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qﬂm Designation: E 260 - 96

Standard Practice for

Packed Column Gas Chromatography’

‘This standazd is issued under the fixed designation E 260; 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 This practice is intended to serve as a general guide to
the application of gas chromatography (GC) with packed
columns for the separation 4nd analysis of vaporizable or
gaseous organic and inorgatic yirixtures and as a reference
for the writing and reporting of GC methods.

Notg 1—This practice exclideés any form of gas chromatography
associated with open tubular (capillary) columns.

1.2 This standard does not purport to address all the safety
concerns, If any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use. Specific hazard statements
are given in Section 7 and 9.1.3.

2. Referenced Documents

2.1 ASTM Standards

E 355 Practice for Gas Chromatography Terms and
Relationships?

E 516 Practice for Testing Thermal Conductivity Detec-
tors Used in Gas Chromatography?

E 594 Practice for Testing Flame lonization Detectors
Used in Gas Chromatography?

E 697 Practice for Use of Electron Capture Detectors in
Gas Chromatography?

E 840 Practice for Using Flame Photometric Detectors in
Gas Chromatography?

E 1140 Practice for Testing Nitrogen/Phosphorus
Thermionic Ionization Detectors for Use in Gas
Chromatography?

2.2 CGA Publications:

CGA P-1 Safe Handling of Compressed Gases in
Containers®

CGA G-5.4 Standard for Hydrogen Piping Systems at
Consumer Locations®

CGA P-9 The Inert Gases: Argon, Nitrogen and Helium?

CGA V-7 Standard Method of Determining Cylinder
Valve Outlet Connections for Industrial Gas Mixtures?

CGA P-12 Safe Handling of Cryogenic Liquids?

HB-3 Handbook of Compressed Gases®

1 This practice is under the jurisdiction of ASTM Committee E-19 on
Chromatography and is the direct responsibility of Subcommittee E19.03 on
Methods and Specifications, Gas Chromatography.

Current edition approved April 10, 1996. Published June 1996. Originally
published as E 260 - 65 T. Last previous edition E 260 - 96,

2 Annual Book of ASTM Standards, Vol 14.02.

3 Available from Compressed Gas Association, Inc, 1725 Jefferson Davis
Highway, Aslington, VA 22202-4100,

3. Terminology

3.1 Terms and relations are defined in Practice E 355 and
references therein.

4. Summary of Practice

4.1 A block diagram of the basic apparatus needed for a
gas chromatographic system is as shown in Fig. 1. An inert,
pressure or flow-controlled carrier gas flowing at a measured
rate passes to the injectioni port or gas sample valve, A
sample is introduced into the injection port, where it is
vaporized, or if gaseous, into a'gas sample valve,.and then
swept into and through the column by the carrier gas.
Passage through the column separates the sample into its
components. The effluent from the column passes to a
detector where the response of sample. components is mea-
sured as-they emerge from the column. The detector
électrical output 'is relative to the concentration of each
resolved component and is transmitted to a recorder, or
electronic data processmg system, ‘of 'Both, to produce a

-record of the separation, or chromatogram, from which
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detailed analysis can be obtained. The detector effluent must
be vented to a hood if the cffluent contains toxic substances.

4.2 Gas chromatography is essentially a physical separa-
tion technique. The separation is obtained when the sample
mixture in the vapor phase passes through a column
containing a stationary phase possessing special adsorptive
properties. The degree of separation depends upon the
differences in the distribution of volatile compounds, organic
or inorganic, between a gaseous mobile phase and a selected
stationary phase that is contained in a tube or GC column.
In gas-liquid chromatography (GLC), the stationary phase is
a nonvolatile liquid or gurm coated as a thin film on a
finely-divided, inert support of a relatively large surface area,
and the distribution is based on partition. The liquid phase
should not react with, and should have different partition
coefficients for, the various components in the sample. In
gas-solid chromatography (GSC), the stationary phase is a
finely divided solid adsorbent (see 4.4).

4.2.1 After separation in the analytical column, the com-
ponents are detected, and the detector signal is related to the
concentration of the volatile components. Tentative identifi-
cations can be made by comparison with the retention times
of known standards under the same conditions, either on a
single column or preferably by injecting the sample onto two
columns of different selectivity. Ancillary techniques, such as
mass spectrometry or infrared spectrophotometry, are gener-
ally necessary for positive identification of components in
samples.

4.2.2 Prior to performing a GC analysis, the following
parameters must be considered:

4.2.2.1 Sample preparation.

4.2.2,2 Stationary phase and loading on support.
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FIG. 1 Block Diagram of a Basic Gas Chromatographic System ‘

4.2.2.3 Column material required.
4.2.2.4 Solid support and mesh size.
. 4.2.2.5 Column length and diameter.
4.2.2.6 Instrument and detector type that will be needed.
- 4,227 Injector, column oven, and detector temperatures
required for analysis.

4.2.2.8 Injection techniques, such as flash volatilization,
on-column technique, purge and trap, pyrolysis, eic.

.4.2.2.9 Carrier gas and flow rate.

. 4,2,2.10 Data handling and presentation.

4.3 In gas-liquid chromatography, the degree of separan
tion possible between any two compounds (solutes), is
determined by the ratio of their partition coefficients and the
separation efficiency, The partition coefficient, X, is the ratio
of the solute concentration in the liquid phase to the solute
concentration in the vapor phase at equilibrium conditions.
The partition coefficient is affected by temperature and the
¢hemical nature of the solute (sample) and solvent (sta-
tlonary phase).

4.4 Another mechanism for separation is gas-solid chro-
matography, With this technique there is no liquid phase,
only a porous polymer, molecular sieve, or solid adsorbent.
Partition is accomplished by distribution between the gas
phase and the solid phase.

4.5 After the sample is resolved into 1nd1v1dual comipo-
nents by the chromatographic column, the concentration or
mass flow of each component in the carrier gas can be
measured by an appropriate detector which sends an. elec-
trical signal to a recording potentiometer or other readout
device. The curve obtained by plotting detector response
against time is referred to as a chromatogram. For flame
ionization and thermal conductivity detectors, either . the
peak: areas or the peak heights are proportional to:the
concentration of the components in the sample within the
linear range of the detector system. However, response
fractors are not necessarily the same for all compounds, and
linearity -of detector response may depend on operating
conditions. (Testing of detector performance is discussed in
ASTM Standard Practices for the appropriate detector, see
2.1). !
4.6 Components in a mlxture may be tentatively 1dent1—
fied by retention time. Ideally, each substance has a unique
retention time in the chromatogram for a specific set of
operating conditions. However, caution is required because
the GC separation may be iricomplete and a single peak may
represent more than one compound, This is especially true of
unknown mixtures and complex mixtures because of the
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very large number of possible compounds in existence and

the finite number of peaks that a chromatograph might.
resolve. Additional characterization data may be provided by

ancillary techniques, such as spectrometry.

5. Significance and Use

5.1 This practice descnbes 4 procedure for packed{

column gas chromatography. It provides general comments,
recommended techniques, and precautions. A recommended
form for reporting GC methods is given in Section 14.

6. Apparatus :

6.1 Cartier Gas System-—Common carrier gases are he-
lium and nitrogen. Paragraph 7.6 provides more details on
carrier gases. Means must be provided to measure and’
control the flow rate of the carrier gas. Any flow or pressure

control and measurement combination may be used that will'

give an accurately known and reprodumble flow rate over the
desired range. :

6.1.1 The main gas supply is regulated with a two-stage
regulator which ‘must have a stainless steel -diaphragm.
Rubber or plastic diaphragms permit oxygen or water to
diffuse into the carrier gas. In addition, instruments will have
a flow controller between the pressure regulator and column
inlet to maintain a constant flow during temperature pro-
gramming, Copper or stainless steel carrier gas lines, not
plastic tubing, should be used to avoid diffusion of oxygen
(air) into the carrier gas. When using the thermal conduc-
tivity detector, variations in the flow will change retention
and response. The carrier gas line pressure must be higher
than that required to maintain the column flow at-the upper.
temperature limit for the flow controller to operate properly
A pressure of 40 to 60 psi is usually sufficient.

6.2 Column Temperature Control—Precise .column tem-
perature control is mandatory if reproducible analyses are to
be obtained. Temperature control must be within 0.1°C if
retention times are to be compared with another instrument.
' 6.2.1 Air Bath—The thermostated forced-air bath is gen-
erally accepted as the best practical method of temperature
regulation for most applications, Temperatures can be con-
trolled by regulators or proportionally controlled heaters
using a thermocouple or platinum-resistance thermometer as
a sensing element. The advantage of a forced-air bath is the
speed of temperature equilibration. Air bath :ovens are
readily .adaptable to temperatire programming and are
capable of operating over a range of 35 to 450°C. This range
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can be extended down to —100°C by usmg cryogenic
equipment.

6.2.2 Other Devices—Liquid baths, drying ovens, incuba-
tors, or vapor jacket enclosures are less stable, less conve-
nient means of providing a sourée of heat to mairtain or
raise the temperature of a chromatographlc column. These
devices are not recommended: for precision chromatographic
applications. '

6.3 The Injection Port—The purpose of the injection port
is to introduce the sample into the gas chromatographic
column by instantaneous volatilization following injection
into the gas chromatographic system, Two sample inlet types
are in common use in gas chrématography: the flash
vaporization and the on-column injection inlets.

6.3.1 The temperature of the:flash. vaporization *inlet
should be above the boiling points of the sample components
and is limited by the amiount of septum bleed génerated and

the temperature stability .of sample components::It should be:

set at that temperature above which no improvement in peak
shape occurs but should be determined by, the nature of the
sample and the volume injected, not by theé temperature of
the column. If the inlet’ temperature is t00 low, broad peak
with a slowly rising front edge will réstilt from slow vaponza-
tion of the sample, If the temperature is set far above what is
necessary to produce ‘fast vapdrization, ‘thermal decomposi-
tion of the sample, decreased septum life, and ghost peaks
due to septum bleed may be observed. Generally, a good
guideline. is to maintain the inlet temperature 25 to 30°C
higher than the highest bo111ng pomt of any sample compo-
nent.

. 6.32 A glass liner placed 1ns1de the mjectlon port.. w111
ehmmate sample contact, with hot metal inner. walls of the
inlet, which can catalyze thermal - decompositions. Any
debris left in the liner, especially from biological samples
can be a source of .excessive sample. adsorption. If a liner is
used, the debris can easﬂy be removed by replacing the liner.
Deactivation of the glass liner by treatment with dimethyl-
dichlorosilane may. be necessary: for some compounds.

6.3.3 . With on-colu njection technique, the sample is
deposited in the 11qu1d ,_ate directly on.the, columu packing,
The sample must be small enough to preclude flooding of the
column, with possible detrimental effects 1o peak shape and
column life. Ideally, the on-column inlet is a part of the
column, so its-temperature may be controlled as the.column
temperature is controlled. In-practice, because an on-column
inlet usually has:a sorhewhat higher-thermal mass than an
equivalent sector. of the, rest of the column, the inlet must be
heated somewhat above the maximum analysis temperature
of the .column oven: The criteria of good "peak shape and
quantitation. should be used to-détermine’ the maximum
required témperature. for the inlet, One should consider.the
temperature limit of the column packing when heating the
injection inlet and detector. ‘With some samples, a nonheated
injection ‘port is -adequate, especially with temperature—
programmed operation: ‘

6.3.4 Injection Port Septum i

6:3.4.1 The septum is a disc, usually made ofsilicone
rubber, which:seals. one end of the injection port.-It is
important to changeithe septuin frequently after two to three
dozen injections, or preferably at the end of the working day.
The best techiiique is to change the septum when the column

is relatively cool (below 50°C) to avoid contact of stationary
phase in a hot column with air (danger of oxidation). After
the septum is changed, return the inlet temperature to that
- which was originally set. The inlet 1emperature should be the
~optimum for the particular analysis, as well as within the
recommended operating temperature of the septum. If the
septum is punctured 100 many times, it will leak air into the
gas chromatograph.lc system, even though it is under pres-
sure. At high temperatures, above 150 to 200°C, air (oxygen)
in the carrier gas from' d ‘séptum leak will degrade the
stationary phase An excessive septum leak will also produce
a change in carrier gas flow rate (a change in retention time)
and loss "of sampie (irteproducible peak heights) due to
outflow from the leak. When installing the septum, do not
overtighten the retaining niit.' The septd will ‘swell’ at high
temperature and extrude out of the mjectlon port. A snug fit
at room temperature is' 'sufficient; It is 1mportant for septum
life to make sure the injection needle is sharp with no bent
tip. Fine emery cloth, or a fine sharpening stone, ¢an be used
to sharpen the point,
6.3.4.2 Ghost"pedks may be observed in temperature
programmed runs dué t0 septum bleed. Septum bleed is due
to the thermal decompos1t10n 300°C ‘or hlgher, of the
septum that produces pnmarlly Iower molécular weight
cycllc dJmethyls:lloxanes It contnbutes to baselirie respOnse
and is frequently observed as evenly spaced peaks in a
temperature programmed run in whlch no sample has been
mjeeted This situation .can be, demonstrated by the d1sap-
pearance of ghost, peaks afer placmg aluminum foil (pre-
cleaned w1th solvents such as methylene chlonde or toluene)
over the, mner face,“‘of the ‘septum or by turning. off the
injector temperature and makmg several blank runs. Septum
bleed can,be decreased.by. usmg gither air-.or water-cooled
septum retammg nuts, by using a septum,; ﬂush head, or,by
using . spec1al hlgh-temperature septa . Wthh are available
from a number of gas chr_omatogra,phlc_ supply.llquses
6.4 Detector Temperature Contrgl—The detector temper-
ature should always be above that of the maximum operating
analytical temperature, to prevent the possibility of conden-
sation of sample components or-stationary phase bleed in the
detector and connetting line., Because there is usually some
temperature - gradient: acrossy a detector, the temperature
should be.seét at 30:10:50°C above:the maximum analysis
temperature to ensure-that the: entire detector is hot enough
to prevent condensation; Usually, it is neittier necessary nor
desirablé’ 10 \}"us‘e an’ excessively high température: since -this
can ‘result “in reduced * senisitivity; - incréased’ noise level,
frequent néed to clean the detector; and therimal decomposi-
t1on of sample or ‘Statidnary phage; " 0
6.5 Measuremetit' of Temperature=<The choice of
sensing elements used to méasiire temperature depends on
the desired accuracy (cohtrol about 4'sét point) afid precision
of the measurements. Instrument read-outs should be veri-
fied penod1ca]ly Some common tetﬁperature ‘measurement
devices are-as follows: B i
6 5. 1 Standardzzed Mercury Thermometer

Range, C : . Accuracy, C, .
0to 100 +0.02
100 to 200 +0.05¢
. 200 to 400 +0.50
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6.5.2 Calibrated Platinum Resistance Thermometer: =

Accuracy, °C
+0.01

Range, °C
—140 to 500

6.5.3 Thermocouple (iron — constantan, or other).

6.6 Analytical Column:

6,6.1 The analyt1ca1 column is a length of tubing (glass,
mietal, or plastic) that is filled with a packing material. It is
discussed thoroughly in Section 8.

6.6.1.1 Column Characteristics—Specified by method. .

6.6.1.2 Carrier Gas—Specified by method.

6.6.1.3 Sample Size—Variable within Hmits.

6.6.1.4 Flow Rates of Carrier Gas and Detector Gases—
Variable within limits. ‘

- 6.6.1.5 Column Temperature—Usually
method, and

6.6.1.6 Physical or Chemzcal Characteristic of Compound
Analyzed, or both.

6.6.2 Detector Characteristics—Desirable detector charac—
teristics should include the followmg

6.6.2.1 Good stabrllty (low noise level, minimum re-
sponse to changes in temperature and flow rate).

6.6.2.2 Ruggedness and simplicity.

6.6.2.3 Sensitivity to the components for which analysm is
desired. Use either a sclective detector for materials of
interest or one with a similar response for all components.

6.6.2.4 Linearity of response versus sample concentration.,
Wide linear range.

6.6.2.5 Rapid response to .changes in column efﬂuent
composition (small internal volume or ﬂow—through desrgn,
or both),

6.6.2.6 Detectors, which are nondestructtve and do not

specified by

contribute to band broadening may be used in series with.

other detectors.

6.7 Types of Detectors—The detector. is located at the
outlet end of the chromatographic column and both senses
and measures the amount of components that have emerged
from the column. The optimum detector should have high
sensitivity, low noise level, a wide linearity of response, a
response to all compounds of interest, and yet be insensitive
to changes in flow and temperature, Selective detectors are
characterized as having selective, ‘or greatly enhanced re-
sponse to certain components. Linearity is decreased for all
‘detectors by column bleed. As many as. forty detection
systems have been reported, yet only about a dozen are
commonly used. Table 1 shows some of the more commonly
used détectors. Of these, the thermal conductivity, the flame
ionization, the electron capture, the nitrogen-phosphorus,
and the flame photometric detectors are the most popular.
Nondestructive detectors should be vented to:a hood to
remove any toxic effluents from the workplace. The effluent
from destructive detectors may. also. be toxic. Details on
dstectors can be found in the applicable methods in Practtces
E 516, E 594, E 697, E 840, and E [140.

6.8 Programmed. Temperature Operation—The apparatus
used in programmed temperature gas chromatography dif-
-fers in ‘some respects from that normally used for isothermal
work. Basically, the column temperature is varied with time
(program rate) to enhance speed of separations. The advan-
tages of using programmed temperature operation . include
better resolution of lower boiling coinponents becduse of

lower starting temperaturé and greater sensitivity because of
sharper peaks for the higher boiling components.

6.8.1  Column Heater and Temperature Programmer—It
is of utmost importance that the column temperature
program be reproducible, and that the difference between the
set (desired) temperature and the true average column

-temperature be as small as possible, However, these require-

ments are difficult to achieve at high heating rates and with
columns of large diameter. The mass of the column and its
heater should be kept as small as possible. This will minimize
thermal lag and will give proportionately small variations
around the set temperature at any time. Proportional tem-
perature controllers supply almost full power to the heater
until the set point is very closely approached. .

6.8.2 The recirculating air bath is the recommended
method of heating in programmed temperature gas chroma-
tography (PTGC). The obvious advantages are extremely
rapid heating (and cooling after an analysrs is completed)
with very little ternperature lag.”

6.8.3 Liquid baths may be used for very low heating rates.
They are commonly contained in taped Dewar flasks.
©-6.8.4 No matter what type of heating device is used,
accurate control of the temperature program. is hecessary.
This is usually accomplished by appropriate electronic sys-
tems that develop lmear (or other) programmmg rates as
desired.

6.8.5 Detectors for programmed temperature gas chroma~
tography should be relatively insensitive to mindr tempera-
ture and flow fluctuations and insensitive to stationary-phase
bleed: These difficulties: can be overcome by operating the
detector at or near the-upper: temperature limit for the
analysis and by using adequate flow controllers. If stationary-
phase: bleeding is- excessive . during PTGC runs, a second
conditioning procedure (Section 9) might improve the situa-
tion, Alternately, a duplicate analysis column can be used on

.the reference side. of the detector. By equalizing substrate

bleed on both sides of the detector, the baseline drift can be

substantially compensated. However, this technique does not
improve column life and is detrimental to detector linearity.

If at all possible, operate the column within its recommended

temperature range. .
6.8.6 When using the temperature programmmg tech~

-nique; the resistance to carrier gas flow in the gas chromato-

graphic column increases with increasing temperature. The
flow contro]lers need a positive pressure of 10 psi to operate

-properly By setting the second stage of the regulator to 40 to

60 psi, there will usually be sufficient excess pressure to
maintain a constant gas flow through the column. Higher
pressures might be required to maintain flow when using

. relatively. long columns of .10.ft, or longer, or packmgs finer

‘than 120 mesh.

7. Hazards

7.1 Gas Handling Safety—The safe handlmg of com-
pressed gases and cryvogenic liquids for use in chromatog-

-raphy is the responsibility of every laboratory.- The Com-
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pressed Gras Association, a member group of specialty and
bulk gas suppliers, publishes the following guidlines to assist

‘the laboratory chiemist to establish a safe work environment:

CGA P-1, CGA G-5.4, CGA P-9, CGA V-7, CGA P-12, and
HB-3.
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TABLE 1 Appllcablllty of Commonly Used Gas Chromatographic Detectors,

Hange of Mlnlmal Detectable

[T Applicability
‘ F’-e‘e““” ) . (Type of Gompound) ‘ Amounts (grams)
< Thermal-Conductivity . AII . 10~ to 10~7
_Flame lonization .., . Qrganic . 10712
'Electron Capture ’ Halogenatsd ahdl Oxygenated 10712 to 10~18
Flame Phatorfietric : Suifur, Phosbhoriis 107"
Alkali Flarie Lot Nitrogen, . Phosphorus

A Further information can be found In Practcces E §16, E 594 and E'697, '

8. Materla]s

8.1 Stationary Phases—The statlonary phases (parti-
tioning agents) that have been successfully used for specnﬁc
separations are found most quickly by a literature search
Many phases are listed in ASTM publications AMD-25A
and AMD-25A-51.* The most desirable stationary phases do
not volatlhze (bleed) mgnlﬁcantly from the solid supports at
temperatures required to elute the sample. . |

8.1.1 The polarity of the stationary phases is currently
best characterized by McReynolds Constants.” The higher
the McReynglds Constant, the more polar the phase.
Rohrschneider constants can also be used to measure -the
polarity. of stationary phases. 6

8.1.2 The effects of using polar and nonpolar statlonary
phases are-Summarized as follows:

8.1.2.1 Nonpolar stationary phases separate compounds
primarily by order of relative volatility or boiling point. .

8:1.2.2 Polar stationary: phases.separate compounds.by
order of both: relative wolatility and relative polarity, With
polar. phases, nonpolar compounds will elute before polar
compounds of the same boﬂmg point.

8:1.2.3 Polarity alone is.insufficient to describe the sepa-
ration: power of a column: One must consider the overall
seléctivity of a column ‘towards a sét of  analytes.’ This
selectivity is a summation 6f the effects of dispersive interac-
tions, acid-basé interdctions and the dlpOlE: interactions
offered by the vanous pendent groups in the stanonary

phasg.

8.1.3 The Statlonary phases used:in gas chromatographlc
colurmns have ‘Both minimum and maximum témiperature
limits. The chromatographer must be awai¢ of the limits for
the phase being uséd, Below the minimuim temperature, the
phase will ‘behave as either a viscous liguid or a solid. Less
efficient separation will be observed, and the chromato-
graphic results will be éxhibitéd as broader peaks in the gas
chromatogram due to poor mass transfer of components in
the stationary phase.””

" 8.1.3:1 Above the maximuim temperature limit, the phase
will begin to bleed off the column 4t an acceleratéd fate, and
the observed results will include “a drifting baseline or
excessive spiking on the baseline, Under these conditions,
the liquid phase will decompose or volatilize, and thus be
removed from the column. This situation will eventually
lead to decreased retention times with broader. peaks re-
sulting in poorer resolution of very close peaks. Peak tailing
will ;also, be observed as the uncoated surface becomes
4 Gas Chromatographxc Data Camptlatwn, ASTM 1981,

sMcReyuolds W. 0., Journal of Chromatogmphy Science, Vol 8, 1970, p. 685.
"6 Supina, W. R., and Rose, L. P., Journal of Chromatography, Vol 8, 1970, p.
214,

148

10~12 (gviert lower for phosphorus)

exposed by removal of liquid phase, thus shortening column
life. Bleeding also cair expose bare support surface that can
adsorb roleciiles bemg arlalyzed and reduce column effi-
ciericy. In‘extreme: cases, phase Bleeding will result in foulmg
the detector and connecting lines. The observed maxithum
temperature will depend upon many expetiiental variables,
such as type of liquid phase column, cond1t1on1ng, ‘phase-
loading level, column: temperature, sensmvﬂy setting of the
detector, and purity of the carrier gas. In programined
temperature runs, the column can sométimes be dperated for
short periods about 25°C above' maximum temperature.
However, column bleed should be minimized for quantita-
tive results sincé it decreases the linear rangé of all detectors.

8.2 Active Solids: .

8.2.1 Molecular Sieves—The synthetlc zeolite molecular
sieve soibents sepatate moleculés by size and -structural
shape. Isoiers with a more round shape, as branched versus
straight chiain molécules, diffuse it and out of the zeolite
structure more easily than isomers with the long chain
structures. Separations are affected by the differences in
times reqiiired for moleciles of differént sizes to find :their
way into and out of the sieve-like structure of the adsorbent.
Moleculai sieves are:ihost useful for separating Hy, Oy, N,
CO, and CH,. Carbon molecular sieves ate also available,
and can be used to separate O,, N,, CO, COZ, H,0, and C,
to C4 hydrocarbons. ‘

.8.2.2: Porous Polymers:

- 8.2.2.1-One. type of porous polymer used in gas chroma-
tograpby isavailable in the form of microporous cross-
linked, polymer beads produced-by copolymerizing styrene
and divinylbenzene or more polar copolymers, or both,
These materials are generally used -as received without
coating with any liquid phase. They provide symmetrical
peaks for polar,. hydrogen-bonding  compounds such .as
water, alcohols, free acids, amings,  ammonia, hydrogen
sulfide, - etc,, iand organic compounds up to molecular
weights: correspondmg to:about 170. !

8.2.2i2 Anether :porous polymer is: poly(z 6-dlpheny1-p-
phenylené¢-oxide); This material is useful'for:the analysis of
amines, alcohols, and. hydrogen—bonding compounds. It.is
also used: as an. adsorbent for trappmg trace orgamc com-
pounds in‘water and air. " v

. 8:2.3 Silica Gel; Alumina, and Carbonu-Among the ac-
tive solid adsorbents are silica gely alumina, and activated
carbon. They are useful for low-boiling hydrocarbons.

8.2.4 Solid adsorbents' madified by low:concentrations of
liquid  -phases may. retain the advantageous properties. of
both. Some solid adsorbents can, be modified by the addition
of surface activating compounds-such .as wetting agents,
silver nitrate, and the metal salts of fatty acids.

8.3 Diatomaceous Earth Supports-—The most popular gas
chromatographic supports-are those prepared. from diato-
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maceous earth, also called diatomaceous silica or kieselguhr,
The two main types are white and pink in color. The white
supports are recommended over the pink supports because
of their more inert surface. The former are, however, very
friable and must be handled very carefully when preparing
packings and loading into gas chromatographic columns.
Before using these supports, check the manufacturer’s litera~
ture for comments on their use.

8.3.1 The white-colored supports are produced by calcina-
tion of diatomaceous earth with sodium carbonate as a flux.
In this process, the diatomaceous earth fuses, due to forma-
tion of a sodium silicate glass. The product is white in color
due to conversion of iron oxide into a colorless complex of
sodium iron silicate. These white materials are used to
prepare the more inert gas chromatographic supports. How-
ever, they are fragile and subject to abrasion from excessive
handling in the course of sieving, packing; or shipping.
Abrasion will produce finer particles, or fines, which will
decrease column efficiency.

8.3.2 The pink-colored supports are prepared by crushing
diatomaceous earth firebrick that has been calcined with a
clay binder, The metal impurities remaining form complex
oxides that contribute to the pink color of the support. These
pink supports are denser than the white supports because of
the greater destruction of the diatomite structure during
calcination. They are harder and less friable than the white
supports and are capable of holding larger amounts of liquid
phase.(up to 30 %) without becoming too sticky to flow
freely. Their surface is generally more adsorptive than white
supports. For this reason, they are not recommended for use
in the gas chromatographic analysis of polar compounds.
However, pink supports provide excellent efficiencies for the
analysis of hydrocarbons and organic compounds of low
polanty

8.3.3 Chemical Treatment of Diatomaceous Earth Sup-
ports—Neither the pink nor the white materials give gener-
ally acceptable analysis of more polar compounds without
further treatment. With these compounds, severe peak
tailing is often observed, especially with the dense pink
supports. This tailing is due to the presence of adsorptive and
catalytic centers on all diatomaceous earth supports. The
adsorptive sites are attributed to metal oxides (Fe, Al) and
surface silanol groups, -SiOH, on thé support surface. The
lattér are capable of formmg hydrogen bonds w1th polar
compounds. .

8.3.3.1 Metal impurities are removed by washmg w1th
hydrochloric acid, which leaches out iron and aluminum and
reiiders the surface both less adsorptive and less catalytically
active, However, even with acid washing, the pink supports
are still more adsorptive toward polar compounds than the
white-type supports. Acid washing is sometimes followed by
base washing, which seems to remove only minor amounts
of metal impurities, but is a good pretreatment for supports
that are to be used for the analysis of basic compounds

8.3.3.2 Neither acid or base washing is effective 'in re-
ducing peak tailing due to hydrogen bonding with the surface
silanol groups, -SiOH. These groups are imost effectively
masked by treatment with dimethyldichlorosilane. :

8.3.4° Acid-washed silanized grades of white diatomacéous
earths dare recommended as supports for nonpolar and
medium polarity liquid phases. Because of the hydrophobic
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character of a silanized diatomaceous earth, even coating of
the most polar liquid phases is' difficult to achieve. Acid-
washed, silanized grades of white diatomaceous earths are'
recommended as supports for the polar liquid phases, such as
polyesters and silicones of high cyano-group content.

8.3.5 If the column is 6 ft (2 m), or less, use particle size of
100 to 120 mesh (125 to 149 um) for highest efficiency under
isothermal conditions. If the column is longer than 6 ft, use
80 to 100 mesh (149 to 177 um) particles. If temperature
programming is used, 80 to 100 mesh particles should be
used to lessen resistance to carrier gas flow.

8.3.6 Further information concerning the liquid phase ‘

loading is given in 9.3.

8.4 Halocarbon Supports—The two types of halocarbon
supports are those prepared from poly(tetrafluoroethylene)
and poly(chlorotrifluoroethylene). These supports are rela<
tively inert and are nonpolar. They eliminate peak tailing
observed in the analysis of organic compounds capable of
hydrogen bonding, such as watet, alcohols, amines, etc. They
are the preferred supports in the analysis of corrosive halogen
compounds such as HF, BCl;, UF,, COCl,, F,, and HCI,
~ 8.4.1 Poly(tetrafluoroethylene) supports require special
handling procedures. When used as received, they are soft
and tend to form gums upon handling. They can also build
up a static charge and spray out of the column during the
packing operation. These problems can be virtually elimi-
nated by cooling the support to 0°C before coating with
liquid phase and by avoiding the use of glass vessels. Rinsing
poly(tetraﬂuoroethylene) with methanol and drying before
use is another way to eliminate the static-charge problem,

8.4.2 Supports prepared. from poly(chlorotnﬂuoro—
ethylene) are structurally harder and are much easier to
handle and to pack into a column.

8.5 Tubing Muaterials—Tubing materials should be
chosen on the basis of the following criteria:

-8:5.1 They should be nonreactive with the statlonary
phase, sample solvent, and carrier gas.

8.5.2 They should possess physical propertles to w1thstand
temperature and pressure of operating conditions, and

8.5.3 They can be shaped to fit in the column oven of the
chromatograph,

8.5.4 Satisfactory matenals 1nc1ude glass, nlckel ‘stainless
steel, and glass-lined stainless steel. Glass is the material of
choice, unless conditions proh1b1t its use. Nickel tubing is
more inert than stainless steel in most applications. Less
frequently used column materials are poly(tetraﬂuoro-
ethylene), aluminum, and copper.

- 8.6 Carrier Gas—The use of an impure’ carrier gas will
produce problems in gas chromatography. Trace water and
oxygen can causé decomposition of the liquid phase coated
on the support. The common carrier gases, helium and
nitrogen, should contain less than 5 ppm water and less than
1 to 2 ppm oxygen by volume. An oxygen adsorption trap
can be used to remove trace oxygen, while trace amounts of
water and hydrocarbons with molecular weights higher than
methane, can be trapped on a molecular sieve trap. Place the
molecular sieve drier nearest the gas supply. Calcium sulfate
has been used in drying tubes, but cannot dly carner gas to
the same level as imolecular sieve.

8.6.1 For somé applications, hydrogen may be the 'pre-
ferred carrier gas. However, additional safety précautions are
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required due to hydrogen’s explosive nature,

8.6.2 Air (oxygen) can leak into the gas chromatograph.nc
system. through loose fittings or.a septum,.that has been:
punctured.t00 many times, even though the carrier gas is
under a pressure of 40 to 60 psi::Keep all fittings on the gas
delivery lines tight, and check them at periodic intervals.
Change the septum in the injection port frequently. Plastic
tubing should never be used for carrier gas, hydrogen fuel
(for FID), or make-up gas lines due to the possibility of
oxygen or moisture diffusing through the tubing wall,

8.6.3 Each cylinder of carrier gas has its own impurity
level. Occasional tanks contain large amounts of impurities
which might overcome a low-capacity. oxygen .adsorption
trap and destroy a gas chromatographic column at -hjgh
temperature. A new tank or a fresh oxygen, adsorptlon unit,
or both will improve this situation, . . -

8.6.4 Always change the tank when the pressure i8. less
than 200 p51 As the total pressure in the cylinder decreases,
there is an increase in the partial pressure . of the water and
other impurities. adsorbed on the inner walls of the gas
cylinder, As a result, the last amounts, of gas delivered from
the gas cylinder contain high levels of impurities:

8.6.5 Carrier Gas for Instruments with Thermal Conduc-
tivity Detectors—A major -factor in sensmwty is the differ-
ence in thermal conductivity of the cbmpound being ana-
lyzed and the thermal conductivity of the carriér gas. Helium
(thermal conductivity =333.60 cal/cm-s-"C) is usually the
catrier gas of choice.

8.6.6 Carrier Gas for Instmments wzth Flame Iomzatlon
Detectors—The most commonly used carrier gases are
nitrogen or helium, A maximum impurity level of 0.05
volume % does not generally interfére w1th most applica-
tions. Hydrogen is less commonly used in the US but is more
popular in Europe because of avallablhty and relatively low
cost. ;

Note 2—If hydrogen is used, specia‘l precautic)ns st be taken due
to its explosive nature, to ensure that the system is free from leaks and
that the efftuent is properly vented. .

8.6.7 Carrier Gas for Instruments with Electron-Capture
Detectors—Usets ‘should ‘follow the manufacturers’ recom-
mendations for the choice of carrier gas, Some commoh ones
are mtrogen or 95 % argon/5 % methane, Wheédl using a
tritium source in the detector, do not 'use hydrogen as the
carrier gas. Hydrogen will replace tritium in the source.

