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Liquid-in-Glass ASTM Thermometers with Low-Hazard
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Precision Liquids
This standard is issued under the fixed designation E2251; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 The purpose of this standard is to specify liquid-in-glass ASTM thermometers using low hazard thermometric liquids
defined in this standard.

1.2 This standard specifies liquid-in-glass thermometers graduated in degrees Celsius or degrees Fahrenheit that are frequently
identified and used in methods under the jurisdiction of the various technical committees within ASTM. The current approved
thermometers are listed in Table 1.

1.3 The technical requirements for the thermometric liquids used in the thermometers in Table 1 are specified in Annex Al. Tests
for conformity to the technical requirements are also found in Annex Al.

Note 1—It has been found by experience that ASTM Thermometers, although developed in general for specific tests, may also be found suitable for
other applications, thus precluding the need for new thermometer specifications differing in only minor features. However, it is suggested that technical
committees contact E20.05 before choosing a currently designated thermometer for a new method to be sure the thermometer will be suitable for the
intended application.

1.4 For full rationale, see Appendix X1.

1.5 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
requirements prior to use.

2. Referenced Documents

2.1 ASTM Standards.:?

El Specification for ASTM Liquid-in-Glass Thermometers

E77 Test Method for Inspection and Verification of Thermometers

E344 Terminology Relating to Thermometry and Hydrometry

E563 Practice for Preparation and Use of an Ice-Point Bath as a Reference Temperature

3. Terminology

3.1 Definitions—The definitions given in Terminology E344 apply.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 bulb length, n—the distance from the bottom of the bulb to the junction of the bulb and the stem tubing.

3.2.2 contraction chamber, n—an enlargement of the capillary, located below the main scale or between the main scale and the
auxiliary scale, that serves to reduce the scale length or to prevent contraction of all the liquid column into the bulb.

3.2.3 diameter, n—the largest outside dimension of the glass tubing as measured with a ring gage.

3.2.4 expansion chamber, n—an enlargement at the top of the capillary to provide protection against breakage caused by
excessive gas pressure.

3.2.5 faden thermometer, n—a thermometer with a long, thin bulb used to determine emergent stem temperatures.

3.2.6 interval error, n—the deviation of the nominal value of a temperature interval from its true value; either for the total range
(total interval) or for a part of the range (partial interval).

3.2.7 low-hazard liquid, n—a liquid that is biodegradable, non-hazardous and considered non-toxic in thermometer quantities.

Note 2—It is the responsibility of the manufacturer to determine the suitability of a liquid for this standard. In marking the thermometer with the

" This specification is under the jurisdiction of ASTM Committee E20 on Temperature Measurement and is the direct responsibility of Subcommittee E20.05 on
Liquid-in-Glass Thermometers and Hydrometers.

Current edition approved New-May 1, 2646:2011. Published Peeember—26+6-October 2011. Originally approved in 2003. Last previous edition approved in 2007 as
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2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM Standards
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ASTM designation the manufacturer is confirming that the liquid in the thermometer is non-hazardous as defined by current OSHA (Occupational Safety
and Health Administration) standards and non-toxic in thermometer quantities per current definitions of the United States Environmental Protection
Agency.

3.2.8 thermometric liquid, n—the liquid in a liquid-in-glass thermometer that indicates the value of temperature.

3.2.9 top of the thermometer, n—the top of the finished instrument.

3.2.10 total length, n—the distance from the bottom of the bulb to the top of the finished thermometer, including any special
finish at the top.

3.3 Other terms may be found in the Terminology sections of Specification E1 and Test Method E77.

4. Specifications

4.1 The individual thermometers shall conform to the detailed specifications given in Table 1, the general requirements specified
in Sections 5-15, and Annex Al and Annex A2.

Note 3—Thermometers manufactured to previous revisions of this standard shall retain the same ASTM status as those meeting current specifications.

Note 4—The encapsulation (jacketing) of the glass of liquid-in-glass thermometers with polyflourinated hydrocarbons will change their performance
and physical characteristics, including, but not limited to, response time, accuracy, and physical dimensions. Therefore, under no circumstances should
an encapsulated or otherwise modified ASTM thermometer be used in performing tests that specify the use of an ASTM thermometer.

5. Type

5.1 Each thermometer in Table 1 shall be of the liquid-in-glass type filled with a low hazard thermometric liquid that meets the
specifications in Annex Al. The gas filling above the liquid shall be nitrogen or other suitable inert gas. The filling gas shall be
chosen to have very low solubility in the thermometric fluid.

