap-

plied as an impact performance evaluation technique and the test

methods, equipment and procedures necessary for accurate measurement

have been developed.

\oJhenever possible, the analysis of the needs of the industrial and

firefighter's protective headgear, have considered comfort factors

and wearability as paramount considerations.

These efforts are considered to have greatly impro'J'ed the head pro-

tection afforded the industrial worker and the firf!.fighter.
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7.0 RECO}ll1ENDATIONS

For the purposes contemplated by this development, the recomnlcnded

standards, Volume II, are sufficient for the implc:nenta.tion of a

testing and certification system for an improved lt~vel of industrial

and firefighter's head protection. The follo\"ring'lre recommended

for the continuing improvement of our knowledge of the needs of the

worker, head protective devices made available to him, and the methods

by \vhich the performance of these devices are measured.

1. The accident reporting system used in the Uni'~ed States should

be roodified to enable more in-depth study of the industrial

and firefighting accident. Such a system must strive for uni-

formity in reporting and should provide suffieient resolution

to be effective in analyzing the effectivenesll of head protec-

tive devices.

2. Additional study of the industrial head injur:, accident should

be conducted by means of field investigation. This is considered

pa.rticularly important for the firefighting environment where ac-

cident reporting systems vary with the indiviclual fire department.

3. Efforts must be continued in the search for al:curate head impact

tolerance values. The factors of degree of head injury, head

rotational injuries and hu:man tolersnce to top of head impact

deserve considerable attention.
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,'.0 RECOMMENDATIONS - (Continued)

4. Investigations to define industri.al helmet comfort factors

especially in the areas of weight, center of mass, and moment

of inertia should be conducted.

5. Additional study should be made of the interaction of in-

dustrial head protection ~~th eye, face, ear and respiratory

equipment. Such "-1ould faci.litate the development of a one-

piece firefighter's protec:tive suit.

6. Additional study is necessary for the development of a test

headform with human-like response, ,.,hich is sLlitable for use

in certification testing.

7. The performance of head protective devices must be continually

monitored to determine advances in state of t"1e art technology.

8. Additional study of industrial head protection of specialized

industries should be conducted.
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1.0 PERFORHANCE STANDARD FOR INDUSTRIAL AND FIREFI(;HTER' SHE/ill
----~- --
PROTECTIVE DEVICES

1.1 Scope and Purpose. This performance standard :.ists the attributes

and levels of perform:::mce for all classes of industrial and fire-

fighter's head protective d,avices. This standard is design.ad to be

suitable for use as a basis of an industrial and firefighter's head

protective device testing and certification program.

1.:2 De Hnitions

Industrial Protective Headfr~ar - A device desif;ned to prevent or reduce

head injury resulting from industrial accidents.

Shell - The outermost part of a protective headgear, less energy

absorption devices, accesso:cies and mountings.

Peak - An integral part of the shell of the headgear extending for-

ward over the eyes only.

Brim - An integral part of the shell of the headgear extending

around the entire circumfer£!nce of the headgear.

Protective Padding - A material designed to attenuate the force

of an impact.

Suspension - A complete assE~mbly that positions and maintains the

headgear on the head.

Headband - That part of the suspension which encircles the r.,ead.
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1.2 Definitions - (Continued)

CrO\m StraE2. - That part of the suspension whieh passes over

the head.

Chin_Strap - An adjustable atrap, fitting undeI' the chin to

secure the helmet to the head.

Bi tragion - Inion arc - An arc extending throu~,h the upper (~dges

of the ear hole and over the small bump often found at the

rearmost part of the head.

Nape Strap - An adjustable strap which is located at approximately

the Bitragion - Inion are, used to aid in helmet retention.

Sweatband - That part of thE: headband, either integral or attach­

ed to, which comes in contact with the wearer's forehead.

Basic Plane - The basic plane is a plane througl1 the centers of

the right and left external ear openings and th~ lower edge of

the eye sockets as modeled on a reference headf,)rm or test head-

form.

Reference Headform - A reference headform is a measuring device

corr(~sponding to the dimensions of a standard hl~adform in all

areas above the basic plane.

Test Headform - A test headform is a test device corresponding

to the dimensions of a standard headform in all areas above the

basic plane.
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1. 2 Definitions - (Continued)

Standard Headform - A standard headform io one corresponding to

the dimensions as set forth in Paragraph 2.6.2.1.1.

Reference Plane - A plane, as shown in Figures 3 thl:ough 5

abo\re and parallel to the basic plane, and \vhich 6h2,11 be located

on each headform.

Hid-sagittal Plane - The mid-sagittal plane is an anterior ­

posterior plane passing through the vertex of the headform, per­

pendicular to the basic plane which geometrically bisects the head-·

form.

Helmet Positioning Index - The helmet positionlng index is the

distance in inches from the basic plane of a standard headform

" to the lowest point at the front of the headgear along the mid­

sagittal plane.

Ape~ - The apex of a headgear is a point on thl~ upper sagittal

plane, equidistant from the anterior and poste:~ior portions of the

reference plane.
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1.2 Definitions - (Continued)

Ape~Area - The apex area is the area describe:! by all points

on the upper surface of the headgear within th~ arc distance

of 1.5 inches (3.8 em) from the apex.

Head Injury Criterion - The Head Injury CriterJ.on requires

that the resultant acceleration at the center l)f gravity of

the head during an impact shall be such that when the average

acceleration (expressed in gls) during any ti~! interval is

raised to the 2.5 power and multiplied by the :Length of the

interval in seconds, the product shall not exceed 1000.

(The Head Injury Criterion is that as defined hy Federal

Motor Vehicle Safety Standard Number 208*).

*CFR Title 49, Part 571; S208 - Pre23, Docket No. 69-7; NoUce 19
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1. 3 Classes of Protection. Indus trial and firefig:lter' s head pro­

tective devices shall be categorized in the fo1lO'-7ing classes:

CLASS 1

CLASS 2

CLASS 3

CLASS 4

Maximum Duty Industrial Protect:lve Headgear

Medium Duty Industrial Protecti'le Headgear

Light Duty Industrial Protectivi~ Headgear

Firefighter's Protective Headgear

1.4

1.4.1

1.·4.1.1

General Requirements

Hat(~rials

Shell materials shall be durable and shall withstand any

temperature in the ranges as stated in Section 1.5.8 of this

standard.

Shell materials shall not ble significantly affe:cted by ultr,'l­

violet radiation.

All materials coming in con1:act with the head 1;:ha11 not be of

a type which may cause skin irritation or dise1:.se and shall be

unaffected by perspiration, body oils or nonnal hair preparations.

All edges of the headgear shall be smoothed ane radiused and there

shall be no rigid internal projections which ma.y cause inj ury to

the wearer in the event of em impact.

Any u.aterials used in the fabrication of industrial and fir(!fighter's

protective headgear shall b(~ resistant to ordinary household soap

and water, mild detergents and cleaners recommended by the mnnufactul~er.
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1.4.2

1.4.2.1

1.4.2.2

Protective Head~ear Assembl~

All industrial and firefighter's protective he;ldgear shall consist

essentially of: (a) a hard, smoot.h outer shell, (b) an internal

means of attenuating the force of an impact wh:lch may consist of

protective padding, a suspension, or both, and (c) a retention

system, capable of retaining the headgear in position on the head.