9, Preparatioh of Packed Gas Chromatographic Columns

9.1 Preparation of the Tubing Material:

:9.1.1 Glass ¢olumns should be cleaned and deactivated,
first by rinsing with 30 mL acetone and then 30 mL toluene.
Next, fill the column with 10 volume :% solution of
dimethyldichlorosilane in toluene. Allow the solution to
stand. in the column for 30 min, Finally, rinse the column
with-anhydrous toluene and then anhydrous methanol to cap
unreacted DMDCS CL groups. Dry the column by passing a
stream of dry nitrogen through it. Cap both ends of the
column until such time that it can be.packed.

9.1.2-Metal columns should be cleaned thoroughly before
packing by rinsing with methanol, acetone, and chloroform.
The column should be dried by passing nitrogen or dry air
through-it. Do not blow house air through the column since
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this compressed air usually contains an oil aerosol from the
pump. .

Notg' 3-—Most chromatographlc ‘supply houses provide metal tubmg
that has been washed with solvents dnd is ready for use.

9.1.3 An alternative procedure is recommended for mckel
tubing and can be used to clean stainless steel tubing, Rinse
the nickel tubing with ethyl acetate, methanol, ‘and distilled
water, Then fill the tube with 20 volume % nitric acid and let
it stand for 10 min. (CAUTION Work in a hood and wear
safety equipment wheh using nitric acid.) Next, rinse the
tube with distilléd’ water to heutrality and then rinse with
methaiiol and acetone. Fmally, dry thie column by blowing
nitrogen of hélium through it.

9.1.4 The column: length i$ generally 3 to 6 ft (1 to 2 m).
Shorter coluuriins ¢an be used to decrease thie time of analysis
orto separate high boiling compounds. Longer columins are

used to'improve tesolution, but have longer ana1y31s times:

(Columns longér than 20 ft (6.1 m) requite excessive
pressures to maintain the proper carrier gas flow.) A compro-
miseis usually made between analysis time angd resolution,
As 4 general tule, an increase or decrease of colurn length
by a factor of 3 to diis necessary to seea significant change in
peak separation.

9.1.5 The diameter of the column can be Y& in. (3.2 mm)
of' Y4 in. (6.4 mm) Gutside diameter. The Ys-in. column has
less sample capacity, but greater efficiency, and is the most
common type. Glass columns are generally 2 mm or 4 mm
inside diameter. Some analysts have found that s in. (4.8
mm outside diameter) metal columns are the ideal combina-
tion between the capacity of Y4 in. (6.4 mm outside
diameter) colurhns and the efficiency . of Y3 in. (3.2 mm)
outmde diameter columns.

*9.2Choice of Diatomaceous .Earth Support Jor Packed
Columns—See 8.3.

v9:3 Phase Loading on Diatomaceous Supports—For pre-
parative work and-analysis of substances boiling below room
temperature; use 15 wt % loadings. for white-type supports
and 30 wt % for pink-type supports; For general work, use
loadings of the range.of 3 to 15 wt %. For highest efficiency,
shortest retention .times; and the least amount of bleed
during' high-temperature operation, use 3 wt. % -loadings.
The lower phase loadings have lower sample capacity and

eliite components smore; rapidly and at lower temperatures..

Always check -the manufacturers® literature for suggested
phase loadings for a particular support. For some applica-
tions (especially headspace analysis) Joadings as low as 0.2
wt: % are used which result in very narrow peaks and short
analysis. times. High. phase loadings tend to produce less
reactive packings. -

9.4 Preparation of the Gas Chromatographic Packing—
The following procedures describe the coating of a solid
support with stationary phase. The following four methods
are commonly used -to- prepare gas chromatographlc
packings: («) Filtration or. Solution Coating Method, (b)
Rotating Evaporator Method © Evaporative Method, and
(d) Vacuum Evaporative Method. When preparing packmgs
with loadings in the range of less than:§ wt %, the Filtration
or Solution Coating Method is recommended This method
is preferred because it prowdes minimum handling of the
friable white-type supports. For loadings of more. than .5
wt. %, other methods.can be used. The Rotating Evaporator
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Method is recommended, but should only be used if a

rotating evaporator is available, whlch turns very slowly at

20 to 30 rev per min,

NoOTE 4-—A. 5 wt. % loading of stationary phase consists of 5 g
stationary phase added to 95 g of support. ‘

9.4.1 Filtration or Solution Coating Method—Prepare
100 mL of a solution of the desired phase in a vacuum filter
flask. Use a suitable high boiling solvent (boiling point more
than 60°C). The actual loading of the liquid phase on the
support will depend upon both the viscosity of the phase
solution and the density and mesh size of the support.

9.4.1.1' Add 20 g of support to the filter flask. Reduce the
pressure in the filter flask for a few minutes with a water
agpirator, then release the vacuum. Repeat this procedure for
seveial cycles in order to remove air bubbles from the pores
of the support particles. Be prepared to release the vacuum if
the slurry foams excessively.

9.4.1.2 Allow the slurry to stand for several minutes. Pour
the slurry into a coarse-frit sintered-glass filter funnel, and
allow the solvent to drain freely until the support settles.

9.4.1.3 Apply vacuum cautiously and stop instantly when
the solvent stops dripping. Dump the support into a-flat
borosilicate glass dish, and allow it to dry. Do not scrape the
particles out of the funnel, since this might crush the
particles. Do not resieve before use.

9.4.1.4 The actual phase loading will depend upon the
viscosity of the phase solution and both the density and
particle size of the support. For example, a 2 % solution of
dimethyl silicone gum liquid phase will give a 3.8 wt %
loading on white-type supports. A 10 wt % solution of a less
viscous liquid phase will give a 5.5 wt % loading on
white-type supports and 7.5 wt % on pink-type supports.
Loadings obtained with other phases on other supports are
best determined by experimentation. -

9.4.1.5 The best way to determine the percent loadmg is
to extract it from the support by extraction in a Soxhlet
apparatus and - determine the weight loss. Alternatively,
measure the volume of solution recovered and calculate the
volume of solution held up by the support. Calculate the
approximate percent loading on the support by assuming
that the concentration of the solution does not change '

9.4.2 Evaporative Method:

9.4.2,1 Weigh out the desired amounts of support and
phase, Use a larger amount than that required to account for
attrition, spills, etc. Dissolve the liquid phase in a chemically
inert, low-boiling solvent contained in a filtration flask (see
Table 2). (Most catalogs of gas chromatography equlpment
suppliers contain lists of suitable solvents:)

9.4.2.2 Gradually add the support to the solution w1th
gentle switling or agltatlon but with no mechanical stirring,
(Suggested solvents are given in Table 2.)- The amount of
solutiori should be just enough to wet the solid support and
form a slurry with little excess solvent.

9.4.2.3 Evacuate the flask briefly several tlmes to remove
air bubbles from the pores of the support. Be prepared to
release the vacuum if the slurry foams excessively. . ..

9.4.2.4 Transfer the slurry to a large flat borosilicate glass
‘dish, and slowly evaporate the solvent in a hood with no
further handling, The dish must be of a size that the packing
is spread on the bottom in a thin layer, no more than about
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TABLE 2 Solvent for Liquid Phases
Liquid Phase
Type* Solvent

Dimethyl Silicone Toluene

Phenyimethyl Silicone Ethyi Acetate
Cyanoprapylphenyl Silicone  Methylene Chloride
Trifluoropropyl Silicone Ethyl Acetate

Polyethylene Glycol Methylene Chloride
Cyanopropyl Silicane Methylene Chioride

Other Liquid Phases Use solvent as recommended by supply house.

Yg-in, thick, A bdrosilicate glass baking dish makes a suitable

container.

9.4.2.5 The critical stage occurs when excess solvent has
evaporated, but the bed is still quite damp with a slight exceéss
of solvent. Break up the damp bed by gently raking it with a
spatula. As the solvent evaporates from the surface of a static
bed of support, it leaves a higher concentration of phase at
the bed surface. Therefore, the bed must be broken up
frequently during the final stages of solvent evaporation to
prevent formation of an unevenly coated support.

9.4.2.6 Continue to air-dry the material in the hood unt11~
the last traces of solvent are gone. Avoid excessive handling
of the pax“ucles to prevent formation of fines due to abrasmn
especially in the case of the white-type supports,

9.4.3. Rotating Evaporator Method—Prepare the slurry of
support and phase as described in 9.4.2.1 10 9.4.2.3, except in
an indented, round-bottom flask. Connect the ﬂask to a
rotating evaporator, Rotate the flask very slowly (less than 20
to 30 revolutions per minute) and evaporaté the solvent
under reduced pressure (water aspirator). Very slow rotation
is necessary to prevent the particles from abrading against
each other, Use of a heat lamp increases the evaporation rate.
This method is not recommended for fluorocarbon supports.

9.4.4 Vacuum Evaporative Method—Prepare a slurry of
support and phase in a filtration flask of sufficient capacity.
(Suitable solvents are given in Table 2.) Attach the flask to a
vacuum source (water aspirator) and apply vacuum briefly.
(Be prepared to release the vacuum  if the slurry foams
excessively.) Repeat this procedure several times in order to
remove the air bubbles from the pores in the support.

9.4.4.1 Apply the vacuum for a longer period, and swirl
the contents. of the flask occasionally until all the solvent is
almost evaporated. This is the critical stage.

9.4.4.2 Now shake the contents of the flask' by gently
bumping the flask on a wood or plastic board. This will break

up the bed of packing. Do not allow the solvent to evaporate
from the surface of the support bed. Otherwise, the solvent

will evaporate and leave a higher concentration of phase at
the bed surface,

9.4.4.3 Continue to apply vacuum untll the packing is a
Ereely flowing powder, then transfer it to-a tray for air-drying
in a hood.

9.4.5 Fluzdzzed Drying Techmque—Thls techmque has

‘been used to produce efficient, uniformly coated packings.

During the drying stagés of methods 9.4.1 to 9.4.4, when the
packing has reached the consistency of a wet sand, add itto a
fluidizer. Then dry the packing by passing a flow of inert,
warmed gas (nitrogen or helium) through the bed of packing.

9.5 Packing the Gas Chromatographic Column—The pur-

.pose in packing a gas chromatographic column is to fill the

column with packing as completely as possible, leaving no
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empty spaces. Two vdriations are noted in'9.5.3 and 9.5.4 (a
pressure-ﬁll procedure and a vacuum fill procedure).

9.5.1 It is.preferable to coil the column before packing to
prevent crushing of the support particles. Metal columns can
be coiled after loading to meet eqmpment requn'ements
Bends in the packed reglon ‘must never be made with, radii
less than those specified in 952 to avoid crushing the
packing in the column.

9.5.2 Right-angle bends are often necessary to make
connections to injection and detection systems, and must be
made before packing the column since some tubing deforma-
tion will occur, which will crush some of the solid support.
Bends for such purposes should be within 4 in. (10 cm) of the
columin ends. . For coiled. columns, minimum” diameter
mandrels should be as follows: for % in. (3.2 mm) OD
column use a 1V2-in. (38-mm) mandrel; for Y4 in. (6.4 mm)
OD column use a 2-in: (51-mm) mandrel. ‘These configura-
tions do not preclude the use of U- or -W-shape‘d columns. If
a U--or*W-shaped column is to be used; the minimum-.180°
bend diameter must be at least that g1ven for the above

mandrel sizes, ¢ Ini

9.5.3..Pressure-Fill Procedure—To each end of the column
to be-filled; fit 4 nut, a back ferrule, and a suitable front
ferrule. Place a small plug-of silanized glass wool into the
detector end of the column, arid cap the ¢olumn by screwing
in a metal cap with a Y1s-in; vent hole drilled into it. When
analyzing trace.acidic compounds, -as -organic acids and
phenols, adsorption-can be decreased by using phosphoric
acid-treated glass wool to plug the column ends. Wear safety
glasses when pressure-packing columns. ¢ Do

9.5.3.1 Attach the. end -of';the empty column to. an
apparatus similar to that shown in- Fig..2A: Add to the
reservoir sufficient packing material to fill the column, plus
about 30 %. Attach the mpper end of the reseivoir to a
nitrogen.supply line-controlled:to provide approximately 40
psi. Check that:all connections are tightened, place a safety
shield-in front.of the.setup, and:apply 40-psi to the system.

119,5.3.2 As the:stationary phase starts.to fill the column,
géntly tap the column withra wood réd:(handle of spatula or
screwdriver) or an electrical. vibrator set .at- a very low
vibration level..Continue tapping until the- packmg shows no
voids 'and: thé level: of packmg in the reservon remams
constant. -

9.5.3:3 Shut off the mtrogen supply and wait. for the
pressure- to ! dissipate.: Disconrect the.:column from:, the
feservoir, Do riot: disconnéct the -column while it is under
préssure. Hdve«a: élean bedker.available to: collect excess
packing mateiial that will fall from the opened reservoir. Tap
out about & in. (3 mm) of column packing, and replace it
with a silanized glass wool plug. Affix a'metal column tag
engraved -with'd 'description of the stationary phase, loadmg,
support and the assigned column number.

9.5.4 Vacuum:Fill Procedure:

9.5.4.1 Clamp thie"column:50* that the: detector and
injector“ends ‘point upward Phug the detector end of the
column’ w1th a - Vain, plug of silanized glass: wool. Use
phosphonc—amd treated glass wool when analyzmg for. trace
organic acids and pllenols ‘.

9.5.4.2 Attach a ‘stnall funinel to the mjecuon port end of
the column. Attach the detector erd of the.column to a
vacuuin’ source, ¢ither' 4 vacuum pump (preferably) or a
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water aspirator. (If a water aspirator is used, a 500-mL filter
flask, or the device shown in Fig. 2B, should be placed in the

line between the pump and the column.) Do not turn on the

vacuum yet.

9.5.4.3"Add 1'to 2 mL of packing'to thé funnel, and tap
the column gently to settle the packing, A pencil or a2 wooden
spatula handle can be used. Alternatively, the column can be
stroked with a plastic saw. The use of an electric vibrator is
not recommended. Excessive vibration will cause the parti-
cles to abrade against each other, producmg fines and newly

fractured surfaces that are not coated with stauonary phase.

9.5.4.4 Turn on the vacuum SOurce. Contmue to add the
packing in small increments with tapping until’ ‘the column is
full. Finally, apply pressure to the head of the column to
pack it a little tighter. Flowever, take care to make suré the
pressure-is equalized slowly, because packmg will be blown
out of the column if the pressure is- released too’ suddenly

9.5.4.5 Next, tap out enough packing 0 create a & in. 3
mm) void space at the injector poit end of the column Plug
th1s end with 8 silanized, glass waol plug Do not Jpack the
plug too ’ughtly This, will either impede the carrier gas flow
or crush the paclcmg parncles

9.5.4.6 Higher efficiencies are always observed if the
column is. packed for on-column 1 mJectmn In this technique,
the column is packed so that there is space at the injection
port end of the column, which is then placed inside the
injection port. This void space should be of such a length
that the injection needle just reaches, or slightly penetrates,
only the glass wool plug, not the packing, when the column is
installed, Thus the sample is mJected almost dlrectly onto the
column, .

9.6 . Condztzomng of Packed GC Columns:

9.6.1 The purpose of-the -conditioning process is to
remove-extraneous material (solvent and adsorbed materlal)
from the column before analyncal usage. Since the column is
heated, the liquid phase- also redistributes itself over the
support surface 1o provide a more even, coating,

9.6,2 Install the column into the gas chromatograph at the
injection side. only. Do not connect the column to _the
detector during the conditioning stage. Any column bleed
might foul the detector and the connection lines between the
column-and detector. Turn on the normal analytical carrier
gas flow and flush air out of the. column at ambtent
temperature for 30. min. ;

9.6.3 Heat the, -column at a xate of. 2°C/m1n to the
conditioning temperature, The latter temperature should be

-at least 25°C highgr than the analytical temperature but 25°C
lower. than the maximum operating temperature -recom-

mended for the liquid phase. Maintain this temperature
overmght with: carrier gas flow,.,

9.6.4 The next.day cool the column and connect it to the
detector. Detectors operated.in. very sensitive modes, partic-
ularly the;electron capture detector, might require two: or
more days of conditioning at the higher temperatures before
a satisfactory baseline is obtained. (Other sources for baseline
drift -and . noise .areimputities in the -carrier gas,. a d1rty
detector, air léaks.in the. gas-line fittings, insufficient carrier

gas pressure; atuch-punctured septum, chemical decompo-

sition of the phase (due to presence of traces of acid or bage
on the support, in the.phase, or on the inner ¢olumn walls,
and incofrect fuel gas ratios.to the flame jonization detector.)
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Vacuum

-FIG. 2A . Vacuum Fill Apparatus

4 Nitrogen at -
ﬂ 40 psig . -
4,

FIG. 28 Pressure Fill Apparatus h

9.6.5 There is a special “no-flow” conditioning procedure
‘whichcan be used with certain silicone phases, as methyl and
méthylphenyl s1hcones wrth or without low vinyl content. It
has been reported to improve analysis for drug compounds.
The procedure starts by condr’rronmg the column for 2 h as
described in 9.6.2. Turn off the carrier gas flow, cap the free
end of the column with a metal cap, and heat at 310°C for
1.5 h with no carrier gas flow. Cool the column to 100°C,
Uncap the oven, turn on the carrier gas flow, and continue
the regular conditioning procedures listed in paragraph 8 6.3.

Notg’ S—Thls no flow condmomng procedure may damage or
destroy non-silicone containing stationary phase or silicone contalmng

functional groups other than phenyl or methyl,

+9.6.6 Many of the liquid phases.are commercial-grade
material, and conditioning might require several days before
the noise level is low enough to provide usable baselines -at
high sensitivity. The use of gas chromatographic-grade
phases is recommended since they.have been carefully
purified and long periods of condrtronlng are usually not
necessary.

10 Samp]e Injectlon Procedures

only by injecting representative’ samples into ‘the gas

" chromatograph, Since chromatographic samples are small,

the best practices and procedures must be followed,

10.1.1 If elution is to be otherwise, ‘the sample-injection
must be almost instantangous in order to introduce the
sample as a plug. Av01d unnecessary sample d11ut10n and
inadvertent trapping.

10.2 Sample Size-—Sarnple sizes used for analysrs with 2-
to 5-mm ID packed columns are in the range of 0.1 to 10 pL
multi-component liquids: Gas samples usually range from 10
uL to 2 mL. :

10.2.1 There is frequently a reduction in retentron times
with sample s1;e when the column is overloaded. Therefore,
when identifying by comparison with-a known sample, the

'same amount of each component must be used in an

amount that does not overldad the colutan. The sample size
that overloads the column is that size which decreases the
efficiency (Section 11) by 10 % compared to a smaller
sample size. Sample overload i§ sometimes shown by peaks
with sloping fronts and backs that aré almost perpendicular
to the -baseline; (Another reason for this peak shape i§
insufficient vaporization of the sample. Either the injection
port or the column temperatures, or both, are too low.)

10.3 Sample Injection Devices—Samples may be intro-
duced by syringes, automatic sample injectors using syringes,
or sample valves. (There are also devices that introduce
capsules containing sample into the injection port.) For
rigorous quantitative work, any sample introduction device
should be flushed and filled at least three trmes with the
sample immediately before use.
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10.3.1 The most common method for liquids is the use of
a syringe injection technique through a self-sealing septum.,
In the usual 10-puL syringe, there is approximately 0.8 pL of
dead volume in the syringe needle. This volume is additional
to the volume in the syringe barrel and can be measured by
withdrawing the entire sample volume into the syringe
barrel.

10.3.1.1 First, pump the sample back and forth v1gorously
in the syringe to wet the plunger and to remove air bubbles.
Then withdraw the sample back into the syringe so that the
entire volume can be read on the volume marks of the
syringe barrel. When preparing the syringe for injection,
never leave the sample solution in the needle. This technique
will minimize sample boiling out of the needle when it is
inserted into the hot injection port.

10.3.1.2 In an alternative procedure, called the solvent-
flush technique, load the syringe in the following order:

release the sample, which is then swept into the gas chro-
matographic column by the carrier gas,

10.4 Sample Container—Care must be taken in the design
and construction of sample containers so that none of the
components of interest are in any way changed or removed
from the.sample by reaction, diffusion, or adsorption.
Stopcock grease and material desorbed from plastic cap
liners are frequent sample contaminants.

‘11. Evaluation of Column Performance

solvent, air, sample solution, and air, with only air remammg
inside the needle. When the sample is injected, the solvent is

the last to leave the syringe, and it rinses out sample residue
in the needle.
10.3.1.3 ‘Wipe the syringe needle off before injection.
Insert the rieedle carefully thiough the GC septum, inject the
sample 4t once, and withdraw the needle in one contmuous
motion. - K
10.3:1:4: Often the tip of the needle becomes bent
forming 4 fish hook that will tear the septum on subsequent
injections. This can be detected by brushing the end of the
needle gently over the end of a finger. A few strokes on a
. sharpening stone will remove the fish hook: -,
10.3.1.5 Syringes should be cleaned with a solvent that
will remove all traces of contammatmn Consult the many-
facturer’s literature for further information. Many chromato-
graphic supply vendors sell suitable cleaning solutions and
kits. quuld sample valves, in both automated and manual
versions, arg also avallable
10.3.1.6 Gas samples are most convemently injected
using gas-nght syringes. These devices are quite satisfactory
for survey :work -because the sample size can easily be
verified, However the. syringe needle is more hkely to clog
with pieces of septum material when.gas samples are injected
than when liquids are injected. If no chromatographic peaks
are-observed, test'the syringe by injecting air.into a liquid. If
no bubbles are: seen, unclog the needle with a.wire or. by
filling: the syringe without the.needle and forcing solvent
through the .needle,. However,. repeatable results in gas
analysis will only be obtained using gas sample valves that
have a fixed sample loop. The latter valves can easily be
automated.
10.3.1.7 ‘A . sealed, friable, or puncturable ampule con—
taining a weighed amount.of sample may: be placed. in the
injection chamber The ampule s phys1cally broken to
TABLE 3 n-AIkanes Used for CDIumn Evaluallon at 200°C s
1 m 10 % Dimethyl silictne Cy ‘Capr Car
3 m 10 %:Dimethyl silicons C141Cis Cia
L AmA0% Phenylmethyl sllicone Cao; Cagy Cas =
3'm 10 % Phienylmethyl silicone Cyg, C1a, Cao
1 m 10'% Cyariopropyl silicorie Cgy, Coe, Cag
3 m 10 % Cyanapropyl-silicong Cag, Cas; Cas

1 m,10.% Polyethylene glycol Cg4, Cog; Cog,
3m10% Polyethylene glyco! €y, Cao, sz

11.1 Make a test mixture which contains a normal
aliphatic hydrocarbon and the compound being analyzed, or
one similar in structure, The aliphatic hydrocarbon peak
should appear in the chromatogram near the second compo-
nent in the test mixture. (Suggested aliphatic hydrocarbon
mixtures are shown in Table 3.) The peaks of both compo-
nents should be about the same size. The analytical condi-
tions should: be chosen so that both chromatographic peaks
will appear about 4 to 6 times the retention time (distance) of
the solvent peak. (If a selective detector is being used, choose
a compound that will givé a response to that detector.)

11.2 The differerit méthads of determining column effi-
ciency are shown in Equations 1, 2, and 3. Fig. 3 shows the
measurements made on a chromatographlc peak which are
used to determine column efficiency.

= 16 “(tp/Wy)? 1)
N = 5.54 (15/wp)2 @)
H=L/N €]
where: ‘
N = number of theoretical plates,

iz = retention time, or distance, measured in mm,

w, = width of the peak at base, measured in mm, (Deter-
mined by extrapolating, as shown in Figs. 3a and 3b.)

w, = width of the peak at one-half the peak height, 4, all
measured in mm, (See Note 6.)

H = height equivalent to a theoretical plate, HETP, and

L = length of the column in millimetres, or in centimetres.

Note 6—The peak width may be measured to the nearesi 0,1 mm by

a magnifying loupe fitted with a scale graduated in 0.1 mm increments,

The peak to be so measured should be at least 10 mm wide; this is

arranged by choosing an adequately large chart speed.

11.3 Equation | is often used. However, it involves an
extrapolation of the baseline, shown in Fig. 3, which can be
in error. The use of Eq 2 is preferred because the term, w,
can be determined directly from the chromatogram without
extrapolation. However, the, width of the recorder pen line
can be variable which can lead to difficulties in determining
the.trye value of the peak width, Use a pen that writes with a

“sharp, thin line. The peak width should be measured from

the leadmg edge of one lme to the eadlng edge of the other
line, as shown in Fig. 3a. For acct acy, | determine the’ peak
w1dth twice (see Flg 3a), _and use the average alue‘to

Kt Helium'

Nitrogan
Ysin. OD or 2 mm D .. 80 mL/min 20 mL/mln
Y4 in. OD or 4 mivlD * g0'mLjrmin 40 mL/min 5
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FIG. 3a Use of the Chromatogram to Calculate Column Efficiency

"+ (3b)

FIG. 3b Shows the Procedure to Measure the Peak Width, at w,,,
to Account for the Thickness of the Pen. Use the Average of the Two
Determinations, w’,, and w’’,,, shown here

peak- width, use a recorder chart speed that will give a
minimum peak width of 4 to 5 cm. The peak height should
-be about 40 to 80% full-scale.chart deflection. This can be
achieved by either changing the detector sensitivity, or
changing the sample size. However, be sure that the sample
size does not exceed the capacity of the column.

11.4 The optimum efficiency occurs at the optimum
carrier gas flow which can be determined by plotting the
efficiency of the hydrocarbon peak versus carrier gas flow.
General optimum values of the carrier gas flow rates are
'shown in Table' 4, but should be determined for the
particular column. . ° o .

11.5 Calculate the efficiency of the second component.
The results should be about the same for both components.
If the efficiency of the second component is about 25 %
lower than that of the hydrocarbon, the column might not be
the best choice for analyzing the compound(s) of interest. A
strong indication of nonsuitability is shown by compara-
tively greater tailing of the nonhydrocarbon component.
Tailing can indicate strong interaction with the column
packing (phase or support, or both), column tubing, or
adsorption in the injection port or in lines leading from the
column to the detector.

11.6 Typical efficiencies are shown in Table 5. Not all gas
chromatographic packings are capable of excellent efficien-
.cies. For example, porous polymers, Teflon supports, and
some liquid phases, such as trifluoropropyl silicone can give
efficiencies less than 500 plates per foot. ‘

TABLE § fypical Efficiencies and Ratings of Gas
Chromatographic Columns

Plates/ft . Plates/metre HETP Rating
500 ' 1640 0.6 iim _ Excellent
400-500 1300-1640 0.60-0.76 mm Good
. 800-400 980-1300 0.76-1.0 mm Fair

300 980 1.0 Poor

12. Use of the Gas Chromatographic Packed Column

12.1 Certain precautions and preventive maintenance are
necessary to obtain the best column performance. Some of
these points have been made before and will be referred to in
this section. Further precautions will also be discussed.

12.2 Carrier Gas Purity—Trace, or adventitious, oxygen
and water in-the carrier gas can produce degradation of
liquid phases on the support. Purification of the carrier gas
and necessary precautions are discussed in 8.6, ‘

12.3 The Injection Port—The injection port is often a

*source of trouble. The temperature can be either too low or

too high. See 6.3. 'Another problem is a leaking septum. See
634, ‘ ‘
12.4 Column Care; - : ‘

- 12.4.1 Never heat a gas chromatographic column with air
in .it. . When any. column is first placed in a gas
chromatograph,. flush any air (oxygen) out of it by flushing
with carrier gas at normal flow rates for 15 to 30 min. at
ambient temperatures, Then heat the column to the desired

'operating temperature, Always. cool.the column to room
tempetature before removing it from the gas chromatograph.

If the column is to be used again, cap the ends with metal
caps. to prevent diffusion of air (oxygen) into the column

- during storage.: Contact of the stationary phase with oxygen
~when hot or for prolonged periods of time at room temper-
.ature cause degradation of the stationary phase, This is

particularly the case with polyglycols and polyester type

- phases and to a lesser extent cyanosilicones. Other phases are
. affected to a varying degree.

12.4.2 After long periods of use, column ‘performance

-may degrade as shown by peak broadening, tailing, or
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gradual merging of adjacent peaks. Often the problem lies in
the front end of the column, The injection port temperature
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might have been too high and destroyed the initjal section of

the liquid phase on the column packing. Residues or
decomposition products might have built up on the glass
wool plug. These problems can be remedied by repacking the
first few inches of a glass colymn, or cutting off the first few
inches of a metal column, Use fresh silanized glass wool to
close the end of the column in both cases.

13. Methods of Qualitative Analysns

13.1 Identification of compounds by gas chromatography
alone cannot be absolute, and the results must be considered
with care, Elution of a compound is dependent upon carrier
gas flow rate, column temperature, support size, amount and
type of liquid phase, column dimensions, instrument dead
volume, and column pressure drop. These parameters nrust
be stable to obtain reproducible results. The recommended

15.

13.2 Tentative identification of a compound can be made
by comparing its adjusted retention time against those of
known standards usmg exactly the same chromatographic
parameters,

13.2.1 The retention time is the time interval measured
from the. point of injection .to maximum peak height of the
sample: Adjusted reténtion time, tf, is detived by subtracting
the time requlred for ari unabsorbed gas, like air, or methane,
t1 o traverse the column (also called the gas holdup time)
from the retention t1me, tr.

NOTE 7——011 some sohd adsorbent columns, such ds molecular

sieves, there is ne- nonadsorbedrcomponent Ca
th=ip = tar © o (4)

1322 Reten‘uon times are affected by all chromato-
graphic parameters: As a result,-direct cofparison of reteri-
tion.-times of the same components oti different instruments
or between laboratories should be done with caution. Use of
reldative fetention. time is an easy. pradtical techiique for
providing elution dati.. The retention-.of 3 component.:is
expressed relative to the .retention of a4 known referénce
standard. The reference standard should possess structural or
chemical similarity to the compounds being analyzed.

13.3 The retention of a given weight of compound is
usually independent of its concentrationif the compound
does not overload the column producing skewed peaks. The
retention’ of the ‘compound is also independent of other
;substances present if ‘there is no: appreciable ovetlap with
‘another compound: Substances that exhibit positive, or
Langmulr-type skewmg (tailing) durmglelutlon will produce
a decrease in retention-asthe ‘concentration . increases; while
negative, ‘or anti-Langmuir-type fronting ‘will produce:an
iricrease in retention time-with increased concentration.’

-13.3.1: The loganthm of the retention time of members of
a homologous §eries:run . isothermally s ‘usually a linear
function of the nunber of carbon -atoms: of a ‘molecule.
Using this characteristic, two or three referetice compourids
can provide: sufficient inforination to prepate a ‘plot of the
logarithm .of the retention/time versus carbon number, and
they can identify other members of the series: Retention
time, adjusted. or: not; is of little value:in comparing the
results: from: various instruments. The use of Kovats reten-
tion indeXx; based ‘on the relative retention of a compound to
the retention of normal paraffins; provides a more reliable

format for a gas chromatographlc method is given in Sectlon

means of comparing the results obtained from different
instruments (see Practice E 355).

13.4 Absolute compound identification or characteriza-
tion, must be made with ancillary techniques such as mass or
infrared spectrometry, nuclear magnetic resonance, chemical
analysis of the effluent, or spot tests for functional groups.

13.4.1 The samples for the analyses in 13.1 through 13.4
may be obtained by trapping components as they emerge
from the chromatograph. A trap, glass capillary, or U-tube, is
cooled with ice.or dry ice, and placed in the effluent stream
of the column. Several collections may be required to obtain
a sufficiently large sample.

13.4.2 The .collection of effluent is easiest with
nondestructive detectors, see 6.7. In the case of destructive
detectors, 4 split is madé for the collection just before the
detector.

13.4.3 Apparatus is also available so that the effluent from

" the gas chromatographic column can be analyzed directly by
mass spectrometers or infrared spectrophotometers.

14. Methods of Quantitative Analysis

14.1 Gas chromatography can be used to determine
quantitatively .the composition of complex samples. There
are several factors that must be considered before the sample
is analyzed.. The recommended format for gas chromato-
graphic methods is given in Section 15.

14.1.1 The Chemistry of the Sample—The chemistry of
the sample, if known, allows a chromatographer to select
more accurately a column compatible with the sample and
‘to -afiticipate- potennal 1nterferences from reagtion. by-
products,

14.1.2 The Choice of a Detector—A detector must be
“chosen 'with.the needed selectivity and sensitivity. If coripo-
nents will bé dnalyzed at low levels, an electrolytic.conduc-
tivity.  electron: capture, : nitrogen. phosphotus, = micro-
wcoulometrie, ionization, or. flame photometric - detector
should be selected. ‘The detector ‘may-be, limited to_these
lower concentrations and not, apphcable to high concentra-
tions.

14.1.3 Initial Separatton of Components—Next a column
1must be chosen that will resolve the components of interest
in the sample within a reasonable amount of time. First, a
rough separation should be aohJeved with known standards.
Next, actual samples should be analyzed to determine if
there are any 1nterferences A, second column or an ancﬂlary

nents are not elutlng with the component “of interest. Each
new sample adds the p s1b1]1ty of an interference eluting
with the componen " interest; therefore this should be
checked often. If an ,_'terference is detected the chromatog-
rapher must change t_he method to rémove it: The several
g optlons for doing this are as follows: "

© 14.1.3.1 Select a ¢oltimn statioriary phase with a gréater
”selectmty for éither: the ‘inlerferénce or the component of
interest.

©'14.1.3.2 Choose a différent type of deteotor that “would
detect the component of:interest but not the interference.
Examples would be water fiot being detected by a flame-
;jonization - détector, or hydrocarbons not .detected by an
electrolytic conductivity or:electron capture detector.
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14.1.3.3 Consider other types of chromatographic separa-

tion such as capillary gas chromatography for more efficient
separation of volatile compounds, liquid chromatography for
separation of non-volatile compounds, or another appro-
priate separation technique.

14,1.4 Detector Sensitivity and Linearity—Once the chro-
matographic separation has been optimized, the detector can
be optimized and calibrated. Gas flows should be adjusted to
the optimum levels to get peak sensitivity at the concentra-
tion range of the components of interest. The detector muist
also be clean and leak-tight. (See the manufacturer’s manual
for suggested procedures.)

14.1.4.1 The linearity of the detector over the desired

concentration range of the component(s) of interest is
determined using prepared standards. This step will deter-
mine what the response is to increasing amounts of compo-
nent. The peak area or height should be plotted versus the
concentration for about five concentrations near the ex-
pected sample concentration. There should be a linear
correlation, Nonlinearity may be caused by reactivity,
adsorptivity, thermal sensitivity, or excessive column bleed.
If the latter is the cause, change to a more thermally stable
column or one of different polarity. Column reactivity can
be characterized by skewed, misshaped peaks. This can be
corrected by installing a fresh column of the same type that
does not have reactive sites. Test mixtures can be used to
demonstrate nonreactivity. Other sources of adsorptivity or
reactivity with the sample are the injection port, connecting
lines to the detector, or glass wool. Each of these sources can
be detected by carefully troubleshooting the system. - ‘
 14.1.4.2 The detector performance should be checked
periodically throughout the analysis. This can be done by
injecting one of the linearity standards and comparing it to
the linearity plot.

