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1. Scope 2. Referenced Documents

1.1 This guide establishes a process for the determination of 2.1 ASTM Standards:
acceptable surface operating conditions for heated systems.C 680 Practice for Determination of Heat Gain or Loss and
The human burn hazard is defined, and methods are presented the Surface Temperatures of Insulated Pipe and Equipment
for use in the design or evaluation of heated systems to prevent Systems by Use of a Computer Progfam
serious injury from contact with the exposed surfaces. C 1057 Practice for Determination of Skin Contact Tem-
1.2 Values stated in Sl units are to be regarded as standard. perature from Heated Surfaces Using a Mathematical
1.3 The maximum acceptable temperature for a particular Model and the Thermesthesiométer
surface is derived from an estimate of the possible or probable .
contact time, the surface system configuration, and the level of- Terminology
injury deemed acceptable for a particular situation. 3.1 Definitions of Terms Specific to This StanddBascrip-
1.4 For design purposes, the probable contact time fotions of Terms Specific to This Standard:
industrial situations has been established at 5 s. For consumer3.1.1 skin
products, a longer (60-s) contact time has been proposed by 3.1.2 epidermis—the outermost layer of skin cells. This
Wu (1)? and others to reflect the slower reaction times forlayer contains no vascular or nerve cells and acts to protect the
children, the elderly, or the infirm. skin layers. The thickness of this layer averages 0.08 mm.
1.5 The maximum level of injury recommended here is that 3.1.3 dermis—the second layer of skin tissue. This layer
causing first degree burns on theeragesubject. This type of contains the blood vessels and nerve endings. The thickness of
injury is reversible and causes no permanent tissue damagdis layer averages 2 mm.
For cases where more severe conditions are mandated (by3.1.4 necrosis—localized death of living cells. A clinical
space, economic, exposure probability, or other outside corterm that defines when permanent damage to a skin layer has
siderations), this guide may be used to establish a second, legscurred.
desirable injury level (second degree burns), where some 3.1.5 burns
permanent tissue damage can be permitted. At no time, 3.1.6 first degree burna-the reaction to an exposure where
however, are conditions that produce third degree burns redhe intensity or duration is insufficient to cause complete
ommended. necrosis of the epidermis. The normal response to this level of
1.6 A bibliography of human burn evaluation studies andexposure is dilation of the superficial blood vessels (reddening
surface hazard measurement is provided in the list of referef the skin).
ences at the end of this guid&-16) 3.1.7 second degree burnthe reaction to an exposure
1.7 This standard does not purport to address all the safetywhere the intensity and duration is sufficient to cause complete
concerns, if any, associated with its use. It is the responsibilityecrosis of the epidermis but no significant damage to the
of the user of this standard to establish appropriate safety andlermis. The normal response to this exposure is blistering of
health practices and determine the applicability of regulatorythe epidermis.
limitations prior to its use. 3.1.8 third degree bura-the reaction to an exposure where
significant dermal necrosis occurs. Significant dermal necrosis
has been defined in the literatyi® as 75% destruction of the

Insulation and is the direct responsibility of Subcommittee C16.24 on Health anci t ti heali

Safety Hazard Potentials. eave permanent scar tissue upon nhealing.
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3.1.9 contact exposure-the process by which the surface of 4.2.4 If the injury level exceeds that specified, further
skin makes intimate contact with a heated surface such that remalysis of the system is required using either the thermesthe-
insulating layer, film, moisture, etc., interferes with the rapidsiometer (a direct method) or an additional calculation. Both
transfer of available energy. methods are described in Practice C 1057.

3.1.10insulation system-the combination of an insulation  4.2.5 If after this additional analysis the system still exceeds
material or jacket, or both that forms a barrier to the rapid losghe injury level criterion, then the system is unacceptable for
of energy from a heated surface. The insulation system mathe criterion specified and the design should be revised.
involve a broad range of types and configurations of materials. =~

3.1.11 jacket—the protective barrier placed on the exposed®: Significance and Use
side of an insulation to protect the insulation from deterioration 5.1 Most heated apparatus in industrial, commercial, and
or abuse. The jacket material can be made of paper, plasticesidential service are insulated, unless thermal insulation
metal, canvas cloth, or combinations of the above or similawould interfere with their function; for example, it is inappro-
materials. priate to insulate the bottom surface of a flatiron. However,