6. Stem

6.1 Stem—The stem shall be made of suitable thermometer tubing and shall have a plain front and enamel back.

6.2 Top Finish—The top of all thermometers specified in Table 1 shall have a plain rounded finish, except the following, which
shall have the top finish indicated below:

6.2.1 Special Finish:

6.2.1.1 Any finish suitable for assembly in a standard 304.8-mm (12-in.) non-sparking metal armor with open face; in a cup case
assembly; or in a flushing case assembly as defined in standards the thermometers are used in:

Fhermometers-S596,-S59F
Thermometers S58C, S58F, S59C, S59F, S130C, S130F

7. Bulb

7.1 The bulb shall be made of glass having a viscosity of at least 10'*® poises at 490°C (914°F) and at least 10"** poises at
520°C (968°F).

Note 5—Thermometers made with bulb glasses having properties close to these minimum requirements should not be subjected to temperatures above
405°C (760°F) or be continuously exposed to temperatures above 370°C (700°F).

8. Capillary Clearances

8.1 The following distances between graduations and the bulb, and between graduations and enlargements in the capillary, are
minimum limits acceptable for thermometers in this standard.

Note 6—In order for a thermometer to be usable over its entire graduated range, graduation marks must not be placed too close to any enlargement
in the capillary. Insufficient immersion of the thermometric liquid in the main bulb or capillary enlargement, graduation marks placed over parts of the
capillary that have been changed by manufacturing operations, or graduations so close to the top of the thermometer that excessive gas pressure results
when the thermometric liquid is raised to this level, may lead to appreciable errors.

8.1.1 A 13-mm length of unchanged capillary between the bulb and the immersion line or lowest graduation, if the graduation
is not above 100°C (212°F); a 30-mm length if the graduation is above 100°C (212°F).

8.1.2 A 5-mm length of unchanged capillary between an enlargement and the graduation next below, except at the top of the
thermometer.

8.1.3 A 10-mm length of unchanged capillary between an enlargement, other than the bulb, and the immersion line or the
graduation next above, if the graduation is not above 100°C (212°F); a 30-mm length if the graduation is above 100°C (212°F).

8.1.4 A 10-mm length of unchanged capillary above the highest graduation, if there is an expansion chamber at the top of the
thermometer; a 30-mm length if there is no expansion chamber. For the purposes of this requirement, “an expansion chamber” is
interpreted as an enlargement at the top end of the capillary bore that shall have a capacity equivalent to not less than 20 mm of
unchanged capillary.

8.2 Due to a change in the methods used for scale placement, it is possible to manufacture thermometers that comply with the
specifications given in Table 1, but not meet the requirements for capillary clearances given above. In any case, the distances given
in this section are the governing factor. Under no circumstances shall the scales on thermometers be placed closer than these
minimum distances.
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9. Graduations and Inscriptions

9.1 All graduation lines, figures, and letters shall be clearly defined, suitably colored, and permanent. The width and the
sharpness of the graduation lines shall be designed in accordance with necessary space between the graduations and the desired
accuracy of interpolation. The middle of the graduation line shall be accurately determinable.

9.1.1 A suitably etched thermometer with the etched lines and figures filled with a suitable colorant shall be considered
permanently marked provided it passes the test for permanency of pigment in Test Method E77.

9.2 Graduation Lines—All graduation lines shall be straight, of uniform width, and perpendicular to the axis of the
thermometer. The width of the graduation lines shall be as follows:

9.2.1 Group I—Maximum line width 0.10 mm; for thermometers that may read to fractions of a division, often with magnifying
aids:

Thermometers S56C, S56F, S62C, S62F, S63C, S63F, S64C, S64F,
S65C, S65F, S66C, S66F, S67C, S67F, S91C, $116C, S117C,
$120C

9.2.2 Group 2—Maximum line width 0.15 mm; for thermometers that may be read to the nearest half division or where the
congestion of scale dictates the use of a scale to moderate fineness:

Fhermoemeters-S126,-S12F
Thermometers S5C, S5F, S12C, S12F, S15C, S15F, S18C, S18F,
S22C, S22F

9.2.3 Group 3—Maximum line width 0.20 mm; for thermometers with more open scales, usually read to the nearest division,
often times under adverse conditions where a bold graduation is therefore desired:
Thermometers S58C, S58F, S59C, S59F, S130C, S130F

9.3 Immersion Line—On partial immersion thermometers an immersion line shall be permanently marked on the front of the
thermometer at the distance above the bottom of the bulb as specified in Table 1 within a tolerance of =0.5 mm. The immersion
inscription shall be written in capital letters and abbreviated (for example, 76 mm immersion shall be written 76 MM IMM.)

9.4 Terminal Numbers—The terminal number shall be in full when there are one or more numbered graduations between it and
the next full number. This rule need not necessarily be followed for:

9.4.1 Precision Thermometers:

S65F, S66F, S67C, and S67F

9.5 Scale Below Zero—When a scale extends both above and below 0°C or 0°F, the two parts of the scale shall be differentiated
by some means. Examples of suitable means are:

9.5.1 Different colorants for the graduations for the two parts of the scale,

9.5.2 Different style of numerical characters for the two parts of the scale, and

9.5.3 Use of minus signs before appropriate numbers below 0°C or 0°F.

10. Special Inscription

10.1 The special inscription specified in Table 1 shall be marked on the thermometer in capital letters and Arabic numbers
without the use of periods. Include year of current revision in the ASTM designation (for example ASTM S56C-03).