14,1.5 Peak Area or Height Measurement—Many types
of peak area and height measurement techniques exist. The
oldest methods for calculating the peak area are manual
measurement with a ruler of the peak area using one of the
following equations:

peak area = wy, X

(3)

where;
= peak width at half height, and
h = peak height "
or \ :
' . peak area = Y2 wy, X A (6)
where: ‘
= peak width at the base of the peak, and
h = peak helght
Another precise measurement deﬁnes the peak area as
retention distance (in millimetres) times the peak height (also
in millimetres). For peak height, this distance is. simply
measured from the baseline to the apex of the peak.
However, these technigues now, for the most part, have been
replaced by electronic integration, which is much faster, The
proper use of these devices is crucial for accurate quantitative
analysis. The instruction manual for the particular integrator
should be studied and understood thoroughly before at-
tempting to use electronic integration for peak area or peak
height measurement.
14.1.6 Data Handling:
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14.1.6.1 All manufacturers supply an integral electrom-
eter to allow the small electrical current changes to be
coupled to recorders/integrators/computérs. The preferred
system’ will incorporate one of the newer integrators or
computers that converts an electrical signal into clearly
defined peak area counts in units such as microvolt-seconds.
These data can then be readily used to calculate the linear
range.

14.1.6.2 Another method uses peak helght measurements.

This method yields data that are very dependent on column
performance and, therefore, not recommended.

14.1.6.3 Regardless of which method is used to calculate
linear range, peak height is the only acceptable method for
determining minimum detectability.

14.1.7 Calibration—It is essential to calibrate the mea-
suring system. to ensure that the nominal specifications are
acceptable and particularly to verify the range over which the
output of the device, whether peak area or peak height, is
linear with respect to input signal. Failure to perform this
calibration may introduce substantial errors into the results.
Methods for calibration will vary for different manufac-
turers’ devices but may include accurate constant voltage
supplies or pulse generating equipment. The instruction
manual should be studied and thoroughly understood before
attempting to use electronic integration for peak area or peak
height measurements. ‘

14.2 Types of Caleulations:

14,2.1 Each method of quantitative analys1s has advan-
tages and disadvantages. The four methods of quantltatlve
analysis are as follows: . :

14.2.1.1 Internal standardization,

14,2.1,2 External standardization,

14.2.1.3 Normalization, and

14.2.1.4 Corrected area. ‘

14.2.2 Internal Standardization—In - ﬂllS techmque, a
pure component (the internal standard) is added to a sample
in a known amount. The peak area, or height, of all

components of interest is compared to the peak area, or

height, of the internal standard. These comparisons are
referred to as response factors: ‘

= Ac/Ars X Wis/Wc ¢))

where:

Ry = response factor,

A = peak area of component,

A;s = peak area of internal standard,
Wis = mass of internal standard, and
We = mass of component.

The amount of the component can be calculated from the
weights of the sample and internal standard, the response
factor, and the peak areas (or helghts) as follows:

@®

% Concc W,S/ WX Agfdzg X 1 /RF X 100%
where: ‘
Conc, = concentration of component in sample, v
W;s = mass internal standard, : A
Ws = mass sample, IR
Ac = peak area of component, '
Azg - = peak area of internal standard and

response factor.
ThlS technigue prov1des a correctlon for the relatlvely high
variability ‘of syringe injection and; therefore, yields a more
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precise method of analysis, Neither the quantity of solution
injected, nor change in detector response, will alter the area
ratio of the- analyte and the internal standard. To achieve
optimum performance, the internal standard must meet the
following criteria.

14.2.2:1 The internal standard must elutc in-an area of the
chromatogram that is free of sample components, or possible
sample components,

14.2.2.2 The internal standard must not react’ with the
sample or. any of its components.

14.2.2.3 The internal standard and the sample must be
homogeneous. A cosolvent may be used to produce a
homogeneous mixture,

14.2.2.4 The internal standard must be easﬂy and accu-
rately added.

14.2.2.5 The internal standard must be pure.

14.2.2.6 The internal standard - should elute near the
component of interest. .

14.2.2.7 The concentration of the mternal standard, rela~
tive to that of the analyte, should be such that these two
peaks are within 50 to 100 % of full scale deflection with the
same electronic attenuation and sensitivity setting in order to
allow manual micasurements and calculations of parameters,
if desired.

14.2.2.8 The most common use for the internal standard
technique in chromatography is to correct for quantitative
variations in the injection, particularly when using syringes.
For this. purpose;, the internal standard need not be chemi-
cally related to the analyte, but miust possess the criteria cited
above and may be added in the final solution.

14.2.2.9 In certain applications, an internal standard with
functional groups similar to the analyte may be desirable.
For instance, those with a labile proton tan be ‘expected to
exhibit similar adsorption isotherm behavior and to undergo
similar physico-chemical transformations during such pro-
cesses, as extraction from a complex matrix .or deriva-
tization, or both.: Likewise, similar electronegative functional
groups ar¢ likely to behave - similarly towa.rds an electron
capture detector.

14.2.3 External Standardization:

14.2.3.1 This method compares peak areas or he1ghts of
components in a sample chromatogram to those in a
standard solution injected separately. It is critical that
accurate amounts of sample and standard be injected for the
method to be valid. Generally, the solvent flush mjectmn
technique (see 10.3.1.2) or a sample valve of fixed volume is
preferred.

14.2.3.2 The advantages of this method are as follows:

(@ Nondetected components do hot bias the results.

"(b) Tf'caxi be used where several khown components must
be determined in a Very ¢complex sample.

(¢) It can quantitate relatively reactive components.

(@ A smgle sample can be analyzed where maximum
accuracy is not:required.

@ Nonllneanty has a minimal- effect if the external
standard is near the concentration of the sample.

14.2.3.3 The critical part of this method is the injection,
The volume of sample in the injection syringe and standard
must be accurately measured, allowing no bubbles in the slug
of sample or statidard solution. If the sample-and standard
have different densities; a correction must be: made. Densi-
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ties are easily determined by filling a 50-uL syringe to about

30 pL, wiping the 1 needle; weighing it, expelling the. sample,,

wiping the needle again, and rewelghmg it -

-14.2.3.4 -The, peak areas or heights of the component m
the sample and the standard compound are measured and
the concentration calculated as follows:

% Conce = Aof/Ags X Was/Ws X % Concgy )]
where: ' o “
Conce = concentration’ of component, e
Ag = peak area of component in sample, RRRE '
Aps = peak area of external standard, b
Wgs = mass of external standard injected,

We = mass of sample mjected and
Concge = concentration of extérnal standard in solution,

1424 Normalzzatzon—Thls ¢alculation “4ssumies that
every component eluies and that each has ‘similar tesponse
factors. Tt'is a fast procedure that reqilires no welghmg The
sample s 1nJected and the peak areas or heights of all
components aré neasured. The concentrauon of the compo-
nent of interest is calculated as follows: *

% Concc = AgfApy X 100 (10)

where:

Conc = concentration of component of i interest,

Aq = area of component, and

Aarr, = ‘sum of areas of all components.

Severe errors. result if the components have different- re-

sponse factors or do. not all elute. . |

14.2.5 Corrected Area—This method corrects for d1ffer~
ences in response but still assumes that all components, elute
and are observed by the detector. Response factors are used
to correct for response differences as follows: | .

% COHCH= Aef(4 X Rp)in ¥ R};C i>< 100% ~(1.1)

where:

Conee = concentratlon of component of mterest

Ac ' = peak area of component, B

(A X Rp)apr, = sum of peak areas times their respectlve
tesponise factors rélative to a standard, and

Ry = response factor of component to the same

<

standard.

15. Recommended Form for Writing Gas Chromatographlc
Methods

15.1 General—Not all of the steps outlined in this section
may be needed to describe adequately a method. A number
of variations in procedure format are shown in the publica-
tion, ASTM Standards in Chromatogtaphy.” -Ideally, the
procedure should be written so that it can be followed by a
person with ‘the' equivalent of a high school-chemistry
undetstanding or six to twelve months of practical laboratory
experience. Critical steps should be identified along with any
reasons: that show why this step is.‘hecessary to achieve a
successful analysis. Any involved proéedures should be
wtitten in an Appendlx so that the main pomts in the
procedure can.be read more easily. AN

15.2 Recommended Form: . ‘

15 2.1 Titlé~~The title should be conc1se, but complete

7 ASTM Standards on Chromatography, ASTM, 1981,
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enough to identify the component(s) analyzed, the nature of
the method (gas chromatography), the detector, and the
materials to which it is applicable. Select words that easﬂy
lend themselves to indexing.

15.2.2 Scope-—State as clearly as posmble the range of
application of method, In a separate paragraph, note
interferring substances or any significant limitations of the
method. This material could be placed in a later section
(15.2.5), if an involved description is necessary.

15.2.3 Pertinent Documents or References:

15.2.3.1 ASTM Standards.

15.2.3.2 Other Standard Methods—Include any standard
methods. ‘

15.2.4 Summary of the Method—Describe the method in
a general way, without going into details of the procedure, It
may be appropriate to touch briefly on the following points:
sample introduction technique, column dimensions and type
of tubing material, nature of the packing material, mesh size
of support or adsorbent, liquid phase loading (if a liquid
phase was used), isothermal or programmed temperature

and detector type (thermal conductivity, flame jonization,

electron capture, erc.).

15.2.5 Significance and Application—Use this section for
a more detailed discussion than can be fitted in the Scope.

13.2.6 Definitions—Include special definitions in this sec-
tion. General chromatographic definitions are already avail-
able in Practice E 355, to which reference can be made.

15.2.7 Interferences-——Use this section for a more detailed
discussion than can be fitted into the Scope. :

15.2.8 Special Comments—Use this section to include a
description of special requirements needed 10 ach1eve a
successful analysis.

15.2.9 Safery Precautions—If the method involves haz-
ards, insert a warning to this effect. Point out the nature of
the hazards, and describe precautionary measures which
must be taken. Refer to the latest OSHA regulations re-
garding all materials used in this procedure.

15.2.10 Gas Chromatographic System—List and descnbe
the apparatus. Describe the essential features of the appa-
ratus that are necessary to achieve the desired analysis. Avoid
the use of trade names. Include schematic drawings or
photographs if they are needed to clarify or supplement the
text. The gas chromatographic conditions can- be either
summarized in a table, as in Table 6, or in the text as follows:

15.2.10.1 Sample Injection Port—Construction: stainless
steel, glass liner, fitted for on-column injection with a glass or
metal column, etc. Temperature at which used.

15.2.10.2 Column Oven—Isothermal or temperature pro-
grammed operation: give temperatures and programming
rates required.

15.2.10.3 Detector—Type (flame ionization, thermal con-

ductivity, etc.), temperature of operation, ‘sensitivity re- ..

quired. Detector gases used and flow rates.

15.2.10.4 Recorder—Operating range (in millivolts), chart
speed, time for full-scale deflection of pen..

15.2.10.5 Integrator—Note operating characteristics of
integrator and parameters used.

15.2.11 Preparation and Installation of the Chromato-
graphic Column:

15.2.11.1 Tubing Material—Note the type of material, as
stainless steel, nickel, glass, or glass-lined tubing, as well as
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the dimensions (outer diameter and inner diameter, or wall
thickness and length). Any pretreatment of the column
material, solvent washing, or silanization should be men-
tioned.

15.2,11.2 Partitioning Phase—Solid adsorbent, if used
(type and mesh size). Coated support if used (liquid phase,
percent loading and coating procedure, support type and
pretreatment, and mesh size). Note sources for special
materials in footnotes. Provide preparation and purification
method for materials not commercially available. In an
Appendix, note other liquid phases that have been success-
fully used in this analysis.

15.2.11.3 Column Preparation—Describe the procedure
used to pack the column, Note the amount of packing in the
column.

15.2.11.4 Column Installation—Note if the column is set
up for back-flushing, if a sample fraction is removed on a
pre-column, or other special column arrangement.

15.2.11.5 Column Conditioning—Provide the column
conditioning procedure.

15.2.11.6 Column Evaluation—Give the procedure for
evaluating the column, Calculation of the resolution between
two components in a standard mixture will often be suffi-
cient. Provide some estimate of column life and signs of

-degrading column performance (loss of resolution, peak

broadening, or tailing). Provide examples of good and bad
chromatograms.

15.2.12 ‘General Apparatus-—Volumetric flasks. and pi-
pets, microsyringes. for sample introduction, balance (ca-
pacity and sensitivity), heat lamps, hot plates, etc.

15.2.13 Reagents and Materials: -

15.2,13.1 Chemicals and Reagents—Include derivatizing
reagents. Note purity, or purification methods, if required.

15.2.13.2 Calibration Standards—Note purity required. .

15.2.13.3 Gas (or Gases)—Carrier gas, fuel gases for flame
ionization detector, special gas for electron capture detector,
etc. Note purity required; -

15.2.14 Calibration—Describe ' in "detail the calibration
procedure. State whether pure components or standard
mixtures ‘are used and the basis of measurement. Include
equations and describe the preparation of any calibration
charts. Show the calibration curve. If a trace method is
described, provide a chromatogram of the lowest detectable
amount. Lengthy procedures, such as the development of
complex equatlons or the preparation of standard mn(tures,
should be placed in a section of an Appendix.

15.2.15 Procedure—Include, in proper sequence, d1rec~
tions for carrying out the method. Refer to the pertinent
parts of the calibration procedure in 15,2.14. Do not repeat
these steps here, Possible subheadings are as follows:

15.2.15.1 Final Conditioning and Adjusiment of the Gas
Chromatographic System=—This section is intended to in-
clude adjustment and verification of the state of the chro-
matographic system before analytical use.

15.2.15.2 - Sampling—Careful attention must be given to
the sampling techniques since representative samples are
essential 10 achieve successful analysis. Include special direc-
tions that may be required for taking samples, for preserva-
tion of samples, and for special treatment of samples prior to
injection.
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TABLE 6 Summary of Gas Chromatographic Conditions

Coluriin

Temperatures:

Sample inlet system
Detector
Column

If isothermal
If programmed

Initial
Final
Heating rate
(State specific temperatures and tiivies if isothermal operation and
temperature programming are combined)
Carrier gas
Flow rate
Detector
Detector Sensitivity

Recorder characteristics

Chart speed
Sample size

Langth , outside diameter, and internal diameter (or outside dlameter and wall
. thickness); welght percent 'of specified stationary phase; speoified solid support
(mesh size and treatment; for example, acid-washed,; silanized); approximate
amount of total column packing in a given ¢olumnlength.

°C
°C

°C

°C {hote any hold tinie at initial temperature)
0,

C
°C/min

(specify)

cm®fminA -

TCD, FID, ECD

Flame ionization detector—amps full scale deﬂectlon, AFSB
Detéctor voitage ar bridge current, if applicable. '
mV range; speed of full-scale deflection

cm (or in.)/min

pL (or cm®, i gas)

A Flow rate is best measured'at the column or detector outlet, &t the analytical temperature and flow rate.
2 A flame lonization detector is assumed tobe operated under optimum hycdrogen and air fiow rates, unless otherwise speclﬂed

15.2.15.3 The remainder of the steps leading to the
chromatogram.

15.2,15.4 Typical Chromatogram—Show, in a figure, a
plot of the retention. time (in minutes) versus the detector
response. Label the known peaks (including the dead volume
or unadsorbed gas peak) and mdwate in- pareritheses: the
attenuation for each peak. oy

Norte §—When deterrmmng ttie reterition fime of the unadsorbed
peak, the retention time of air is used for thérmal conductivity detectors,
metharie for flame ionization detectors, and methylene chlonde lead
space vapors for ECDs. ' :

15.2.15.5 Retention Time Data—Include a table listing
retention times and relative retention times for all com-
pounds of interest, for all recommended columns. Identify
the unadsorbed peak and the reference material used for
relauve retention time calculations.

15.2.16 Calculatlon—State the reference point on
which “the calculauons are based (for example, sample as
rece1ved), the terms in whlch the results are finally obtained
(weight, volume, or mole percent)? and whether or not these
values are normilized. Present the calculatlons i equauon
form, using letter symbols to demgnate vanable valués and
nuinérical valués of constants. Défirie the letter symbols in a
legend lmmedlately following the calculauon equatlon

15.2.17 Report—Show limits to be reported

15.2.18 Precision-—Limiting values for precision’ ‘shbuld
be based on ¢ooperative test results, Judgment as to the
acceptability ‘of results (95 % probablhty) should be based on
the following criteria.’

152, 18.1 Repeatabzlzty—The followlng word1ng should
be'ded? Duplicdte results by the samie opcrator should not
be considered suspect unless they differ by more than the
follong amounts (insert’ determmed limits in tabular
form)

15.2.18.2 Reprodicibility—The followmg wordmg should
be used: The result submitted by ¢ach of two laboratories
should not be considered suspect unless he 'two results différ
by miore ‘than the following amounts. (msert determined
aniounts in tabular form),

15.2.19 Appendzxesw-Supplementary information may
be included in one or more Appendixes to the report.
Examples of such’ mformauon are: technique to improve
column life, directions to cloan ‘the apbaratus, leak check
procedures, procedures to optmnze column performance
development of equauons used i’ the C :
precautions to avoid common calises' ‘of errofq

16. Keywords
16.1 gas chromatography; GC; packed columns

The Amer/can Soclety for Téstlng and Materials takes rio position respecting the validity of any' patent rights asserted in connection
with any item mentionad in this standard. Users of this standard are expressly advised that determination of the valld:ty of any such I L]
.. patent rights, and the risk of infringement of such rights, are entirely their own responsibll/ty ) N

ThlS standard is subfect to rewslon at any time by tha responsible techmcal commlttse and must be revlewed every ﬂve years and
if not revised, either réapproved or ‘withdrawn. Your comments are invited either for revision of this stanciard of for ddditional staridards
and should be addressed to ASTM Headquartars. Your camments will receive careful consideration at a-meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your‘

views known to the ASTM Committee on Standards, 100 Barr Harbar Drive, West Gonshahocken, PA 19428.
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An Amarican Natlonal Standard

Determining Rate of Air Leakage Through Exterior Windows,
Curtain Walls, and Doors Under Specified Pressure
Differences Across the Specimen

This standard is issued under the fixed designation E283; the number imwediately following the designation indicates the year of
ariginal adoption of, in the case of revision, the year of Jast revision, A number in parentheses indicates the year of last teapproval, A
supersceipt epsilon {¢) indicates an editorial change sinee the Iast revision or reapproval,

1. Scope

1.1 This test method provides a standard Taboratory proce-
dure for determining the air leakage rates of exterior windows,
curtain walls, and doors under specified differential pressure
conditions across the specimen, The test method described is
for tests with constant tempcrdture dnd humidity across the
specimen.!

1.2 This laboratory pxocodurc is 'Lpphcahle to exterior
windows, curtain walls, and doors and.is intended to measure
only such leakage associated with the assembly and not the
installation. The test method can be addpted f01 the latter
purpose,

Note 1—Performing tests at non-ambient cotditions or with a tem-
pwmue differential across the specimen may affect the air 1eakdg,c, mte
-This is not addressed by this test method,

1.3 This test method is intended for laboratory use. Persons
interested in performing field air leakage tests on installed nnits
should reference Method F 783,

1.4 Persons using this procedure should be knowledgcable
in the areas of fluid mechanics, instrumentation practices, and
shall have a general understanding of fwww ation products and
components,

1.5 Throughout this test method, SI units are listed 111*«,1 in
accordance with E-6 mettic policy, and shall be considered the
primary units. Non-SI units are provided in parenthesis,

1.6 This standard does not purport to address all of the
safety problems, if any, associated with its wse, It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitarions prior to use. For specific hazard
statement see Section 7.

2. Referenced Documents
2.1"ASTM Standards:
E 631 Terminology of Building ,Con‘struct.ions2
E783 "Test Method for Field Measurement of Air Leakage

' This test method is' under the jurisdiction of ASTM Committes B-6 on
Performance of Buildings and is the divset responsibility of Subcommittee E06.51
on Component Porformance of Windows, Cartain Walls, and Doors.

Current edition approved Aug. 15, 1991, Published October 1991, Ougmally
published as E 283 - 65 T. Last previous edition B 283 — 84, -

* Anniwal Book of ASTM Standards, Yol 04,11,

Copyright € ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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Through Installed Exterior Windows and Doors?

3, Terminology

3.1 Definitions—Terms used in this standard are defined in
Terminology E 631.

3.2 Descriptions of Terms Specific to T hzs Standard:

32,1 gir leakage rate (q, or gy), m*/sm® (it */minf%), or
m*/sm (ft"/min-ft)—the air leakage per unit of specimen area
(A) or per unit length of operable crack perimeter (L),
 3.2.2 extraneous air leakage (Qy), mfs (ft*/min)—the vol-
ume of air fowing per unit of time through the test chamber
and test apparatus, exclusive of the air Howing through the test
specimen, under a test pressure difference and test tetmperature
difference, converted to standard conditions.

3.2.2.1 Discussion—FExtrancous leakage is the sum of all
leakage other than that intended to be measured by the test,

3.2.3 specimen—the entire assembled unit submitted f()l‘
test as described in Section 7.

324 specimen air leakage (Q), m s (#*/min)—the v_g)lm
ume of air flowing per unit of time through the $pecimen under
a test pressure difference and test temperature dlfference,
converted to standard condmom ' _

3.2.5 specimen area (A), m* (ft H—the area determined by
the overall dimensions of the: fmms ‘that’ f]ts into thc rough
opening.

3.2.6 stundard test conditions—in this test metlmd, dry air
at:

Pressure—101.8 kPa (29. 99 in. Mg)
Temperature—20,8°C (69.4°F) '
Alr Density-—1.202 kg/m®(0.076 lbrm/it®y

3.2.7 test pressure clﬂerences Py (lbj//zz)~1he bpeuﬁud
differential static air pressurea '1CI()65 the specimen,

3.2.8 total air flow (Q), m */s (ft*/min)—the volume of air
flowing per unit of time through the test chambei and test
apparatus, mcluslv«, of the air flowing through the test speci-
men, under a test pressure difference and test tempemtme
difference, converted to standard conditions, -

3.2.9 unit length of operable crack perimeter (L), m (ft)—
the sum of all perimeteis of operable ventilators, sash, or doors
contained in the test specimen, based on the overall dimensions
of such parts. Where two such operable parts meet the two
adjacent lengths of perimeter shall be counted as only one
length. A
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4. Summary of Test Method

4.1 The test consists of sealing a. test spcctmen into or
against one face of an air chamber, aupp]ymg aif' to. or
exhwustmg air. from the c,hdmbu at ‘the rate Le vired to
maintain the bpuuﬁod test pxesaure dlﬂcrence across the
speumen .md measurmg, the msulmnt air ﬁow thlough the
spcmmen

5. blgmﬁmnce and Use

51 This tést method iid standard pr()ccdure for determining
the air leakage chd;raclensncs under, specified air pressure
dlﬂcrcnccs at amblent condmom

Nore 2-~The air pressure chffccenccss‘ ac:tmg across:a building envolopc
vary greatly. The factors affecting air pressure diffetences. and the
implications or. the: resultingair leakage. yelative to the mvmmmc,m within
bujldings are discnssed in the litgrdture.” 4’3 Thege fagtors should be fully
cnnmdemd in spcctfymg the test pressure, d erenﬁf;-a ‘to be gsecl

5. 2 Rates of air lcakagc are s()nnetl, es ysed i:or uompmson
purposes.. .Such. comparisons may not be valid unless the
compcnents being tested and. compared are, of gssentially the
same size, configuration, and design.

6. Apparatus’

6.1 The description of .the  appyrajus in this section is
general in nature, Any syitable -arcangement of equipment
capable of maintainifig the required tést tolerances is permitfed.
- 6.2 Tost, Chambers~A well sealed.box, wall, or-other appa-
ratus into or.againgt- _which. the specimen, is; moynted and
secured for Le;stm .. An airsupply shall be prov;ded to allow a
positive ornegative. pressure. ¢ ential to,be applied across
the specimen withoyt significant extranequs, losses. The cham-
ber. shall.. be..capable .of. w;u)standmg the, dﬁeremml test
pre%urns that may,be encountered in this pmmdure. At least
one-static air pressure tap s shall be. prov1d<,d an each.side of the

peqmen to. meaﬁmq, Lhc test: prbs,qurc differences. Thc, prwsme

Lored

3sz111ahlc fmm Amz,sman h(m ty oj Hoﬂlm ) .Kefugt‘m )ri, . and A1r~
Conditioning l%ngpmers, 1791 “Tulti€ 'Circle N.E. Atlants, GA 30349, A&HRAU
Handbook of Fundamentals, 1989,

4 Fluid Meters—Their Theory and Application, 5th Edition, 1959.

3 Available from Ametican Society of Mechanical Engineers, 345 B. 47th St.,
New York, NY 10017, Power Test Code, 2nd Rdition, 1956, Part 5, Chapter 4, “Flow
Measwrements.”
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tap t:;‘hall bei 10cated in an-area of the chamber in which pressure
readings will:not be affected by any supply air. The air supply
opening to the-chariber shall be Jocated in an area in which it
does not directly impinge upon the test specimen.

6.2.1 Supply Air System—A controllable blower, @xh'mqt
fan, or reversible blower designed to provide: the required ai
flow at the specified test pressure différence. The:system should
provide , essentially -constant- air flow: at- the specified -fest
pressure difference for a time period sufficient to obtain
readings of air flow.

'6.2.2 Pressure Meas uwng Appamtus———A device to mcasure
the differential test pressures, to .2.% of setpoint or =+ 2.5 Pa
( & 0.01 in. of water, (,olumn) whlchever is greater.

633 Air Flow Metermg System—nA device to measure the
air flow ifito ihe test chaiiibet of ‘through the tést specimen, The
air, flow measurement erxor qha]] not exceed. = 5 % when the
dit How equals or cxcccds 9 A4 %1074 m”/s @ f3fmin) or =
1() % whc,n the air How 1§ less than’ 9 44“4 X 10 m %/s (1t3/mm)

Ncms 3—At lower flows a greater pmuenwge of errors will be.accept-
able. Ifshigher precision is mquncd, spccml flow metering technigues are
necessaty, The accuracy of the specimen air leakage flow measurement is
atfected by the accuracy of the ﬁownwler and lhc, amount of emaneow; air
leakugt, (See Antlex Al.)

7. Hazards

7.1 Precaution—Glass breakage may occur at the test
pressure differerices applied in this test. Adoquata pwcauti(ms
should B¢ taken to protect personnel.

\

8. Test Specimen

8.1 The test specimen for a wall sha]l be of suﬂ:l 'ent size to
determine the performance of all. typ1ca1 pms ‘of ‘the “ywall
system. For curtiin walls” or walls constmc[cd with prefabii-
cated wuhits, the specimen width shall be 'not less than two
typical units plus the connections and supporting elements at
both sides, and sufficient to provide full loading on at least one
typical vertical joint i framing ‘membey, or both. The height
shall bg nof | 1éss than thé full bilding story heighl oi the height
of the unit, wlmhever is greater, and shall, include at least on
full horizontal joint, accommodating vertical expansion, such
joint being at or near the bottom of the specimen, as well as all
connections at top and bottom of the units.
¢ 8,11 Al parts ‘of-the wall test spesimen. shall be full size
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using the same materials, details, and methods of construction
and anchorage as used on the actual building, - ‘

. 8.1.2 -Conditions of structural support Shall bc, smmulatcd as
accurately as pos;slble

8.2 The test specimen for a window, door, ot othu‘ c,ompo—
nent shall consist of the entire assembled unit, including frame
and anchorage as supplied by the manufacturer for installation
in the building. If only one specimen is to be tested the
selection shall be determined by the specifying authority.

Nowe 4—The air leakage rate is ]lkt,ly to be a mnctmn of elm 'md
geometry of the specimeit, .

9. Calibration ‘ ‘
9.1 Specific procedures for calibration of the total air flow
measurefoent system are being developed in a separate ASTM
document. When complete, that docament will be referenced.
However, all test apparatus shall be calibrated at a minimum of
every 6 months to the tolerances established in Section 6. The
procedures for this calibration are, at this time, the responsi-
bility of the testing agency, Calibration should be conducted at
or near the environmental conditions (temperature, relative
bumaidity, and so forth) under which the tests are to be
conducted and to which the test apparatus js. o be.exposed. ,

10. Test Conditions

-10.1" The specifying authorlly bhdll supply the tollowmg
mformdtmn e

C10.1.1 Spemmen tebt sme, .

10.1.2. Test pressure difference (if no Value is dcslgnated 7‘5
Pa (157 Ib/f®)), and. - . - I

10,13 Direction of air flow, exhltrau(m ot m[xluatmon (If
none is specified, the test shall be infiltration,)

10.2° Air Leakage Rate—Bhasis for reporting air 1%](‘15:,(, rate
shall be. total air leakage m*h (ﬂ”‘/mm), per unit length of
operable crack perimeter, m’/h —m- (ft’ /mm ), and per unit
area of outside frame dimension, m 3 — m® (feminft 2). -

11, Procedure

11.1 Remove any sealing material or'construction that is not
notmally a part of the assembly as installed in or on a building,
Fit the specimen.into or against.the chamber opening, Instal-
lahon should bo such. that no par ts or openings of the qpecunen
are obstructed, 0 Lo

Norg 54~wNonhardcn111g mastlc compounds of pressures semitwe mpe
can be used efféctively (o seal the test’specimén to the chamber, and. o
achieve air tightness in the construction of the chamber, These materials
can Al&.() be used to seal a separate mounting panel to the chamber, Rubber

) }..d&l(blb with clampmg devices may also be used for this purpose, pr 0v1dcd

that the' gasket is highly flekible and has'& narrow corifact céigc,

11.2 Without disturbing the seal between the s_pcmmul and
the test chamber, adjust all hardware, ventilators, balances,
sash, doors, and other components included as an integral part
of the specimen so that their operation conforms to test method
requirements.

11.3 To ensure proper alignment and weather seal compres-
sion, fully open, close, and lock each ventilator, sash, or door
five times prior to testing.

11,4 Adjust the air flow through the test chamber to provide
the specified test pressure difference across the test specimen,

41

When the test ‘conditions -are. stabilized, tecord the air flow
through- the flowieter and the test pressure difference. This
measured air flow is designated the total air flow, Qt Measure
the barometric preqsurc, and tempelaturc of the air at the test
specimen, B

11.5 Eliminate exuaneous whdmbu leakage, 01, 1f thls is
impractical, measure the amounnt.of such leakage with the
specimen sealed, at the air pressure differences:to be exerted
during the air 1mkaga tests, I“)emgndlc this measunecl air flow as
the extrancous.air ﬂow, Qo P TR

12. Caleulation - . o

121 lxprq:ss Lhe tolal air ﬂow, Qp and Lh:, u(mmmus
leakage, @ ., in tcrms, of flow at standard (,()ndmoné,, Q o using
the Lq land 2, : .

T T

A

W = 3,485 X 1073 (B/(T -+ 273)) @)
where:
@ = airflow at non-standard conditions,
Q4 = airflow corrected 1o standard conditions,
W, = density of air at reference standard conditions—
1.202 kg/m® (0.075 1b/ft?),
W= density of air at the test site, kg/m3(Ib/Ee),

s
E

B = barometric pressure at test site corrected for tem-
perature, Pa (in. Hg), and :
temperature of air at flowmeter, "C ("F)

~
Il

Note 6—Use the equation. W = 1,326 (B/(T o+ 460)) for calculcmny in
inch-pound wnits,

12.2 Bxpress the air lewkago thmugh the test ‘;chlm(m as
follows: Lo Ao
Q= Q= Qe T
where: SR
Q4 .= air leakage through the test spemmen, m?/s (ft”‘/mm)

.- . at.standard. conditions. , . . .. v

12. 3 Calcylate the rate of <ur 1eakagq for thc tost spcmmon
awordmg 0 12.3.1 and 1232, ..

12.3.1 To caleylate. g; rate of. air lcakago pm umr of length
of operdblc cmx,k perimeter use Fq 4o o, TR

QEIL m?H i (ll"/mm ) J (4)
dn lc,akage peJ umt alea V

R

12 3 2 To calculale q A rdth
‘‘‘‘‘‘ = (A, mq/h m (ft’/ min ft"‘) ()
13, Rt,pnrt

5 1301¢ R(,port thc tollowmg mfmmatlon B R

13.1.1 General—Testing agency, date and time of test, and
date of report, .

13.1.2 Sample Descmpnon ~~~~~ wManufa,cturel "miodel, opera-
tion type, materials, and other pertinent information; descrip-
tion of the locking and operating mechanisms if applicable;
glass thickness, type and method of glazing; weather seal
dimensions, type, and material; and crack perimeter and
specimen area,

13.1.3 Drawings of Specimen—Detailed drawings of the
specimen showing dimensioned section profiles, sash or door
dimensions and arrangement, framing location, panel arrange-
ment, installation and spacing of anchorage, weathersteipping,
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locking arrangement, hardware, sealants, glazing details, and
any ' other petrinent construction details; Any modifications
made on the specimen to obtain the reporled test values shall be
noted. :

13.1.4 Test Pammerersul,,lst or describe the specified tmt
pressurc- difference(s), whether the tests were conducted for
infiltration or exfiltration, and whether a positive or pegative
test pressure was used,

13.1.5. Pressure Differences and Leakage— A statement or
tabulation of the pressure differentials exerted across the
specimen during the test and the corresponding specimen air
leakage (Q,) and the two air leakage rates ( ¢y and g5).

13.1.6 Compliance Statement—A statement that the tests
were conducted in accordance with this test method, or a
complete description of any deviation from this test method.
When the tests are conducted to check for conformity of the

specimen to a particular performance 5pccmczmon, the speci-
fication shall be identified.

1327 If several identical specimens are tested, the: rwulte for
each specimen shall be reported, each specimen being propetly
ideniified, particulacly with respect to distinguishing features
or differing adjustment. A separate drawing for each specimen
shall not be required if all differences between the specimens
are noted on the drawings pr()Vlded

14. Precision and Bias

14.1 "The précision and bias of this test method has not been
determined.
15. Keywords

15 1 air 1eak4;,,e, curtain walls; door:,, Iencstmﬂon 1ab0m-
tory tethod; static pressure chamber; windows -

ANNEX

(Mandatory Information)

Al. ERRORS IN WINDOW AIR LEAKAGE MEASUREMENT

ALl Terminology

AlLl Symbols:

A1L11 @, = air flow through specimen,
Al1.1.1.2 Q= total air flow,

ALL1L3 Q. = exlrapeous air flow.
Al1.14 A = delta.