Provision shall be made for ventilation between the suspension and

the shell.

Extent of Protection. Industrial and firefighter's headgear shall

meet the physical performance requirements of this standard in all

areas of the head above the reference plane as modeled on a standard

headform.

At all times, a minimum of 120 0 peripheral visJ.on to each side of

the mid-sagittal plane must be maintained.

The ability of the headgear to meet the minimutl requirements of this

standard shall not be a function of wearer adjustment.

Shell. The shell of the pr'::ltective headgear shall have a smooth

external surface tl7ith no reinforcing ridges or rigid external pro-

jections greater than 3/16 inch (5 rom) in height in the are.l above

the reference plane. The shell shall have no holes or air gaps and shall

be of nominally tU1iform thickness in the area nbove the refe.renc~ plane.
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1.4.2.4

1.4.2.5

Peaks. Each headgeat' shall have a peak, a minimum of 1 inch

(2.Scm) and a maximum of 2 inches (Scm) in w'idth and shall cover

the eyes by extending a minimum of 2 inches (Scm) to each side of

the mid-sagittal plane.

Bri~. If it is found desirable to incorporatl~ a full brim around

the circumference of the headgear for the purpl)se of deflecting

water, such brims shall cover the eyes by meeting the minimum di-

mentions of the peak in the front part of the head. Brims on

CLASS 1, CLASS 2 and CLASS 3 headgear shall be no greater than

2 inches (Scm) in width. Brims of CLASS 4 headgear shall b(! a minimum

of 1.5 in. (3.8cm) in width to deflect water in firefighting activities.

NOTE: Industrial and firefighter's headgear incorporating

integral eye and face protection or tho~:e designed tl)

be used in conjuncti,on with a one-piece protective

suit shall not be required to meet the l'equirements

of Paragraphs 1.4.2.,~ and 1.4.2.5.

Force Attenuating Hedium. Impact force attenuation may be accom-

plished by the use of protec~tive padding materials or by means of

a suspension. Protective padding shall be moisture and perspiration

resistant, exposed areas shull be easily cleanable and if cements al~e

used to secure the padding material to the shell, such cement shall be

resistant to expected environmental exposures. A suspension used for

the purpose of impact force attenuation should have straps at least
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1.4.2.6

1.4.2.7

Fo~:e Attenuating Medium - (Continued)

3/4 inch 0..9 em) in "lidth ,md should have an area of not less than 12

square inches (77cm2) in contact '-lith a standard test headform. The

suspension shall be securely attached to the shell.

Headband (If provided). That part of the headband in conta::t with the

,.,earer's head shall be a mi:nimum of 1 inch (2. Scm) in width. Headbands

shall be adjustable in 1/8 size increments (Se(~ Table 1). The size

range and adjustment shall be marked on the hecldband in a p'~rmanently

legible manner. At maximum headband adjustment, ventilation

clearance shall be retained around the headband.

S,.,eat~ands (If provided). ::;weatbands shall co,'cr at least the fore 11ead

part: of the head by extending a minimum of 2 irches to either side I)f the

mid-sagittal plane and shall be either removable or integral with

the headband.

Retention System. The retention system shall ccnsist of a. c.hin stra:),

a nape strap may also be prnvided. Chin straps shall be a minimum

of 3/4 inch (lo9cm) in width, and shall be adju:ltable. Napl~ straps

shall extend around the occipital region of the head at approxi­

mately the location of the Bitragion - Inion arc. The nape strap

shall be adjustable to the head size range provided by the headgear

and shall be a minimum of 3/4 inch (1.9 cm) in width.
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TAB L E. 1

RECOMHENDED NOHINAL HEADGEAR SIZES

CrRCUHFERENTIAL
MEASUREI·ffiNT

HEADBAND SIZE (Inches) (em)

6 1/2 20 1n 52.1

6 5/8 20 7/,3 53.0

6 3/4 21 1/,'+ 54.0

6 7/8 21 5/:3 55.0

7 22 55.9

7 1/8 22 3/:3 56.8

7 1/4 22 3/1• 57.8

7 3/8 23 1/:3 58.7

7 1/2 23 1/:~ 59.7

7 5/8 23 7/B 60.6

7 3/4 24 111. 61.6

7 7/8 24 5/B 62.6

8 25 63.5
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1. 4.2.10 Accessories. Any optional devices fitted to the headgear shall not

cre,ate a hazard to the wea:cer nor shall they cecrease the protection

affor.ded by the headgear.

1.4.2.11 Identification Harkings. Each headgear confolming to the require-

ments of this standard shall have the follm.7il'1g identification

markings:

(a) A seal on the outer surface of the shell designating the

class of headgear. This identification marking shall be

permanently molded as part of the headgear shell and for

CLASS 1, CLASS 2, CLASS 3, and CLASS 4 shall be of the

types shoy.'ll in FigureB l(a), l(b), l(c) and l(d), respec-

tively.

(b) On the underside of the peak or brim, in the front of the

headgear, in letters ,it least 3/32 inch (2.5 mm) high, the

following information shall be permanently molded, stamped,

branded, engraved or etched into the headgear shell:

class of headgear (example: "Class 2 - Medium Duty"),

Hanufacturer's Name, Hodel Designation, Fonth and Year of

Manufacture (example: "Jtnle 74" or "6/74"), and recommended

cleaning agent ("clean with • • • ") •

NOTE: On Class 4 headgear not required to have peaks or brims, th:~s

information shall appear on the shell, either externally or

internally, unobstructed from view.
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~ rs--SHELL THICKNESS'r5~8.:(~~r1/16" -_~ -SHELL THICKNESS PLUS 1/16 MINIMUM

l0~~....l.1_.."! .. ~-L1/811__ ~:::;r:,2;;~~

(a) CLASS 1.- MAXIMUM DUTY HEADGEAR

(b) CLASS 2.- MEDIUM DUTY HEADGEAR

(c) CLASS 3.- LIGHT DUTY HEADGEAR

..-
(d) CLASS 4.- FI REFIGHTERS HEADGEAR

FIGURE 1. IDENTIFICATION MARKINGS
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1.·4.2.12 Harning Label. Permanently aff:i.xed on the ins:.de of the headgear

shall be a durable label cO':ltaining the follow:.ng warning in letters

at least 1/16 inch (1.6 rom) high:

"This helmet must be properly adjusted and secured

to the head in order to provide protecti<m.

If this helmet has be,en struck a severe blow return

the helmet to the manufacturer for competent inspection

or destroy and replac,e the helmet."

1.4.2.13 Instructions. When sold, e,ach headgear shall l,e supplied with

instructions which shall:

(a) Provide a procedure (which may include diagrams) explaining

to the user, the proper method of fitting and adjusting the

headgear to the head.

(b) Provide direction for "Visually examining the headgear to

determine the necessit)' of replacement and/or repair of the

entire headgear or parts thereof in order to maintain :minimum

performance levels.

(c) Provide direction for cleaning, disinfectJ.ng, maintaining

and replacing parts of the headgear. ThoHe parts of the

headgear which require replacement for proper maintenance

shall be able to be replaced without the use of special

hand tools or power to,:>1s.
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1.4.2.13 Instructions - (Continued)

(d) Provide direction to the user for placing his personal

identification on the headgear in a permanent manner.