10.1.1 Each thermometer shall be permanently marked with a unique serial number and the manufacturer’s tradename or mark.

10.1.2 Each thermometer shall have the average coefficient of thermal expansion of the liquid permanently marked.

10.1.3 When the length of the thermometer permits, the words “TOTAL IMMERSION” may also be inscribed on the back of
thermometers calibrated for total immersion.

11. Permanency of Pigment

11.1 The test for permanency of pigment shall be performed on any convenient portion of the scale section of the thermometer.
The pigment shall not chalk, burn out, or loosen as a result of this test (see Test Method E77).

12. Bulb Stability

12.1 No test for bulb stability is necessary for any thermometers currently in this standard. However, should there be in the
future, the bulb stability test as found in Specification E1 shall be used.

13. Scale Error

13.1 Thermometers shall be verified and calibrated at the temperatures specified in Table 4. Partial immersion thermometers
shall be calibrated for the emergent stem temperatures specified in Table 4 using faden thermometers.

13.1.1 At the time of purchase, the scale errors must be within the maximum scale error found in Table 1. The indications of
many high temperature and fractionally graduated thermometers may change with time and continued use, due to minute changes
in bulb volume. Periodic verification of these thermometers either over the entire scale or reverification at the reference temperature
(ice point or steam point), in accordance with procedures set forth in Test Method E77, is recommended.

13.2 Due to the application requirements for range and construction of the following thermometer(s) do not have reference
points such as ice and steam points:
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S91C

14. Case and Instructions

14.1 Each thermometer shall be supplied in a suitable case on which shall appear the following marking (except when a
transparent case is used): the letters “ASTM,” the thermometer number (S59C, S59F, etc.), and the temperature range.
14.2 Each thermometer shall be supplied with suitable user instructions. See Appendix X2 for Sample User Instructions.

15. Methods of Verification and Calibration

15.1 Thermometers shall be verified and calibrated at the specified immersion in accordance with Test Method E77. For partial
immersion thermometers careful consideration to emergent stem temperatures shall be observed.


https://standards.iteh.ai/catalog/standards/sist/9ce0dbfc-5115-49f3-9628-49b2b2f97abd/astm-e2251-11

.20 .10 4.20 2.0 .50 .20 2.20 % Dol !
ol 0050 ol 0,50 ol 0050 550 +2 550 SUOISIAPERS—
‘suonenpeln
IVLOL IV1OL IV1OL IVLOL 801 ww uoisieww|
FHOL FHOt Ot Tt Frot L UOISIoW
1e 1S9} 104
50001
534012 PUE 6'86 534-00F 0,828 9:5¢
40812 01 Y02 0.0 0166 d.80k+ Ol ¥6  Dogb+ O} ¥E 408K+ 01 0E D08+ Ol g—  +596-6+99 ©F6+4.GlZ 01 G~ 0,20+ 01 02— 4,02} O} 98— 0,05 O} 88— abuey
9:5¢
4,022+ 01 02 DoGOL+ O} L= 4,08L 000 DoZ8 0} 8k=  H0Zh+ 01 0E-  DobP+ O ¥E-  +:G6-0+99 OH6HSHE0rG— OcB0HoH0e—  H0THOF9e—  Oegotoroe— obuen
9 4 4 S "ON ‘BiJ eousieey
o fad L4 g AR —
JuI0d Jodep piey iod Bujuayos mo abuey epip-Alsuaq inod pue pnoj|) aweN
‘ON dI
0+-00¢gtS —_—
,0k-402+S it L1-022S gh-481S 11-081S PRARS[-IES LL-OG1S 4,80-421S  €0-02IS PRRET=S -0SS ON W1SVY
EE]
0+-00etS .
70+ H6E+S 25£6465S £6-969S 770+=48SS 6+-589S 77£6=49SS £6-595S 7€0=tS £6-9C+S 7SS H-9598 ONHAHLSY
.

‘g UOI0aS Ul puno} seoueleajo Arejjides o) Bulwiojuoo pue pinbij oLeWOWLIBY) B} J0} AIBSS908U JSGUIBYD UONOBIUOD 4\,
"S1aquinu ainbl} 8duaJajal JajoWOWIaY] [ENPIAIPUI 983 "SIajewiowlay) Joj ainjesadwa) doj o) aq Aew 4, 9ouelsiq

uo1}09g Ul punoy seoueies|o Al

ENPRIAIRUI 88 ‘Slo1sWowlle 0] alnjeladuwal dol 0] 8g AeU 20ue .
e||ideo Bunesw pue pinbjj ouewowlsy) 8y} Joj Aressedsu se yibus| qing 5o
abuel snisje)