Nots Al l—Symbols A1.1,1.]
dard conditions.

Al2 In the appératus using a supply air system,
Q. = O~ O the extrancous air leakage (Q ,,) represents all
the air leakage le‘wmg, ‘the chamber which does not pass
through the specimen proper. This includes leakage passing
through the chamber walls and around the'specimen mounting.
When the mounting panel is wsed, leakage "between the
chamber and the panel contributes to-extraneous leakage. The
extraneous Jeakage flow is a function of the pressure difference
between the chamber and the room, which is also the ‘test
specimen difference.

-A1.1.1.4 have been converted to stan-

Al13 The total error in the specimen flow determination
(neglecting errors in thc air density  determination) is as
follows: :

AQ s/Qs = [AQM/(Qm : Qeﬁ)J * [AQ(:S/‘(QW " Qeﬂ)l (AL

42

Al1.3.1 According to 6.2.3, the air flow through the fest
specimen is to be determined with an ervor no greater than
ADRJQ, = *5 % if the extraneous leakage is acctirate to AQ
esf oy = 10 % and Qg is 10 % of Q,, then the ‘contribution of
the extraneous leakage to the overall error in Bq 2 is * 1 %.
(Note that the error attributed to the extrandous leakage
determination is a fusctioh not only of the décuracy of the flow
mieter used in the determination, but also of the:constancy of
the leakage from the time of determination to the tinie of test.)
The error contributed by the flow meter to the total error is then

limited to 4 %, but becavse Q,, = @ (+ Qo = 1.10 O the
accuracy required of the flowmeter is:
Qt« . 4 . r
(WQ‘-> =7 %=36% (AL2)

“A1.3:2-1t is seen that the major factor affecting the accuracy
reqrlied ‘of ‘the flowmeter is the propottion of @, to Q,. If
AQ./Q,, remains at 10 %, but Qy is 50 % of 'Q,, the error
contributed by, the. extraneous leakage becomes-5 % and no
error can’be tolerated in the flowmeter if the conditions of 6.2.3
are to be met~with Q. in excess of 50°% it is impossible to
achicve the required pverall limit of error. Likewise, if the
extrancous leakage is eliminated, the ﬂowmu,tm error can be ds
great as 5 %.
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The Ametican Soclety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that defermination of the validity of any such
patent right,s, and the risk of infringement of such rights, are entirely their own responsibiiity.

This standard ls subject to revision at any time by the responsible technfcal commilties and must be reviewed overy five years and
If not revised, eithar reapproved or withdrawn. Your comments are invited elther for revision of this stendard or for addiional standards
and should be adoressed 1o ASTM Headquarters. Your comments will recelve careful consideration at a meeting of the responsible
technical committes, which you may attend, If you feel that your comments have not recoived a falr heating you should make your
views known to the ASTM Commitise on Standards, at the address shown below.

This standard Is copyrighted by ASTM, 100 Barr Harbor Drlve, PO Bax G700, West Conshiohocken, PA 19428-2958, Unifed States,
Individual reprints (single or multiple coples) of this standard may ba obtained by contacting ASTM at the above address or ai
610-832-94685 (phone), 610-832-9555 (fax), or service @astm,org (e-mall); or through the ASTM website (www.astm.org).
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qm Designation: E 29 - 90

Standard Practice for

Using Significant Digits in Test Data to Determine
Conformance with Specifications’

This standard is issued under the fixed designation E 29; the number nmnedmtuly foltowing the designation indicates the year of
original adoption ox, in the case of revision, the year of last revision, A number in parentheses indicates the yem of last reapproval, A
superscript epsilon () indicates an editorial change since the last revision or reapproval,

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD lndax of Specifications and
Standards for the specific year of issue which has been adopted by the Depariment of Defense.

1. Scope

1.1 This practice is intended to assist the various technical
committees in the use of uniform methods of indicating the
number of digits which are to be considered significant in
specification limits, for example, specified maximum values
and specified minimom values, Its aim is to outline methods
which should aid in clarifying the intended meaning of
specification limits with which observed values or calculated
test results are compared in determining conformance with
specifications, Reference to this practice is valid only when a
chivice of method has been indicated, that is, either absolute
method or rounding-off method.

1.2 This practice is intended to be used in determining
conformance with specifications when the applicable ASTM
specifications or standards make direct reference to this
practice,

{.3 This practice describes two commonly. accepted
methods of rounding data, identified as the Absolute Method
and the Rounding-Off Method. In the application of this
practice to a specific material or materials it is essential to
specify which method is intended to apply. In the absence of
such specification, reference to this practice, which expresses
no preference as to which method should apply, would be
meaningless. The choice of method is arbitrary, depending
upon the current practice of the particular branch of industry
or technology concerned, and should therefore be specified
in the prime publication.

1.4 Section 7 of this practice gives guidelines for use in

data.

2. Referenced Documents

2,1 ASTM Standards. . .
E 456 Terminology Related to Quallty and Stat‘ustlcfo2
E 380 Practice for Use of the Inteinational System of
Units (ST) (the Modernized Metric System)?
2.1 ANST Standard: -
ANSI 225.1 Rules for Roundmg Off Numerical Vqlucv‘ )

U 'This practice is under the jurisdiction of ASTM Committes E-11 on Quality
and Statistivs and is the divect responsibility of Subcommittee bl 1.03 on Stat1stlcal
Analysis and Control Techniques,

Current edition approved June 26, 1990, Published Aug,u';t 1990, Ongmally
published as E 29 - 40. Last previous edition E 29 - 89,

% Annuad Book of ASTM Standards, Vol 14,02,
- 3 Available from American National Standards Thstitute, 1430 B1 oadway, New
York, NY 10018, . : }

recording, calculating, and reporting the final result for test

3. Terminology

3.1 significant digit, n—any of the figures 0 through 9,
excepting leading zeros and some trailing zeros, which is
used with its place value to denote a numerical quantity to

. some desired approximation.

3.1.1 The digit zero may either indicate a specific value or
indicate place only. Zeros leading the first nonzero digit of a
pumber indicate order of magnitude only and are not
significant digits. For example, the number 00034 has two
significant digits. Zeros trailing the last nonzero digit for
numbers represented with a decimal point are significant
digits, For example, the numbers 1270, and 32.00 each have
four significant digits, The significance of trailing zeros for
numbers represented without use of a decimal point can only
be identified from knowledge of the source of the value. For
example, a tensile strength, stated as 140 000 psi, may have
as few as two or as many as six significant figures. To avoid
ambiguity, the exponential notation may be used; thus, 1.40
X 10° psi indicates that the tensile strength is reported to the
nearest 0,01 X 10° or 1000 psi.

4, Expression of Numerical Requirements
4.1 The unqualified statement of a numerical limit, such

“as “2.50 in, max,” cannot, in view of different established

practices and customs, be regarded as carrying a definite
operational meaning concerning the number of digits to be
retained in an observed or a calculated value for purposes of
determining conformance with gpecifications.

4.2 dbsolute Method-In some fields, specification limits
of 2.5 in. max, 2,50 in. max, and 2,500 in. max are all taken
1o imply the same absolute limit of exactly two and a half
inches and for purposes of determining conformance with
specifications, an observed value or a calculated value is to
be compared directly with the specified limit. Thus, any
deviation, however small, outside the specification limit
signifies nonconformance with the specifications, This will
be referred to as the absolute method.

4,3 Rounding-Off Method—-In other fields, specification
limits of 2.5 in. max, 2.50 in. max, 2.500 in, max are taken
to imply that, for the purposes of determining conformance
with specifications, an observed value or a calculated value
should be rounded off to the nearest 0.1 in:, 0.0 in., 0.001
in., respectively, and then compared with the specification
limit. This will be ref:‘erred to as the rounding-off method.

Absolute Method
51 Where Applzcable*"lhe ab‘;olute method dpphes\
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where it i the intent that all digits in an observed value or a
calculated value are to be considered significant for purposes
of determining conformance with specifications. Under these
conditions, the specified limits are rcferrcd, to as absolutc
fimits. :
5.2 How Applied--With the ab%olule melhod an ob«
served value or a calculated value is not to be rounded off,
but is to be comps wed dlroutly w1th the »pwltwci hrmtmgp
value. Confori 1. i : ‘
tion is based on this comparison.

5.3 How I;xpresse -mlhls intent may bc cxprcsscd m thu

standard in one of the following forms:

5.3.1 If the absolute method is to apply to all specnf‘ ed

limits in the standard, this may be indicated by mglugimg the
iollowm;@ wntencc i Lhc btclllddld \

sional lolﬁrance 11 'm) thi
Lhe follpwmg sen nqe

( .
e with; Athes;e spec.thqanons,

bsoLut(s lnpm, as dcfmcd
£ Dlgl in Imt ’)cltﬂ_z vto

is 10,
en m a tdblu, th1s 1my be mmhgwd by mcludmg a

footnotc w11h lhe l'1b c as Joﬂows e C o

e 0032 ifl. zmd under ¥y

Width, in,

in Thickness;» '} - in, Thickness
2 and under 0,005 0.010
Over 2 to 8 incl Q008 ¢ s, " .
Over 8 to 14 incl 010 e '

b :‘of (hglts in lcm
e (o' be’ conmﬁets
fconf”ffn‘éhc' i

abseryed

by the pro

dgs1gnatk,d place of ﬁgt}m‘q
¢ h neau‘

6.3.1 If'the rounding-off method is to p%y&
limits in the standard, and if all dlgllﬁ P
specifleation limit aie o Be considered significant; this may

()vcH)()%? [ RER

74

. ancg w1th pecifivations., .-

be indicated by including the following statement in the
standard:

E 29 for Usmg Significant Digits in lest L)dm t{) I) telmmc C, onf(n m-

] et
imits for certain selected 1equnements this may be

speu ie
.mdlcatcd by mcludmg thc followihg“ st'ltcmcnt in the
standard:

The following applies to specified limits for requirements on, (itt;mﬂe
strength), (elongation), and (...} given in ..., (appll(,able section
niiber and etleyand ¢, ) ot’ tlns istandairds Fm* putposss of deter
mibing, anﬁjuma‘mw Wwith these spedifications; an-obsarved.valie or. a:
ca Lulill(:}i walue shall be mux;t,led 0[‘1‘ tothe nearest, (1000 pm) for.(tensile,

1imu:
mg \11(,1_ hown in lhe followm g;xamples,
6.3.3.1 Examiple 1—Satie sngmﬁuant dlg;ts;

b e ",

Copper -, -,

Tron o R
) . gt
Silicon
Qther constituents (magnesium -+ zing manganese)

Alummum' VISP I O 4

(Bl Fer purpé?sesf helf elerniining
sp‘ééifcaliéms\ ‘a'n obseﬁ:vad! valtie deavaledlatéd

[ENE]

Nigkel

Chiomium’’

Miinganese | T RIS TPV B
Silicon 0.40 ok
Carbon 0.25

Sulfur 0.03

Iron remainder

ISt M" § ot

NoOTE 2-—For purposes of clcicummng conmfélman% with thcsc
specifications, an observed value or a calouldied value,shiall bie rounded
ofl “to the, ngarost unit; in 4t w« last right-hand, sigpificant. qlqgm used in
exprewng the }}mrg g ll)l 11 'uc,co;glancc wnm hgmuncboff mcthod
of ASTM P sing Sip mﬁcam ‘If’) its" i) )cst Bata 0

Pracii
Determine Confoir ﬁhﬁcc VAT bt Rokibns o v y
S

6.3.3.3 Example.3--Significant.d gljg n the gaﬂgié,fq‘r‘all
items; dlssumlar requirements: '

IRCTOURIY

Tensile Requirements
Tetisilé stionpll; p‘.l i #60°000°t0 72000 7 ¢
Yield: bomf‘irim L e Ag000 b

l'.lm\g'ltlon in 2 m mm % o KRNI

Non: B—Fm puzposes of (k,tct mma‘uon 01" cqnfofma Vi wrch tl;yc,se,
specifications, an observed value or a ealoulated: value shall
off-to-the neatest 1000 psi-fortensile strength and yield pointand: to the
nearest 1 percent for clongation, in accordance with the roundinglolf
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method of ASTM Practice E 29 for Using Significant Digits in Test Data
1o Determine Conformance with Spemﬁcmlom

6.4 Rounding-Off Procedure—The actual rounding-off
procedure? shall be as follows:

6.4.1 When the digit next beyond the last place to be
retaingd is less than 3, retain unchanged the digit in the last
place retained.

6.4.2 When the digit next beyond the last place to be
retained is greater than 3, increase by 1 the digit in the last
place retained.

6.4.3 When the digit next beyond the last place to be
retained is 5, and there are no digits beyond this 5, or enly
zeros, increase by | the digit in the last place retained if it is
odd, leave the digit unchanged if it is even, Increase by | the
digit in the last place retained, if there are digits beyond this
5.

6.4.4 This rounding-off procedure may be restated simply
as follows: When rounding off a number to one having a
specified number of significant digits, choose that which is
nearest. If two choices are possible, as when the digits
dropped are exactly a 5 ora 5 followed only by zeros, choose
that ending in an even digit, Table 1 gives examplcm of
applying this rounding-off procedure,

6.5 The rounded-off vilue should be obtained in one step
by direct rounding off of the most precise value available and
not in two or more successive roundings, For example;
89 490 psi rounded off to the nearest 1 000 psi is at once
89 000; it would be incorrect to round off first to the necarest
100, giving 89 5()() and then to the nearest 1000, giving
90 000.

6.6 Special Case, Rounding Off to the Nearest 30, 5, 0.5,
0.05, etc—If in special cases it is desired to specify rounding
off to the nearest 50, 5, 0.5, 0,05, etc., this may be done by so
indicating in the standard, In order to round off to the
nearest 50, 3§, 0.5, 0.05, cte., :double the observed or
calculated value, round off to the nearest 100, 10, 1.0, 0.10,
ete., in accordance with the procedure in 6.4, and divide by
2. For example, in rounding off 6 025 to the nearest 50,
6 025 is doubled giving 12 050 which becomes {2 000 when
rounded off to the ncarest 100 (6.4.3), When 12000 is
divided by 2, the resulting number, 6 000, is the rounded-off
value of 6 025. In rounding off 6 075 to the nearest 50, 6 075
is doubled giving 12 150 which becomes 12 200 when
rounded off to the nearest 100 (6.4.3). When 12200 is
divided by 2, the resulting number, 6 100, is the rounded-off
value of 6 075, :

7. Guidelines for Retaining Significant Figures in Calcula-

tion and Reporting of Test Results

7.1 General Dmcw.szon——Roundmg test results avmd% a
misleading impression of precision while preventing loss of
information due to coarse resolution. Any approach to
retention of significant digits of necessity involves some loss
of information; therefore, the level of rounding should be
carefully selected considering both planned and potential
uses for the data. The number of significant digits must, first,

* The rounding-off procedure given in this practice is the same as the one given
in the American National Standard Rules tor Rounding Off Numerical Values
(ANSI Z25.1) and in the ASTM Mamwal on Presentation of Data ond Control
Chart Anatysis, STP 15-D,

TABLE 1 Examples” of Rounding Off
Rounded-Off
Observed To Be Value to be  Gonforms
) Value or Rounded Used for with
8pecified Limit Caleulated Off 1o Puiposes of  Specified
Value Nearest Determining Limit
Confarmance
Yield point, 36 000 36940 100 psi 35 900 ho
psl, min 35 950 100 psi 36 000 yes
35960 100 psi . 36 000 yes
Nickel, 57 %, min 56.4 1% 56 no
{58.5 1% 56 no
56.6 1% 57 yes
Water extract - (404 1 micromhojem 40 yes
conductivity, 40 {40.5 1 micromhojem 40 yes
micromhosfom, 40.8 1 migromhejom 41 no
max
Sodium bicarbonate [‘0‘54 01% 0.5 yes
0.5 %, max +0.65 0.1% 0.6 no
10 56 0.1 % 0.6 no

A These examples are meant to illustrate roundiing rules and do not necessarily
reflect the usual number of digits associated with these test methots,

be adequate for comparison against specification limits (see
6.2). The following guidelines are intended to preserve the
data for statistical summaries, For certain purposes, such as
where calculations involve differences of measurements close
in magnitude, and for some statistical calculations, such as
paired t-tests, autocorrelations, and nonparametric tests,
reporting data to a gmdlcr number of significant digits may
be advisable.

7.2 Recording Test Daia—When recording direct mea-
surements, as in reading marks on a buret, ruler, or dial, all
digits known exactly, plus one digit which may be uncertain
duc to estimation, should be recorded. For example, if a
buret is graduated in units of 0.1 ml., then an observation
would be recorded as 9.76 mL where it is observed between
9.7 and 9.8 marks on the buret, and estimated al)c)ui six,
tenths of the way between those marks, When the mcasuung
device has a vernier %cale, thc last digit recorded is tho om
from the vernier, :

7.2.1 The number of significant digits given by a d1g|,lal
display or printout from an instrument should be greater
than or equal to those given by the mle for reporting test

~ results in 7.4 below.

75

1.3 Cualculation of Test Result from Test Data—When
calculating a test result from test data, avoid rounding of
intermediate ‘quantities, As far as is practicable with the
calculating device or form used, carry out calculations with
the test data exactly and round only the final result.

7.4 Reporting Test Results—A suggested rule relates the
significant digits of the test result to the precision of the
measurement expressed as the standard deviation o, The
applicable standard deviation is the repeatability standard
deviation (see Terminology E 456). Test results should be
round 1o not greater than 0.5 o nor less than 0,05 ¢, provided
that this value is not greater than the wunit specified in the
specification (see 6.2). When only an estimate, s, is available
for o, s may be used in place of = in the preceding sentence.

Example: A test result is calculated as 1.45729, The standard
deviation of the test method is estimated to be, 0.0052. Round to 1.457
or the nearest 0.001 since this rounding unit, 0.001, is between 0.05 ¢ =
0.00026 and 0.5 ¢ = 0.0026,
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NOTE 4—A ratignale foi-'this vule-ig-defived flom igpresenting the
standard devigtion, of.a-rounded test résult by vo? + W/ 12 wher€’s is
thestandard devxatum of the uniounded testpesultaThe quantity w/«/" 1218
the standard daviation of an error uniformly distributed over tl?e range

w. Rounding sothat wis below 0.5 s ensures thatithe stafidird deviation
is ingreased byrat: t 1 %iewhile adding ioYe digits would give a
misleading 1mpleas.icn ‘of precision.

7, 4‘"} When no estimate’ of the st(mdard déwatmn &is
known, then.rules for retention of: mgmﬁcant digits of
computed quantities may be used to.derive a number of
significant digits to be reported, based. on mgmﬁcam digits of
test data,

7.4.1.1 The rule when adding or bubtldctmg test data” 1§
that the result shall ccmtam no significant digits beyond the
place of the last significant dxgu of any datum

Exgmples:

(1)11.24 + 93 % 6,32 = 26.9, since the last élgmﬁcam dlgn of 9. 3‘ is
the first followmg the decimal place, " .

(2) 26.9:s obtamed by rdundmg the. exact sum, 26 80 to thls pldu, of
digits. '

(3) 926 - 923 4 =3
91

et 231,000 when the jlmt valug was rewlded to

7 4. 1 2 The xul e.when mul’mplymg 91” dwtdmg i th'lt thb
xesult shall contain no, more significant digits than the value
with the smallcm,umber of ,&gmﬁcant digits. . .
meplm
11:38, % 4.3 49 sm;'m tho ﬁ)g'tm 4 3 hda two mgmlﬁcam (1lgll§
(2) (926 - 923 4)/4 3 = (.6 ()nly one figuré is significant singe the
numerator diff ference has only one sxgmﬁca,m cilglt.

7. AL 3 The rules fmr logar,lthms amd exponcntlala @m.
Digits, of In(x) or logyo(x) are sxgmﬁgamg thr:oqgh }‘hc n-th
place aftcr the decimal whcn . has n mgmﬁcant dlglts The.
numbe,,r 0 slgmfiuam dlg;ts qf ¢ or, 10" is equa] to the p,gace,
of thc lqs!; mgmﬁcant digit. m X. aft@r lhe demmal ‘

Exctmp/m An(3.46) = 1,241 to threc plam, afwr he decimal; sume
K 46 has three significant dl},lt? 103‘"’ & 2900 has‘}wa slgmﬂcam dlgms,
since 3.46 1'» given 1o two p acés At et ;be demmal T .

7 4, l 4 The 1ule for numbers representtng ccht counts or
mathematwa{[ constants is that they. are 10 be ueated as
havmg an infinite. nurqber of mgmﬁcant dxgm. B

5
T

K

5

Tlm Amerlcan Sooloty fOI‘ Testing and !ym‘?/ lals takes no posmon lespectlng tlgga vah‘dlzy of any, patenf rlghts assorted in. connecrlon -
with any item mentioned In this standard.' Users of this standarty are expressly acvised that datermiﬁaﬂon of mé va//d/ty of any auch

- Examples: . e i

(H1-~0. 23/2 B 0 88'Whele the giymbers 1+ cmd 2 Are cxdct cmd O 23
15 an APprommdle qudntlty

Ot of 50 pigces times a measured thwkness O 124 mm is 50

X () 124 6.20 mm, having three sigdificant figures.” **

(3) A Hikastirerneitt  of 1.634 i fo 1He nediest thousandth, is
convertednto’ mm, “The ,re&ult, 1634 % 25.4 = 41,50 mm, has.four
s1gmhcam dlg,ns Theé conversion constant, 25.4, is exaet. Yoo

“NoTe 5 MoiéA xtémwé dmcuhemn of dnmcmlonal convmnon wn
Bé Found in Pldtics E 38007 S

1.5 Specification-Limits—When the‘pounding.off m@thod
is: 10, apply to given spegified limits, it is desitable thai the
significant digits,of the specified limijts should:.conform to the
precision of the test.following the rule of 7,3, That is, the
rounding unit for, the, speifiation limits should be between
0.05 and 0.5 times the standard deviation of the test,

1.8 Averages and,Standard. Deviations—When: reporting
thc average and, standard deviation of replicated teasure-
ments-or repeated wmplmgs -of a.material;.a suggested rule
for.most cases is to roupd. the standard deviatign to two
mgmtlcant digits and round the dverage to the samelagt. place
of significant digits.. thn the, mtmbor ol observations is
large (mme than 15 when, tho lead digit of the. %tandarg
devgauon is 1, more than 50 with Jead digit 2, more thdn 100
in . other. casas), an additional, digit/may be.adyisable, -

7.6.1. Alternative - approaches for. aveiages. include re-
posting %, to,within 0.05 to 0.5 times:the; standard deviation
of-the average /v, 0L applymg tules for:retaining signifi-
cant digits: to the. calculation of X. The: ASTM STP.15-D
provxdes methods fox* ruportmg aud $ for these appllca@
fions.* - S : : N

' Wopk 6L rmmnale fm”tha suggebted e wmcs fron the wncer-
tamty’of‘ i Lalt,ulaﬁed ‘stafidard deviation s The stantard: déviation of s
based: on ‘sampling from’ atormal: distribiltionwitlil n vhservations is
approximately-o/~2n. Reporting sito within 0.05't0 0.5 of this-value,
following the mile 0f;7.4, loads to-twp, sxgnmcam;guglts fqr most,yalues of
o when, the nmlbex of abservatlops 1.35,10Q,0 fewer,, -

: o
Example“Amlyam oi six specimens give valyes of 3,56, 3,88, 3, 95
.()7, A2, and 447, for As ,constifuent. ‘The, average' and standard
dem;tmrn, \mmunded arg X = 40233, . and. § = 0.3089. . ~iThe
suggeﬁ:tcd rule would mport X smd § as 4,02 and 0. 31 i

patent rlghts anchtho visk of mirlngomom of sieh rlghra, are antlrely melr awn f‘e#ponqlbm?y T ST

oy wlige TaLT bt g o L e

h‘ not rcévfs*ed, e/ther reapprov?&d g‘r - withdrg
Head

G RIS LYy Lot [T VA "

i3 slgndard s subject fo reyiston; at-any tme.by the responslble technical commlltoa and must he reviewod every five years angh e
1. Your comments are invited efther for revision of this standard or for additional standards

“dhd ?hquld bé address aiters, Youf gommignts wil racaive, careful consldaration at g meeting of the rsqunalble
Y todhriloal ‘cormmiites: WAIGH ol iy SHENTR s Yl Fadl that Yol comiehis have bt reconld'a & Hedkng you sholld maka youl "
. views known o the ASTM. Gomrnmee an Swndard% 1916, Page St., f’hilade/phia, PA 19103, T e B e law

gyt g ooty 7'y A
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45"') Designation: E 408 - 71

Standard Methods of Test for

TOTAL NORMAL EMITTANCE OF SURFACES
USING INSPECTION-METER TECHNIQUES!

This Standard is issued under the fixed designation E 408; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of lust revision. A number in parentheses indicates the year of

last reapproval.

1. Scope

1.1 These methods cover determination of
the total normal emittance (Note 1) of sur-
faces by means of portable, inspection-meter
instruments.

NoTE 1-Total normal emittance (ex) is defined
as the ratio of the normal radiance of a specimen to
that of a blackbody radiator at the same tempera-

ture. The equation relating ey to wavelength and
spectral normal emittance [en())] is

en = Lo Lo(A D) en(AN { o Ly(A TN
where:

Li(\T) = Planck’s blackbody radiation func-
tion = ¢ AT AT 1)1,

Cy = 37415 x 107'* W-m?,
Ca = 1.4388 x 107* m K,

T = absolute temperature, K,
A = wavelength, m,

[ Lo\ TN = AT and
A = Stefan-Boltzmann constant =
5.66961 x 10-° Wem®-K~*

1.2 The methods are intended for measure-
ments on large surfaces when rapid measure-
ments must be made and where a nondestruc-
tive test is desired. They are particularly
useful for production control tests.

2. Summary of Methods

2.1 At least two different types of instru-
ments are commercially available for per-
forming this measurement. One type meas-
ures radiant energy reflected from the spec-
imen (Method A),? and the other type meas-
ures radiant energy emitted from the spec-
imen (Method B).* A brief description of the
principles of operation of each method fol-

lows. )
2.1.1 Method A-—The theory employed in

Method A has been described in detail by
Nelson et al* and therefore is only briefly re-
viewed herein, The surface to be measured is
placed against an opening (or aperture) on the
portable sensing component. Inside the
sensing component are two semi-cylindrical
cavities which are maintained at different
temperatures, one at near ambient and the
other at a slightly elevated temperature. A
suitable drive mechanism is cmployed to ro-
tate the cavities alternately across the aper-
ture. As the cavities rotate past the specimen
aperture, the specimen is alternately irra-
diated with infrared radiation from the two
cavities. The cavity radiation reflected from
the specimen is detected with a vacuum ther-
mocouple. The vacuum thermocouple views
the specimen at near normal incidence
through an optical system which transmits
radiation through slits in the ends of the cavi-
ties. The thermocouple receives both radiation
emitted from the specimen and other surfaces,
and cavity radiation which is reflected from
the specimen. Only the reflected energy varies
with this alternate irradiation by the two ro-
tating cavities, and the detection-amplifying
system is made to respond only to the alter-
nating signal. This is accomplished by ro-

UThis method is under the jurisdiction of ASTM Com-
mittee E-21 on Space Simulation.

Effective May 19, 1971.

A satisfactory instrument for this type of measurement
is the Infrared Reflectometer Model DB 100, manufac-
gred by Gier-Dunkle Instruments, Inc., Santa Monica,
Calif.

3 A satisfactory instrament for this type of measurement
is the Model 25A Emissometer, manufactured by the Lion
Research Corp., Cambridge, Mass,

*Nelson, K. E., Leudke, E. E., and Bevans, J. T.,
Journal of Spacecraft and Rockeis, JSCRA, Vol 3, No, 5,
1966, p. 758.
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tating the cavities at the frequency to which
the amplifier is tuned. Rectifying contacts
coupled to this rotation convert the amplifier
output to a d-c signal, and this signal is read
with a millivoltmeter. The meter reading must
be suitably calibrated with known reflectance
standards to obtain reflectance values on the
test surface. The resulting data can be con-
verted to total normal emittance by sub-

‘tracting the measured reflectance from unity,

2.1.2 Method B—The theory of operation
of Method B has been described in detail by
Gaumer et al® and is briefly reviewed as fol-
lows: The surface to be measured is placed
against the aperture on the portable sensing
component, Radiant energy which is emitted
and reflected from the specimen passes
through a suitable (ransmitting vacuum
window and illuminates a thermopile. The
amount of energy refleéted from the specimen
is minimized by cooling the thermopile and
the cavity walls which the specimen views.
The output of the thermopile is amplified and
sensed by a suitable meter. The meter reading
must be calibrated with standards of known
emittance,

3. Limitations

3.1 Both methods are limited in accuracy
by the degree to which the emittance proper-
tics of calibrating standards are known and by
the angular emittance characteristics of the
surfaces being measured.

3.2 Method A is normally subject to a
small error caused by the difference in wave-
length distributions between the radiant en-
ergy emitted by the two cavities at different
temperatures, and that emitted by a black-
body at the specimen temperature, Method B
also has nongray errors since the detector is
not at absolute zero temperature, The magni-
tude of this type of error is discussed by
Nelson et al.*

3.3 Method A is subject to small errors
which may be introduced if the orientation of
the sensing component is changed between
calibration and specimen measurements. This
type of error results from minor changes in
alignment of the optical system.

3.4 Method A is subject Lo error when
curved specular surfaces of less than about
300-mm radius are measured. These errors
can be minimized by using calibrating stand-

E 408

ards that have the same radius of curvature as
the test surface.

3.5 Method A can measure reflectance on
specimens which are either opaque or semi-
transparent in the wavelength region of in-
terest (about 4 to 50 um). However, if emit-
tance is to be derived from the reflectance
data on a semi-transparent specimen, 2
correction must be made for transmittance
losses.

3.6 Mecthod B is subject to several possible
significant errors. These may be due to (7)
variation of the test surface temperature
during measurements, (2) differences in tem-
perature between the calibrating standards
and the test surfaces, (3) changes in orienta-
tion of the sensing component between cali-
bration and measurement, (4) errors due to
irradiation of the specimen with thermal ra-
diation by the sensing component, and (5)
errors due to specimen curvature. Variations
in test surface temperature severely limit ac-
curacy when specimens that are thin or have
low thermal conductivity are being measured.
Great care must be taken to maintain the
same temperature on the test surface and cali-
brating standards. Meter readings are directly
proportional to the radiant flux emitted by
the test surface, which in turn is proportional
tothe fourth power of temperature. Changes
in orientation of the sensing component be-
tween calibration and test measurement intro-
duces errors due to temperature changes of

.the thermopile, The relatively poor vacuum

around the thermopile results in variations in
convection heat transfer coefficients which are
affected by orientation,

3.7 Method B is limited to emittance meas-
urements on specimens that are opaque to in-
frared radiation in the wavelength region of
interest (about 4 to 50 um). ‘

3.8 The emittance measured by Method B
is an intermediate value between total-normal
and total-hemispherical emittance because of
the relationship between the thermocouple
sensing elements and the test surface, The
close proximity of the thermopile to the rela-
tively large test surface allows it to receive
radiation emitted over a significant angle (up

[Re——

P Gaumer, R, E., Hohnstreiter, G. F,, and Vandersch-
midt, . F., “Measurement of Thermal Radiation Proper-
ties of Solids,”” NASA SP-31, 1963, p. 117,
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to 80 deg). This error (the difference between
total-normal and total-hemispherical emit-
tance can be as large as 10 percent on certain
types of specimens (such as specular metal
surfaces).

4. Procedure

4.1 Calibration procedures for both
methods of measurement are jointly discussed
becanse of their similarity. In Method A in-
frared reflectance properties of calibrating
standards must be known, and for Method B
emittance values of standards are utilized.
Following an appropriate warm-up time, cali-
brate the readout meter. Adjust the meter to
give the correct reading when measuring both
high and low emittance (or reflectance) stand-
ards. Repeat calibration of the meter. several
times at short time intervals until the correct
readings can be obtained near each end of the
scale. Typical high and low emittance (low
and high reflectance) standards may consist of
black paint (or preferably a blackbody cavity)
and polished high-purity aluminum, respec-
tively, Measure the thermal radiation proper-
ties of the standards independently with an
absolute instrument, and maintain the stand-

ards in a clean condition thereafter.
4.2 In Method B care must be taken to

prevent stray radiant energy from entering the
sensor. This can occur if the test surface is
not sufficiently flat or is not opaque.

4.3 In Method B the test surfaces and cali-
brating standards must be maintained at the
same temperature, If thin (less than about 0.7
mm thick) conducting specimens are to be
measured, they should be bonded to a thick
metallic substrate. Specimen temperature
changes can be noted by observing whether
the indicated meter reading drifts with time.

4.4 In Method B the orientation of the
sensor must be the same for both calibration
and test surface measurements.

4.5 After the meter has been properly cali-
brated, place the test surface over the aper-
ture of the measuring instrument. The re-

" By publication of this standard no position is taken with res,
with, and the American Society for Testing and Materials

E 408

sulting meter reading of Method A is then the
infrared reflectance for blackbody radiant
energy at near room temperature, or in
Method B, a meter reading that can be con-
verted to emittance using the manufacturers
emittance/meter reading conversion data. In
Method A, obtain the emittance by sub-
tracting the reflectance from unity. It is rec-
ommended that the instrument be recalibrated
as soon as possible after measuring the test
surface. If the meter calibration has changed,
repeat the entire calibration and readout pro-
cedure, 1t is recommended that at least three
readings be taken for each test specimen, and
the results averaged, to minimize statistical
errors. It is also recommended that both labo-
ratory and working emittance (or reflectance)
standards be maintained, and that they be
kept clean.