3.1.12 thermesthesiometera probe device developed by surface temperatures of insulated equipment and appliances
Marzetta(13) that simulates the thermal physical response ofmay still be high enough to cause burns from contact exposure

the human finger to contact with heated surfaces. under certain conditions.
5.2 This guide has been developed to standardize the
4. Summary of Guide determination of acceptable surface operating conditions for

4.1 This guide establishes a means by which the engineetﬂeated systems. Current practice for this determination is
designer, or operator can determine the acceptable surfa¥édely varied. The intent of this guide is to tie together the
temperature of an existing system where skin contact may paxisting practices into a consensus standard based upon scien-

made with a heated surface. tific understanding of the thermal physics involved. Flexibility
4.2 The process used in the analysis follows the outlindS retained within this guide for the designer, regulator, or
listed below: consumer to establish specific burn hazard criteria. Most

4.2.1 The user must first establish the acceptable contagenerally, the regulated criterion will be the length of time of

exposure time and the level of acceptable injury for thetontact exposure. o _
particular system in question. 5.3 It is beyond the scope of this guide to establish appro-

4.2.2 Secondly, the user determines the maximum operatingfiaté contact times and acceptable levels of injury for particu-
surface temperature. This determination is made either bl Situations, or determine what surface temperature is “safe.”
direct measurement (if possible) or by use of a calculation atlearly, quite different criteria may be justified for cases as
design conditions using a method conforming to PracticéjWerS_e as thosemvolvmg mfant; and QOmestlc apphances, and
C 680. experienced adults and industrial equipment. In the first case,

4.2.3 Next, utilizing the contact time (4.2.1), the maximum N0 more than first degree burns in 60 s might be desirable. In
surface temperature (4.2.2), and the graph, Fig. 1, the uséf€ second case, second degree bumsSis might be
determines the potential injury level. If the operating point fallsacceptable.

below the injury level specified (4.2.1), then no further analysis Nore 1—An overview of the medical research leading to the develop-
is required. ment of this guide was presented at the ASTM Conference on Thermal
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Insulation, Materials and Systems on Dec. 7, 19B4). 6.3.2 The second step is to determine the temperature of the
5.4 This guide is meant to serve only as an estimation of th ystem surface at thevorst design condition by one of the

exposure to which aaverageindividual might be subjected. °llowing methods. _ _ _ _
Unusual conditions of exposure, physical health variations, or 6-3:2.1 Insert the system dimensions, material properties,
nonstandard ambients all serve to modify the results. and opgratmg condltlpns mto_an analysis technique cgnformmg
5.5 This guide is limited to contact exposure to heateoto Practice C 680. This technique should be used during de_S|gn
surfaces only. It should be noted that conditions of personaﬁ)rwhere the system surface temperatures cannot be physically

exposure to periods of high ambient temperature or hig easured aliorst caseconditions.

radiant fluxes may cause human injury with no direct contact, 6-3-2-2 Direct contact thermometry (thermocouple or resis-

5.6 This guide is not intended to cover hazards for coldtance device) or infrared, noncontact thermometry.

temperature exposure, that is, refrigeration or cryogenic appli- Note 3—(1) Care should be used in attaching measurement devices on
cations. hot systems since burns can result; aBdRroper installation techniques

5.7 The procedure found in this guide has been described jRust be used with direct contact thermometry to prevent heat sinking of
" - }he surface and obtaining incorrect temperature readings.
the literature as applicable to all heated surfaces. For extremely

high-temperature metallic surfaces (>70°C), damage occurs 6.4 In many situations, surface temperatures exceed the

almost instantaneously upon contact. range of applicability of this guide and thus the evaluation is
made through interpretation of the surface temperature data
6. Procedure and the system properties. The limiting conditions below

6.1 This procedure requires the user to make several dec?—howd first be examined to see if further analysis is required.

sions that are based upon the results obtained. Careful docu-6-4-1 It t_he surface temperature is pelow 44°C, no shc_)rt
mentation of the rationale for each decision and intermediat&™ (that is, Ies;; than 6 h) hazard exists and the remaining
result is an important part of this evaluation process. sections can be ignored. .