[euiwou sy} 0} Buipuodseui0o uoiod perenpelb Jo yibus| syr se painsesw aq |leys (uoiuod perenpeld jo yibus|) © uoISUsWIP ‘SIe}eWowWIay} Hayuaiye 1o
‘wials 8yl UBY) Jetealf wiw G0 UBY1 810w &q 10U [[eys JSleWeIp ging 8yl gg

"1'2'9 99s ‘ysiuly [e10ads

'4,50°0 POBOX® 10U |[BYS U0I}081102 uolelqie|o ul ebueyd ayy 4. Jo [eAIBlUl Aue JBAQ

0,200 P99IX8 10U |[BYS UOI081I00 UONeIqre[d ul 8bueyo syl O,z 10 [eAsul Aue JanQ ,

‘g UON08S 0} WIOJU0d 1SNW seoueles|d Arejjide)

‘€1 uonoas ‘//3 POoUlBI\ 1sal ul paurejdxs se pajdde pue 4,20°0 410 D, 100 }s@ieau ay} o} passaldxa aq |leys bBuipeas

iod-80 8y "Ulw € uey} $s8| Jou Joj ainjeiedwel 1s8) 8y} Je Buleq Jeye Y | uiyum usyel eq |leys Buipes. juiod-e0) 8y ‘sielewowlay) AISOOSIA OlBWaUN J0H

"Jou Jo pasequinu si jujod yeys o} Buipuodselioo uonenpelb syl Jeyleym moure ue Aq peredipul eq [leys sesnjeredwsel 1se} 8yl

‘Buipeas ainjesadwa} 1saybiy ay} 9A0ge pajesy aq Ja}ewowiay} 8y} P|NOYS S8OUBISWNDIID OU Japun pue suolesedas pinbi

ouawoway} Buuiof jo esodind sy 4o} Jou si }| “sainjesadwe) Jaybly e qing sy} Jo uoloISIp ploAe 0} ainssald seb Jo jeljal 1o} papiroid si Jequeyo uolsuedxs uy
:(ajqissod sensuaym |3 uoneolI0ads JO | 8|qeL Ul punoj 8soy} 0} puodsalioo siaquinu) | 8|qe] 1oj SejoN Aiojeuedxy

‘8

Ay E2251 - 11

(¥ 8|q®BL JO pUS BY} 1B PUNO} BIe SIBJEWOWIBY} [ENPIAIPUI YIM pajeioosse sainbiy oi1oads)
| 8|qeL 40} 8inbi4 eousIBley [BlBusD Y D4

e a
*y | | [ =
v
% =
H ——>
¢ o 9
(G i )

o ; ]

‘sainjeiedwa ) UOHEIGHED PUB UOHBOYLIBA 10} ¥ o|qe ] 89S
"SISlOWIHIW Ul 818 SUOISUBUIP |1y

siolpwoulayl WLSY L5223 10} uoneaydads | 37avL


https://standards.iteh.ai/catalog/standards/sist/9ce0dbfc-5115-49f3-9628-49b2b2f97abd/astm-e2251-11

[T
o,

"8 UOI}09S 0} WIOJUO0D |eys saoueleajo Arejided

6: 10 Um_wnE:: s juiod EE 0] mc.ﬁcoammtoo co:m:vma E) hwEmEs MOLIe ue 3 _umwmo_u:_ mn __m:w mQEEmQEE ﬂwwﬂ w:._. °

‘Buipeai m‘_EEmQEE Hmm;m_; 8y} anoqe umﬁmms aq Jayewowlay} ay} pjnoys mmocﬁwE:o__o ou Japun pue wcozm\_mamm
pinbi oawowuayy Buiuiol jo esodind ayy 1oy jou si ) "sainjesedwsy Jaybiy 1e qing 8y} Jo uoIoISIp ploAe 0} ainssaid seb Jo Jaljal 1o} papiroid sI Jequieyo uoisuedxs uy ,,

9l 01 gl

~

]
=2
<

o

]
=
©

=]
f=c=4
=]

506 0} 09
otbtoreot
222 010k
_ egzorsve
0,801 3,804
.50+ 3,08F

azIs ways[ibu] azis qinq

ozis-woishbul-ozis-arg

[o]e]
020109
04009

GOE 0 G62
506-04-008
vHolG2 WoX-rA1
yaotS2 O-Set

Li-d2cS 10 LL-OceS

0+16€+5+40-6+-006¢E+S
NLSY

00170 4,270

0,50 4,60
Qo E
0.8 4,01

0,50 Hol
St =5

9l 01 2L}
0}
0}

~
<

o
©

=E]
==
I=E]