(e) State the name and address of the manufac':urer.

These instructions shall be attached to the headgear at the time of

sale and in such a manner such as not to cause damage to the head­

gear when removed by the user.

1.5

1.5.1

1.5.1.1

Performance Requirements.

Industrial and firefighter' 5 head protective dllvices shall meet

the following physical performance requirementB.

Impact Attenuation. When mounted on a test headform/drop arm

assembly and dropped in a guided fall from a pl:edetermined height

on to a rigid steel anvil, the acceleration - time history of the

impact, measured at the headform center of gravity shall be within

the impact attenuation requirements of the vartous classes of head­

gear as follows:

CLASS 1 - Haximum Duty Headgear. When mounted on an impact test

apparatus and dropped from ,a height of 72 inches U33cm):

(a) On to a hemisphericall)' shaped anvil in the apex area,

the headform acceleration shall not exceed 80g.

(b) On to a flat anvil imp,acting at any point above the

reference plane, the Head Injury Criterion shall not be

exceeded.
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1.5.1.2

1.5.1.3

1.5.1.4

CLASS 2 - Hedium Duty Headgear. When mounted on an impact test

apparatus and dropped from n height of:

(a) 72 inches (183c:m) on to a hcrispherically shaped anvil

impacting at the apex area, the acceleration at the center

of gravity of the test: headform shall not exceed 80g.

(b) 36 inches (91.4cm) on to a flat anvil impacting at any

point above the reference plane, the Heae Injury Cri t(~rion

shall not be exceeded.

CLASS 3 - Light Duty HeadgE:ar. Hhen mounted on an impact test

apparatus and dropped on to a flat anvil from a height of %

inches (91.4cm) impacting nt any point above the reference plane,

the Head Injury Criterion shall not be exceeded.

CLASS 4 - Firefighter's IIea.dge8r. \Then mounted on an impact test

apparatus and dropped from a height of:

(a) 72 inches (183cm) on. to a hemispherically shaped anvil

impacting at the apex area, the acceleration at the center

of gravity of the test headform shall not exceed BOg.

(b) 36 inches (91. 4cm) on to a flat anvil imp acting at any point

above the reference plane, the Head Injury Criterion shall

not be exceeded.
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1.5.2

1.5.2.1

1.5.2.2

1.5.2.3

1.5.2.4

Penetration Resistance. vlhen mounted on a rigid test headform

and struck by a penetration. striker 'veighing 2.2 pounds (1 kg),

having a point with an included angle of 60° and a tip radius of

.019 inch and dropped in a guided fallon to the outer surface of

the test headgear, the depth of penetration as measured along the

side of the striker tip shall not exceed 3/8 inch (9.5mm) Hnd the

striker shall not contact the surface of the test headform during

penetration. The penetration striker drop heights for the various

classes of headgear shall be as fo11m-1s:

CLASS 1 - Haximum Duty lIeac~gear. The striker shall be dropped fran

a height of 118.1 inches Om) on to any point above the reference

plane.

CLASS 2 - Hedium Duty Headgear. The striker shall be dropped from

a height of 118.1 inches Om) on to the apex area of the hE~adgear

and from a height of 47 inches (1.25m) on to any point above

the reference plane.

CLASS 3 - Light Duty Headgear. The striker shall be dropped from

a height of 47 inches (1.25m) on to any point above the reference

plane of the headgear.

CLASS 4 - Firefighter's Hecldgear. The striker shall be drc~pped

from a height of 118.1 inches (3m) on to the apex area of the

headgear and from a height of 47 inches (1.25m) on to any point

above the test reference plane.
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1. 5.3

1. 5.4

1. 5.5

1. 5.6

1. 5.7

Electrical Test. Hhen tested for dielectric strength all i.n-

dustrial and firefighter's headgear sh<:ll 'vithstand 30,000 volts

(root mean square), AC.60 Hertz, and "lhen 20, 000 yolts is nppli.ed

for three minutes the lea1~~tge shall not exceed 9 milliamperes.

Fl~mmabilit.Y.. Hhen tested for flammability :i.n accordance '-7ith

ASTH 635, no portion of the shell of CLASS 1, CLASS 2 and CLASS 3

headgear shall burn at a rate greater than 3 inches per minutes

(7. 6cm/min.). CLASS 4 headgear shells shall self-extinguish ,,,hen

test(~d for flammability.

Hat~_r Absor.E..~Jon. \·n1en industrial and firefighter's headgear

are preconditioned in a Hater bath for a period of 24 houn:. the

headgear shall not absorb nore than 5 percent water by weight.

Retention Test. Hhen a force is applied to the fastened chin

'strap by means of a mechanical chin structure for a period of

one minute, the chin strap deflection shall not exceed 1 inch

(2.5 cm). The force applied to CLASS 1 and CLASS 4 chin straps

shall be 100 pounds (45 Kg) and the force applied to CLASS 2 and

CLASS 3 chin straps shall be 25 pounds (11 Kg).

Height. The maximum weight of industrial and firefighter's head-

gear shall be:

CLASS 1
CLASS 2
CLASS 3
CLASS 4

18 ounces (510grn)
16 ounces (450r,rn)
12 ounces (340gm)
30 ounces (850gm)
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1.5.8 Environmental Exposures. CLASS 1, CLASS 2 and CL.ASS 3 headgear

shall withstand an enviromrent consisting of a temperature range

from 14°F (-10°F) to 160°F (63°C) ~~d water imnersion at 77°F

(25°C). No portion of the headgear shall become loosened or dis­

lodged nor shall the headgear performance be degraded as a result

of this exposure. CLASS 4 headgear shall withBtand an environment

of a temperature range from 14°F (-lOOC) to 300°F (l50°C) and water

immersion at 7rF (25°C). No portion of the hl~adgear shall become

loosened or dislodged nor shall the headgear pl~rformance be degraded

as a result of this exposur,e.
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2.0 TESTING STtu"1DARD FOR INDUSTRIAL AND FIREFIGHTER'S HEAD PROTECTIVE
DEVICES

2.1 Scop~and ~urpose: This standard describes th} test methods,

procedures and equipment for the testing of injustrial and fire-

fi~1ter's head protective devices.

2.2 Samples---J~__

2.2.1

2.2.2

Condition and Attachments. For all testing, p·::otecti.ve headgear

shall be taken in the condition as offered for sale, and shall be

accompanied by all attachments {other than eye, ear, respiratory,

winter liners or other protective devices} non~ally sold "lith the

protective headgear. All attachments necessar:, for compliancC:\ \vith

the minimum levels of performance shall be installed on the helmet

dur:ln g tes ting •

Number of S~les. Four samples are required ::or testing. Each

test sample, following preliminary preparation and exposure to re-

spective environmental conditioning as describ(~d in Paragraph 2.5

shall be subjected to all tests and visual observation set forth herein.

These four samples shall be mechanically ident:~cal and shall comprise

a test sample set. Failure of any one headgea1~ of the set to conform

to the minimum performance requirements set fOJ~th herein shall con-

stitute a failure of the test sample set to conply with this standard.
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2.3

2.3.1

2.3.2

2.3.3

2.:3.4

Reference Harki.ng

Headband circumference and other adjustable sUHpension components

of the test headgear shall 'be adjusted using manufacturer's ad­

justing procedures and complete test headgear Bha1l be plnc,ad on

a reference head form.