5. Report

5.1 The report shall include the following:

5.1.1 Name and pertinent other identifica-
tion of the test material,

5.1.2 Name and pertinent other identifica-
tion or traceability of the surfaces used for
calibration,

5.1.3 Emittance (or reflectance) values as-
sumed for calibration surfaces,

5.1.4 Locations on the surface area at
which emittance (or reflectance) measure-
ments were performed. (Not applicabie for
small individual test specimens.),

5.1.5 Ambient temperature,

5.1.6 For Method A the indicated meter
reading (reflectance) shall be recorded for
three successive measurements. An average of
the three values shall than be caleulated and
subtracted from one to obtain the emittance,

5.1.7 For Method B the indicated meter
reading shall be recorded for three successive
measurements, These meter readings shall be
converted to emittance using the manufactur-
er's data, and then averaged, and

5.1.8 Date and time the measurements
were taken.

ect 1o the validity of any patent rights in connection there-

ves not undertake 1o insure anyore wtilizing the standard

against Hability for infringement of any Letters Patent nor assume any such liability.
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q HI” Designation: E 424 -~ 71

Standard Methods of Test for

SOLAR ENERGY TRANSMITTANCE AND
REFLECTANCE (TERRESTRIAL) OF SHEET

MATERIALS'

This Standard is issued under the fixed designation E 424; 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,

1. Scope

1.1 These methods cover the measurement
of solar energy transmittance and reflectance
(terrestrial) of materials in sheet form.
Method A, using a spectrophotometer, is ap-
plicable for both transmittance and reflec-
tance and is the referee method. Method B is
applicable only for measurement of transmit-
tance using a pyranometer in an enclosure
and the sun as the energy source. Specimens
for Method A are limited in size by the geom-
etry of the spectrophotometer while Method
B requires a specimen 0.61 m (2 ft) square,
For the materials studied by the drafting task
group, both methods give essentially equiva-
lent results,

2. Applicable Documents

2.1 ASTM Standards:

E 259 Recommended Practice for Prepara-
tion of Reference White Reflectance
Standards®

E 275 Recommended Practice for De-
scribing and Measuring Performance of
Spectrophotometers?

E 284 Definitions of Terms Relating to
Appearance of Materials?

E 308 Recommended Practice for Spectro-
photometry and Description of Color in
CIE 1931 System?

3. Summary of Methods

3.1 Method A—Measurements of spectral
transmittance, or reflectance versus a magne-
sium oxide standard, are made using an inte-
grating sphere spectrophotometer over the

spectral range from 350 to 2500 nm, The illu-
mination and viewing mode shall be normal-
diffuse or diffuse-normal. The solar energy
transmitted or reflected is obtained by inte-
grating over a standard solar energy distribu-
tion curve using weighted or selected ordi-
nates for the appropriate solar-energy distri-
bution. The distribution at sea level, air mass
2, is used.

3.2 Method B—Using the sun as the source
and a pyranometer as a detector the specimen
is made the cover of an enclosure with the
plane of the specimen perpendicular to the
incident radiation; transmittance is measured
as the ratio of the energy transmitted to the
incident energy. (The apparatus of Method B
has been used for the measurement of solar-
energy reflectance but there is insufficient
experience with this technique for standardi-
zation at present.)

4. Significance

4.1 Solar-energy transmittance and reflec-
tance are important factors in the heat admis-
sion through fenestration, most commonly
through glass or plastics. (See Appendix A3.)
These methods provide 4 means of measuring
these factors wnder fixed conditions of inci-
dence and viewing. While the data may be of
assistance to designers in the selection and
specification of glazing materials, the solar-
energy transmittance and reflectance are not
sufficient to define the rate of heat transfer

' These methods are under the jurisdiction of ASTM
Committee E-12 on Appearance of Materials,

Effective April 13, 1971.

* Annual Book of ASTM Standards, Part 30,
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without information on other important fac-
tors, The methods have been found practical
for both transparent and translucent materials
as well as for those with transmittances re-
duced by highly reflective coatings, Method B
is particularly suitable for the measurement of
transmittance of inhomogeneous, patterned,
or corrugated materials since the transmit-
tance is averaged over a large area,

5. Definitions

5.1 solar absorptance-—~the ratio of ab-
sorbed to incident radiant solar energy (cqual
to unity minus the reflectance and transmit-
tance).

5.2 solar admittance—solar heat transfer
taking into account reradiated and convected
energy.

5.3 solar energy—for these methods the
direct radiation from the sun at sea level over
the solar spectrum as defined in 4.2, its inten-
sity being expressed in watts per unit area.

54 solar reflectance—the percent of solar
radiation (watts/unit area) reflected by a
material, '

5.5 solar spectrum—for the purposes of
these methods the solar spectrum at sea level
extending from 350 to 2500 nm.

5.6 solar transmittance—the percent of solar
radiation (watts/unit area) transmitted by a
material,

6. Method A—Spectrophotometric Method

6.1 Apparatus:

6.1.1 Spectrophotometer—An integrating
sphere spectrophotometer, by means of which
the spectral characteristics of the test spec-
imen or material may be determined
throughout the solar spectrum. For some
materials the spectrum. region from 350 to
1BOO nm may be sufficient. The design shall
be such that the specimen may be placed in
direct contact with the sphere aperture for
both transmission and reflection, so that the
incident radiation is within 6 deg of perpen-
dicularity to the plane of the specimen.®

6.1.2 Standards:

6.1.2.1 For transmitting specimens, inci-
dent radiation shall be used as the standard
relative to which the transmitted light is eval-
uated. Paired reflecting standards are used,
prepared in duplicate as described below.

6.1.2.2 For reflecting specimens, use
smoked magnesium oxide (MgO) as a

standard as the closest practicable approxima-
tion of the completely reflecting, completely
diffusing surface for the region from 300 to
2100 nm. The preferred standard is a layer (at
least 2.0 mm in thickness) freshly prepared
from collected smoke of burning magnesium
(Recommend Practice E 259), Pressed barium
sulfate (BaSO,) or MgO are not recom-
mended because of poor reflecting properties
beyond 1000 nm,

6.1.3 Specimen Backing for Reflectance
Measurement—T ransparent and translucent
specimens shall be backed by a light trap or a
diffusing black material which is known to
absorb the near infrared. The backing shall
reflect no more than 1 percent at all wave-
fengths from 350 to 2500 nm as determined
using the spectrophotometer,*

6.2 Test Specimens:

6.2.1 Opaque specimens shall have at least
one plane surface; transparent and translucent

- specimens shall have two surfaces that are

essentially plane and parallel,

6.2.2 Comparison of translucent materials
is highly dependent on the geometry of the
specific instrument being used. It is recom-
mended that the specimen be placed in direct
contact with the sphere to minimize and con-
trol loss of scattered radiation,

6.2.3 For specularly reflecting specimens
the sphere conditions, especially where the re-
flected heam strikes the sphere wall, shall be
known to be highly reflecting (95 percent or
higher), It is recommended that a freshly
coated sphere be used especially when meas-
uring translucent or specularly reflecting spec-
imens.

6.3 Calibration:

6.3.1 Photometric—The calibration. of the
photometric scale shall be done as recom-
mended by the manufacturer. It shall be’care-
fully executed at reasonable time intervals to
ensure accuracy over the entire range,

6.3.2 Wavelength—Periodic calibrations
should be made of the wavelength scales, Pro-

*The Beckman DK-2 Recording Spectrophotometer
available from Beckman Instruments, Inc., Fullerton,
Calif,, and the Cary 14 and 17 Recording Spectropho-
tometer available from Varian Assoc,, Palo Alto, Calil.,
have heen found satisfactory for this purpose. For addi
'EO';](?{% apparatus specifications see Recommended Practice

1A piece of velvet sprayed with Nextel velvet coating
101-C10 Black available from 3M Company; Parson’s
Black available from Eppley Laboratories, Newport, R, I.;
or Krylon Flat Black have been found satisfactory for this
purpose.

1321

PRO_00106813



Case 1:13-cv-01215-TSC Document 198-26 Filed 10/07/19 Page 43 of 112

4y

cedures for wavelength calibration may be
found in Recommended Practice E 275. A
didymium filter has also been used for this
purpose. Although the absorption peaks have
been defined for specific resolution in the vis-
ible spectrum it also has peaks in the near in-
frared; however, the wavelength of the peaks
must be agreed upon, using a specific instru-
ment.

6.4 Procedure:

6.4.1 Transmittance—QObtain spectral
transmittance data relative to air. For meas-
urement of transmittance of transiucent speci-
mens, place freshly prepared matched smoked
MgO surfaces at the specimen and reference
ports at the rear of the sphere (Note 1). The
interior of the sphere should be freshly coated
with MgO and in good condition,

NOTE |—Magnesium oxide standards may be
considered matched if on interchanging them the
percent reflectance is altered by no more than 1
percent at any wavelength between 350 and 1800
nm.

6.4.2 Reflectance—QObtain spectral direc-
tional reflectance data relative to MgO. In-
clude the specular component in the reflec-
tance measurement. Back the test specimen
with a black diffuse surface if it is not
opaque. Depending on the required accuracy,
use the measured values directly or make
corrections for instrumental O and 100 percent
lines (see Recommended Practice E 308).

6.5 Calculation—Solar energy transmit-
tance or reflectance is calculated by integra-
tion. The distribution of solar energy as re-
ported by Parry Moon® for sea level and air
mass 2 shall be used.

6.5.1 Weighted Ordinates—Obtain the
total solar energy transmittance, Ty, and re-
flectance, R,., in percent, by integrating the
spectral transmittance (reflectance) over the
standard solar energy distribution as follows:

we 2100 ” ¥
Tﬁ(’, or Rse = 2)}:_ 369 n!:xlnn r)\ (Ol." Rh) X «Eh

E, for air mass 2, at 50-nm intervals, normal-
ized to 100, is given in Appendix Al

6.5.1.1 This integration is casily pro-
grammed for automatic computation.

6.5.2 Selected Ordinates—Integration is
done by reading the transmittance or reflec-
tance at selected wavelengths and calculating
their average. Appendix A2 lists 20 selected
ordinates for integration.®

E 424

6.6 Report—The report shall include the
following;:

6.6.1 Complete identification of the mate-
rial tested, and whether translucent, clear, or
specularly reflecting,

6.6.2 Solar T percent or Solar R percent,
or both, to the nearest 0.1 percent,

6.6.3 Specimen thickness,

6.6.4 ldentification of the instrument used,
and

6.6.5 Integration method.

4, Method B——Pyranometer Methed

Nott 2—The pyranometer is used to measure
total global (sun and sky) radiation (previously des-
ignated a 180 deg pyroheliometer; preseatly the
latter word refers to a normal incidence measure-
ment of direct solar radiation). See IGY Instruction
Manual, Part VI, Radiation Instruments, Per-
gamon Press, New York, N. Y.

7.1 Apparatus:

7.1.1 Enclosure—The apparatus that has
been used successfully is a box capable of
supporting a 0.61-m (24-in.) square specimen.
The box, which would normally be about 0.66-
m (26-in.) square outside, should be capable
of being faced in any direction, as on a uni-
versal mount. The inside of the box should be
painted flat black* A typical unit is shown in
Fig. 1.

7.1.2 Sensor:

7.1.2.1 The sensing element of this instru-
ment is a pyranometer consisting of concen-
tric rings, or wedges of thermopiles, colored
alternately black and white.,” The voltage
output of this sensor is proportional to the
intensity of the total incident solar irradiation.
The spectral sensitivity of this instrument ex-
tends from the ultraviolet to infrared wave-
lengths (280 to 2800 nm), thus encompassing
all the solar spectrum. The pyranometer
should be located inside the box so that the
sensing thermopile is approximately 50 mm
(2 in.) from the center of the bottom plane of
the sample.

sJournal of the Franklin Institure, Vol 230, 1940, p.
583, or Smithsonian Physical Tables, Table 1, Vol 815,
1954, p. 273.

. "Olson, O. H., “Seleoted Qrdinates for Solar Absorp-
tl‘!;’(lfg Caleulations,” Applied Optics, Vol 2, No. |, January
7 An Eppley 50-Junction Pyranometer, Serial No. 9624
(6.66 MV/cal-cm?+ min) and an Eppley 10-Junction Pyran.
ometer, Serial No, 8553 (2.21 MV /cal:cm® - min) available
from Eppley Laboratories, Inc., Newport, R. L., have been
found satisfactory for this purpose. Yarious other Eppley
Pyranomsters have also been successfully used.
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7.1.2.2 The pyranometer has a viewing
area of 180 deg. An Eppley pyranometer with
its 25-mm (I-in.} diameter sensing disk, when
placed in the center of the box, views the
midpoint of the edges of the test specimen as
a cone of 160 deg; the diagonal of the spec-
imen is viewed as a cone of 166 deg when the
thermopile is 50 mm (2 in.) below the bottom
of the specimen,.

7.2.3 Read-Out Instrumentation—A re-
corder, or a nonrecording meter capable of
indicating in the 0.2 to 15-mV range are per-
missible for use. The output voltage of the
pyranometer will be affected by the input
impedance of the meter to which it is con-
nected. Thus, the meter used to indicate solar
intensity should have a very high input imped-
ance, such as a precision vacuum-tube voltme-
ter, or a meter which has been calibrated for
one particular sensing element, thus compen-
sating for any loading effects on that element.

7.2 Specimens—The test specimens should
be not less than 0.61 by 0.61 m (24 by 24 in. )
If the cross-sectional shape of the specimen is
not flat, care must be taken to prevent the
possibility of light leaks at the edges such as
are caused by the use of oversize specimens.

1.3 Procedure;

7.3.1 Conduct the tests on a clear sunny
day with no cloud cover interruptions during
the individual tests. Conduct testing between
the hours of 9 a.m. and 3 p.m. local standard
time; this is when the solar radiation is at
least 80 percent of the value obtained at solar
noon for that day. In the Northern hemi-
sphere take readings between November and
February only between 10 a.m. and 2 p.m.

E 424

Expose the test specimen approximately
normal to the sun for 15 min prior to testing.
Next, align the box normal to the sun’s rays
and take the average incident solar-energy
reading over a period of time (normally sev-
eral minutes) until a steady trace, or reading
is obtained. Then place the test specimen on
the box and again record the average solar
energy reaching the sensor. When the test
specimen has a corrugated or irregular sur-
face move it across the sensing element, and
take readings at 10-mm (Y%-in.) intervals for
the width of one corrugation or irregularity,
and average the readings, Also measure cor-
rugated specimens with the corr%atiom in
the North - South dlrectlon and in the East -
West direction,

7.3.2 The solar energy transmittance of the
test specimens is the ratio of the energy meas-
ured when the test specimen. is placed between
the sun and the sensor and the energy meas-
ured by the sensor with no test specimen in

place.

7.4 Report—The report shall include the
following:

7.4.1 The source and identtty of the test
specimen,

7.42 A complctc dc:,cnptlon of the test
specimen, that is, thickness, cross-sectional
shape, color, size, translucent or transparent,
type of material,

7.4.3 The percent solar energy transmit-
tance to the nearest | percent,

7.4.4 The place, date, and time of the test,

7.4.5 The intensity of the solar radiation,

7.4.6 Type of sensing unit used, and

7.4.7 Ambient air temperature,
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FIG. 1 Typical Unit with Pyranometer Mounted in Black Box,

APPENDIXES

Al. SOLAR ENERGY TRANSMITTANCE OR REFLECTANCE USING WEIGHTED ORDINATES
(NORMALIZED TO % = 100.00)

. ™ A == 2100 ne o
T (percent) ~ Z_,; o 350 1 ml T\ % By

Wavelength,  Relative Wavelength,  Relative Wavelength,  Relative
nm Encrgy nm Energy nm Energy
350 1.27 950 3.29 1350 1.49
400 318 1000 4,25 1600 1.36
450 6.79 1050 3.72 1650 1.17
500 8.20 1100 170 1700 0.89
550 8.03 1150 1.46 1750 0,54
600 7.88 1200 2.52 1800 0,01
650 7.92 1250 2.21 1850 0.00
700 7.48 1300 1.78 1900 0.00
750 5.85 1350 0.12 1950 0.12
800 5.79 1400 0.00 2000 0.02
850 5.66 1450 0.16 2050 0.26
900 3.24 1500 1.06 2100 0.98

Total 100.00
1324
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A2, TWENTY SELECTED QRDINATES FOR EVALUATION OF SOLAR TRANSMITTANCE OR
REFLECTANCE AT SEA LEVEL

Wavelength, Wavelength,
No. nm 8 No. nin &
1 390 i 745
2 444 12 786
3 481 13 831
4 511 14 877
5 543 . 15 959
6 574 16 1026
7 606 17 1105
8 639 18 1228
9 669 19 1497
o 705 20 1722

A3. SOLAR ADMITTANCE PARAMETERS

A3.l Solar energy poses a complex problem to
architects and engineers concerned with maintaining
a comfortable indoor space condition, The problem
exists when solar energy is admitted into a space
which must be thermally and opticaily contralled,
that is, temperature, humidity, and brightness.

A3.2 The amount of solar-energy admitted into.

4 space can be calculated with the solar-admittance
parameters, total solar-energy transmittance
(TSET), and total solar-cnergy reflectance (TSER)
of the materials surrounding the space.

A3.3 With homogenous materials the percent of
solar energy reflected, R, absorbed, A, and trans-
mitted, T, can be determined by the following equa-
tion;

100 percent = R + 4 + T

A3.4 For transparent materials, such as glass
and clear plastics, the total solar energy transmit-
tance is significant and environmental control sys-
ltcn(ljs must be designed to handie the changing solar
oad,

A3.5 Space environmental engineers use the
total solar-energy transmittance and total solar-en-
ergy reflectance parameters of materials to deter-
mine the solar energy admitted into a space.

A3.5.1 For example:

A Y-in. bronze-tinted glass has the following
typical solar energy admittance properties:

TSET = 46 percent = T
TSER = 6 percent = R
TSEA = 48 percent = 4

For the following conditions:

Design day—Sept. 21, 40 deg Narth latitude, 4
pan., West clevation (ASHRAE Handbook of
Fundumentals, 1967, Table 4, p, 472).% (All solar
encrgy rates are per hour, square foot of glazing
area.)

Direct normal solar irradiation: 230 Btu
Recommended outdoor wind 7.5 mph
velocity: (Table 9, Item 3,
p. 477)"
Corresponding outdoor sur- 4.0 Btu/deg F
face coefficient:

Recommended indoor air ve- Still
locity: (Table 9, Item 3, p,
477
Corresponding indoor surface 1,46 Btu/ deg I
coefficient:
Total sotar energy admitted indoors:

Total solar heat gain indoors:
= 0.46 (230) + 1.46/[(1.46 4+ 4) (0.48 x 230}

where:

0.46 (230) = transmitted solar energy
= 106 Btu .

and:

1.46/[(1.46 + 4.0) (0.48 x 230)]
(ASHRAE Handbook, 1967, p. 480) Eq 19

= portion of absorbed solar en-
- ergy reradiated and con-
vected indoors '

= 30 Btu (Note Al)

Total solar energy admitted indoors
= 136 Btu (Note A2)
A35.2 The (967 ASHRAE Handbook of
Fundamentals® reviews this procedure on pages 477
through 480.

Nore Al~The amount of absorbed solar energy
which is reradiated and convected indoors is a di-
rect function of the air movement over the indoor
and outdoor glazing surfaces.

NoTE A2--Cooling loads used for design also
include conduction resulting from out-in tempera-

“ture differences; heat capacity of building .materials

may introduce a delay in peak load timing,

A3.6 The Handbook® also illustrates a more
commonly used method on pages 470 through 476
with the use of shading coefficients for the glazing
under consideration and solar heat gain factors
(SHGF) for Yb-in. clear glass (Tables 2 to 6, pp.
470-474),

PASHRAE Handbook of Fundamentals, American So-
ciety of Heating, Refrigerating, and Air Conditioning Engi-
nggrs. %45 E. 47th 8t,, New York, N. Y. 10017, 1967, pp.
470-430.
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A3.6.1 For example; A3.7 Double glazing computations become more
complex and the solar energy admitted indoors re-
A Yi-in. bronze-tinted glass typical shading coef- quires considerably more calculation as the R 4 T
ficient = 0.67. formula does not apply directly. For this type of
If, SHGF = 205 Btu (Table 4, Sept. 21, p. 472, glazing, the shading coefficient technique is more
West elevation, 4 p.m.), applicable,
Solar energy admitted indoors = 0.67 x 205 = A3.8 Representative shading coefficients are
137 Btu. available from glass and plastic manufacturers,

By publication of this standard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Socicty for Testing and Materials does rot undertake 1o insure anyone wiilizing the standard
agains!t liability for infringemeny of any Letters Patent nor assume any such lability.

1326

PRO_00106818



o
S

W

it
o

o

-

Case 1:13-cv-01215-TSC Document 198-26 Filed 10/07/19

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally

binding upon all citizens and residents of the United States of America.
HEED THIS NOTICE: Criminal penalties may apply for noncompliance.

Page 48 of 112

wmmm

By Authority Of

" THE UNITED STATES OF AMERICA

Legally Binding Document

Document Name:

CFR Section(s):

Standards Body:

Q%‘m\ﬁﬂﬁ”%a?ﬁﬁﬁ?

m%{ i

ASTM E606: Standard Recommended Practice for
Constant-Amplitude Low-Cycle Fatigue Testing

24 CFR:200.946

American Society for Testing and Materials

#’i,‘

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.

phee

568000008

zri ‘SL

985

;fig

A

o

PRO_00106820



Case 1:13-cv-01215-TSC Document 198-26 Filed 10/07/19 Page 49 of 112

PRO_00106821



Case 1:13-cv-01215-TSC Document 198-26 Filed 10/07/19 Page 50 of 112

QHI” Designation: E 606 - 80

An American National Standard

Standard Recommended Practice for
CONSTANT-AMPLITUDE LOW-CYCLE FATIGUE TESTING'

T[“}?i§ standard _is issued under the fixed designation E 606; 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 This recommended practice covers the

determination of low-cycle fatigue properties
of nominally homogeneous metallic materials
by the use of uniaxially loaded test specimens.
It is intended as a guide for low-cycle fatigue
testing performed in support of such activities
as materials research and development, me-
‘chanical design, process and quality control,
product performance, and failure analysis.

1.2 The use of this recommended practice is
limited to metallic specimens and does not
cover testing of full-scale components, struc-
tures, or consumer products.

1.3 This recommended practice is applicable
to temperatures and strain rates for which the
magnitudes of time-dependent inelastic strains
. are negligible relative to the magpitudes of
" time-independent inelastic strains. No restric-
tions are placed on environmental factors, such
as temperature, pressure, humidity, mediam,
etc., provided they remain constant throughout
the test and do not cause loss of or c,hmge in
dimensions with time,

Notg 1—The term inelastic is used herein to rcfer
to all nonelastic strains. The term plastic is used
herein to refer only to the time-independent (that is,
noncreep) component of inelastic strain.

Nore 2—Appendix X4 has been added to cover

those test conditions. where time dependent strains
may be present,

1.4 This recommended practice is restricted
to the testing of axially loaded uniform and
hour-glass proﬁle test specimens in the low-
cycle fatigue regime. Testing is limited to con-
stant-amplitude stress or strain cycling in which
stress and strain are to be continuously varying
(that is, Wuhout hold leeb)

2 Appllcable l’)m,uments

-2 ASTM Standards
A 370 Methods and Definitions for Mechan1~

~ cal Testing of Steel Products?
E 3 Methods of Preparation of Metallographic
Specimens’
'E 4 Practices for Load Verification of Testing
Machines*
E 8 Methods of Tension Testing of Metallic
. Materials®

E 9 Methods of Compression Testing of Me-

tallic Materials at Room Temperature®

E 83 Practice for Verification and Classifica-

tion of Extensometers®

E 111 Test Method for Young’s Modulus,

Tangent Modulus, and Chord Modulus®
E 112 Methods for Determining Average
Grain Size® ‘
E 132 Test Method for Poisson’s Ratio at
Room Temperature®
E 157 Method of Assigning Crystatiographic
. Phase Designations in Metallic Systems®
~ E 209 Practice for Compression Tests of Me-
tallic Materials at Flevated Temperatures
with Conventional or Rapid Heating Rates
and Strain Rates®
E 337 Test Method for Measuring Humidity
with a Psychrometer (The Measurement of
Wet-Bulb and Dry-Bulb Temperatures)’

E 384 Test Method for Microhardness of
Materials® -

This recommended practice is under. the. jurisdiction of
ASTM Committee E~9 on Fatigue, and is the direct responsibil.
ity of Subcomuaitice E09.08 on Fatigue Under Cyclic Strain.

Current edition approved March 28, 1980. Published June
1980. Originally published as E 606 — 77 T, Last previous edi-
tion E 606~ 77 T. B ,

2 Annual Book of ASTM Standards, Vols 01.01, 01.02, 01.03,
01.04, 01.03, and 03.01. .

} dnnual Book of ASTM Standards, Vol 03. 03.

4 dnnual Book of ASTM Standards, Vols 03.01, 04.02,07.01,
and 08.03;

5 Annual Book of ASTM Standards, Vaols 02.01, 02. 02, 02.03,
and $3.01.

§ dnnual Book of ASTM Standards, Vol 03.01.

7 Annual Book of ASTM Standards, Vols 07,01, 11.03, and
15.09.

¥ Annual Hoak aof ASTM Standards, Volq 03.01, 03 03, and
03.04.
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E 399 Test Method for Plane-Strain Fracture
Toughness of Metallic Materials®

E 467 Practice for Verification of Constant
Amplitude Dynamic Loads in an Axial
Load Fatigue Testing Machine®

E 513 Definitions of Terms Relating to
Constant-Amplitude Low-Cycle Fatigue
Testing® ' :

3. Significance o

3.1 Although low-cycle fatigue is a phenom-
enon that is influenced by many of the same
variables that influence high-cycle fatigue, the
nature of low-cycle fatigue imposes distinctive
requirements on fatigue testing methods. In
particular, cyclic total strain should be mea-
sured and cyclic plastic strain should be deter-
mined. Furthermore, either of these strains typ-
ically are used to establish cyclic limits; total
strain usually is controlled throughout the cy-
cle. The uniqueness of this recommended prac-
tice and the results it yields is the determination
of cyclic stresses and strains throughout the
tests.
- 3.2 Low-cycle fatigue can be an important
consideration in the design of industrial prod-
ucts. It is important for situations in which
components or portions of components un-
dergo either mechanically or thermally induced
cyclic plastic strains that cause failure within
relatively few cycles. Information obtained
from low-cycle fatigue testing may be an im-
portant ¢lement in the establishment of design
criteria to protect against component failure by
fatigue. ‘ ‘ ‘
33 Low-cycle fatigue test results are useful
in the areas of mechanical design as well as
materials research and development, process
and quality control, product performance, and
failure analysis. Results of a low-cycle fatigue
test program may be used in the formulation of
empirical relationships between the cyclic vari-
ables of stress, total strain, plastic strain, and
fatigue life. They are commonly used in data
correlations such as curves of cyclic stress or
strain versus life and cyclic stress versus cyclic
plastic strain. Examination of the cyclic stress
- strain curve and its comparison with mono-
tonic stress - strain curves gives useful infor-
mation regarding the cyclic stability of a ma-
terial, for example, whether the values of hard-
ness, yield point, yield strength, and strain
hardening exponent will increase or decrease

E 606

(that is, whether a material will harden or

soften) due to cyclic plastic straining, Resulis

of the uniaxial tests on specimens of simple
geometry can be applied to the design of com-
ponents with notches or other complex shapes
provided. that the strains can be determined

“and multiaxial states of stress or strain and their-

gradients are correctly correlated with the un-
iaxial strain data.

-4, Deﬁhiﬁons

4.1 The definitions in this recommended
practice arc in accordance with Definitions
E 513. v ‘
5. Functional Relationships

5.1 Empirical relationships that have been
used commonly for description of low-cycle
fatigue data are given in Appendix X1. -

5.2 Relationships for conversion of diame-

tral strain to axial strain are given in Appendix
X2: - : "
6. Apparatus ‘

6.1 Tesiing Machine—Testing should be con-
ducted with a tension - compression fatigue test-
ing machine that conforms to the requirements
of Practices E 4 and Practice E 467. The machine
should be one in which specific measures have
been taken in its design to minimize backlash in
the loading train, .

Notp 3--Load capacity of 45 kN (approximately
10 kips) or greater would be sufficient for the rec-
ommended specimens (Section 7) and most test ma-
terials. The machine load capacity used for these
specimens ordinarily would not exceed 110 kN (ap-
proximately 25 kips). ‘

6.2 Stress or Strain Control—Testing ma-
chine controls should permit cycling between
constant stress or strain limits. If material be-
havior permits (for example, aging effects do
not hinder), control stability should be such
that the respective stress or strain limil is re-
peatable from cycle-to-cycle to within 0.5 % of
the average control limit and repeatable over
the test duration to within 2 % of the average
control limit, .

6.3 Fixtures—Fixtures should be provided
for rigidly gripping specimen ends and. accu-
rately transmitting cyclic loads (without back-
lash) along the longitudinal specimen axis.

6.3.1 To minimize bending strains, specimen
fixtures should be aligned such that the major
axis of the specimen closely coincides with the
load axis throughout each loading cycle. It is
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important that the accuracy of alignment be
kept consistent from specimen to specimen.
Alignment should be checked by means of a
trial test specimen with longitudinal strain
gages placed at three or four equidistant loca-
tions around the minimum diameter. The trial
test specimen should.-be turned about its axis,
installed, and checked for each of three or four
orientations within the fixtures. The maximum
bending strains so determined should not ex-
ceed 5% of the minimum axial strain range
imposed during any test program. For speci-
mens having a uniform gage length, it is advis-
able to place a similar set of gages at two or
three axial positions within the gage section.
One set of strain gages should be placed at the
center of the gage length to detect misalignment
that causes relative rotation of the specimen
ends about axes perpendicular to the specimen
axis. An additional set of gages should be
placed away from the gage-length center to
detect relative lateral displaccment of the spec-
imen ends.

6.3.2 Several commonly used hxturmg tech-
niques are shown schematically in Fig. 4. The
selection of any one fixturing technique de-
pends primarily upon the user’s specimen de-
sign. The fixtures should be constructed of
hardened steel for high strength and abrasion
resistance.: Chrome or nickel plating may be
needed for corrosion resistance. Fixtures may

-be coupled with the Wood’s metal pot (1, 2)*°

of Fig. 3 to permit initially zero specimen stress
during fixturing. Placement of the fixtures
within & die-set or flex bars alleviates relative
lateral motion of specimen ends and provides
rigidity that is important in preventing com-
pressive buckling of the test specimen. Initially,
zero fixturing stress combined with precise and
rigid alignment may be achieved by installing

fixtures and a Wood’s metal pot within the die- -

set or flex bars. ‘

© 6.4 Exiensometers—Extensometers should
be employed for the purpose of measuring
deformation in the gage section. They should
be suitable for dynamic measurements over
long periods of time.

6.4.1 The extensometers may be of two major
types: electromechanical (for example, the more
frequently ‘used strain gage or LVDT type as
shown in Fig. 5) or optical (for example, using
image orthicon tubes (2) or lasers). In all cases,
they should generate information suitable for

E 606
readout and recordings. T
should qualify as Class B-2 or better in accord-
ance with Practice E 83; however, error in mea-
sured value of strain should not exceed & 2.5 %
of strain amplitude. S

6.4.2 Extensometers should measure longi-
tudinal deformation when a uniform-gage
specimen, such as shown in Fig. 1(a), is tested.
Generally, these extensometers are attached as
shown in Fig. 5(a). Either the strain-gage or
LVDT systems of Figs. 5(¢).and 5(d) may be
used with the probes shown in Fig. 5(a). :

Note 4—Care should be exercised when install-
ing the longitudinal extensometer s0 as to prevent
damage to the specimen surface and consequential
premature fatigue failure at the gage points. Small
strips of cellophane tape can be applied to the spec-
imen surface wht:re the extensometer kmife edges
make contact so that the knife edges imbed in the
tape rather than in the specimen. However, use care
to ensure that no creep or slippage occurs in the tape
adhesive.

6.4.3 Extensometers should measure diame-
tral deformations when specimens having hour-
glass profiles are tested. A typical method of
diametral displacement measurement is shown
in Fig. 5(b). Curved extensometer tips, convex
in the longitudinal plane, can provide point
contact during testing. Either of the strain-gage
or LVDT systems of Figs. 5(c) or 5(d) may be
used with the probes shown in Fig. 5(5). Care
should be exercised during installation of the
diametral extensometer to prevent damage to
the test specimen surface. Extensometer tips
should be adjusted properly to minimize the
force they impose on the specimen. When in-
stalling the extensometer, gently move its tip
longitudinally along the specimen while watch-
ing the gage readout to find the minimuom
diameter. Calibration of extensometers should
be conducted before and after ea,ch test pro-
gram, .

NoOTE 5-—Care should be taken in the measure-
ment of diametral strains for materials such as cast
materials that possess large crystals and a large degree.
of preferred orientation. These, as well as hexagonal
close-packed materials, tend to be anisotropic and

may require spécial methods of strain measurement
and interpretation.

6.5 Load Transducers—A load transducer
should be placed in series with the test specimen
for the purpose of measuring magnitude and

* The boldface numbers in parentheses refer to the ref-

erences at the end of this standard.

ron
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sense of the axial load transmitted through the
specimen. It should be designed specifically for
fatigue testing and possess the following charac-
teristics: high resistance to bending; low axial
compliance; high linearity, accuracy, and sensi-.
tivity; low hysteresis. Load transducer capacity
should be selected to adequately cover the range
of loads to be observed, but not so large as to
render large errors (that is, greater than 1.% peak

measured load) in the measurement of small

loads, Load transducer calibration should bé ver-

ified in accordance with Practices E4 and E 467..

. 6.6 Recording Systems—The following re-
cording systems should be considered a mini-
mum requirement. Other data-retrieval sys-
tems, such as those incorporating digital com-
puters, provide an acceptable substitute for the

analog systems named here. Accuracy of re- -

cording systems should be kept within 1 % of
full scale or closé thereto in the case of oscil-
loscopes or oscillographic recorders.

6.6.1 X-Y Recording—Some means of X-Y
recording should be used for the purpose of
recording hysteresis loops of load versus defor-
mation or stress versus strain. A potentiometric
X-Y recorder or an oscilloscope equipped with
a camera are acceptable alternatives. The po-
tentiometric X-Y recorder should be used only
when the rate of cycling results in a pen velocity
that is less than one half of the recorder’s

slewing speed. At higher frequencies, the oscil--

loscope should be used. - - ‘

6.6.2 Strip Chart Recording—Strip chart Te-

cordets should be available to monitor load (or
‘strain). The frequency of strain cycling should
be such that recording pen velocity never ex-
ceeds one half of the recordei’s slewing speed.
It is recommended that these recorders be cal-
ibrated at the testing frequency used.

6.7 Cycle Counter—A cycle counter shall be

available for the purpose of counting and in- -

dicating total accumulated cycles of straining,
A timer is-a desirable adjunct to the cycle
counter. When used to indicate total elapsed

time to failure, it provides an excellent check

against the cycle counter and frequency.

6.8 Sirain Computer—An analog (or digital)
computer is recommended for use in low-cycle
fatigue tests of hourglass specimens whenever
appreciable cyclic hardening and softening oc-
cur during the test. Such a computer is useful
when used in the real time mode with servo-
controlled testing machines and can be used

£0A4
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for limit control of screw-driven machines. The
computer should be designed to convert diam-
etral strain and axial load signals into an axial
strain signal. See Appendix X1 for conversion

relations. In the case of servo-controlled ma-

chines, this axial strain signal may be used as
a feedback signal for control purposes, thus

simulating axial strain control. A block dia~

gram for the analog (or digital) computer pro-
gram is shown in Fig. 6.