506 01 09
oS6+0ore9t
22z 01 02
e9zorSPE
D2t 3,08}
0,28 3.02F

azIs ways[ibu] azis qnq
Hos—<jou

oo
020109
s 1 6%

SO€ OF S6C
S06-04-008
40851 v0:0L
Tt o080+

LL-481S 10 L1-08LS

£6-4695+6-66-0655
WNLSY
0010 4770
Q.60 4,60
Ol Ee)
0.8 4,01
0.6°0 Hol
St =+5

(5223
0912 01 6¥¢ 00S€ 01 GOE
558+9+SS+ 598E-6+ESe
€€ 01 82€ G8¢ 01 0L€
092-e+sve 055-6+0+5
0,08 =56 9s9€4.51¢ 00201
Q.61 %56 s9e+S+e Scot
azIs ways[ibu] azis qnq wajs < jou
ozis-woishbul-ozis-athg gaeuois—<ou
0o 00
020109 080109
00¥ 01 S6€ Sy 01 Gev
S6E-6+06¢2 E29-o+0+9
vdocle v .00} vd.99¢2 vO.0E L
yete 700+ 5992 HoEH 008+

L-4G1S 10 LL-0GLS

€0-4¢1S 10 €0-0¢tS

€698
6+4895+6-0+-985S #0-£0-099S€0+4E+5+6-€6-93+S
WLSY NLSY
0,20 740890  x9s6+64.52°0 0.G1°0
0.€°0 4080 50+ * S5+0
0oC =t S 0d.9 OoC
0.8 st Ot 045 S
+56
Dol pue—+-0 Ot Ot St
+56
St pue—+-0 Ot Ot St

©
0598 01 99
o09e-e+s6e
S0¢ 01 56}
S8¢-6+04¢8
4.021 0,08
+02+ Seo+
oaz|s wasfibu] azis qinq
ozis-woishbul-ozis-atng
[o]e)
020109
68-0+69
¥9¢ 01 ¥S2
Sh-o1-ser
vdo8SG v .04
SsSPyt:992 70+
NN NN 80 L
LE-4SS 10 L1-0SS
AHAHHAHA-BOT
HH95+0+H-993
NLSV
ot 0,50
=t 50
4.,02 Q.0}
=62 SC
=0+ 99
=60+ St

ww ‘wopoq 0} aouelsig

ww ‘yibuen

ww ‘ao

Juswabielus wels

ww ‘xew ‘doy o} @ouelsiq
Ww ‘ulw ‘wonoq o} aduelsiq

:Jaquieyo uonoesuo)
wuw “uiod-891 01 gIng Jo wonog
obuey

:9[eos jujod-99|

wuw ‘uoiod payenpesb jo yibua
. Ww ‘souersiq

& UI| o GIng JO WoNog
. :uoneoo| 8edS
ww ‘go aing

%@

ww ‘ybusl qing
ww ‘go wais
- GO-H9IS
ww .Emcm_ |eiol

|

o) Buneay Jwiad

|

:Jaquieyd uoisuedx3y

uonduosul [eloads
Xew ‘10119 9[eds

|

4oes e slequinN

i

I -l X =

uwd ol

oo Ola W wi

panupquoy | 3149VL

6


https://standards.iteh.ai/catalog/standards/sist/9ce0dbfc-5115-49f3-9628-49b2b2f97abd/astm-e2251-11

:U011eO0| 8|e0g

"8 uo18S Ul punoy seoueles|o Alejjided 0} Buiwiojuoo pue pInbi| dL}BWOWIBY} 8y} J0} AiesSeosu J8quieyd UOHOBIUOD
"8 uondag Ul punoy sedoueles|d Aiejided Bunesw pue pinbi| dulewoWIBY) 8y} 10} Aressedsu se yibus| qing oo
1Bus|) H uoisuswIp ‘si}oWOoWLIBY} Hayualye 104 B —