6.2 The first phase in the use of this guide is to establish the 6.4.2 i the suriace lemperaiire exceeds 70°C and ihe

acceptable limits for contact exposure time and the acceptab rface is m_etalhc, it may present a hazard regardless of
level of injury for the system in question. Where no availaplecontact duration. Attempts should be made to lower the surface

standards for these limits are prescribed, the following limit temperature below 70°C. Nonmetallic skins may be safe for

are recommended based upon a survey of the existing medicé{p'ted S temper:’;\tures ab(ive 70°C. In th_ese cases, as
literature with all cases between 44°C and 70°C, the analysis should be

i completed.
2'2'1 Accgptapltla Contact Times 6.5 With the measurement or estimation of surface tempera-
-2.1.1Industrial Process-5 s. ture for the system in question, utilize the graph (Fig. 1) and
6.2.1.2 Consumer Items- 60 s. check if the intersection of the operating surface temperature

6.2.2 Acceptable Injury Levels-The acceptable injury level and the selected time of contact falls below the threshold
is that of first degree burns as defined in 3.1.6 and is the limitemperature.

represented by the bottom curve in Fig. 1.
2 3 The n ))/(t h in th r ; is t tablish th Note 4—The threshold temperature used will depend on the limits of
’ e ne phase € process IS 1o establis gcceptable burn chosen in 6.2.2. If the burn level is first degree, use

maximum operating surface temperature under Worst cas§reshold line B in Fig. 1. If second degree burns are acceptable, use
conditions. This evaluation may be made either by directnreshold line A in Fig. 1.

measurement (but only at worst case conditions) or by using a

calculation approximation. The steps required for determinin ;
the maximum surface temperature are as follows: ir;;;n;eshold (line B) curve, then the system meets the selected

6.3.1 The initial step is to establish the operating system .
parameters. This step provides input information to the analy- 6.7 1f, however, the point falls above the curve, the system

sis and may preclude any further work concerning burn hazard"&Y m.eet thg selec;ted criterion only if certain combinations of
The items that need to be identified and recorded are & suIaan or J"’?Cke.“”g’ or both, are used.An.aIy5|s' procedgres
follows: or the jacketing/insulation effects are outlined in Practice

I . . _ C1057. T thod ided in Practice C 1057 briefl
6.3.1.1 System Descriptiea-Shape, size, materials, includ- Wo methods provided in Fractice are briety

Lo . . ) described below.
ing jacket material, thickness, and surface emittance.

. . 6.7.1 The calculation technique provided in Practice C 1057
6.3._1.2 Operation Conditions-Temperatures of heated sys- |, system geometry, material properties, and temperature
tem, times of year, cycle, etc.

) " . conditions to estimate the maximum contact temperature used
6.3.1.3 Ambient Conditions-Worst case design tempera- in Fig. 1 when the heat capacity effects of the surface are to be

ture for burn hazards would be summer design dry bulb. Or, fogonsidered. Once this maximum contact temperature is deter-

inside conditions, the maximum expected room ambient aifined, the user returns to steps 6.5-6.7 for the refined analysis.

temperature. Include the ambient air velocity, if known. 6.7.2 An alternative to calculation of the contact tempera-
Note 2—Design conditions for burn hazard evaluation may be differenttUr€ iS available for those systems that are already operating.

from those used for heat loss analysis. For example, the highest ambiehil€ thermesthesiomet¢i3) provides an analogue measure-

is used for burn hazard analysis versus the lowest for heat loss. ment of the same phenomenon as the computer method models

6.6 If the operating surface temperature and time are below
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(6.7.1). Care should be used in applying the thermesthesiom- 7.1.2 System operating conditions (either measured or de-

eter since it must be applied atorst caseconditions if the  sign),

hazard potential is to be evaluated. Practice C 1057 outlines the 7.1.3 Ambient conditions (either measured or design),

correct procedures for use of this device for surface hazard 7.1.4 Method of surface temperature evaluation used, cal-

evaluation. The output from the thermesthesiometer is theulation or measurement,

maximum contact temperature of the skin that can be related to 7.1.5 Method of analysis of hazard potential, calculation,