6.9 Calibration—The calibration interval of
all electronic recording and transducer systems
should be performed in accordance with the
manufacturer’s recommendations; in the ab-
sence of these, the interval should be no greater
than six months and even more frequent if

necessary to maintain required accuracy. Cali-.

bration should be checked whenever accuracy
is in doubt. ' :

7. Specimens

7.1 Specimen Design—Figure 1 shows two
basic specimen configurations. Figure 1(a)
shows a recommended uniform-gage specimen
and Fig. 1(b) shows the recommended hour-
glass profile. Selection of either 1(a) or 1(b) is
subject to anisotropy and buckling considera-
tions (see Note 5). Both of these recommended
specimens possess a solid circular cross section
and a minimum diameter of 6.35 mm (0.25 in.)
in the test section. Specific cross-sectional di-
mensions are listed here only because they have
been predominant in the generation of the low-
cycle fatigue data base that exists in the open
literature.  Specimens possessing other diame-
ters or tubular cross sections may be tested
successfully within the scope of this recom-
mended practice; however, crack growth rate,
specimen grain size, and other considerations
might preclude direct comparison with test re-
sults from the recommended specimens. While
design of specimen end connections is primarily
dependent upon user preference (see Note 7),
a number of commonly used configurations are
shown in Figs. 1(c), 1(d), and 1(e). Care must
be exercised in the machining of uniform-gage
specimens to blend the shoulder radius at the
specimen ends with minimum diameter so as
to avoid undercutting. So that stress concentra-
tions are minimized, shoulder radius should be
as large as possible, consistent with limitations
on specimen length.
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Note 6—Selection of either the uniform-gage sec-
tion or hourglass profile is commonly based upon the
magpitude of compressive strain to be imposed. The
recommended uniform gage specimen is frequently
suitable for strain ranges up to about 2 %. Above 2 %,
hourglass specimens are recommended. Soft mate-

rials or elevated temperatures may dictate lower

strain ranges. The recornmended hourglass specimen
possesses a profile ratio of 12:1 for radius of curvature
to minimum radius of specimen. If the user wishes,
- different ratios between the limits of 8:1 and 16:1
_may be employed. Lower limits will increase siress
concentration and may affect fatigue life; higher ra-
tios lirmit the specimen’s buckling resistance. For
some materials tested in the low life range, hourglass
specimens might give different results from similarly
stressed uniform-gage specimens. When test material
s anisotropic, uniform specimens are recommended.
It is very difficult to determsine axial strains from
measurements of diametral strain in hourglass spec-
: 1mens for many anisotropic materials.
specimen end comnections is
dependent upon user preference, fixturing, or avail-
ability of material or a combination of all three; it is
constrained principally by Eroper consideration of
axial alignment and backlash. Button-head end con-
nections, such as those shown in Figs. 1(d) and 1(e),
 permit precise alignment with a specimen end clatmp-
ing preload (to avoid backlash in the grip). The
threaded connection, shown in Fig. 1(¢), is useful
where the available material is not thick enough to
provide for the larger diameter button-head ends.
The efficiency button-head connection, shown in Fig.
_ 1(e), provides the button-head preloading feature,
without requiring larger diameter ends. The button-
-head design is useful at elevated temuperatures, as it
-does not suffer the “oxidation-sticking” experienced
. with threaded ends, but it may produce some speci-
* ‘men failures in the fixture when used at room tem-
" perature.

- 1.1 Alternative Specimen Design for Sheet
Speamens—()ften, it is desirable to obtain test
specimens from sheet material that is less than
6.35 mm (0.25 in.) thick. In general, the consid-
erations- discussed in other sections apply
equally to sheet testing. H’owexfe;r, special spec-
imen geomemes and gripping arrangements, as
well as more sensitive load and strain trans-
ducers, are necessary. Typical specimen deslgns

. that have been used successfully are shown in

- Fig. 2. The specimen in Fig. 2(a) has a rectan-

' gular cross section and is suitable up to strain
amplitudes of at least 1 % applied to sheets as

.thin as 2.54 mm (0.100 in.). For higher strain

, amphtudes, the c:yimdm:al cross section hour-

. glass specimen in. Fig. 2(b) is recommended.
See Ref. (3) for other designs.

1.2 Specimen
shouid be prepared by a specific set of proce-
dures that is known to provide consistent test

Preparation— Specimens .
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results. Agreement between the testing organi-
zation and the user of the test results concerning
preparation procedures. should be obtained.
The following prowdeq recommended guide-
lines.

7.2.1 Speaimen Coupons and Materialsw
Coupons from which specimens are machined
should either be nominally homogeneous or
sampled from the source material, or both, so
as to be stdmmcally representative of the prop-
erties sought in the application of the material
to its end use. Thus, when material require-
ments allow, specimens should be removed

. from the fabricated component of interest. Any

material orientations,.such as rolling direction
or casting direction, should be identified with
respect to the orientation of the specimen axes.
Orientation notation used in accordance with
Method E 399 is acceptable such that L, T, 8,
LT, LS, or TS refer to the longlmdmal axis of
the specimen.

7.2.2 Specimen Surface Prepamzwn—‘,‘spem-
mens prepared from coupons will possess a
“surface preparation history” as a consequence

“of machining operations, heat treatments, and
“the effects of environment during the storage

period pmm‘ to testing. Unless the purpose of
testing is to determine the influence of specific
surface conditions on fatigue life, it is recom-
mended that specimen surface prepdmuon be

performed in a manner that will have a mini-

mum influence upon the vanabmty in fatigue
lives exhibited by the specimen group tested.
Ordinarily, this would be 4coomplxshed by:
7.2.2.1 Consistently machining specimens to
be as smooth and uniform in surface finish (in

_the gage region) as feasible for the subject

material and the machining techniques avail-
able, and by employing as a final operation a
machining or other “finishing” procedure that
would introduce minimal surface metal distor-
tion (see Note 8), and by :

7.2.2.2 Ensuring, through the use of protec-
tive atmospheres, that surface attack, such as
oxidation and corrosion, does not occur, either
during heat treatments or during specimen stor-
age, for all specimens within a program.

Note 8~-Appendix X3 presents an example of a
machining procedure that has been employed on

some metals to minimize variability of machining
and heat treatment mﬂuencec; upon fatigue life.

The exact prc)cedme of specnmen preparation
and handling should be carefully documented.
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7.3 Specimen Storage—Test specimens that

may be susceptible to corrosion in moist room -

temperature air should be protected immedi-
ately after preparation and stored until they are
tested. Specimens may be stored in a suitable
protective environment, such as dry inert gas
(as might be conveniently employed in a labo-
ratory desiccator) or a vacuum. .

74 Materials Description—A complete ma-
terial description is -desirable. It is recom-
mended that the following metallurgical and
mechanical properties be obtained:

74.1 Metallurgical Characteristics—
Chemical composition, grain size (see Methods
E 112), crystallographic structure, preferred ori-
entation if present, general shape of grains (that
is, equiaxed or elongated), second phase particles
(see Method E 157), heat treatment (whether at
the mill, during fabrication, in the laboratory, or
a combination of all three), and specification
designation (ASTM, ASME, AISI, Military, etc.).

7.4.2 Mechanical Properties—For purposes of
performing the test and caleulating results, it is
desirable to have available the following repre-
sentative mechanical propertics, obtained at the
appropriate temperature and measured in ac-
cordance with the applicable standards such as
Methods E8, E9, E 111, E 132, and Practice
E 209: tensile or compressive yield strength or
yield point, or both, ultimate tensile strength,
-percent elongation, percent reduction of area,
Poisson’s ratio, and Young’s modulus, The fol-
lowing true stress-strain properties may also be

~desirable: true fracture strength, true fracture
ductility, strain hardening exponent, and
strength coefficient. Hardness may also be deter-
mined in accordance with Methods A 370 or Test
Method E 384, or both. ’ ‘

- 8. Procedure

8.1 Test Environment:
8.1.1 Temperature—Temperatures should be
“low enough that the magnitudes of time-depen-
dent inelastic strains are negligible relative to
the magnitudes of time-independent inelastic
strains. For the duration of testing, specimen
temperature should not vary by more than
+2°C (£3.6°F). Temperature gradients should
be within +2°C over the gage length of uni-
form-gage specimens. Initially, monitor the
specimen temperature to determine the extent
of heating due to strain cycling. If necessary,
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provide cooling to maintain the above limits.

Note 9—If the temperature cannot be maintained
to within +2°C, then temperature deviations should
be reported. If possible, the effect of temperature
should be demonstrated throughout the range of test
temperatures. Preliminary testing is desirable if the
time-dependent effects are not already known.

8.1.2 Elevated temperatures may be imposod‘

by any of several methods: (/) high-frequency
induction, (2) radiant furnace, or (3) immersion
in an inert heated gas or liquid. In (/) and (2)
above, an enclosure is recommended to prevent
air currents in the vicinity of the specimen from
causing undesirable temperature gradients.
Specimens tested at room temperature should
also be in drafi-free surroundings. Tempera-
tures below room temperature may be imposed
by placing the specimen and gripping appara-
tus in a refrigerated chamber that may be either
of the liquid or gaseous type, depending on
temperature requirements and other possible
environmental considerations. Liquefied gases,
such as liquid nitrogen, or solidified gases, such
as dry ice placed in a liquid medium, provide
possible means for low-temperature testing.

Note 10--Use of glass insulation may avoid dif-
ficulty with wires submerged in a cooling solvent,

8.1.3 If testing-is performed in air, relative
humidity may be measured in accordance with
Method E 337, unless it has already been de-
termined that moisture has little or no effect on
fatigue life for the material under test. If an
effect is present, relative humidity should be
controlled; when uncontrolled, it should be
carefully monitored,

8.2 Measurement of Test Specimen Dimen-
sions—For the purpose of making an accurate
determination of specimen cross-sectional area,
measure the reduced section as follows:

8.2.1 Mcasure the diameter at the center of
the gage section by means of an optical com-
parator or other optical means read or esti-
mated to an accaracy of 0.0125 mm (0.0005 in,)
or better. A precision micrometer may be used
in place of the optical comparator if its use does
not damage the gage section surface in a way
as to affect specimen performance. For uni-
form-gage specimens, check diameters for at
least two other positions within the specimen
gage length. o

8.3 Test Machine Control—It is necessary to
control one (or more) variable(s) (for example,
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stress, strain, load, displacement, or other ap-
propriate parameter) in a manner that is in
keeping with the test objectives..

8.3.1 Control Mode—Total axial strain am-
plitude is the most commonly utilized control
variable in a low-cycle fatlguu test. Total axial
strain is often controlled continuously through-
out each fatlgue cycle in a manner prescribed
in 8.4. It is also acceptable to control only the
limits of either total axial strain or plastic axial
strain. In such cases vary another variable, such
as diametral strain, displacement, or load, be-
tween these limits in some cyclically consistent
manner under either closed loop or other con-
trol means. For long-life fatigue tests that ex-

hibit low but measurable levels of plastic sirain,

-it is acceptable to control load while monitoring
plastic and total strain and making periodic
adjustments of mean load and load range in
order to maintain the desired strain limits.

8.3.2 Closed Loop Method—Faugue testing
machines of the closed loop servo-controlled
type often are capable of continuously control-
ling specific test variables such as load or dis-
placement through appropriate selection -of
feedback signals. Application of scale factors to
these signals thereby permits continuous con-
trol of stress or strain. Axial stress may be
scaled directly from the load cell signal. Axial
strain may be scaled directly from an axial
. extensometer signal when umfom—gage speci-
* 'mens are tested. When hourglass specimens are
tested, an axial strain signal must be deter-
mined from a diametral extensometer signal
and the force signal by means of a computer
(see 6.9) if closed loop control of axial strain is
desired. Closed loop control of diametral strain
is generally not eqmvalent to closed loop con-
trol of axial strain since the relationship be-
tween axial strain and induced diametral strain
changes during cycling for materials that un-
dergo cyclic hardening and softening,

8.3.3 Other Control Methods—Fatigue. test-
ing machines that do not provide continuous
closed loop control of either specimen load or
specimen displacement generally have the ca-
pability to impose limits on the chosen test
variable. However, they do not control that
variable - throughout the fatigue cycle. Limit
control is a special case of closed loop control.
Thus, load and. displacement signals may be
handled in a manner similar to that of 8.3.2 to
determine strain limits. It is not necessary to
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use a computer with these machines for limit

-control- of hourglass specimens if periodic ad-

Justments are made to the diametral strain am-
plitude in such a-manner as to maintain con-

-stant axial strain limits. These adjustments are

necessary for materials that undergo significant
cyclic hardening and softening because of at-
tendant changes in the relationship between

~axial strain and induced diametral strain.

8.4 Waveform—The strain (or stress) versus
time waveform should be identical throughout
a.test program unless test objectives are to

-determine waveform effects. Tn the absence of

specific waveform requirements or equipment
limitations, a triangular waveform is preferred.

8.5 Strain -Rate and Frequency of Cycling—
Either strain rate or frequency of cycling should

-be held constant for the duration of each test
-as well as for the duration of a test program,

unless the test objective is specifically to deter-

‘mine either strain rate or frequemy effects,
respectively. .

Nots 11
ten preferred, constant-frequency testing may be of
greater practical significance to the fatigue analysis
of certain machine components. On the other hand,
constant-sirain-rate testing may be experimentally
more tractable than constant-frequency testing since
long-life, small-strain tests in the former mode may
be completed in shorter periods of time thdn tests
conducted in the latter mode.

8.5.1 If nontriangular wav«eﬁoxms or equip-
ment limitations preclude constant-strain-rate

‘testing and time limitations precl,ude constant-
- frequency testing, other means of rate control

are available. One accepted procedure is to
maintain constant average strain rate (twice the
product of strain range and frequency)

‘throughout each test and for the duration of

the test program, Another acceptable proce-
dure, one that is most convenient when testing
under plastic strain limit control, is to maintain
constant average plastic strain rate.

8.5.2 The selected range of strain rates or

. frequencies should be sufficiently low as to

preclude specimen heating in excess of 2°C
(3.6°F). In a servo-controlled testing machine,

make a comparison. of the program and feed- .

back signals to ensure that the selected rates or
frequencies are and' remain within system ca-
pabilities and accuracy requirements. Fre-
quency response of extensometers (dependmg
upon their design) i is often a limiting factor in
the system. ‘

A7

While constant-strain-rate testing is of-
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Norg 12—Notwithstanding the meed for con-
stancy of rate, the testing rate may be reduced briefly
in order to permit periodic recording operations if
doing so does not change specimen behavior.

8.6 Begin all tests on the same half-cycle,
tensile or compressive, unless the purpose of
testing is to study initial loading effects. For
some materials it is acceptable to increase strain
amplitude gradually and continuously over a
period not greater than 2 % of anticipated life.

8.7 Number of Specimens—It is suggested
that a minimum of ten specimens be used to
generate a fatigue strain-life curve. It is also
suggested that the replication guidelines given
in STP 588 (4) be followed, especially if sub-
sequent statistical analysis is planned.

8.8 Recording—Unless computerized data
retrieval systems are employed continuously,
record the initial series of hysteresis loops of
axial stress (or load) versus total or plastic axial
strain (versus total or plastic diametral strain if
an axial strain signal is not available). Record
single hysteresis loops thereafler at successively
larger increments of cycle count. For tests of
100 cycles or more, a minimum of ten addi-
tional hysteresis loops is desirable. When prac-
tical, continuously record the dependent vari-
-ables (for example, axial stress and plastic axial
strain in a total axial strain control test) as a
function of time. :

. Note 13—When continuwous recording is. not
practical either due to lengthy test durations or the
imited availability of recorders, intermittent records
ot alternative sampling of the tecorded variables is
. acceptable.

8.9 Determination of Failure—Failure can be
determined in a number of ways dependent on
the ultimate use of fatigue life information and
the nature of the material being tested. (See
Note 13.) Several commonly used criteria in-
clude the following; ' ‘

8.9.1 Total separation or fracture of the
specimen into two parts at (a) some location
within the gage section of a uniform-gage spec-

imen, or () the vicinity of the minimum di-
ameter in an hourglass specimen. Fracture. at
any other location than specified above should
be considered as an invalid result.

Note 14--A post-mortem failure analysis should
be performed to nncover any unusual causes of fail-
ure, Inclusions, voids, machining defects, etc., that
are not representative of the bulk material or its
application may render an invalid fatigue life deter-
mination. (See 8.11.3)
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8.9.2 For fully reversed straining (or load-
ing), a drop in the peak tensile stress (or in-
crease in tensile peak strain) that is some pre-
selected percentage greater than a similar drop
in the peak compressive stress (or increase in
compressive peak strain).

8.9.3 For strain control, cusp formation in
the compressive portion of the hysteresis loop;
such that the size of the cusp (Note 14) has
grown to some preselected percentage of the
peak compressive stress.

Note 15--Cusp size is taken as peak cmhpressi‘ve
stress minus stress at the inflection point of the
compressive loading curve (see Fig. 7). Frequent X-
Y recordings should be made in order to observe cusp
formation. ‘

8.9.4 A change in the rate-of-change of
cyclic load range (or deformation range) that
exceeds some preselected percentage change.

Note 16--For failure criteria 8.9.2 through 8.9.4,
care should be exercised in the interpretation of cyclic
stress-strain behavior when hysteresis loops exhibit
serrations and cyclic hardening mechanisms compete
with eyclic softening mechanisms for dominance at
different times throughout life.

8.9.5 The existence of surface microcracks
(for example, as observed optically or by rep-
licas) that are larger than some preselected size
consistent with test objectives. '

'8.10 Conduct testing at least until failure

and preferably until fracture when testing
needs dictate and economics allow. Record to-
tal accumulated cycles to failure (and fracture)
by means of a cycle counter and check against
an elapsed time meter.
811 Analysis of Data—While it is not the
purpose of this recommended practice to spec-
ify data analysis techniques, the following ex-
ample represents a common procedure:

8.11.1 Determination of the Cyclic Stress -
Strain Curve—Generate a cyclic stress - strain
curve from paired values of stress range and
plastic strain range (5). When practical, assume

“a simplifying mathematical expression for the

cyclic stress - strain relationship.

Note 17—For many metals, one accepted and
convenient expression of the cyclic stress - strain
curve is that of a power relationship presented by Eq
I of Appendix X1. ' '

8.11.2 Determination of the Strain-Life Re-
Aationship—Generate a strain-life curve from
paired values of total strain versus life or plastic

ARR
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strain versus life. When practical, assume a
simplifying mathematical relationship.

Note 18—For ma@ metals, one accepted and
convenient means for representing the strain-life re-
lationship is presented by Eq 4 of Appendix X1.

8.11.3 Post-Mortem Examinations—Metal-
Jographic examination of the failed specimens
is desirable for a variety of purposes depending
in part on user interests. Of foremost impor-
tahce is a fractographic examination of the two
crack surfaces to determine any unusual causes
of failure that might invalidate the test results.
Scanning electron microscopy and transmission
electron microscopy of fracture replicas are two
common methods used in such an investigation.
Ref. (6) provides a useful basis for fracto-
graphic analysis. The techniques of light met-
allography and transmission electron Micros-
copy ate frequently used when studying struc-
tural changes that occur during fatigue or the
effects of metallurgical structure on fatigue be-
havior. - ‘ |
9. Report

9.1 The list of items of information that
follows is suggested for inclusion in any report.
When publishing results in the open literature,
include as much information as possible, inde-
~ pendent of the author’s purpose. Routine lab-
© oratory reports need include only information
pertinent to the end use of the test data. Mini-
mum recommended requirements are indicated
by an asterisk. ‘

9.1.1 Specific objective of testing.

9.1.2 Specimen Materials Description (in-
cluding processing):

9.1.2.1 All available mechanical properties
including; yield strength or yield point, or both,
ultimate tensile strength, percent elongation,
percent reduction of area, Poisson’s ratio, elas-
tic modulus, true fracture strength, true fracture
ductility, static strain hardening exponent,
static strength coefficient, hardness number,
and degree of cold work.

9.1.2.2 All available metallurgical character-
istics: certified chemical composition, grain
size, crystallographic structure, preferred ori-
entation with respect to specimen axes, general
shape of grains (that is, equiaxed or elongated),
second phase particles, and heat treatment. In-
clude photomicrographs when possible to doc-
ument the above properties.
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9.1.3 Specimen Description:.
- 9.1.3.1 Drawing of specimen design*.
9,132 Specimen machining and surface
preparation procedures®.
9.1.3.3 Deviations from recommended spec-
imens and specimen preparation procedures if
any. '
9.1.4 Description of Equipment:
. 9.1.4,1 Specimen fixtures.
9.1.4.2 Testing machine®.
9.1.43 Transducer systems (that is, load
transducers, deformation transducers).
9.1.4.4 Recorders and recording equipment.
9.1.4.5 Deviations from recommended
equipment, if any. .
9.1.5 Description of Testing Environment*:
9.1.5.1 Gas, liquid, or vacuum chemical
composition of medium*. ’
9.1.5.2 Humidity of gaseous environment*.
9.1,5.3 Test temperature and temperature
control method*. ‘

9.1.5.4 Temperature variations or devia-

tions, or both, from those specified.

9.1.6 Testing Conditions and Procedure:

9.1.6.1 Deviations from recommended pro-
cedures, if any.

9.1.6.2 Frequency of cycling (or cyclic strain
rate) and description of waveform*.

9.1.6.3 Mode of control, that is, load or
stress, continuous strain control, strain limit
control, axial strain feedback, diametral strain
feedback, etc*. ,

9.1.6.4 Ratio of axial strain limits (minimum
and maximum) and total axial strain range*.

19.1.6.5 Procedure for maintaining constant
axial strain limits.

- 9.1.6.6 Sign of strain at first quarter cycle,
tensile or compressive.

9.1.7 Test Resulis—Tabulate the results for
all test specimens. When used for purposes of
structural analysis, the following two items are
most important: o

9.1.7.1 ‘Initial, stabilized, or half-life values,
or a combination of all three, of the dependent
variables from the list of stress range, strain
range, and plastic strain range. Complete
curves of these values throughout the specimen
life. When complete curves are impractical,
curves through intermittent values are accept-
able*.

9.1.7.2 Total number of cycles to failure, Ny,
and failure definition used in the determination
of N7*
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9.1.7.3 Order in the sequence in which sach
specimen was tested. :
9.1.8 Results of analysis for cyclic stress -
strain properties. If data analysis is performed
by means of the relationships in Appendix X1,
a tabulation of results should include the cyclic
strain hardening exponent and the cyclic
strength coefficient. o -
9.1.9 Results of analysis for strain-life prop-
erties. If data analysis is performed by means
-of the relationships in Appendix X1, a tabula-
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tion of . results should include the fatigue
strength exponent, the fatigue ductility expo-
nent, the fatigue strength coefficient, and the
fatigue ductility coefficient. "

9.1.10 Brief description of the fracture char-
acteristics; results of post-test metallography
and scanning electron microscopy; identifica-
tion of fracture mechanism and the relative
degree of transgranular and intergranular
cracking. ‘ L
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FIG. 2 Sheet Fatigue Specimens-—Alternative to Fig. 1 Speumens
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Nors--Wood’s metal pot is used to provide initially zero stress in the specimen during fixturing. This pot may be placed
within a die-set to combine zero fixturing stress with.rigid alignment.- : : ‘

FIG. 3 Schematic of Wood’s Metal Pot Showing Principle of Operation.
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T I;‘Idm»—-wThe clamping force shonld be greater than. the eyclic load to avoid backlash within the specimen fixtuxe.
FIG. 4 Schematic Examples of Fixturing Techniques for Various Specimen Designs.

The Ametican Society for Testing and Matevials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
~ patent rights, and the risk of infringement of such.rights, are entirely thelr own responsibility.

This standard is subject 1o vevision at any time by the responsible technical compaittee and must be reviewed every five years and
if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headguarters. Your commients will receive careful consideration at u meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should

make your views known 1o the ASTM Commitiee on Standards, 1916 Race St., Philadelphia, Pa. 19103
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= SPECIMEN
CROSS - SECTION

ELASTIC
RETAINER |

= KNIFE~EDGE PROBES ~ TOP VIEW

- BROFILE VIEW

FIG. 5(a) Longitudinal Displacement Mes

surement for Uniform Gage Specimen of Fig. 1(a). (Pmlies may Be Attached
to Either Transducer 5(¢) or 5(d).)

CURVED TiPg -
FOR CENTERING

-PROFILE VIEW

. FIG, 5(b) Diametral Displacement Measurement for Hourglass Specimen of Fig. 1(b). (Probes may Be Attached to
 Either Transducer 5(¢) or 5(d).) ; - ‘ )
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FIG. 5(c) Strain-Gage Displacement Transducer.
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0 ) C — VDT
PROBES (LINEAR VARIABLE
,,‘ DIFFERENTIAL
TRANSFORMER)

SPEC, 5& » ll
e

SOLID SPRING HINGE v )
(REEPS PROBE TIPS IN CONTACT WITH AC % - 4, MENT
DIAMETRAL SPECIMEN) EXCITATIQN <L ¢ SIGNAL

' ‘ oOuTEUT

MECHANICAL AMPLIFICATION e »:(».(w%m
: |

) FIG. 5(d) LVDT Displacement Transducer/

FIG. 6 Rlock Diagram of btram Computer (See Appeudxx X2 for Discassion of Mathemahcal Relatmnsmm).

a a Cg

STRESS-STRAIN T
HYSTERESIS LOOP

TiME

Cevse size

\\m, : : _/ STRESS-TIME WAVE FORM
INFLECTION ?O'NT JN- STRAIN CONTROL

‘b TIME
Note-The inflection point for a stress-
diagram.

FIG. 7 Definition _of. “Cusp Size” for a Determination of Failure (Sec 89.3).

eaY4

control test may be similarly identified on the hysteresis loop and the strain-titne
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APPENDIXES _

X1. FUNCTIONAL RELATIONSHIPS

X1.1 For many metals, the following empirical
relationships (1) have been used for a convenient

description of low-cycle fatigue data:
XL.LY Cyclic Stress - Strain. Behavior:

Ag/2 = K'(Aey/2)™ (1)

Note that Eq 1 may be expressed in terms of total
strain range, Ae, by recognizing that Ae = (Ao/E) +

€p.
X112 Fatigue-Life Relationships:

Ao/2 = of 2Ny)® (2)‘
Aey/2 = &/ (2N)° @
Ae/2 = [0 /EJ2Np" + & (2Np)° )

where the variables are:

Ao true stress range,
Ae true strain range,
Ae, = true plastic strain Tange,
Ne = cycles to failure, and
2Ny = reversals to failure;
and the constants are:
7' = oyclie strain hardening exponent,
b = fatigue strength exponent,
fatigue ductility exponent,
cyclic strength coefficient,
fatigue strength coefficient,
& = fatigue ductility coefficient, and
£ = modulus of elasticity.
NoTe—The user is cautioned that Eqs 2 to 4 are
not readily amenable to the use of conventional
statistical analysis procedures.

LI

B O
I

2
il

X2. CONVERSION FROM DIAMETRAL STRAIN TO AXIAL STRAIN FOR ISOTROPIC
- : ’ MATERIALS :

X2.1 Conversion of diametral strain to axial strain

requires first the separation of the elastic and plastic

components from the total strain by:

€= € + ¢, .
€47 €de + €4p -
where:
. € = elastic components,
p = plastic components,
d = diametral components, and
€ = total axial strain. :
© Axial and diametral components of strain are related
through Poisson’s ratio, », as:
€ = — €ge/vo and g, = — ¢4/ Y 2)
The above expressions may be rearranged to yield:
€dp = €1 — €ge
€= — €ao/We — (&1 ~ *'-“'de)/l’p (3)

The diametral elastic strain, ey, is related to axial

stress by means of Poisson’s ratio and modulus,
€ae = = (ve0)/E

Thus: ‘

€=0/E— efv, — (ve0)/(vp) E “
Assuming that plastic deformation occurs under a
constant volume condition;

ry = 1/2
such that:
€= (a/E)(1 — 2 — 264

In an experiment using a diametral strain gage and
an axial load transducer, analogs of ¢ and e, are
continuously available. Provided that elastic con-
stants do not change with cyclic loading, the ratio v,/
E can be found initially from the slope of the elastic
portion of the o versus ¢4 curve and the modulus, £,

may be determined in accordance with Method
E 111

X3. EXAMPLE OF MACHINING PROCEDURE

" X3.1 While the following procedure was devel-
oped for machining high-strength materials with min-
imal attendant surface damage and alteration, it can
be successtully applied to materials of lower strength.
As a conservative general measure, this procedure is
recommended unless: (/) the experimental objective

is to evaluate another given surface condition or, (2) -

it is known that the material under evaluation is
relatively insensitive to surface condition.

v

X3.2 Procedure '

X3.2.1 In the final stages of machining, remove
material in small amounts until 0.125 mm (0.005 in.)
of excess material remains.

X3.2.2 Remove the next 0.1 mm (0.004 in) of
gage diameter by cylindrical grinding at a rate of no
more than 0.005 mm (0.0002 Im.)/pass.

Note XI-—Some cast materials will not benefit
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from successive removal of material in small
amounts, although this proceduse is probably not to
their detriment.

' X3.2.3 Remove the final 0.025 mm (0.001 in.) by
polishing (Note X2) longitudinally to impart a max-
imum of 0.2-pym (8-pit) surface roughness.

Note X2--Bxtreme caution should be exercised
in polishing to ensure that material is being properly
removed rather than merely smeared to produce a
smooth surface. This is a particular danger in soft
materials wherein material can be smeared over tool
marks, thereby creating a potentially undesirable in~
fluence on crack initiation during testing.

X3.2.4 After polishing (Note X2), all remaining
grinding and polishing marks should be longitudinal,
No circumferential machining should be evident

E 606

when visualized at approximately 20X magnification
under alight microscope.

X3.2.5 If specimen matetial is soft (for example,
copper, aluminum, lead, etc.) at room temperature,
final material removal can be performed by means
of turning (rather than grinding) and subsequent
polishing.

X3.2.6 Degrease the finished specimen.

X3.2.7 If heat treatment is necessary, conduct it

before final machining or in such a manner as o

avoid any surface damage; employ an inert protective
atmosphere to eliminate surface oxidation.’

. X3.2.8 If surface observations are to be made, the
test specimen may be electropolished in accordance
with Method E 3. o

X3.2.9 Imprint specimen numbers on both ends
of the test section in regions of low stress, away from
grip comtact surfaces. . wo : ‘

X4, ELEVATED-TEMPERATURE TESTING

X4.1 This Appendix is meant to provide guidance
for conducting low-cycle fatigue tests at elevated
temperatures where time-dependent strains can be
present. Large segments of this recommended prac-
tice are already applicable to testing at these temper-
atures. The following paragraphs provide the neces-
sary modifications to extend the practice for use in
this regime. The numbers in parentheses refer to
sections to which the paragraphs apply.

X4.1.1 Testing is permitted at temperatures and
strain-rates where the magnitades of time-dependent
inelastic strains may be significant, relative to the
magnitude of time-independent inelastic strains (1.3).

X4.1.2 No specific limitations are placed on the
~ type of stress or strain cycling to which the test

specimens are subjected. In particular, hold times on
stress or strain are permitted (1.4). .

"X4.1.3 The presence of time-dependent inelastic
strains during elevated temperature testing provides
the opportunity to study the effects of these strains
on fatigue life and on the cyclic stress-strain response
of the material. Information about strain rate effects,
relaxation “behavior, and cyclic creep may also be
available from these kinds of tests (3.3).

X4.1.4 Additional definitions will be found at the
end of this appendix to cover elevated-temperature
testing (4.1).

X4.1.5 The empirical relationships given in Ap-
pendix XI may not be valid when large time-depen-
dent, inelastic strains are present. For this reasor, all
raw data should be reported to the extent possible.
Data-reduction methods should be elaborated. If the
data are also analyzed, details of the approach should
be elaborated and information should be- presented
to permit analysis by other currently popular tech-
nigues (5.1).

X4.1.6 Satisfactory stress control cycling in the
elevated temperature regime may require a greater
degree of control on stress limits than specified in 6.2.
Time-dependent effects can permit very large strains
to be accnmulated as a result of relatively slight errors
in stress control. Conseéquently, special care should

be exercised in this regime to avoid undesirable creep
strain excursions. When, because of high cycle and
fong life considerations strain control testing is not
practical, a psendo strain coutrol experiment under
stress control is sometimes performed. In this case, it
is desirable to monitor the strain during the test and
to make modifications to the stress as necessary to
remain within the required strain limits (6.2).

X4.1.7 For elevated-temperature testing it is usu-
ally necessary to provide some means for cooling the
fixtures to prevent damage to other load-train com-
ponents such as load cells. One method commonly
used employs water-cooling coils attached to the
fixtures or to other appropriate locations in the load
train. Care must be taken to avoid affecting the load
cell calibration or the load train alignment by the
addition of cooling coils (6.3.2).

X4.1.8 Temperatures are permitted that may be
high enough to produce significant time-dependent
inelastic strains, Data should be presented in suffi-
cient detail to facilitate their use to evaluate the ntility
of currently popular analysis techniques (8.1.1).

X4.1.9 When time-dependent effects are present,
it may no longer be acceptable to control only the
limits of the required stress or strain. Continuous
control of the parameter of interest may be necessary
to obtain the desired intra-cycle response. For ex-
ample, if the load is controlled between total axial
strain limits in this regime, a quite different material
response will be produced than if the total axial strain
is continuously controlled (8.3.1).

X4.1.10 Additional precautions should be ob-

“setved when hold times are employed and time-de-

pendent inelastic strains are present. For example, a
hold on diametral sirain will permit the total axial
strain to change during each cycle and will not pro-
duce correct relaxation information (8.3.2).

X4.1.11 The additional complications of complex
waveforms and time-dependent inelastic strains se-
verely curtail the acceptability of limit control tech-
niques. If the technique of limit control is used, the
intra-cycle and inter-cycle variation of the parameter
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of interest should be monitored, and if necessary,
periodic adjustments should be made to the-testing
machine to produce the desired response. Such
changes should be reported (8.3.3).

X4.1.12 In addition to the preference for triangu-
lar waveforms for continuous cycling tests, trapezoi-
dal waveforms with adjustable hold periods are
needed for hold-time testing (8.4). :

X4.1.13 It should be noted that if time-dependent
effects are present, a reduced testing rate for record-
ing purposes may produce significantly altered stregs-
strain response from that which would be produced
at the normal testing rate. In -addition, a possible
effect of this periodic reduction of rate on specimen
life should be considered (8.5.2, NoTe' 1. ,

X4.1.14 No specific data analysis techniques are
recommended for use when significant time-depen-
dent inelastic strains are present (8.11).