wajs < jou wajs < jou wajs < jou azIs wajs[ibu] azis qinq ag ww ‘qo aing 3 [ ]
0o 0o oo oo 0o ww ‘wbusi gng @ |
080102 080102 020109 020109 080102 ww ‘gqo waig o} |
Ly Ol LOY Ly O LOY S0€E 01 00 G0€E 01 00€E 229 01019 ww yibus| [ejoL <]
HH-OH0r+HP-0161 H-eH0y S0E-0+06¢ SOc-e+60e TTH-OH01+9 wHo-Busteor a
vdo €L vOoSGS vdoLEL oGS vdoCle vOo00} vdoCle v o001 vdoEHE o174 01 buneay ywiad
O§5—=o%
yAstet— v SE— A9 — TSt — =c234 vI00+ ﬂu_qm.wm u.ﬂj@%@.—. @mmm|<u_mm.ww u_ﬂwm.mem.v BufBoHHHOG——
:Jaqueyd uoisuedxg
€0-4€9S 10 €0-0€9S €0-4¢9S 10 €0-0¢9S €0-46SS 10 £€0-06SS L1-48GS 10 }1-08SS €0-49GS 10 €0-09SS
€0=r9S=e
£6-9¥95-€64695+0-€6-029S £0-4295+6-€6-929S £0-4695+40-£6-965S H-4895+014+-985S £6-4955+46-£6-995S
N1SY N1SY N1SY N1SY N1SY uonauosul [eloedg
SHo—
Fc0— ERA O.}0 4.¢°0 Q.10 4,50 0.€°0 4,60 0.£0 240,020 40,00 Xew ‘I0lId 9[eds
Setb—
tc— E Y Dot do¢ Dol 4.0} 009 4.01 0.9 o} 0.¢°0 yoes je sisquinN
50—
b= 3 e Hok 0.5°0 o} 0,90 4.9 Ot 4.9 Dol 4,570 pue 10 Q.10 Uoes Je saul| buo
SHo—
Fc0— ERA Q010 ERA Q.10 dob 0,590 dob 0.9°0 4,500 00¢0°0 suoIsiAlpgns
‘suoljenpeln
IvioL IvioL IvioL IvioL IvioL wuw ‘uoisiaww| v
- 1e 158} 104
| 989
- erse Ooct
S+eH 824 4,68 01 81 0. 01 8— 4,G€ 01 9g— 0l gg— 4,081 010 _ D.c8 01 8L— 4.0Ck+ 0108~ Do6¥+ O vE- 4,56 0199 D.5€ 01 61 abuey
n c 4 wwC wvwC 14 "ON Bi4 eouaisjey 7—
L +2 g 77 v ¥ oN-Bit-oousiopy
uoisioald uoisioald Jue| Jue| lalpwiioe) quog aweN
b ON dI
£6-9¥9S
7503498 44€0 €0-0€9S 44€0-429S €0-02¢9S 44€0-465S €0-06SS 44 H-48SS L1-08SS 44€0-498S €0-09SS ‘ON NLSY
-4€9S

panupquoy | 3719VL


https://standards.iteh.ai/catalog/standards/sist/9ce0dbfc-5115-49f3-9628-49b2b2f97abd/astm-e2251-11

Ay E2251 - 11

€0-449S 10 €0-029S

€0-49

9S 10 £0-099S

€0-4G9S 10 €0-099S

€0-4%9S 10 €0-019S

N1SY 1SV NL1SY 1SV uonduosul [efoedg
4050 A 4,270 2010 4,270 2610 4,20 .10 Xew ‘Io.ie 9[eds
ERe 002 ER Dol 402 Dol do2 oy yoea je siequinN
ol Dol ol 0050 ol 0,50 ol 0,50 yoea je seuj| fuo
4050 0020 4,270 2010 4.2°0 2610 4,270 2610 suoisiAIpang
suoljenpelr)
IviOL IvLOL IvLOL IviOL ww ‘uolsieww| v
1e 1s8] 104
doLLE 0} €02 0,651 01 G6 0122 0} 91 00501 01 G2 4,921 0} 22l 0,08 0} 05 k€L OV L 0,55 01 52 abuey
s 5 L i ‘'oN ‘614 @ouaisjey
uolsioald uolsioald uolsioald uolsioald aweN
"ON dI
44€0-429S €0-0.9S 42€0-499S €0-099S 44€0-459S €0-059S 22€0-4%9S €0-019S "ON W1SY

"abuels snis|e) [euiwou ay} o} Buipuodsaliod uoiuod payenpelb jo Emcw._ ay} se painsesw aq |leys En.v_toa v.mym:vm‘_m jo .Em.:m_v ©) UOISUBWIP ‘Si9jaWowlay} Jayuaiye 104 mw

"8 UONOaS Ul punoy sadueles(o Arejided buneaw pue pinbi| dljaWowIay} 8y Joj Alessaoau se yibus| qing o

‘Wa)s oy} UeY) Jajealb ww G'0 UBY) 210W 94 JOU [[eys JaJBWEIp ging 8yl gg

"1'2'9 99S ‘ysiul [e103dS

'4,50°0 P99IXa 10U [[ByS UOI981I09 UoneIqied Ul oBueyd syl 4. Jo [easjul Aue JenQ
"D.20°0 P92OX3 JOU |[BUS UOND81I00 UONEIqIed Ul oBUBYD 8} O, JO [EAISJUI AUB JIBAQ ,

o0 0 Peedxe-1od v t19eoototietat t-edteHoeYy 5o 19 ettt A
"8 U0108S 0} WIOJUO0 |[eys seoueles|d Alejide) ,
“gHON0eS O titofHoo-teys-seotetesAtefdes— - —

‘Buipeal ainyeladws} 1saybily oy oA0qe umﬂmw.r_ 5( Jejowowiay} oy} pjnoys mmocm«mE:oh_m

Ou Japun pue suoniesedas pinbi oudWowWIBYY Buuiol Jo asodind oy Joj Jou si )] “sainjesadwa) Jaybly 18 qing 8y} Jo UOIIOISIP PIoAe 0} ainssaid seb Jo Jaljai 1o} papinoid si jaquieyo uoisuedxa uy |,