The sample headgear shall be placed on a firml~r seated reference

headform having its basic and reference planes horizontal. The

refE~rence headfonn of the 1arges t size specifiE~d in Paragraph 2.6.2.1

whose circumference at the reference plane is not greater than the

internal circumference of the headband when ad~lusted to its largest

setting.

The headgear shall be cente·red laterally and positioned vertically in

accordance with the manufacturer's positioning index.

A line on the outer surface of the headgear sh<:l11 be drmm 1 inch

(2.Scm) above and parallel to the reference p1me of the test head­

form. The line shall hereinafter be called the test line. The

surface of the headgear shall not be scratched or othen-lise damaged

as a result of thi.s marking.

2.4. Order of Testing

All headgear shall be ident :tfied, marked, cond:f.tioned and tl~S ted

according to the schedule shown in Table 2. Tests to be conducted

in ascending numerical ordelc for each sample.
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TAB L E 2

ORDER OF 'rESTING

S A H P L E DES I G N A T ION

A B C D

LOW HIGH "lATER
AMBIENT TEHPERATURE TE?PERATURE IHHERSED

TEST CONDITION CONDITION CONJITION CONDITION

Visual Examination 1 1 1 1
and Weight

Water N/R N/R n/R 2
Absorption

Impact 2 2 2 3

DielectrIc N/R N/R H/R 4

Penetration 3 3 3 5

Retention 4 4 4 6

Flammability 5 5 5 N/R

NOTE: N/R = No test required for the sample.
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2.5

2.5.1

Condi.tioning of Test SampJ:~~

2.5.1.1 Samel,e A - Ambient Condition. Sample A shall ',e conditioned in

the following environment:

- Temperature:

- Relative H~idity: 30 - 70 percen~

for a period of not less than 12 hours prior to testing.

2.5.1.2 SaIt!e.!e B - Low Temperature Condition. Sample 'B shall be conditioned

in a temperature environment of 14°F (-10°C) ± 3.6°F (2°C) for a

period of not less than 12 hours nor more than 24 hours prior to

testing.

2.5.1.3 ~igh Temperature Condition.

2.5.1.3.1 ~le C (CLASS 1, CLASS 2, CLASS 3) - HIGH TEHPERATURE CONDITION.

Sample C of CLASS 1, CLASS 2 and CLASS 3 headgl~ar shall be conditicned

in a temperature environmen.t of 122°F (50°C) ± 3.6°F (2°C) for a

period of not less than 12 hours nor more than 24 hours prior to

testing.

2.5.1.3.2 ~le C (ClASS 4) - HIGH TEMPERATURE CONDITIO:~. Sample C of CLASS 4

headgear shall be conditioned in a temperature environment of 300°:F

(l50°C) + gOF (SOC) for a period of not less than 3 minutes nor

more than 4 minutes prior to being tested.
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2.5.1.4

2.5.2

2.5.2.1

2.5.2.2

Sample C - '>TATER INHERSED CONDITION. Sa."Tlp1e C shall be completely

submerged in a tank of sufficient capacity fil:_ed with tap 'flater

held at a temperature of 77°F (25°C) + gop (5°C) for a period of

not less than 24 hours nor more than 36 hours.

Time of Conditioning. Prior to testing, the sample headgear shall

havE~ remained at the specified environmental conditions for the

minimum periods as specified in Paragraph 2.5 .J.•

CLASS 1, CLASS 2 and CLASS 3_ Headgear.

Testing shall begin irnmediately after removal from the conditioning

environment. During testing, the maximum time during whi.ch the

headgear may be out of the conditioning environment shall not exceed

three minutes. It must then be returned to thE~ conditioning environ­

ment: for a minimum of 15 minutes before being again withdra1,m.

This process must be continued tmti1 all of thE~ tests on thl~ head­

gear have been completed.

Cumulative conditioning timl~ for any one samplE~ shall not. exceed the

values as specified in Paragraphs 2.5.1.1, 2.5.1. 2, 2.5.1. 3.1 and

2.5.1.4.

CLASS 4 Headgear. Prior to testing, Samples A, Band D of CLASS 4

headgear shall be condition(~d in accordance with Paragraph 2.5.2.1.
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2.5.2.2

Sample C shall be conditioned at 300°F (l50°C) as specifiec

in Paragraph 2.5.1.3.2 for a period of not less than 3 minutes

nor more than 4 minutes prior to testing.

Testi.ng shall begin fnuuedia.tely after removal from the conditioning

environment. The maximum time during which the headgear may be out

of the conditioning environment shall not exceed 30 seconds. Fo1-

lowing testing, the sample headgear shall be stored at ambient

condltions (Palagraph 2.5.1.1) until such time as conditior:~ing

prior to the next test commences. This process must be continued

until all of the tests on t.he SampleC headgear have been completed.

2.5.3 Conditions of Test. Ambient environmental conditions, as specified

in Paragraph 2.5.1.1, shall prevail throughout the period of tes tir.g.
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2.6 ~act Attenuation Tests

2.6.1 ~equirements. Impact attenuation shall be measured by determining

imp,arted acceleration to an. appropriately iust rumented stan.dard

headform (see Paragraph 2.6.2.1) dropped in a guided fall vertical

within 0.5 inch per 15 feet (13rnm per 460cm) from a predetermined

height upon a fixed rigid anvil base.

2.6.1.1 CLASS 1 - Maximum Duty Headgear. When mounted on an impact test

apparatus and dropped from a height of 72 inch~s (183cm):

(a) On to a hemispherically shaped anvil impa ::ting at the

apex area, the headform acceleration shall not exceed 80g.

(b) On to a flat anvil impacting at any point above the test

line, the computed value of the Head Inju'ry Criterion

shall not be exceeded.

2.6.1.2 CLASS 2 - Medium Duty Headgear. When mounted on an impact test

apparatus and dropped from a height of:

(a) 72 inches (183cm) on to a hemispherically shaped anvil

impacting at the apex area, the acceleration at the

center of gravity of test headform shall not exceed 80g.

(b) 36 inches (91.4 cm) on to a flat anvil impacting at any

point above the test line, the computed value of the

Head Injury Criterion shall not be exceedl~d.
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2.6.1.3

2.6.1.4

CLASS 3 - Light Duty HeAdgear. h'hen mounted on an impact test

apparatus and dropped from a height of 36 inches (91.4cm) on to

a flat anvil impacting at ,my point above the test line t the

computed value of the Head Injury Criterion shall not be ex­

ceeded.

CLASS 4 - Firefighter's lIeadr,car. ~'fuen mounted on an impact

test apparatus and dropped from a height of:

(a) 72 inches (183cm) on to a hemispherically shaped

anvil impacting at the apex area t the acceleration

at the center of gravity of the test headform shall

not exceed 80g.

(b) 36 inches (91.4cm) on to a flat anvil iMpacting at

any point above the test line t the computed value

of the Head Injury Criterion shall not be exceeded.
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2.6.2 Imy"act T~_t Apparatus. Test apparatus for i.mpact attenuation

should consist of those components as shmvn in Figure 2 and as

described belml.