X4.1.15 Dimensional instability of the specimen
(unintentional changes in specimen geometry) may

occur duting the test as a result of time-dependent : -

inelastic deformations. The post-mortem. examina-
tion should include an evaluation of this occurence
(8.11.3). . ,

X4.1.16 Relaxation information should also be
included for hold-time tests. This should include the
values of the relaxed stress, the total amount ‘of
relaxation, and the change in the amount of inelastic
strain during the hold period. Periodic stress-time
recordings obtained with an expanded time scale may
be necessary to obtain the desired resolution and to
fully charactetize the relaxation behavior (9.1.7.1).

X4.2 Definitions-—In addition to the modification
of certain sections as noted above, the following
definitions will be used: .

X4.2.1 inelastic strain, e;—that strain which is not
elastic. For isothermal conditions e, is calculated by
subtracting the elastic strain from the total strain. -

-X4.2.2 hold period; 7y--a time interval within z
cycle during which the stress or strain is held con-
stant.. - .

X4.2.3 total cycle period, T—the time for the com-
pletion of one cycle. : ‘

NoT—r¢ can be separated into hold and non-hold
compdnents, or as follows: h
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T Zrp o Dy, )

where: ‘
29 = sum of all the hold portions of the cycle.
Zrnn = sum of all the non-hold portions of the cycle.
7¢ is also equal to the reciprocal of the overall fre.
quency when the frequency is held constant.

X4.2.4 creep strain increment, Ae,~the change in

the magnitude of the inelastic strain durmg 4 stress

hold period, :
' X4.2.5 The following equations (refer to Fig, X1)

are often used te define the instantaneous stress and

strain relationships for many metals and alloys:

€= i + €, and ‘ (2)
= E‘:’ (Nﬂte Xl)

and ‘the change in strain from any point 1 to any
other point 3 can be calculated as follows:

" a3 o)
€ € = (&"éﬁn + E,;;) - (Emz + F":) 3)
All strain points to the right of and all stress poizits
above the origin are positive. The equation would
then show an increase in inelastic strain from 1 to 3,
or o ' : B
a1 a3
€3in ™ €lin = €3 — € + B @
Similarly, during the strain hold period, the change
in the inelastic strain will be equal to the change i
the stress divided by E*, or .

O'i‘.g‘“‘ﬂ’a

B . )

Note X1-—E* represents a material variable that
may be a function of environment and test conditions,
It may also vary during a test as a result of metal-
lurgical or physical changes in the specimen. In many
instarices, however, it is practically a constant quan-
tity and is used rather extensively, in isothermal,
constant-rate testing, in the analysis of hysteresis
loops. A value for E* can best be determined by
cycling the specimen prior to the test at stress levels
below the elastic Hmit. :

€3in " €gin =

‘ 'FIG. X1 Analysis of a Total Strain Versus Stress Hysteresis Loop Caontainitig a Hold Period

N0
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An Amerlcan National Standard

th ﬁxed dwgnanon E695 the nutber mml;;dlacely followmg the designation mrhxratw the yoar of

n omgnial ‘adopticidor, i the cast bf Yevision} the'yéar of last tovision, Anumber i’ parénthe%s m(lwau,s tﬁb yem‘ of lz\st 1eapp10val A
supuscupt epsilon (r) Andigates: an editotidl ohzm[,u stace the last revision o reapproval, - .

el NormmKoywmds weu, added eduoualiy in March 1997

§11EHS e ear

1 bcope N . o

1.1 Thxs 1 c:'hod cov«als thc m 1;ur¢m@pt ot the wlatwc:
resistance of wa]l ﬂom and ‘roof construcuon t;o mnpac,t
loading. The, test is not applicable fo, d '3,

12 The Valueq stategli in ST units dre 10.be, wgarded as the
standard, .

1.3 This .smndard doe:. m)t purpon to addresv all of the
safety concerns,. if, any, associated ,with its use. It is the
re.spomzbzlzq‘y of th,e userof. this standard to. e,smblz.sh appro-
priate safety and “health practtce.s and determine the app[zccz—
bility of rggulatm 'y limitations, pr;or to use,

2. Refetenced [)ocumenta

"0, ASTM Standards:
D 1517 Definitions of Terms Relating to Imthe;r

ET3 PlaLtl Static Load i';[‘gastmg of Truss Assen)

TESTS, anct e for ﬁapox tmg ‘Data from btructutal 1

Bulidmg, Constructions, Elements, Connecuom, and As-

semblies®
E 661 Test Meihod for, Pexfmmdnco 01 Wood and Wood—
Bdag:d H]XQQI‘ dnci,Rogi Sheathin,g; Undcr ‘Concentrated

22 Other Stcmdards L .

ANSI 72992 Volunta . _ xmdnce Smndalds
for Pressure and Velouty of Shotshell Ammumuon for the
Use of Commercial Manufacturers® T L N

Fadcral Sgcmﬁcaﬂon V»«T ~291E (1) ’I‘hwa(d Lmen

3 1 The procedures outlined w1ll p10v1da ‘dafa that can be
used to evaluaie thc relative, performance of wall, ﬂom, omd
- :onditions. repr er»')@ll(AUV ¥

of Bulldmg‘x and is (h@ Qm;ct SI
and Vertical Structires/Siructural Perform ( '
Current edition approved Oct, 29, 1979.] blmhud Fobx\uary &980. TR
2 Annual Book of ASTM Standards, Vol 15.04,
® Annual Book of ASTM. .S'rqrgdard, A
* Available from, il
Floor, New Youk, NY e
3 Available from Mzmdunhmuon Docuther
Robbins Ave,, Philadelphia, PA 19111-5094, Atin: NPODS.

B ;ind the seaim shall be reinfor od wi th' a ptece of 8-0z leathu*

e " u\:uedteti to 1mpac( by a lieavy
'”leé't' Meihod ]:, 661 for ev'lluatlon of ﬁc:or and

‘ i 'applmd o lddt“l\iely 11ght
construcuoq, ihc uding but hjot' li‘mite‘&'igto‘ WO
SySteins, p partitio;

articiohs
o1, 100f dacldng $ystem, steel siding’ and lel pmels, of thm
con(,fete dnd mdsom y Wails ot slabq and qirmlm* amcmbhe&

4, Summm'y of Method o a?u'i EAINT

EXS Spé"imem of ‘wall, ﬂdor, afid roof - Constiuction are
aubjecfed to the 1mpact forc@ of a "it&ﬁd'lt’d impact instrument.
Wall sections are't n tical pmitlon. Floor and roof
seotion are 'tested O[ﬂyll thie: hotizont; on. ‘Becaus.c of
the inherent difféfénces iiv the rﬁeﬂfz‘od ‘of applyingToad,
medsuirehts obtained froth tests in a’horizontal modé are tiot
comparable to measurements obtamcd fro lc%ls in the vertical

mode. :

TIl ey SO el
5, Apparatus for Floor and Ry ‘3ymms‘, Speumen

Horizontal (see Fig. i)

5.1 Supports, steel rollers, two, on a ugni ba%

5.2 Impact Instrament, made with a lead bh()t—ﬁﬂbd Léather
bag as Specified in 5.2.1-5.26.

5.2.1 “Leiithel—THs leather used in construction of the bag
should be harness leather (Note 1), oak tanned (Note 1) from
packer hides (N 1) br'latigo leather (Note'1), alum and
ch‘etab ¢ tanhedor both, Leather thickness $hdﬂ bc expressed
in ounces (Note 1 (1 07 = 0 4 mm (‘/64 11‘1 ))

Pty b e et iy ab v e 3

Ncym iw ~See Doﬁmtlonh D 1511
5 2 2 Thmadwrhruad e ind brwatnon of Lhu bdg bhdﬂ be

}\}1@{ 0 lqlcr yei L1¢¢11 edgw

overlapping 10 mm (3% in.) each side. The side shall then be

"‘mmed* haltﬁsidc dut and sewed to the bottom: The base (bottom

0'thin (9t It diaieter of 12-07 leather 5 mm
e seam attaching the wall to the base shall be

Copyright @ ASTM, 100 Bawr Harbor Drive, West Gonshohacken, PA 18428-2059, United States.
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i HPACT BAG
MEASU/?/IW“
)
PO | N — .,
o pl peba———— -
I o GAGE BLOCK T
l a
G STEEL ROLLER"pzd

DEFLECTOMETER

|
FIG. 1 Impact Load Test (Specimen Horizontal)

6 mm (¥ in.) from the edge of the base. Two rows of atitclimg

shall be used for the vertical wall seam dnd the seam attaching
the wall to the base.

5.2.4 Hoisting Strap—The sttap to hoist the bag shall be
made from 8-oz leather 3 mm (V% in.) thick by 15 mm (% in.)
wide by 610 mm (24 in) long. The strap shall be passed
through holes, diametrically opposite, in the side walls 40 mm
(12 in.) from the top of the wall, These holes shall be
reinforced with pieces of 8-0z leather and 75 mm (3 in.) square.
The leather strap shall be passed twice through a 50-mm (2-in.)
diameter lifting ring and the ends fastened by sewing, riveting,
or by use of a buckle. To avoid excessive stretching of the
leather wall or failure of the vertical seam, a sleeve, made from

12-07 leather, of the same type as the base of the bag, shall be

fitted to slip tightly around. the lower portion of thc hag Thls
sleeve should be 250 mm (9% in.y hi, gh, .

5.2.5 Lead Shoi—The bag shall be loosely f filled with No.
7Y% (24 mm (0.095 in) in diameter) chilled lead shot, in
conformance with ANSI Z 299.2. Two layers of 75-mui (3-in.)
thick foam rubber or similar padding shall be placcd over thc
lead shot to prevent spxl[age during testing.

5.2:6 The total mass of the bag, including shot, \shal] be
q(l]u‘;ted to the desired level wiih an accurdcy of =1 9% The
mass of the bag may be ad]nsted to “any spcuﬁcd mass,
depending upon the information desired. |

5.3 Measuring Sticks—aA stick, laid off in’* 150-mm {6- m)
tncrements, ot a seres of .stmkf, the lc,ngths of which arg
multiples of 150 'mm’ (6 in.); to, medsure the height of drop
accurately. A graduated sliding pointer, a standard metal tape
measure, or aity similar device that can :1ccurately mcasmc tho
hmght of drop inay be substituted.

5.4 Deflectometer, or other” suitable dcﬂwmrmm equip-
ment, consisting of a metal tube having a base at the lower end
and a clamp at the upper end which supports, by friction, a light
metal rod: The rod shall-be movable inside the tube and bhdﬂ
be gradvated to' 0.25-mm (0.01-in.) divisions,

3.5 Set Gage, consisting of a'light, rigid frame’ havmg tweo
legs at one end'and otie leg at the other end, with the ‘distance
between the legs equal to the span of the specimer. A dial
micrometer graduated to 0.025-mm (0.001-in.) dlvmons slmll
be attached to the frame at midlength, = ..

5.6, Gage Blocks, 300 by 300 mumn (12 by 12-in; ) in mea, and
constru¢ted of metal or.other hard surface miterial; e

201

5.7 Hold-Downs—Clamps or other restraining devices at
the specimen ends to minimize translation,

6. Apparatus for Wall Systems, Specimen Vertical (see

Fig. 2)

6.1 Steel Channels, for support of the specimen at top and
bottom.

6.2 Rollers, cylindrical rollers and two supporting rollers.

6.3 Tmpact bag, measuring sticks, deflectometer, set gage,
and gage blocks conforming to the requirements specified in
5.2-5.7.

6.4 Rigid Supporting Frame, to which the supporting chan-

‘nels and deflection gage are attached.

7. Test Specimen

7.1 Size—The speciméns shall be representative of the

- actual construction as to material, method of assembly, and

workmanship,

7.2 Length or Height—The lengt h or height of specimen for
each element shall be chosen to conform applmﬂ mately to the
length or height of that element in actual size.

7.3 Width—The width of specimen shall be chosen, insofat
as feasible, to include several of the principal load-carrying
members to ensure that the behavior under load will simulate
that anticipated under service conditions. The actual width of
specimens shall be a whole number multiplied by the spacing
of the principal load-carrying members, except for prefabri-
cated panels for which the acinal width shall be the width of
panel used. If the structural properties of a particular construe-
tion are to be campared with another construction, there should
not be a great difference in the actual ‘widths of the spwlmcnt;

7.4 Aga~(‘onstruc,tmnb such as “concrete 'and” masoniy
(brick, structural clay tile, concrete block) for. which Lhc
structural properties depend upon the age of the specimen,
shall be tested not less than 25 days nor more Lhan 56 days dfter
fabrication except in spccml instanices such as the case of
existing panels. This age requir ement applies also to pla@temd
and stuccoed constructions. Other assemblies affectcd by
moistare shall be conditioned o constant Welght or-moisture
content, or for at least 2 weeks at 2() & ’%"( (()8 o+ 6"14) and ()5

it 5 % relative humidity!.

7.5 Number—Tests shall' be ‘miade ‘on a mmimum of thme
like specimens. However, mote tests may be neccweuy depend-
ing upon information and accuracy dwsuod i .

RS L .""{‘,\‘“ ’.'

8. Pr ﬂccdure

8.1 For byrmnctncal walls ctpply the unpact lodd ‘to Lha
outside. face: from, at Icast one: of the specimens; and.fo the
inside face of the othertwo specimens. For asymmeitrical walls,
test.both sides -an equal mumber, of times. This, will require g
minimum of four test specimens. Exception; only one . side
need be tested at.the option of the client and- lahmatmy
dependmg upon information required. The report shall record
which side or sides of the specimen that is tested. For floot and
roof assemblies apply the impact. loads only: to. the upper
finish-floor face of the specimen. 1+ & . . . : .

- Nome 2-Any ciiterla Tor pass/fail of for qtoppmg the test should bc‘
agreed upon between the sponsor and testing agency prior o tésting. Sorfe
possible”points inclitle: the. ability to sustain & spécitied sfatic load- after
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.. IMPACT BAG

" 29-mm (1~in) ROD

FIG. 2 Impact Load Test (Specimen Vertical)

the impact drop; limitation on the instantaneous deflection or residual set;
penetration of panel; destruction of panel (to be defined); of simply a
specified height of drop or number of draps per test from a specific height.

8.2 Point of Impact—If the construction’ has structural
members, that is, studs or joists, test each specimen so that at
least one such structural member will be struck by the impact
bag, Test each specimen also so that the impact bag will strike
the facing midway beywecn two members,

Nore 3—As written, this method may not necessarily define or test the
most vulnerable part of a panel specimen, Additional tests may be required
to locate such an atea if this information is desired.

8.3 Loading-Floor . and - Roof Assemblies-Specimen
Horizontal—Test the specimen as & simple beam on a-span
nominally 150 mm (6 in.) less than the specimen length. The
two supports for the specimens shall prevent Tongitudinal
restraint and shall provide bearing for the entire width of the
apeumen Secure the ends of the panel by hold-downs to
minimize specimen bounce. Take' care 'to assure that the
hold-downs do not affect deflection’ of the specimen, Apply an
impact load to the upper face of the specimen by dropping the
bag beginning with a height of 150 mum (6 in.) and increasing
the height in 150-mm increments. Record set4nd instantinequs
defléction: meastirements’ for each drop. -For the first: drop,
measure’the height of- the bag from. the upper face of the
specimen at a point directly beneath the bag, and for subse-
quent drops, from.a taut gord in contact with the upper face
directly above the supports,

8.4 Loading-Wall Assemblies Specimen Ve’rtual———Pmutmn

202

the speumen on cylmdncal rollers to pmv&nt transverse
restraint. The axes of the rollers shall be parallel to the faces of
the specimens. The two supporting tollers shall be in contact
with the vertical surface of the rigid frame and @a@h roller shall
Test houmnta]ly on.sponge rubber about 15 mm (2 in.) thick
to prévent longitudinal restraint. Support the bag as a pendu-
Tura in the frame as shown in Fig. 2. Take care to assure that the
hold-downs do not affect deflection of the specimen. Apply an
impact load to the middle of the outet face of the specimens by
releasing the bag beginning with a height of 150 mm (6 in.) and
increasing the beight in 150-mm increments. The maximum
useful height of drop will ou,ur when the penduhum or frame
is perpendicular to the specimen, Measure the height of drop
from the point of 1mpact of the canter of gravity of the lmg a5
it stnkeq the speumon to this same pomt when the bag is in the
raised position. Release the bag, by smootb,ly and swiftly
opening the hinged doors, causing it to swing as a true
pendulum thus eliminating wobblmg

8.5 Instantancous Deflection—Use the deflectometer (see
5.4) to measure the instantaneous deflection of the specimen.
Prior to loading, hold the light metal rod in contact with the
middle of the lower tace of the specimen by the clamp. When
the specimen deflects under the impact load, the rod is held in
its lowest position by, the friction elamp, Report readings to the
nearest 0,25 mm (0.01 in.). ‘

8.6 Set—To measure the set; place the set gage on thc uppcr
face of the specifnen. {Take readings. by placing the set.gage-on
the specimen with the legs at the supports and the spindle of the
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i & o905

dial micrometer in contact with the middle of the specimen,
and reading the micrometer, If the set exceeds the range of the
micrometer, place gage blocks between the specimen and the
spindle of the micrometer to the nearest 0.025 mm (0.001 in.).

9. Recordings
9.1 Deflection and Set—For each height of drop calculate
the deflection between the reading of the deflectometer and the

10.2.3 Plan, evaluation, principal cross section, plus other
sections as needed for clarity, and

10.2.4 Details of attachment of test panel in frame.

10.3 Summarize results,

104 It is essential that drawings required by 3.1.6 of

Practice B 575 be provided.

. 11, Precision and Bias

initial reading. Similarly, calculate the set as the difference -

between the reading of the set gage and the initial reading,
Record the maximum height of drop.

10. Report
10.1 The report shall follow the format of Practice E 575, In
addition, the report shall also include the following: \
10.2 Description of test assembly, including:
10.2.1 Size of test specimen,
1022 Details of structural design, including where appli-
cable or required, the design stresses, design loads and safety

factors of all structural members in test assembly,

11.1 Neither the within-laboratory nor the between-
laboratory precision and bias of the impact load procedures
recommended have been established, because any fest data
developed are usually of a proprietary nature and unavailable,
Furthermore, the test method is expected to be used for
prototype testing and not for routine quality control, This
means few specimens of a kind would be tested, making any

analysis unjustifiable,

12. Keywords
12,1 floor  systems; impact loading; toof systems; wall
systems

The Amerfean Soelely for Testing and Materials takes no position respecting the vafidity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the v7l/dlty of any such
pa!ent Fghts, and the rlsk of Infrlmg&nwnt of such t/gl“nt«;, are entirely tha ir owr tasponsibility.

This standard is subject to revision at any time by the responsible technical commitiee and must be reviewad avery five years and
i not revised, eithar reapproved or withdrawn, Your commenta afe Invited efther for revision of this standard or for additional standeards
and should be addressed to ASTM Headquartets. Your comrmenis will receive caraful consideraliaon at a meeting of the responsible
technical committee, which you may attend. If you teel that your comments have not received a fair hearing you should make your
views known to the ASTM Comnittee on Standards, 100 Barr Harbor Drive, West Congshohooken, FA 19428,

This glandard Is copyrightad-by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. Individual
raprints {single or multiple coples) of this standard may be obtainad by comtaciing ASTM at the above address or at 61 0~8.?2»9585
(phons}, 610-832- 955a (fax), or service @asim.org (ewmwl) or through the ASTM website (http AW, SO g)
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45"" Designation: E 711 - 87 (Reapproved 19‘92);

Standard Teat Method for

Gross Calorific Value of Refuse-Derived Fuel by the Bomb

Calorimeter?

This standard is issued under the txxcd destgnatlon E 7113 the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of lzlSt ravision, A number in parentheses indicates the year of last reapproval, A

superscript epsilon (¢} indicates an edltorlﬂl change ince the last revision or reapproval.

1. Scope

1.1 ‘This test method covers the determination of the gross
calorific value of a prepared analysis sumple of solid forms of
refuse-derived fuel (RDF) by the bomb calorimeter method.

1.2 This standard does not purport to address all of the
safety problems, if any, associated with its use. It Is the
responsibility of the user of this standard fo_establish appro-
priate safety and health praciices and determine the applica-
bility of regulatory limitations prior to use. For specific
cautionary and prccautwmuy statements see 6.10 and Sec-
tion 8,

2. Reférenced Documents

1 ASTM Standards:
D 1193 Specification for Reagent Water? . ;
D3177 Test Method for Total Sulfur in the Analysis
- Sample of Coal and Coke?
E 1 Specification for ASTM Thcrmometcrs“ »

B 180 Practice for Determining the Precision of ASTM

Methods for Analysis and Testing of Industrial
Chemicals®
E 775 Test Methods for Total bul(ur in the Andlymb
- Sample of Refuse-Derived Fuel®
E 790 Test Method for Residual Moisture, in a 2 Refuse-
Derived Fuel Analysis Sample$
E 829 Practice for Preparing Refuse-Derived I‘uels (RDF)
Laboratory Samples for Analysis®

3. Terminology .

© 3.1 Definitions: \ :
ENRE «calorific value—the heat of u:)mbustmn of 2 unit
quanuty of 4 substance. It may be expressed in joules pet
gram (J/g), British thermal units per pound (Btu/lb) or
wlones per gram (cal/g) when required. S
! NoTE |-—The unit equivalents are ‘as follows;
1 Btu (Intemational Table) = 1055.06 absolute Joulm
¢ 1, Calorie (International Table) = 4,1868 Abwlute Qules
[ Btu/lb = 2,326 J/g o : D
1.8 Btu/lb = 1.0 cal/g . . .

3 1.2 gross mlorzf ¢ value—ihe. heat produwd by combu‘;m

l’llm tost metlmd is. undel thc Junsdxctnon ot AbTM C omrmttet, D 34 on
Waste Management and i is the direct rcbponsxbxlxty of bubmmuutm 34,08 on
Thermal Treatment,

Current edition approved Aug, 28, 1987, Published October 1987,

2 Annual Book of ASTM Standards, Vol 11,01

3 dnnual Book of ASTM Standards, Vol 05,05, -

+ Anntial Book of ASTM Standards, Vol 14,03,

3 Annual Book of ASTM Standards, Vol 1503,

6 dnnual Book of ASTM Standards, Vol 11.04,

265

(]

tion of a unit quantity of sohd fucl, at constant volume, inan
oxygen bomb calorimeter under speuﬁed condmons such
that all water in the products remains in liquid form.

3.1.3 net calorific value—a lower value calculated from
the gross calorific value. Tt is equivalent to the heat produced
by combustion of a unit quantity of solid fuel at a constant
pressure of one atmosphere, under. the assumption that all
water in the products remains in the form of vapor,

3.2 Descriptions of Terms Specific to This Method., ,

3.2.1 calorimeter—describes the bomb, the vessel with
stnru and the water in which the bomb is immersed. '

3.2 energy equivalent-—the energy required to raise the
temperature (Note 2) of the éalorimeter system | °C (or 1°F)
per gram of sample. This is the number that is multiplied by
the corrected temperature rise in degrees and divided by the
sample weight in grams to give the gross calorific value af’tef
thelmochcmmdl corrections have been dpplmd

. Note 2-~Tempoerature cll'mgc is measured i 111 thermal units. lmn—
pmmtur@ changes may also be recorded in electr omotive force, ohins, or
othier units when other types of terperature $ensors are tsed, Consistent
units must be used in both the standardization-and actial calorific
determination. Tlmc is cxpressed in minutes. Weu,hts are measured in
grams, . : L

3.2.3 refuse-derived juels*wsohd forms of refuse-derived
fuels from which appropriate qnaiytlcal samples may be
prepared are defined as follows in ASTM STP 832: R

Rl)lwlw-Wastcs used as a fuel in as-discarded formm wuth

only bulky wastes removed,

RDF.2~Wastes procusml 1o coarse pamclc size w1th or

without ferrous metal beparatmn ‘

RDF-3-Combustible waste fraction proces,sed to pdﬂlcle

.. sizes, 95 % passing 2-in. squaye screening. . ., -

RDF-4—Combustible - waste fraction processed into

powder form, 95 % passing 10-mesh screéning.. -

RDF-5~-Combustible waste fraction densified - (com-

" pressed) “into - the fmm of pcllets, slugs, cubette:s, or
briquettes. )

Y

4, Snmmary of T est Method

4.1 Calorific value is detemmwd in this mclhod by
burning a weighed analysis sample in an_oxygen bomb
udl()11inetcr under controlled conditions. The calorific value
is computed from temperature observations made before and
after combustion, taking proper allowance for thermometer
and thermochemical corrections. Either 1solhcxmdl or adla»
batic calorimeter Jack@ts may be med ' .

-

7 Thmmnus on R(‘so!m(’ Rcwve:y ’lermmology ASTM MP 832, ASTM
1983,:p. 72, ey Y
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5. Significance and Use

5.1 The calorific value, or heat of combustion, is 2
measure of the energy available from a fuel. Knowledge of
this value is essential, i ase:ssmg, the commercial worth, of
the fuel and to provi
producer and user,

6. Apparatus |

6.1 Test Room—The' dpparatus should be opumted ina
room or area fiee of drafts that can be kept at a réasonably
uniform temperature and humidity for the time required for
the' determination. The appdkatds should be shieldéd from
direct Sunligm ‘and’tadiation from other"sglirees. Contrc)lled
room temperatlie and Runhidity are d%,snable e

‘82 Oxvgen Bomb, constructed of matcnale that are not
affeéted by the compusmn Iﬁmcaqs o product‘% ‘sufficiently
to’ mtroduée micasurableheat ‘thput’ or ahérano\"of md
products‘ If the bomb 1‘;:, ; 1 tinuiti of. gold, "all
openings, shall be sealed to’ plevent qombl, ‘o’n products
from reach}ng the paw mayal The bomb %hall beé des1gned 80
that all’ [1qu1d combuspon pxoducts can., be completely
recovered by washin the, innef sutfaces. There shall be no
gas, leakage during a. test. The bomb. shall be qapd)l@ of
withstanding. a; hydrostatic pressure test to, 21, MPa. (3000
psig)at, room, temperatule w;thout suefismg any part beyond
its elastic limit, . o

6.3 Calortmemry« madc of metal (pmfembly cOpner m’
brass) with a tarmsh-remslant coatmg and w11;h all outer
surfacpb highly pohshe s’]sxze shall; lpc such that the bomb
will he completely immersed,in water whei, the, calorxmc{m
is assembled. It:shall haye.a deviee. for &umng the water
thoroughly and at a vuiform rate, but with minimum heat
input. Continuous stirring for 10 min shall not raise” the
calorimeter temperature more than:. 01°C (0,02°F) starting
thh jidentical . temperatures in. the, alqumeter, room, and
Jackct The 1mm¢rsed portion of the sum:l;sshall hc couplcd
to the oulmde thrgugh a materlal of low heat cqnductlwty

6.4 Jadker~The calorimeter shal‘ o ely enclosed
w1t111n a stirred. water Jacket dnd supporied so that its ‘sides,
top, and bbttdm afe approximaltely 10" mm“from the';acket
walls. The jacket may bi'dttanged so'as'to ‘reradin ‘at onstant
temperatire of-with™providions for rapidly”adjusting the
jacket ternperatuie to: equal ‘that of the calorimeter for
adiabatic-operation: It shall be construéted s that any water
evaporating: fmm the jiacket -will not condense on the
CAlOTEMCIEE, vt gt e alehpe b RO

650 hermomelersm»Tcmpmatures in the caloumctm and
jacket shall be measured with the following thermometcm or
combinations thereof:

6.5.1 Mercury-in-Glass Thermometers, conforming to the
requwsmente fqr Thermameters 116°C or 117"C‘ (‘36°F or

T°F) as prescubed in Spwdic%mcm E L Othe;r thermomelers
(ﬂ‘ cqua “or better” accuracy afe Sausfactory These | the -
etérs shallbe tested for hdourady APainst a i ‘
(prefcrably by the Nauonal Bureau of Standa :
no.gredter than 2,0°C (3 6°F) quer. the entire graduated scale.
The maximum dﬂference in cor ion etWeen ary two test
points shall not be more than 0.02°C (0.04°F),”

6.5.2 Beckmann Dw%remml Thermometer, having a
range of approximately, 6°C in 0.01°C subdivisions, reading
upward and conforming to the requirements for Thermoms

“the " Basis ' of - cohtract™ between - testi Pointy'shall’

eter 115°C, as prescribed in Specification E 1. Each of these
thermometers shall be tested for accuracy against a known
standard at, intervals no larger 1,han 1°G, over the entire
graduated scale d ¢

6.5.3 (,alommetrw [ vpe Plazlnum Rési starice. Thermom-
eter, 25-, tested for accuracy agamst a known standard.
6.5.4 Other Thermometers—A high. pmmon electronic

- thermomiéter éiploying balancéd thermistors or a quartz
thermometer may be-used, provided: the. temperature rise

indication s accurate within +0,003°C per 1°C rise.

6.6 Thermometer Accessories—A magnifier is required
for reading merr,urywlmgldss thermometers to one tenth of
the strallest scafe d1v13101;1 ﬂns shali hs
demgnc;d S as \ ' icant erfors, due 1o
parallax A thdts'tonﬁ* b 1dg,c nd galvanomctel capable’ of
mcasurmg resxstanqq to 0; 0001 k) are nawssdry for use wuh
registance, thermometers, )

6.7 Scimple Ha]der—T-Sdmples shal]. Be bumed in.an’ opep
crucy] le of pla‘cmum, qu.mz, or aocqptable basq ~metal alon
Base-rietal ‘alloy crucxbles are’ agu,ptablc if after a fow
prélininary firings the weight docs not change mgmfic@miy.
between tasks,

6.8 Firing Wire shall be 100 mmof No. 34 B & 8
nickel-chromium alloy wire or 100 mm of No 34B &Si iron
wire, Equivalent platinum or pallddmm* wn‘e fnay be used
provided constant ignition nergy'is qupphed ox measured
and’ appropriate corrections made, ¢

6.9 Firing Circuit—A 6 t 16 WV a]ternating ot dlrect
current is requn'ed foi"igmtmn purposes ‘with'an amnieter or
pﬂot Tight' i thie circuit to indicate When' Surrent i fiobvmg A
stépdown trdnsfornér? cotitiected to ‘an altemdtmg umwm
hghung circuit or batteries may be used. 3

76:10 CAUTION: The ignition circtit ‘Switch shall be ‘of
momontary double- oontact typ normdlly open, _except
whith feld “"¢loded by ‘the operator. The switch should be
deprcssed only long cnoug‘h* ﬁre 1he bomb o

&

7. Reagents

7.1 Purity of Reagents—Reagent grade cherticals shdll be -

used in all tests. Unless otherwise indicated; it 1s intended
that all ‘redgents' shall donfoim 10¢ the Specifications of the
Conimittée on" Analytical Ruagents of the American' Cheti-

ical-Sociaty, where such specificatiohis' are-available.® Other:

grades may be used, provided ity fitst dscertiined ‘thdt the
reagent is of sufficiently high purity. to permit.its vse- without
lessening the accuracy -of the-determination.

7.2 Purity of Water-~Unless otherwise indicated,: rcfur»
ences to water shall be understood to mean wagent water
Type 111, conforming to Specification I 1193, " -

1.3 Benzdic Adidy Standard (CHyCOOH)-Use National
Bureau of Standards SRM (Standard Reference Material)
benzaic acid. The crystals shall be pelletized before- use.
Commcrcm 1y piépared pellts ‘miy be used 'prowded they
are ‘made’ “froit Nduon%ﬂ Biiféau' f Standalds bénzdle acid,

N ”A L e ~i‘u‘-u‘ TS

L u)ll)Jl el

[ECN RIS T

8 “Reagent Chericals, Ameriden:Clethical bociets} & )éciﬂcmlons,” Am Ohém-
ical Soc., Washington, IDC. For suggestioiis onthe tsstingsof reagdnté riot listed by
the American Chemical Society; .see’ *Anafar.-Standards for Tabdritory UK,
Chemicals,” BDH L., Poale, Dorset, atid the ¥United States: Phartiidcopeia,™

ave a lem and hok‘lcr‘
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The value of heat of combustion of benzoic acid, for us¢ in
the calibration calculations, shall be in accordance with the
value listed in the National Bureau of Standards ccrtiﬁcate
issued with the standard.

7.4 Methyl Orange, Methyl Red, or Methy! Purple 1ndz~

cator may be used to titrate the -acid formed in the
combustion. The indicator selected shall be used consistently
in both calibrations and calorific determinations.

7.5 Oxygen, free of combustible matter, Oxygen manufac-
tured from liquid air, guaranteed to be greater than 99.5 %
pure, will meet this requirement. Oxygen made by the
electrolytic process may contain a small amount of hydrogen
rendering it unfit without purification,

7.6 Sodium Carbonate, Standard Solution (0.34 N)—One
millilitre of this solution should be equivalent to 20,0 J in the
nitric acid (HNQy) titration, Dissolve 18.02 g of anhydrous
sodium carbonate (Na,CO4) in water and dilute to 1 L. The
Na, (O, should be previously dried for 24 h at 105°C, The
buret used for the HNO; titration shall be of such accuracy
that estimations to 0.1 mL can be made. A more dilute.
standard solution may be used for higher sensitivity,

[

8. I’recautmns

8.1 Dué to the ongmq of RJ)E* in mumupal Wd‘)tb‘f

common sense dictates that some precautions should be
observed when' conducting tests on the samples. Recom-
mended hygienic practices include use of gloves when
handling RDF and washing hands before eating or smoking:

8.2 The following pmmuttons are 1ecommcnded Im saie
calorimeter operation;

8.2.1 The weight of solid fuel %lmplc and the pu,ssum of
the oxygen admitted to the bomb must not’ cxceed tlu bomb
mianufacturer’s recommendations.” *

8.2,2 Bomb parts should be inspected ccuetully after each
use. Threads on.the main closure should be checked fre-

.quently for wear. The bomb should be returned to the
mamifacturer occasionally for mspcc‘uon and posslbly proof
of firing.

8.2.3 The oxygen supply cylinder should be equipped
with an approved type of safety device, such as a reducing
valve, in addition to the needle valve and pressure gage used
in regulating the oxygen feed to the bomb. Valves, gages, and
gaskets must mest industry safety codes. Suitable reducing
valves and adaptors for 2 to 3.5-MPa (300 to 500-psig)
discharge pressure are obiainable from commercial sources
of compressed gas equipment. The pressure’ gdzje shal] be
checked periodically for accurdcy. R

8.2.4 During 1gmmm of a samplé, the operator shall not
permit any portion of his body to extend over the calorim-
eter.

9. 'Samplmg .