0682 01 6£Z

56¢CO+H68+56820+6¢€T
Yv€ 01 61LE

o€82

oE82-or6ET

vee

72e-6+96¢

4.2€

0} 6€¢

0} 90¢€

0.0 4,08}

oG6F 01 G9F

596+ 999+
09¢ 01 Gve

ww

‘woyoq 0} souelsiqg N

ww ‘yibue |

ww ‘ao M

‘Juswiebiejus weig

ww

“Xew ‘doy 0} eouB)sIq r
I

xew-dot-or-ooueistd— f
ww ‘U

‘wonoq oy eduElSIq I
oL

° “woneq-or-esuBISIG— t

:Jaquieyd UONOBIU0D

ww juiod

-891 0} qInq jo wonog

o
—
-

0|$

Il

abuey
:9[eos jujod-99|
wuw ‘uoiod
Jo yibus
H-tofHed
poreApeibyo-tibust—

ww ‘souelsig
HHH-00UBISHT—
e

aul| 0} qinq jo wonog
®.
Sui-e-gihejo-toneg—

oG81 01 GG oG8E O £2€ pajenpel
5S8HOrSSH
092 0} Gve
0920512

598€-6+€gt
0SS 01 OIS

[FTRIOEENG]]

4.02}

0028

O
S

o
<

0.9€

Sse8 +02+

:

panupquoy | 3149VL


https://standards.iteh.ai/catalog/standards/sist/9ce0dbfc-5115-49f3-9628-49b2b2f97abd/astm-e2251-11

Ay E2251 - 11

wals < jou

az|s ways[ibu] azis qnq wajs < jou ag ag pue 0'g > jou ww ‘gao qing 3
0o oo 343 ‘00 33 ‘00 oo wuw ‘wbusl ging a
0,009 080109 380102 3% 8010°L 020109 ww ‘qo wals 0
G0€g 01 00€ 0LE 01 00€ G29 01 619 G29 01 619 00t 01 06€ ww ‘yibual eyl g
v4oL5C vOoSGCH v .09 vO.0F v DoSGE v 0L 0} Bunesy ywied
JJaquieyd uoisuedx3
WINI NN 92
01-40€LS 10 01-00€LS €0-02tS €0-0LHS €0-0911S €0-016S
N1SY N1SY NLSV N1SY NLSVY uonduosul [eroads
EN’ Q00 Qa0 rQal’0 0010 Xew ‘10119 9|eds
4.0} Qo Q610 Q.0 Qo yoes je siequinN
4.8 0,50 pue |0 0,500 0,500 0,50 yoes je saul| Buon
ot 0,500 0,100 00100 0010 SUOISIAIpgNS
suonenpels)
IvioL IvioL IviolL IvioLl NN 92 wuw ‘uolsiswu] v
Q.07 e ]se} 104
4.,0¢ct 002 0060+ 01 Z- Oob' Ly 01 9'8E 0.1°0€ 01 6'€C 00}1'G2 01 681 0005 01 02 abuey
vvC I S pue S puey € "ON "Bi4 @ousisjey
Nue| wAUS00SIA oneweury Jelewoe) quiog Jejowiole) quog 104 uonedyIpIoS oweN
‘ON dI
4401-40€LS 01-00€1LS €0-0021S €0-0LLIS €0-091IS €0-016S 'ON NLSY
"8 uo1ddS Ul punoj sedueles|d Aie|ided Bunesw pue pinbi| duleWIOWIBY) 8y} 10} Aressedsu se yibug| qing oo
‘abuel snisjg) euiwou ay} 0} Buipuodsaiiod uoiod npeJb Jo yibus| sy} se painseaw aq |[eys (uoniod payenpesb jo yibus]) H uoisuswWIp ‘Sid}owowlay} Jidyualye Jo4 u.u
'8 UOI}09S O} WJOjUod |[Bys Sadueles|d aw___amoM
“gHO19eS OF tiojtoofeys-sesterestofretdes— —
‘Buipeas ainjesadwsay 1saybiy ayy anoge pajesy aq Jajowowiay} 8yl pjNoys SaoUBISWNoIId
ou Jspun pue suonesedes pinby ouewouwlayy Buluiol jo esodind ey Joj jou si }| “seinjeladws} Jeybiy 1e qng 8y} Jo UOIIOISIP ploAe 0} ainssaid seb 4o Jeljal 1o} pepiroid S Jequieyo uoisuedxs Uy ,,
wuw ‘wonoq o} souessiq N
ww ‘yibue |
ww ‘ao M
Juswabielus wels
/8 2ot 20l 201 ww ‘xew ‘do} 0} souElSIq r
wuw
° ° ° ° ‘Ui ‘wonoq 0} dduelsIg |
Jaquieyd uonoesuo)
ww “quiod
-99!1 0} ginq o wonog H
00,90
odoVE 01 0E 0okt 0} |— 0d.€€ O} LE 0} 60— 0d.€€ 01 L€ 00,50 01 G0~ 0d.€€ 01 L€ 09,50 01 G'0— abuey
:9|eos julod-a9|
ww ‘uoipod
0622 01 681 0622 01 681 06¢c 01 68} o622 01 681 pajenpelb jo ybuen 9
GEL O1 GLL SEL 01 GLL GEL O1 GLL SEL O1 GLL wuw ‘souelsiq 4
4,602 0,56 40291 0052 EN44" 0,08 Ey”A 0.5¢ 1e aul| 01 qIng Jo wonog
:uoNeo0| 9|BdS
we)s < jou wels < jou wals < JoN waels < jou ww ‘go qing 3
oo oo oo oo wuw ‘yibus) ging a
08010L 08010ZL 08010Z 08010/ ww ‘gqo weis 0
Ly O} 1OV Ly O1 LOY Ly 01 LOY LIy O1 LOY ww ‘yibus| [ejol 2|
vd.G5€ vO.081 vdo2G2 vO.SCH vdoCle vO.001 vdol9t vDoGL 0} Bunesy nwied
JJaqueyd uoisuedxy
penupuo) | 3719VL