2.6.2.1 Headforrn.

2.6.2.1.1 Diml~nsions. Standard headforms as shown in Fi:~res 3 - 5 shall

be used in all tests.

2.6.2.1.2 Headform Center of Gravity. The center of gra',ity of the headform

including the drop carriage shall lie within a cone with axis vertical

and forming a 10 degree included angle with the apex of the angle at

the point of impact.

2.6.2.1. 3 Headform Height. The combined weight of the dl~OP carriage and

instrumented headforrn shall be as follows:

Headfonn
Size '\lEdght

I 8.9 + 0.2-0 pounds (5 + 0.09l·-0kg)

II 11.0 + 0.2-0 pounds (5 + 0.09l·-Okg)

III 13.4 + 0.2-0 pounds (5 + 0.09l·-Okg)

The headforrn supporting assl~mbly shall weigh nett more than 20 percent

of the total drop assembly "eight.

2.6.2.1.4 Headform Material. Test headforrns for impact testing are tC) be

constructed of magnesium alloy (K -lA) and shall exhibit no resonant·

frequencies beluw 3,000 Hz.
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SECURED TO OVERHEAD

DROP CARRIAGE

RELEASE

LIFT CABLE

TEST
HEADFORM __-J

GUIDE WIRE

A1~VIL BASE

~BACKUP OF ANVIL

FIGURE 2. IMPACT TEST FIXTURE
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2,,6.2.2

2.6.2.3

2.6.2.5

Anvils. The flat steel anvil shall have a 5 inch (127mm)

minimum diameter and the hmnispherical steel £.nvil shall have a

1.9 inch (48mm) radius •

.Anvils shall be made of stainless steel (AlSI 303) and havE~ a sur-

face roughness not in exce~iS of 63 II in., RMS.

Back up of Anvil

The steel anvil shall be bctcked up lvith a concrete or steel mass

of at least 300 pounds which shall be faced with a steel plate of

1 inch (2.5cm) minimum thickness and 1 ft. 2 (O.lnl) minimt!n~: sUrfaCE!

area.

Guide Wires. Suitable guide wires shall be uSt~d such as to minimize

velocity loss due to friction and wear (bright steel music wire of

approximately 0.10 II diameter has been found to perform "lell) •

Acceleration Measurement. Test headform accell~ration shall be measured

by means of a uniaxial piezoelectric acceleroIDHter, appropriate signal

conditioning equipment and an acceleration - tj.me recording system.

The acceleration data channte,l, including all instrumentatio::l, from

and including the acceleroml~ter up to and including any analysis and

recording procedures that may alter the frequeI1.cy content of the data,

shall comply with SAE Reconunended Practice J2l1a requirements for

channel Class 1000.
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2.6.2.5.1 Accuracy. The instrumentation system used to measure acceleration

shall have an inaccuracy of less than + 7%, RN:> , including reading

error. Readings shall not be corrected for sYi;tem accuracy.

2.6.2.5.2 Acceleration Measurement System Components. TIle following items

shall comprise the acceleration measurement syBtem:

(a) Accelerometer. The accelerometer shall be mounted at the center

of gravity of the test headform and suppo:rting assembly with

the sensitive axis aligned to within 50 of true vertical "'hen

the headform is in the impact position. ~~he accelerometer

shall have the following specifications:

Range (Hinimum
Resolution
Minim\~ Frequency Response (+5%)
Minimum Resonant Frequency (Moun ted)
Linearity
Transverse Sensitivity (MAX)
Haximum Temperature Sensitivity
Temperature Range OnN)

2000 g
0.01 g
2-7000 Hz
20 kHz
0.5%
5%
O.Ol%jOF° to +~50°F

(b) ~arge Ampli.fier. The charge amplifier, l.Tith test signal

capability, shall have the following specifications:

Range, Full Scale
Sensit i vi ty

Low Frequency Response in Hz for
3 dB Down

Equivalent Noise

Frequency Response (Flat within t5%)
Accuracy, Test Signal
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(c) Pm07er Amp1:l.fier (If Required). The power ,'lrnp1ifier, if required,

shall have the fo1lo~07ing specifications:

Frequency Response (±l%)
Harmonic Distortion (l'IAX Output)
Liniarity Deviation

DC to 40 kHz
0.2%
0.3%

2.6.3

2.6.3.1

(d) Recording, System. '!'he acceleration-time llistory shall be

permanently recorded by one of the following means:

oscillograph

oscilloscope

AID converter.

The selection shall be made in order to aJ lo~v a m.inimum

sampling rate of 5 kHz (200 microseconds) \-"hile keeping

\vithin the accurracy limits as specified in Paragraph

I~act Test Procedure

EquiE,Elent \-!arm-Up - All equipment shall be turned on and allm'1ed

to warm up for at least 30 minutes, or until equilibrium is reached"

whichever time is greater, prior to testing.
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2.6.3.2

2.6.3.3

Syst(~m Check. Prior to and follmving the impact testing of head-

gea r a series of three pretes t and three post tes t sys tem check

drops shall be conducted by dropping the headfonnlcross arm from

a height of 1.8 inches (122em) on to an HEP* pad. For each system eheck

impa(~t, the headform shall be positioned such that the apex of the

headform strikes the center of the MEP. The acceleration _. time

history of each drop shall be recorded. Prior to the recorded

pretest and post test system check drops, a series of three unre-

corded drops will be made cln to the MEP. Therefore, ther.e shall be

a total of 6 pretest drops, the last three of 'dhich shall be re-

corded and 6 post test drops, the last three oE which shall be re-

corde:d. The time bet,,,een 8,11 sys tern check dro)s shall be two

minutes. These data shall be evaluated as in Paragraph 2.6.3.9.

The MEP shall be securely at tac:1ed to the anvil base to assure that

it does not shift position prior to or during lmpact. The vertical

centerlines of the accelerometer and the NEP shall be coincident.

Im,Eact Velocity. When a check :ls made of the headform/drop arm

assembly :tmpact veloci ty at the specified impa<::t test drop heights,

a three drop average impact velocity shall not deviate by more than

7% of the theoretical impact velocities of 13.!1 feet per second from

36 inchesand 19.66 feet per second from 72 inches.

*1" Open Blue Hodular Elastomer Programmer, MTB SysteI!ls, Inc., or
e,quivalent.
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2.6.3.4

2.6.3.5

2.6.3.6

2.6.3.7

Moun ting of Samples. Prio:r to each test fix t ne headgear on the

test headfonn in accordance ~"ith Para[':raphs 2.3.1, 2.3.2, and 2.3.:1.

Secure the helmet so it does not shift position prior to impact during

testing. The chin strap of the l1eadgear or adhesive tape mny

be used for this purpose. Chin strap or tape forces used to secure

the headgear to the headforrn shall not distort the shape of the

headgear.

Heig!lt of Drop. The drop height shall be as l'leasured from the

uppermost part of the anvil to the impact site on the hendgcar.

Suitable measuring rods of 36 inches (9l.4cm) and 72 inches (l83cm~

(+0.1 inch; + 2.5mm) may be used for this purpose. The vertical

centerline of the acceleronll~ter shall be coincident "lith the

vertical centerline of the anvil prior to impact.