Fig. 1 with no corrections for surface type needed. thermesthesiometer, contact time, and hazard level selected,
6.8 If, after analysis using Practice C 1057, the systemand

temperature still fails to meet the selected criterion, then 7.1.6 Statement of analysis of results and conclusions.

increasing insulation, changing jacketing, or other means mu - ,

be used to lower the surface temperature. Practice C 680 will’ Precision and'B|as . ) )

be helpful in determining the levels required. 8.1 As stated in the Scope, this procedure is valid for the

6.9 Once a new level of jacket and insulation is determined@verageperson. Individuals may be tolerant or sensitive to
the analysis above should be repeated to confirm safe operatiR§"ns depending upon physical condition, age, ambient condi-
conditions. tions, emotional state, etc. The literatde 4, 5)has shown,

however, agreement on pain response and tissue damage for a

panel of subjects to within approximately 10 %.

7. Report

7.1 Any report citing the use of this guide should include the®. Keywords
following information: 9.1 burns; epidermal injury; heat; injuries; skin contact

7.1.1 System description, temperatures; thermal insulation

APPENDIX
(Nonmandatory Information)
X1. RATIONALE

X1.1 Background—General cost of the project. Most applications of insulation to heated

process systems are made on the basis of trade-offs between the

X1.1.1 Man has faced the potential of skin burns from . . :
P ost of the installed insulation and the cost of the energy lost.

touching hot surfaces since the discovery of fire in prehistoric’ > thi eri h le-of-thumb
times. He was concerned more with treatment of the injur smgh tlhs tC'” e“rlator E mtore _Corr?rlnlz)n fu el-o ) u(;n ' ap-
than with the development of some means to prevent jgroach, that s, put on about an inch fike we always do,” can

occurrence. As civilization advanced, man developed crud&f€at€ exposed surface temperatures that exceed even the

insulation forms to control the extremes of heat to which heshortest term human exposure limits. Thus, to protect both

was exposed. The greatest improvement to these systems Ca%eratodrs ar;d casual tv:)snors dm ta: artea', dant_an?rllyss k?f 'ghe
since the industrial revolution where the use of high tempera?Xpose tsur aces rtr;lus f € unt erz en to identify those having
ture power and process systems dictated the development fgmperatures capable of causing burns.

modern insulation systems, that not only conserve energy but X1.1.4 Wher_1 consumer produc'g and industrial system de-
also protect process products during manufacture. As technoRdNers recognized the need to design for personnel §afety, they
tablished what they felt were safe operating limits for

ogy expanded to include higher temperatures, more comple‘?(s ; - .
processes, and thus more worker exposure situations, kag}(posed surfaces. Since limited research data was available

organizations and later governmental agencies demanded t gfore 1950, many industries chose to establish their own
increased use of insulation for personal protection. standards for maximum surface temperatures based upon

combinations of available research results and personal expe-

X1.1.2 At the same tl_me that the workplace was becomlng}ience. This remains as the current method for the evaluation of
more hazardous, the increased development of CONSUMEY, - <o hazards

products that heated, steamed, or cooked increased the POteNy 1 1 & |n 1983 Committee C-16 undertook the study of a

tial haz_ards f(_)und In consumer products and forced the use roposal to establish atandard criteria for evaluating burn
more insulation and protection for the operator. Person

tecti . ired here f duct azard potential. This standard was to be well documented and
protection now IS required everywnere for consumer produc Seasily used. As an adjunct to this effort, a second standard was
Examples include curling irons, ranges, irons, dryers, dish

h liaht fixt df d heating fixt proposed to establish a means for evaluating existing or
washers, light fix l-JI’eS, an _ urr_lace a_m e_a Ing TIXtures. roposed systems for hazard level by either physical measure-
X1.1.3 The obvious solution is to simply insulate the heatednent or mathematical modeling.

part and thus isolate the hazard from the user. Unfortunately, ) ) )

the random application of insulation without detailed analysisX1.2 Background—Physiological Mechanism of a Burn

can sometimes disrupt the process (that is, overheating whereX1.2.1 Previous to World War I, little research has been
some loss is desired) or be an economic handicap to the overglerformed in developing an understanding of the physiology of


https://standards.iteh.ai/catalog/standards/sist/5e59ebb3-a351-49b0-9ca1-abd168052145/astm-c1055-99