https://standards.iteh.ai/catalog/standards/sist/9ce0dbfc-5115-49f3-9628-49b2b2f97abd/astm-e2251-11

Ay E2251 - 11

w co:omw ul vc:o,, wmocmhmm_o Em___amo m::mmE u:m u_:_u_ EmEoEBE mE 10} Aressedau se Emcw_ n_:m_ 0o

. . . c_E\ocmo o mc_ummoxm JOU 9}eJ wioyun e e mc_w__ ] EEEmQEE
8} UBYM ‘UOISIAIp B|BOS 1S8|[ewsS 8Uj} JO J|ey-8uo peadxa Jou seop snosiusw ey} jo Buidwnl (Buidde; inoyym) yeys einsue 0} qing 8y} 0} uonelal ur ybnous obiel aq |leys aioq Alejjided syl ,,,,

"0o10°0 POBIXS 10U |leys F.._O:OQ\:.OO ul ebueyd ayy Do} JO [eAIBUl \.Acm \_®>Owﬁ

‘abuel m:_m_mo _m:_Eo: ay} 0} mc_ucoammtoo uoipod pajenpelb jo Emcm_ m£ Se U@SwmmE mn __mcm (uonuod U&mznm_m B Emcm_v O :o_w:mE__u wBEEoEEE H_mscmEmu_ _OH_ -

. . .EEm oy} ueyy _m«mm\_m ww G0 cmE alow aq Jou |leys Engm_u qing ayL mm

"1'2’9 99s “ysiuly [e10ads

'8 U01108S 0} WIOJu0d |[eys seoueles|d Alejided

‘g HONOOS OF thHOjHoI et SeoterestoAretites—

‘€1 uonoas ‘23 poyle 1sal ul pauteldxe se paldde pue 4,20°0 10 O, 100 iSeseall

oy} 0] passaidxa aq |jeys Buipeas uiod-891 8y ‘uiw ¢ ueyy ssao| jou 1o} ainjeradwsa) 1s8) ay) e Buieq Jaye y _ UIyHm cwv_mﬁ aq |leys mc_um@ iod-a91 8y} ‘siejowowiay} AHSOISIA o:mEmc_v_ 104,

mc_vmwh w\_EmEaEQ Hmmsm_c E m>onm nwymwc wn Jajowowlay} ayy U_:o;w mwocmawE:oh_o ou
Japun pue suoleledas pinbi oujewowlay Buluiol Jo asodind ay} 1oy} 1ou si 1| ‘sainyesadwsa} Jaybiy :m n_:n Uy} JO uoilolsIp ploAe 0} ainssaid seb Jo jalal 10} papinoid S| BnEm:o uoisuedxa uy ,,

‘wonoq 0} soueisiq
wuw ‘yibusan
ww ‘go
Juswabiejus wels
ww
ogt okl oLl €9 ‘xew ‘do} 0} souelsiq
ww ‘uiw
00t 8 ° o ‘wonogq o} souelsiq
Jaqureyd uonoenuo)
wuw ‘uiod-991
0} qnq jo wonog
000£°0+ 0} €0~ abuey
:9|eos jujod-a9|
wuw ‘uoiuod
ol61 0129k 006 01 O 00SE 01 00 00G€ 01 00 0612 01 S8l pajenpelb jo yibue
092 0 G¥2 012 01 OvL 0¥Z 01 022 0b2 01 022 GEE 01 GlE wuw ‘souelsig
e
4,022 0,50k 0,98 o2 0061 0,08 aul| 0} qinq jo woxog
:uoneoo| 9o

X 1=

psnupquoy | 3749VL

10


https://standards.iteh.ai/catalog/standards/sist/9ce0dbfc-5115-49f3-9628-49b2b2f97abd/astm-e2251-11