CnlH~ration Signal. Prior to ench impact, no less than tHe' short

duration (approximately one: second) calibration. siV1als of 300g

magnitude shall be inserted into the system input (accelerometer

output). and shall be recorded as a reference for data analysis.

TestiE1l' Each headgear 8ha.11 be dropped from the heights £:5

stated in Paragraph 2.6.1.

Each headgear shall be impa:cted at 5 locations above the tes t line.

These shall include one impact in the apex area and four impacts

at sites above the test line but not in the ap~x area. Impact sitE!s

shall be separated by a dis tance of not less than 1/5 the c>uter cir­

cumference of the headgear at the test line.
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2.6.3.8 RecQTd. The acceleration-time histories of each impact she:ll be recorded.

2.6.3.9 Systems Check. If the average of the three pre-test peak accel-·

erati.on values differs from the average of the three post-test

peak acceleration values by more than 10%, the impacts conducted

on the headgear shall be invalid. Additional impact test samples

required due to invalidated. data may be submitted for impac:t tests

after being exposed to the appropriate environnental conditions.

2.6.3.10 Breakage. If as a result c;f impact testing th~ sample headgear

is rendered incapable of withstanding further testing, the head­

gear shall be considered as failing the impact test and such a

failure shall be reported.
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2.6.4 Impa~t Test Data

Haximum Acceleration. For impacts to the apex of CLASS 1, CLASS 2

and CLASS 4 headgear, the peak acceleration Shl11 not exceed 80g <:If

determined from the reference calibration signll.

Head Injury Cri terion. Impacts above the refe'rence of CLASS 1,

CLASS 2, CLASS 3 and CLASS 4 headgear shall be evaluated by deter-

min:lng the avera8e acceleration during any time interval of the im-

pact, raising this average acceleration to the 2.5 pm.;rer and multi-

plying it by the length of the interval in seconds, Hhieh may be

expl:essed mathematically as:

Jt2 adt

t1

t2-tl

2.5

(t2 - tl)

Hhere a is the head form acceleration, as deter;nined from the re-

ference calibration signal, expressed as a multiple of g (acceleration

due to gravity) and tl and 1:2 are any tHO point s in time during the

impe.et. Acceleration data points used for the solution to the abov,~

formula shall be selected a maximum of every 2CO microseconds durin",

the pulse. Computed values of the above formula in excess of 1000

shall be cause for failure.
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2.7

2.7.1

2,7.1.1

Penetration Resistance Test

Requirements. The penetration test shall be conducted by dropping

a test striker on to a test: headgear, the striker bei.ng dr.opped

in a guided fall with its axis aligned vertically and in II dire.c­

tion per.pendicu1ar to the outer surface of the headgear.

CLASS 1 - Maximum Duty Hea{~gear.. The striker shall be dropped from

a height of 118.1 inches (3m) on to any point above the test

line.

2,,7.1.2 .9J~ASS_ 2 - Medium DutX Head~~ear. The striker shall be dropped from

a height of 118.1 inches (3m) on to the apex 8rea of the hEladgear

and from a height of 47 inehes (1.25m) on to any point above the

test line.

2,,7.1.3 Cl.ASS 3 - Light Duty lIeadB!~' The striker shall be dropped from

a height of 47 inches (1.25rn) (In to any point above the test

1:iri.e of the headgear.

2" 7 •1. 4 CLASS 4 - Fire fighter's Headgear. The striker shall be dropped from

a height of 118.1 inches (3m) cln to the apex c;rea of the h(~adgear

and. from a height of 47 in(:hes (1.25m) on to .my point above the

test line.
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2.7.2

2.7.2.1

2.7.2.2

2.'7.2.3

2.:7.3

2.7.3.1

Penetration Apparatus

PenetFation Striker - The weight of the penetration test striker

shall be 2.2 pounds, +0.1, -0 p()und (lkg, +15, -\)gm). The point

of the striker shall have an included angle of 30 degrees ±.5 degrees

and a cone height of not less than 1.5 inches 08rrm). The hardness

of a striking tip shall be a minimum of 60 Rockwell (Scale C).

The striker tip shall have a radius of .019 1n(:h (lmm) and shall

be electrically conductive.

Penetration Test Headform. Headforms used for penetration are to

conform to standard headform dimensions (FigurE~s 4-5) and may be

madE~ of alumimnn or Ttk'1gnesium. Pri.or to penetration testing, the

headform shall be smooth. The Hurface of the test headform shall

be electrically conductive. The headform shall be backed u;, with

a concrete or steel mass of not less ·than 100 I·ounds.

Contact Sensor - The system shall be able to detect contact be­

tween the headform and striker of at least one millisecond duration.

Penetration Test Procedure

Mour.ting of Samples - Prior to each test, fix the helmet on the test

headform so that the test Hne j.s positioned in accordance 'dth

Paragraph 2.3.2. Secure th(~ helmet so that it does not shift posit:lon

prior to penetration.
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2.7.3.2

2.7. 4

Testing_, Each headgear sha.ll be penetration tested in three

locations above the test line. These shall include one

penetrat:l.on in the apex area and two penetratiDns at sites

above the test line but not in the apex area. The penetration

drop heights for the various classes of headge ~r shall be as

stated in Paragraph 2.7,1.

Penetration Test Data. Evidence of contact be~\'leen the striker

and the headform shall be reported. If contac~ has not occurred,

the penetration striker shall then be manually replaced into the

penetration site and 1lith approximately t\'10 p01mds pressure applied

to the striker, the depth along the side of thl~ striker tip, in-

eluding the thickness of the shl~ll, shall be m(~asured.

2.8 Electrical Test

2.8.1

2. g.2

Re_~li~ements_. Hhen tested for (~lcctt:ica1 insu:Lation, the headgear

shall withst8J.'d 30,000 volts (PJ'IS), AC, 60 Hz ~md when 20,000 volts is

applied for three minutes the leakage shall not exceed 9 milliamperes.

Electrical Tes~aratus_

(a) Vesse!. - A vessel, con taining fresh tap water. of sufficient

size to submerge an inverted helmet shell to ,.,ithin 1/2 inch

of the test line.
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2.8.2

2.8.3

2.B.3.l

2.8.3.2

Eler.trical Test Apparatus _. (Continued)

(b) Frame. A frame for suspending the test specimen in the

water.

(c) Power Suppl~. A source of 60-Hertz alte~lating current

of 30,000 volts (Root Mean Square).

(d) Wirinr,. Wiring and termin.als for applica:ion of voltage

across the crmvn of the teB t specimen.

(e) Voltmeter. A voltmeter having a range of 0 - 30,000 volts

(2% Full Scale Accuracy).

(f) Hilliammeter. A milliammeter having a range of 0 - 75 l'1a

(2% Full Scale Accuracy).

Eleetrical Test Proc.edure.

Preparation. of Samples. mH~re it is evident that the samplla

helmets have a protective c,:>ating over the basi.c material, the

extE!rior surface of the shell shall be abraded until the basic

material is exposed using a No. 60 grit garnet paper.

Mounting of Samples. The inside of the helmet shell (without

suspension or accessories), aftE~r having been Eubmerged in fresh

tap water for 24 hours and then surface dried, shall be filled 'vi th

fresh tap water to within 1/2 inch of the junction of the bdm lvith

the crown, or whatever level is required to prevent flashover at

the voltage tested. The shl~ll shall then be stbmerged in the same

type of water to the same lE!vel as the water on the inside of the

shelL The voltmeter and mHlia,mmeter shall be attached to the

circuit.
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2.8.3.3 Proc~dure. The voltage shall be increased to 30, 000 volts at

the rate of 1000 volts per second. 'l11C voltage shall then be

decreased to 20,000 volts at a rate of 1000 velts per second

and shall be maintained at this level for 3 T:1inutes. Leakage

curren t shall be recorded.

2.9 '~ater }b~orption Test

2.9.1

2.9.2

2.9.2.1

a period of 24 hours, the test headgear shall not have absorbed

more than 5% \-later by ,veight.

Hater Immersion Tcmk. A "later immersion tank as specified in

Paragraph 2.5.1.4 shall be used ..

2.9.2.2 Hcasurement. A suitable scale having an accuracy of ±2gm shall

2.9.3

2.9.3.1

be used to 'veigh the conditioned and uncond~ t ioned headgear.

Procedure

Prepa!:..~t..!_on of Samp~es. Hhere it is evident that the sample helmets

have a protective coating over the basic matertal, the exterior sur-

face of the shell shall be .abraded tnltil the b~tsic mater1.a1 is

exposed using No. 60 grit g<lrnet paper.
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2.9.3.2

2.9.3.3

2.9.4

Conditioning. Prior to conditi(ming, the sample headgear shall

be W'eighed.

The headgear shall be submerged in the water tank for a period

of 24 hours. After removal t thE~ headgear shal:~ be freely sus-

pended in the normal wearing position and alloued to drip dry

for a maximum period of one hOUl'.

Weighing. Immediately following the drying procedure, the head-

gear shall be weighed.

Hater Absorption Test Data. The! percentage inc:rease in "reight

during immersion shall be c;!llculated to the nec:.rest 0.05 per-

cent: as fo110\.,s:

Increase in weight~ percent :-: (~ret ,,,eight - co!.clitioned ,,'eight) x 100
conditi oned weight --

2.1L0

2.10.1

2.10.2

2.10.3

A pe.rcent increase greater than 5% shall be cause for failure.

Flammability Test

Re<1~ir~~nts. l-1hen tested in accordance "lith A~TH D635-1969, the sh:d.ls

of CLASS 1, 2 and 3 headgeaJr shell1 burn at a rete not p,reater than

three inches per minute and shells or CLASS 4 11 eadgear shall be selE-

extinguishing, when specified burn rate is 0.5 inches per m:lnute.

Procedure. The procedure as set forth in ASTII n635-l969 shelll be

followed except that three samples shall be cut from the shell.

Data. The burning rate or evidence of self-extinguishment shall

be reported for each sample.
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2.11

2.11.1

Retention System Test. 1-1'oen a force is applied to the fastened

chin strap by means of a mcchan:lcal chin struc~ure for a period

of one minute, the chin strap deflection shall not exceed 1 inch

(2.5 cm). The force applied to CLASS 1 and CLASS 4 chin straps

sha:ll be 100 pounds (/+5 kg) and the force app1:Led to CLASS 2

and CLASS 3 chin straps shall be 25 pounds (11 kg).

Retention Test Apparatus

2.11.1.1 Headform. A rigid headform conforming to the hasic test headforrn

dimensions shall be used.

2.11.1.2 Hech:mica1 Chin Structure. The mechanical chin structure shall

consist of t\vO metal rollers 1/2 inch (12. 5mm) in diameter and

centers 3 incllcs (75mm) apart.

2.11.2 Retention Test Procedure. The headgear is mounted on the test

headform and the chin strap is passed through ':he rollers and

secured. 1m initial force of 10 pounds (4.5kg) for CLASS 1 and

CLASS 4 and 5 pounds (2.25 kg) for CLASS 2 and CLASS 3 is applied

to the chin strap and the distance between the apex of the head-

gear and the rollers is measured. The force i13 then gradually

increased to 100 pounds (45 kg) for CLASS 1 and CLASS 4 and 25

pounds for CLASS 2 and CLASS 3 and held steady for 1 minute after

which a second measuremen t is recorded.

Figure 6. Mechanical
Chin Structure

~ ~_O._04_---4___

~
l
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2.11.3 Retention Test Data. The distances from the apex of the headgear

to the rollers at initial load and at maximum load are recc·rded

and their difference is reported as the chin strap elongation.

Elongations in excess of 1 inch (2.5cm) are caLIse for failure.

2 .12 ~!:Ement Calibration. At the time of test, all test equi.pment

must have been calibrated with standards tracelble to the National

Bureau of Standards. (In accord.ance with ASTH J 2865-71)
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DAYT'o:r-.r 7.' BRCY'-V1V I.,",'C.-,

3.0 USER'S STANDARD FOR INDUSTR::AL AND
FIREFIGHTER'S HEAD PROTECTIVE DEVICES
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3.1 Sco~pe and _Purpose: This standard is designed to describe hm'1

industrial head protective devices are to be properly selected,

. used cmd maintained.

3.2

3.2.1

3.:2.1.1

Applications

Classes: Industrial headgear governed by this standard are of the

following classes:

CLASS 1

CLASS 2

CLASS 3

CLASS 4

Maximum Duty Industrial Head Protecth'e
Devices.

:H(2~dium Duty Indu~trial Head Protectiv~

Devices

L:i.ght Duty Industrial Head Protective
Devices

Firefighter's Head Protective Devices

3.2.1.2 Occupational Hazar.ds - The hazards in the working environment deter·-

mine the type of head protective \vhich should be worn in order to

protect from possible accidE~nta1 head inj ury •

Selection - The fo1101"ing chart should serve as a guide in the

se1ect.ion of the proper head protective device to meet the needs

of the worker. The workplace should be surveyei and where hazards

are known to exist. the worker shall be issued:he appropriate clasE

of headgear.
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FALLS

STRUCK BY
OEJE(;TS-

STRUCK AGAINST
OllJEC;;r-S

TABLE 3 - SELECTION OF HEADGEAR

HAZARDS

Harker falls to different level

Harker falls on same level

Worker stnlck by fallinr, objects

Worker struck by flying objects of
large mass

Horker struck by flying objects of
small mass

~.;rorker struck by moving objects of
large mass

Worker struck by moving objects of
small mass

Horker striking immovable objects

APPLICABLE CL!~SSES

I

1, 2, :3

1, 2

1

1, 2 t :>

1

1 t 2 t :I

1, 2 t 3

FIRE Worker engaged in fi.refighting activities 4

3.2.1.2 Occupationa:l Hazards - (Continued)

Headgear l.,,-hich meet the requirements of these classes may be identified by

the circled numeral appearing on the forehead of the readgear. 'l11(~Se are:

Q) - CLASS I

(i)-CLASS 2

o -CLASS 3

@-CLASS 4

Maximum Duty Headgear

Medium Duty Headgear

Light Duty Headgear

Firefighter's Headgear.
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3.2.1.2 Occupatfonal Hazards - (C(..ntinul~d)

3.2.1.3

3.2.1.5

The class of headGear may also be determined by impection of the

underside of the peak or brim Hhere the folloving tnformation exists:

class of headgear

manufacturer's name

model designation

date manufactured

recommended cleaning agent

Cautions on Selection

A competent safety inspector should be consulted pIior to selection.

The headgear covered by this standard are intended for general

industrial use. Applications requiring unique or. ~pecialized

protecti.on should be discussed ,Ji th the head protec tive devic.e

manufacturer.

Electrica~ Prote.ction. All headgear governed by tbis

standard are made of high voltage electrically insulating materials

and are suitable for limited protection from e1ectr:f.cal shock.

Linitation of Protection. The method of selection of industrial

and firefighter's protective headgear shall not be construed to

100an that the specified class of headgear will protect the wear<~r

from any and all head injury as a result of an accident of the

type described. The performanc(~ requirements which have been

described from the hazard classJLfications are intended to reflect

optimized circumstances and havE~ been limited by comfort facton;

and current protective helmet technology.
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3.3 Use of Industrial and Flrefig1;ter's Protective He~iJ::ear

Industrial protective headg~ar are safety devices Hhich must be

properly adjusted and cared for in crder to functlon as intended.

3.3.1

3.3.3

Cautions on Use

No headgear can protect from all foreseeable accidents. In order

for the headgear to be effective, it must be secu"rely fastened to

the head.

Protective headgear are so constructed that the energy of a severe

blow is absorbed through partial dest.ruction of the headgear. Though

the damage may not be visible to the eye, if it has been struck

severely, return the headgear to the manufacturer for competent in-

spection or destroy and replace it.

The materials in the headgear may be ndversely af::ected by certain

chemicals or environmental conditions. The manufacturer should be

consulted if severe chemical or environmental e:Al'osureS are antici-

pated.

Fitting and Adjusting: Industrial h~adgear should be adjusted by

fol1mving the manufacturer's instructions accompanying each headgear

at the time of purchase.

Chin~trap: The headgear is supplied with a chin strap for

securing the helmet to the head. In order for thH headgear to function,

it must be securely in place at the time of an acc:iden t. This is

parti~ularly important when a considerable risk 0:: falls is present.
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3. 3.~·

3.3.5

Co_mfor.~: Industrial protective headgear are designed by the

manufacturer for maximum 'Hearer comfort. At no time should the

wearer attempt to alter the st:ructure of the he.adgear to improve

comfort. If, tn service, the headgear is found to be uncomfortable,

the manufacturer should be consulted for replacement or modificntion

of the headgear.

These recommendations apply to such practices as: drilling holes

in the shell to increase ventilation which may result in structurally

\oleakening the headgear and reducing electrical and hot liquid splash

protection, or removing suspension straps Hhich may cause complete

or parti.al loss of impact protection. At no time should prot~ber3nce['

be flattened to reduce discomfort.

The industrial headgear is a compact unit of inter-relating protective

components and is almost devoid of features \·]hlch lend only cosmetic

appeal. As such, it should be treated as a prote:tive system. Alter-·

ation of anyone component may greatly reduce the protection a.fforded

by the headgear as a whole.

Personal Ielen tification: The user shall follmv t:,e instructions ex-

plaining the method of personal identification set: forth by the manu-

facturer in the instruction sheet supplied \.nth e,:l.ch headgear.

At no time should the user scratch, burn or othe~.,ise modify the

headgear in order to place a personal identification marking on the

headgear.
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3.3.6

3.3.7

3.3 .. 8

Decals and Stick-On Labe}~. The user should be cautioned that

the adhesives used in decals and stick--on labels may adversely

affect the materials in thc""! hc<:d8car. If such r:larl~ing is deemed

necessary by the user t the manu.facturer should be consulted prior

to affixation of any such decal or label.

Paintinfi. To avoid chemical attack t the user should avoid painting

the headgear unless othendse notified by the manufacturer.

Electrica.l Insulation. Industrial and firefighter's protective head-

gear t if properly used and maintained, will offer Limited protection

from electrical shock. It should be noted that th ~ maxiunun voltage

against \oJhich the headgear ~·]ill protect the ~o]earer will be a function

of the characteristics of the electrical hazard an:! ambient environ-

mental conditions. Therefore t the test voltages d,) not imply safe

operating voltages and the local use of the headgear as an electrical

insulator is beyond the scope of this standard.

3.4 Haintenance of Industrial and Firefishter' s Headge'1r

3.4,,1 Use of Instructions. Supplied with each headgear .It the time of

sale \o]i11 be an instruction sheet from the manufac~urer explaining

the proper method of visually inspecting the headgear for damage

and weal' and the steps which must be taken to rectlfy these problems.
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3.4.3

Timetable for Inspection. Each headgear should be inspected at

least every six months~ This period should be shortened depending

. upon the severity of use, There are, hOvlcver, conditions uhich

should receive immediate attention. These are:

(a) Shell Breakage or. Fracture: If the headgear shell shows

signs of fracture, bre<:lkage, holes or deep scratches, t.he

headgear should be replaced.

(b) Softened, Harped or Dented Shell: If thelcadgear shell

becomes soft or if its shape becomes distorted, the headgear

should be replaced or returned to the manufacturer for com­

petent inspection.

(c) Broken, Frayed or Cut Suspension Straps. Chi.n Strap or_

Nape Strap: If the suspension straps, chin strap, nape strap

or any other strap used to fasten the headgear to the head is

found to be broken, frayed or cut, these should be repaired

or replaced immediately.

Cleaning: Following the manufacturer's recommended cleaning method

(instruction sheet) and cleaning agent (underside of peak or brim)

each headgear should be cleru1ed periodically. ;~e length of time

between cleanings will be determined by the environment in which the

headgear is used. It should be noted that frequent cleaning will

complement other forms of personal hygiene requlrements in the work

place.
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3.4.5

3.4.6

3.4,.7

Disi.nfection: Hhen headgear are uned by more than one employee,

the headgear should be disinfected prior to bcil~g issued to another

employee. The method of disinfect1.on should follow the Inanufacturer' s

recoIlrrnendations.

Th rmv-A<'iJay Date: Unless done so by the mantlfac'!:urer, no throw­

away date has been established for the headgear., The necessity of

replacement \-Ti11 be determined by the type and Heverity of use of

the headgear.

Abuse of l~eadgear: Abuse \rill shorten the effcGtive service life of

the headgear and TIlay reduce the level of protection afforded by the

headgear \....hen \"orn. Obvious abuses such as: sJ. tting on the headgear,

carrying materials in the headgear, storage of the headgear i.n has tile

environments (such as the ro,ar mndo\v ledge of an ~U1tomobi.le or loosely

placed' in the trunk of the auto). use 'of the he adgear as a work res t,

or throwing the headgear ab01l.1t, must he avoided.

In order to perform properly, industrial safety headgear should be

used with the same respect given to other safety equipment.

ElectrIcal Insulation. Under conditions of use where hazc.rds of

elect.rical shock and burn are frequently encountered, periodic

electrical tests of the headgear may be necessal)' to insure c:::on­

tinued protective capability.
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3.4.8 Headgea!:-~~'1ken Out of Servi.ce: If it has been deemed necessary

to replace a damaged or severely ,wm headgear, unless such head-

gear are returned to the manufacturer, the hE'adsear should be dentrc,yed, 4· .--__ ,, _

and rendered lncapable of ~ein~rn.
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