9.1 RDF pmducts arc ﬁequently nonhomoz:,cnwub Ior
this reason significant care should. bc, exercised to obtain a
representative Iab()ratory sample for thc RDF lot to be
chamcteuzpd , .

“%ASTM: Subcomumittes E38.01"is currently in the process of developing
proceducss for sampling RDF-3 and the preparation of an' ;m:nlym sample The
chairman of E38.01 should be contacted for detalls .

-drain the excess water and leave undried,

267

9.2 The sampling method for this procedure. should bc
based on agreement between the involved parties.

9.3 The laboratory sample must be air-dried and pamcl(, "

size reduced to pass a-0.5-mm screen as de@mbed m Pmuuue
E 829. '

10, Standardization

10.1 Determine the cnoxgy equivalent of the calonmctcr
as the average of a series of ten individual runs, made over a.
period of not less than 3 days or more.than 5 days. To be
acceptable, the standard deviation of the series shall be 6.9

kJ/°C (6.5 Btu/°C) or less (see Appendix X1, Table X1). For

this puxpme, any individual run may be dl%ardcd only if
there is evidence indicating incomplete combustion. If this
limit is not met, répeat the entire scrics until a series is
obtained with a standard dcvmtum below the dt,wptahle
limit,

10.2 The weights of the pelletq of benzoic acid in cach
series should be regulated fo yield the same temperature mse,
as that obtained with the various samples tested in the
individual laboratories. The usual range of weight is'0.9 to
1,3 g: ‘Make cach determination in accordance with the
procedure described: in: Section 1, and compute the cor’
rected temperature rise;. 7, as described in-12.1. Determine:
the corrections for HNO, and: firing wire as described in 12, 2
and substituté into the following equation:

‘ 'f'"*[(ll)(g)meyke +@]><t

where:
B’ = enérgy equivalent, J°C, e ey s
H = heat of combustion of bmmm ac1d ‘as statcd m the

National Burgau of Slandcuds ccrtlilcdtc, J/g /g,,

f

g = weight of benzoic acid, g

¢ = corrected temperature rise, °C,

ey = titration correction; L T e

ey = fuse wire correction,J, and I T
¢, = correction for ignition energy 1[' mcasured and wr-

rected for, I. -

10.3. %Landardlzatmn tests shoul d be l‘bpbdl(,d after
changing any part of the calorimetersand occasionallyas'a’
chcclc on both,yalonmeter and operating technique.

e e S m‘

11, Prmedure ' M;‘

11,1, Weight of éample—"l horoughly mix thc analys&
sample of solid fuel in the sample bottle, taking care that the:
heavies abd lights (fluff) are distributed In the ‘;dmple (Note
3).C arefully chgh appmmmatcly 1 g of the sample dmctly
into the ‘erucible in which it is to be burned of into a tared
Wughmg scoop from which the sample is transferred to the
crucible, Welgh the sample to the nearest 0.1 mg. Some form
of compaction may be necessary to- ensure satmtacloxy
xgnmon and compl&t@ combustlon ‘ )

¢ NOIL 3—In the event seglegatlon of thc ht:avle'». dnd ltghts camwt bo
avoided, attempt to remove sample from the bottle in such a way that R
representative sample is transferred, |
NoOTE 4--Perform the residual moisture dctcrmmqmm ol 1hc sumpl
almultaneoudy using Test Mt,thod B 790, .

11 2 Water'in BombmAdd 1.0 mL of water to the bomb
by a pipet. Before adding this water, rinsei the: bomb xmd

N
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1.3 Firing Wire—Connect a measured length of firing
wire to the ignition terminals with énough slack to allow thie
ﬁnng wire to maintain' contact with the saraple: L

11.4 Oxygen—Charge-the bomb with oxygen to a consis-.
tent pressure between 20 and 30 atm (2.03 and 3.04 MPa).
This pressure must remain the same for each calibration and
for each calorific determination. If, by accident, the oxygen
introduced into., the bomb ghould exceed the s‘pemﬁed
pressure; do fot procwd “With the combusuon Datach the
filling * coimectian and exhabist the bomb in the usual
fmanner, Discard this safiple.

11.5 Calorzmeter Water—-It is recammended that calo-
rixneter ‘water temperaturc be adjusted bctme weighing as
follows: ‘

11.5.1 Isothermal Jackét Method, 1.6 to 2.0°C (3.0 to
3.5°F) below jacket teraperature (Note 4. -

11.5.2 Adlabatic Jacket Méthod, 1.0 to' 1.4°C (2.0 to
2.5°F) below room temperatule

NOTH Sr«mlhm mmal adJustmem will- ensure a final temperature.
sllghtly above that of the Jacket for calorimeters having an enerpy.
equwaleut of approxtmatcly 200 J/K (2450 cal/® C) Some opierators
prefer-a lower iritial tempirature so that the final tetpétatue is slxghtly
below that of the jacket. This proceduw is acceptable, provided it is used
in alt tests, including standardization, Use the same amownt (0.5 g) of
water. in ihg. calorimeter vessel for esch est and for. calibration. The
amount of water (2000 g is ysual) can, be most.satisfactorily determined
by weighing the calorlmet&:r vessel and water togcthcr on 4 balance. The
water may be measured volumetnml]y if it,is. always measured at the
same temperature, Tap water may be satlsf'tctory for use in calorimeter
bucket.

11.6 Observations, Isothermal Jacket :M'erhodwi\ssemble
the, calorimeter iu the jacket-and start the. stitrer. Allow 5.
min for attainment of equilibrium; then record. the calorin-

eter temperatures (Note 6) at |-min;intervals for 3 min, Fire

the charge at the start of the sixth minute and, record the time

and temperature, 7% Add to this temperature 60 % of the.

expected tempcmturo rise, and-record: the time-at; which the

60 % point.ds. reached (Note 5).After the rapid-rise period.

{ahout 4 to 5 min), record temperatures at [~-min intervals on
the minute until the difference between successive readmgs
has been.constant for 5.min. :

Note 6--Use & magiifier and éstimate all readings (except those
during the rapid rise period) to the nearest 0.002°C (0.005°F) when using
ASTM  Bomb Calorimeter Thermometer 56( (561 ). . Estimate
Beckmann thermometer wadmgs to the nearest 0.001°C, Tap mercurial
thermonmteters with a-pencil just before reading to avoid errors caused by
mercyry sticking to'the walls of the capillary, -, o

. NoTg 7—When the approximate: equuted Xise is unknown, he time
at which; the temperatyre reaches.60 % of tbc total can be determmed by
recondmg t(,mperatures at 45 60 75, 90, and 105 § after firing and
intén p()latmg

1L7 ()bkservarwns /ldzabazzc Jacket Method»—-uAssamble]

the calommcter in the jacket and start the stirrer. Adjust the
Jacket temperature to be cqual 1o or shghtly Iowcr than the

calorimeter, and run for 5 min to obtain equilibrium. Adjust
the: jacket temperature to match the' calorimetér with
+0.01°C~(0:02°F) “and’ hold' for' 3 min, Reéord the {nitial

temperature (Note 6) and fire the chargc Adjust the jacket

temperatuw ‘to’ misitch “that .of' the calorimeter dqung the
period of rise, keeping the two temperatules as nearly equal
ass powble*durmg the ‘rapid’ rise; and adjusting to within
#0.01°C (0.02°Fy. when: approaching the final equilibrium
temperature, Take calorimeter readings at l-min intervals

268

until the same temperature is observed in three successive
readings. Record this as the fifial ‘cemperatune Do not' récord’

time" idtervals ‘since they are not cntlcal in the acilabanc
method.

1 1.8 Analysis of Boynb C,(mtz)nrs'-Reche the bomb and
release the pressure-at a uniform rate, in stich a way that the
operation’ will require ot less than | mid. Exariine the
bomb interior and discard tlie test if anburned sample or
sooty deposits are found. Carefilly washi the interior of the
bomb mcludmg the capsule with distilled or deionized water
containing the titration indicator until thé ‘washings are free
of «acid: Collect the washings ifta béaker and  iiteate ‘thé
washmga with standard carbonate solution, Remove and
measuré or-weigh the comlﬂmd pieces of uhburned firing
wite, and subtract from the ‘original length or wéight to
determine the wiré consumed in firing, Determing the sulfur
content of the sample by- any of the pr ocedures descubed m
Test Methods E 775

Calculatmn

12 1 Temperature Rise in Isothermal Jacket Calorime-
ter—Using data obtained as prescribed in 11,6, compute the
teperature rise, 7 in an 1sothermal jacket calorimeter as
follows; '

L T=T =T, - - e~ b)

where: : ' .

T = corrected temperature rise,

a = time of firing, | i

b = time (to nearest 0.1 mm) when tlw ;wmperature rise
reaches 60.% of total,

¢ = time at beginning of. period in whlch the rate of-
temperature change with time, hab become constant

-+ -, [(after gombustion), . ...
T, = temperafure at time of ﬁnng, c01rected tor thermom«
. eter.error (Note 7),

I, = tempergture at- tlme "G, ler@cted fm thermometcr
error (Note 7),

r, . = rate (tcmperatuw Lnits per minute) at which tempcr-
‘ature was mmg during S-min pemod bctore firirig,.
and -

Py = rate (tempemture umts per mi nute) at WhICh tempers -

ature was fising dunug the 5-min peried after time c.
If.the temperature is falliog, #, is negative and the
- quantity r, (¢ — b) is positive,
1? 2 Temperature Rise in Adiabiotic Jucket Calorzme~
()rmUsmg data obtained as prescribed in 11.7 compute the
corrcct(:d temperature rise, 7, as follows:

U T . 7_7} T'
where:

T = correcled temperature rise, °C or °F,

T, = initial temperature when charge was ﬁred corrected

for thermadtneter éfksr (Note 8); and - i
T, = final témpétatire corrected for therniometer eitor.

NoTe 8-<-With all ietcufy-insgldss* themloﬁwtem it is necdssary to’

make the following corrections if the total heat value is altersd by 12 J/g fi3
or more. This represents a change of 0.001°C (0.002°F) in a calorimeter
using approximately 2000 g of water. The corrections include the
calibration correction as stafed on the calibration certificate; the: sotting
correction for Beckman . thermometers, accorditig: to -the  directions
furnished by the calibration authority, and the-correction for smergent
stem. Directions for these corrections are given in Appendix X2.
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12,3 Thermochemical Corrections (App@ndix X3H)—Com-
pute the following for cach test:

correction for the heat of formation ot 11N03, J. Fcu,h
millilitre of standard alkali is equivalent to 20.0 J.
e, = correction for heat of formation of H,80,, J
= 552 % percent of sulfur in sample X weight of
sample, g.
e, = correction for heat of combustion of firing wire, J
(Note 10)
= 9.6 Jfcm or 5980 J/g for No. 34 B & 8§ gage Chromel
C
= 11,3 J/em or 7330 J/g for No. 34 B & 8 iron wire.
e, = correction for ignition energy of platinum or palla-
dium if measured and corrected for:
Notg 9—There is no correction for platinum or palladlum wire,
provided the ignition energy-is constant. . :

12.4 Calorific Value,

]

€

12.4,1 Calculate the gross calorific value (grosq heat of

combustion) as follows:
=[(T)E) ~ ¢ ~ 92 - (’4]/3

where:

H, = gross calorific value, J/g,

12,2, °C or °F, consistent with the water cqmvalcnt
. .value,
energy equwalent (see Se,ctmn 1()), -
e, &, €5, &4 = cotrections as prescribed in 12 3, and
g = weight of ,samplc, B

y
ii'

APPENDIXES .
(Nonmandatory leformation)

‘X1, CALCUI ATION OF S’I‘ANDARD DEVIATIONS I*OR (;ALORIMI‘TER ‘GTANDARDIYATION

X1.1 The example. g1ven in Table X1,1 illustrates the
method of calculating smndard devmtlons for calorimeter

o

T = corrected temperature rise as calculated in (2.1 or’

TABLE X1 1 Siandard Deviations for Calorimeter

12,42 Caleulate the net calorific value (net heat of

combumon) as follows:
H; = H,~ 2396 (HX 9)

where: . , , ;
H; = net calorific value (net heat of combustion), I/g, '
H, = gross calorific value (gross heat of combustwn), J/g,

and
total hydrogen, %.

H

b

H

13, Precision and Bias*’

13,1 Precision-The standard d«evmtmns of 1nd1v1dua1
detormmatmns, in Btu/ib, are:

Withine Petween- *

Average laborgtory . laboratories
HHY-1! . : L

G400 27.1 1353

5200 488 239.6
HEY-2: - ' . o

7900 - - ) 323 . 1180

7400 T38.1 2218,
HIV-3: ’ e

9700 o 13 C . 2904

9500 99,2 249.2

9300 40.3 67.6

13.2 These precision estimates are based on an mtearlabo—
ratory study conducted in agcordance with Practice E 180,

10 Qupporting data are available on-loan from ASTM Headquariers, Request
RR:E38-1000. R o . L

stdndardlz'mons

‘

R , - . Standardization? o ‘ tre .
‘ Colurn A - Column B . K e
. o " Water Code to - “Colun G - T o e T T :
S“”’;\ﬁ?{'{fg‘;ﬁt'm . Equivalent, - 4400 © - . {Column P T PR R
. (Btuflb) X ~ {Colurmn - . BR ’ , ’
: 9°C) .- add00)
1 4412 12 , 144
2 4407 oy L4t
; g " 4415 B o225 . . :
CA s 4408 8 .64 ‘ T
5 4404 S [ ‘
N 6 4406 6. 36 Lo
7 " 4409 s . 8 S
8 4410 - .- 10 . 100
‘ ; 9 S A4R 12° . o144
10 .. 4409 9. 8l ,
; Bam - 3 LI B0 .

" 'Variancé = §2 = Colurrn ¢ -

‘ Avaraga 2= x/10 = (92/10) + 4400 = 4409 .
(Collran BYE/njn ~ 1= 940
Standard deviation, s = Varance = 10.4 s 8,22

<9é)é/‘1 0/9 %"‘,‘1 0.4

. L Aln this example the values of water equivalent are typlcal for a calorimeter
v ! calibrated such that the water equivalent multiplied by the tamperature tise in °C/g ) R
“ of sampls will give the calorific value of the sample in Btu/ib. ' - - ' : ‘
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X2.1 It is necessary to make the following corrections’ m
the event thcy resulv in an equlvalen’c change of 0. OO]"C or
more. ¥

X2.1.1 Calibration Correction shall be made ;n ac,corc!
ance with the calibration certificate furnished by the calibra-
tion authority. y ,

X2.1.2 Setting Correction is necessitry for thé Beckmann
thermometer. It -shall- be ‘made; in -accordance with  the
directions furnished by the calibration.authority.

o "“Xz frimioNE e CORRECTIONS ' ™

X2.1.3. Differential Emergent Siem Correction—The cal-

culation -depends upon the way the thermometer was cali-
brated And how it is used. Thc following two condltwns are
possible:

(a) Thermometers C lzbmted in Total Immersmn and
Used in Partial Immersion—This emergent stem correction
is made as follows;

‘ ‘Concctmn = K(£, w t) (ot by = L= T) ..

where:
K= 0.00016 for thermometelb calibrated in °C, :

= 000009 for thetnioniéters calibrated in °F, "
L = scale reading to which the thermometer was immersed,
T = mean temperature of emergent stem,
1, = initial témperiture reading, and
t, = final temperature reading,

R, e R A SN

NOIE XZ I: Examyle—-Suppmé‘thﬂ poin%‘f " % whxch thc,[thc,rmom«
eter was imthersed wis 16°C; its Initfaliréading, k,, was 24.127°C, its final
rebiding, 1> was 27.876°; :the inédii terhperature of the emelgem stemn,
T, was 26°C, e
then: - Lo R
I)lﬂ"erentlal stcm corremon D

U = 0.00016 (387 24) (28 $34'~16 — 26)
=+ 0.006°C
(&) T hermometers Calibrated and ' Used in Pértial Timer-
sion” but'at & ])iﬁ‘erent flemperatwe than zhe Calibration
Temperalure——'l“hlé t:mcl*gent stein correctxon s’ "fnade as
follows: - o e i o
Correction = K(tm d) (Zi = t) :

whole,, CHER T

=0.00016 for thermoreters: c,allbrdted in °("‘
0.00009 for thermometers cahbratud in °F'

Ié

t, = initial temperature reading,
f. = final temperature reading,
t; = observed stem temperature, and

E! iE

. stern, tqmperature at which, the th¢rmometer was cali-
I‘é\.

“Not: 5&2 2 ImamplemSuppose thé initial reading, ,, was 80"l~ the
final reading, ¢, was 86°F, and that the obsex ved stem temperature, r,,
was 82°F, and the calibration lémpcmmre £ wids 72°F; theni
DIITerentlal steim coriéetion Ce

000009 (8( 90)(82 ~ 72)
= 0,005°F

X3. THERMOCHEMICAL CORRECTIONS

X3.1 Heat of Formation of Nitric Acid—A coxireéﬁfiﬁ (e ', '
in 12.3) of.20,{:is applied for each 1:mL of standard NasCOs .1

solution used in the acid titration. The standard solution
(0.34 N) contains 18,02 g of Na,CO,/L. This cdrrectiot is

based on assumption that all the acid titrated is HNO,
formed by the following reaction: 2 N, (g + % O, (g) + Vo
H,O0 (1) = HNO; (in 500 mol H;0), and (2) the eneigy of

formation of 1 mol of HNQ, is approximately 500 mol of -

kbal/moiof sulfur was applied in the e, correction, so the
.additional correction necessary i8-70.5 = (2. %, 14,1) = 42.3

"keal/mol or 5530 J of sulfur in the sample (55 2 T welght of

water under bomb conditions is 14.1.kcal/mol.® When"

H,S0, is also present part of the correction for F[;,‘SO4 is
contained in the ¢, correction and the rcmamder in the e,
correction. ‘

X3.2 Heat of Formation of Sulfuric. Aczdey definition
the gross calorific value is obtained when the product of the
combustion of sulfur in the sample is 80, (g). However, in
actnal bomb combustion processes, the sulfur is found as
H;SO4 in the bomb washings. A corre¢tion (e, in 12.4, 1) of
55.2 J is applied for each percent of sulfir in the l-g sampk:,
that is converted to H,80,. This correction is based upon the

energy of formation of H,SO, in solutions such as will be..

present in the bomb at the end of 3 combusuon This enmgy
is taken as ~70.5 kecal/mol.!! A correctxon, of 2 X, 141

samplc Aigidms % sulfir in sample).

X321 Thie-vahis of:5520 T/ of e,ultumls bamd ora :coal:
containing about 5 % sulfur and about 5 % hydrogen. The
asswmption:is alse nrade that the H,SO, is dissolved entirely
in witer condensed during combustion of the sample.'> If a
1-g sample of such a fuel'is burned, the resulting H,80,
condensed with water.formed on the walls of the bomb will
have a ratio of about 15 mol of water to 1 mol of H,SQ,. For
this concentration the energy of the reaction.

S0, (8) + %0, (g) + H,0 (1) = H,50, (in 15 mol H,0)

under the conditions of the bomb process is ~-70.5 keal/mol.

X%:2.2 Basing the calculation upon a sample of compara-
tively large sulfur content reduces the overall possible erTors,
becayse for smaller.percentages of sulfur the correction is
smaller,

XA.3 Fuse Wire-~Calculate the heat in SI units contrib-
uted "By burning, 1;he fuse wire in accordance with the
directions lurnmhed by the supplier of the wire. For example,
tho hoat g)f ,gémbustlo’n ”of No. 34 B & S gage Chromel C wire
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is equivalent to 9.6 J/em or 3980 J/gand that of No, 34 B &
S gage iron wire is equivalent to 11,3 J/em or 7330 J/g. There

X4.1 Reporting Results in British Thermal Units (Btu) per
Pound—The gross calorific value can be expressed in British
thermal units by using the thermochemical correction factors
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i8 no correction for platinum or palladium wire provided the
ignition energy is constant,

X4, REPORTING RESULTS IN OTHER UNITS

in Table X4.1 and the water equivalent exprew;d in (Btu/lb)
X (g/ )

TABLE X4.1 Thermochemical Correction Factors (Units in BTU)
eetion | Multipli- :
. Correetion . cation Factor Multiply by

e, (HNO3) . 10,0 mL. of 0,394 & NayCO; solution

ey (H,80,) XN % of sulfur in sample times weight of’
o ! sample in grams
¢y (fuse wire) 4.1 or om of No. 34 B & 8§ gage Chromu C.
. wire ) . .
2570 ¢ - weight (g) of Chromel  wire o
¢y {fuse wire) 4.9 or am of Mo, 34 B & § gage iron wm. S R s
3150 weight (g) of iron wire : : P

o F

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted /rr ébnnwﬂah‘
with any ltem mentioned I this standard, Users of this standard are expressly advised that determination of the vaifdity of any such
patem‘ nqht&. and the risk of mfrlnqement of such rights, are entirely thelr own responsibl/!ty

This standard is subjoct to rovigion at any Hime by the responsible technical committes and mu.st be reviewed every five yaura; and
Lo [Pnot revised, either reapproved or withdrawn, Your comments are invited either for revision of this standacd or for additional standards . (RS
- and should be addressed to ASTM Heagquarters. Your comments wilf recelve careful consideration. at a mcwting of the rasponsible .
technioal comimittee, which you ray attetd. If you feel that your comments have not received a falr hearing you shoukd riake your
views known io the ASTM Commmee on $tandarda 1916 Race St thladalphia, PA 19108, o

A

271

PRO_00106867



o
S

W

it

|
-

o

Case 1:13-cv-01215-TSC Document 198-26 Filed 10/07/19

wmmm

By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.

Sosaaseneeet

zri ‘SL

985

;fig

Z

Page 83 of 112

PRO_00106868



Case 1:13-cv-01215-TSC Document 198-26 Filed 10/07/19 Page 84 of 112

PRO_00106869



Case 1:13-cv-01215-TSC Document 198-26 Filed 10/07/19 Page 85 of 112

QHn\’ Designation: E72-80

Standard Methods of

CONDUCTING STRENGTH TESTS OF PANELS FOR
BUILDING CONSTRUCTION'

This standard is issued under the fixed designation E 72; the number immediately following the designation indicates the year of
original adoption ar, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Sound engineering design of structures, using existing or new materials requires
accurate technical data on the strength and rigidity of the basic elements employed in
various construction systems. It is the purpose of these test methods to provide a
systematic basis for obtaining engineering data on various construction elements and
structural details of value to designers, builders, building officials, and others interested
in this field. The results should closely approximate the performance in actual service.

1. Scope

1.1 These methods cover the following pro-
cedures for determining the structural proper-
ties of segments of wall, floor, and roof con-
structions:

) E 7 -Section
Test Specimens e T3
Loading ‘ : 4
Deformation Measurements 5
Reports .o 6
Precision and Accuracy 7

TESTING WALLS
Significance ‘ - .8
Compressive Load . U j 9
Tensile Load Sy D 10
‘Transverse Load—Specimen Horizontal 11
Transverse Load-—Specimen Vertical 12
Concentrated Load - 13

Impact Load—See Methods E 695 and
E 661 L

Racking Load—Evaluation of Sheathing :
Materials on a Standard Wood Frame - 14

Racking Load—Evaluation of Sheathing
Materials (Wet) on a Standard Wood

Frame 15
' TESTING FLOORS ‘
Significance 16
Transverse Load ' 17
Concentrated Load 18

Impact Load—See Methods E 695 and
E 661

TESTING ROOFS

Section
Significance = 19
Transverse Load ‘ 20
Concentrated Load 21
' APPENDIX . .
Technical Interpretation X1

1.2 Metric units arc to be considered as the

primary standard units.

2. Applicable Documents

2.1 ASTM Standards:

E 4 Practices tor Load Verification of Testing
Machines®

E 73 Methods of Testing Truss Assemblies®

E 564 Method of Static Load Test for Shear
Resistance of Framed Walls for Buildings®

E 575 Practice for Reporting Data from Struc-
tural Tests of Building Constructions, Ele-
ments, Connections, and Assemblies®

! These methods are under the jurisdiction of ASTM Com-
mittee E-6 on Performance of Building Constructions and are
the direct responsibility of Subcommittee L 06.12 on Structural
Performance of Vertical Structures,

Current edition approved Nov., 6, 1980. Published March
1981, Originally published as E 72 - 47 T, Last previous edition
E72-177. )

E Annual Book of ASTM Siandards, Vol 03.01.

* Annual Book of ASTM Standards, Vol 04.07.

ANN
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E 651 Test Method for Performance of Wood
and Wood-Based Floor and Roof Sheathing

Under Concentrated Static and Impact:

Loads®

E 695 Method for Measuring Relative Resist-
ance of Wall, Floor, and Roof Constructions
to Impact Loading’

3. Test Specimens

3.1 Size—The specimens shall be represent-
ative as to material and workmanship and shall
be as large as practicable to minimize the effect
of variations in the material and workmanship,
in order to obtain results representative of the

construction. Obviously, the size of the speci- -

mens shall be limited to the size that can be
tested in the larger testing machines available
in a well equipped laboratory, and which can
be subjected to loads in accordance with good
testing procedure, and for which the deforma-
tion can be measured with sufficient accuracy.

3.2 Length or Height—The length or height
of specimen for each element shall be chosen
to conform to the length or height of that
element in actual use.

3.3 Width—The width of specimen shall be
chosen, insofar as possible, to include several
of the principal load-carrying members to en-
sure that the behavior under load will simulate
that under service conditions. With the excep-
tion of specimens for the racking load test, the
nominal width of wdll specimens shall be 1.2
m (4 ft). The actual width of specimens shall
be a whole number multiplied by the spacing
of the principal load-carrying members except
for prefabricated panels, for which the actual
width shall be the width of panel used. If the
structural properties of a particular construc-
tion are to be compared with another construc-
tion, there should not: be a groat d1fference in
the actual widths of the specimens.

3.4 Age—Constructions, such as concrete
and masonry (brick, structural clay tile, con-
crete block) for which the stru¢tural properties
depend upon the age of the specimen, shall be
tested not less than 25 days nor more than 31
days after fabrication. This age requirement
applies also to plastered and stuccoed construc-
tions. : Co :

4. Loading BEREEE

4.1 Apparatus—Thc testing mdchmc or
load-measuring apparatus shall comply with

E 72

the requirements prescribed in Methods E 4.
4.2 Application of Load— Apply the load to
all of the specimens in any test in increments
so chosen that a sufficient number of readings
will be obtained to determine definitely the
load-deformation curve (see Section 6). Record
the initial reading of the load and the reading
of the deformation, either with no load on the
specimen or under a small initial load. Increase
the load to the first increment and record the

deformation. Unless otherwise specified, de- -

crease the load to the initial load and record
the set (sometimes designated “permanent
set”). Increase the load to two increments and
record the set, when it is released to the initial
load. Follow this sequence of readings for three
increments, four increments, etc., of load.
When for each specimen the behavior of the
specimen under load indicates that the speci-
men might fail suddenly and damage the de-
formation-measuring apparatus, remove this
apparatus from the specimen and increase the
load continuously until the maximum load that
can be applied to the specnnen is determined.
4.3 Duration of Load Application—Except

for racking tests, after each increment of load -

is applied, maintain the load level as constant
as possible for a period of 5 min (see Note 1),
Take deformation readings as soon as practical
after load application, at the end of the 5-min
period under constant load, and immediately
and at the end of the 5-min period after any
partial or complete load release. Plot initial and
5-min readings in the form of load-deformation
curves. Maintain complete load-deformation-
time records throughout the test. If application
of a given load is required for a certain period,
such as 24 h, take deformation readings at the
beginning, at intervals during this period, and
at the end of this period, to allow the satisfac-
tory plotting of a time-deformation curve for
the complete period.

MNote I--Reasons for the 5-min application of
constant-level increment loads are as follows:

(I} To permit the assembly to come to a substantial
rest prior to taking the second set of readings (De-
pending on the method employed for applying the
test load, it may be necessary to continue, at a reduced
rate, the motion of the loading device in order to
maintain the comtant load lcvel during the 5-min
period.)

(2) To provide sufficient time for making all ob-

servations. (Longer time intervals may be required
under certain conditions.) '
(3} To observe any time-dependent deformation
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or load redistribution, or both, and to record accu-
rately the load level when time-dependent deforma-
tion starts, that is, at the divergence of the immediate
and delayed load-deformation curves. This load level

may, under certain conditions, have an important -

bearing on the design load.

(4} To be able to stop the test, if this should be
desirable, prior to total failure, after initial failure has
been anticipated as a result of the observations.

{5) To assure uniformity in test performance and
consistency in test resulis,

5. Deformation Measurements

5.1 Measure the deformations with sufficient
precision to define the load-deformation rela-
tionship, and report at least to the nearest 0.25
mm (0.01 in.). The deformation-measuring ap-
paratus specified for any loading may be re-
placed by other apparatus, provided that it
permits readings of deformation that are equiv-
alent in accuracy to those from the specified
apparatus.

6. Reports

6.1 Show the results of each of the tests
graphically, as illustrated in Fig, 1. Plot loads
as ordinates and the deformations as abscissas
for all tests. There shall be at least three speci-
mens for each test, and the results for each test
shall be shown on the same graph.' Show the
points for deformation under load by open
circles and those for set by solid circles. Average
the three values for éithér-the deformation or
the set and plot this average value in pencil on
the graph. Draw a smooth curve among the
average points to show the average behavior of
the construction. The load-deformation curves
shall be continuous ' linés and 'the load-set
curves shall be dashed lines. Although the par-
ticular specimen for each point on the graph is
not designated, record it on the laboratory data
sheets. If readings are obtained under greater
loads for some specimens than for others, plot
all the values, but draw the curves only to the
average values for which there are three values.

6.2 Prepare the test report in accordance

, with Recommended Practice E 575,

7. Precision and Accuracy -

7.1 No statement is made either on the pre-
cision or on the accuracy of these methods due
to the variety of materials and combinations of
materials involved.

E72

. TESTING WALLS

8. Significance

8.1 The procedures described are thosc that
will test the behavior of segments of wall con-
struction -under conditions representative of
those encountered in service. Performance cri-
teria based on data [rom those procedures can
ensure structural adequacy and service life.

9. Compressive Load

~ 9.1 Test Specimens—Tests shall be made on
three like specimens, each having a height
equal to the length of the element and a nom-
inal width of 1.2 m (4 ft) (see Section 3).

9.2 Apparatus—The apparatus shall be as-
sembled as shown in Fig. 2 and shall conform
to the detailed requirements for component
parts prescribed in 9.2.1 and 9.2.2, or the equiv-
alent.

. 92.1 Compressometer—A bracket shall be

attached to the specimen near the upper end,

* supporting a metal rod. A bracket shall also be

attached to the specimen near its lower end,
supporting a dial micrometer with the spindle

up and the gage length shall be recorded. The -

conical end of the rod shall seat in a hole in the
end of the spindle.and the rod and spindle shall
be held in contact by stretched rubber bands.
The dial shall be graduated to 0.025 mm (0.001
in.). ‘

9.2.2 Deflectometer— A fine wire shall be at-
tached to a clamp near the upper end of the
specimen. The free end connected to stretched
rubber bands shall be attached to a clamp near
the lower end of the specimen. A mirror having
a paper scale one-half the width of the mirror

- shall be attached horizontally to the edge of the

specimen at midheight. The scale shall be grad-
uated to 2.5 mm (0.1 in.).
9.3 . Procedure:

9.3.1 Loading—Test the specimen as a col-

umn having a flat end at the bottom (Fig. 2).
Apply compressive loads to a steel plate cov-
eting the upper end of the specimen. Apply the
load uniformly along a line parallel to the
inside face, and one-third the thickness of the
specimen from the inside face. For wood con-
struction, a rate of loading corresponding to a
movement of the testing machine crosshead of
nominally 0.8 mm/min (0.03 in./min) has been

. found satisfactory.
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9.3.2 Load-Deformation Data— Attach four
compressometers to the faces of the specimen,
one near each corner of the specimen as shown

in Fig 2, to measure the shortening of the
specimen. Record the readings to the nearest
0.025 mm (0.001 in.).

9.3.3 Lateral Deflection—Attach two deﬂeu«
tometers, one to each edge of the specimen, as
shown in Fig. 2. Record the readings, when the
image of the wire coincides with the wire, to
the nearest 0.25 mm (0.01 in.).

9.4 Calculations and Report: :

9.4.1 Deformation—For each compressome-
ter, calculate the shortening under each load as
the difference between the reading of the com-
pressometer when the load is applied and the
initial reading. Calculate the shortening of the
specimen as the average of the shortenings for
cach of the four compressometers multiplied by
the ratio: specimen length divided by the com-
pressometer gage length. Obtain the sets in a
similar manner.

94.2 Lateral DeﬂectionﬁCalculate the lat-
eral deflection and the lateral set under each
load for each deflectometer as the difference
between the reading of the deflectometer when
the load is applied and the initial reading.
Calculate the lateral deflection and lateral set
for the specimen as the average of the lateral
deflection and lateral set of the two deflec-
tometers. :

9.4.3 Data Presentatmanccord thc maxi-’
mum load for each’specimenand report the
results of load- deformatmn and load-deflection
measurements in: the form of a graph'in ac-
cordance with Section 6. Report gage lengths
of ali deflection or deformatlon gages

10. Tensile Load

10.1 Test Specxmen&chsts shall bc made
on three like specimens, each'having a height
equal to the length of the element and a nom-
inal width of 1.2 m (4 ft) (see Section 3).

10.2 Apparatus—The apparatus preferably
shall be assembled in a vertical testing machine
and shall conform to the detailed requlrements
for component parts prescribed: in 9.2.1 and
9.2.2, or the equivalent, with the exception that
the compressometers prescribed in 9.2.1 shall
be replaced by extensometers which shall be
like the compressometers but so adjusted before
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load is applied that the stretch’ of the specimen
can be measured.

10.3 Procedure: ‘

10.3.1 Loadmg—Tebt the specimen as a. ten—
sion specimen by uniform application of tensile
forces along the line of the fastenings at the top
and the bottom of the wall in a building. The
top and bottom pulling fixtures may be at-

“tached to the specimen by fastenings similar to
-those used in a building, provided that, under

the maximum load, failure of the specimen,
occurs between the top and the bottom of the
specimen, not in either the pulling fixtures or
the fastenings. If, under the tensile load, failure
occurs either in a pulling fixture or in a fasten-
ing, the results of the test determine only the
properties of the fixtures or the fastenings, not
of the wall construction. When the failure oc-

~curs in fastenings, the tensile load indicates the

maximum tenstle strength of the construction
that can be realized in actual service unless

‘improved fastenings are provided.

10.3.1.1 Masonry Constructions—The con-

-struction may be continued upward beyond the
-top of the specimen and downward below the

bottom of the specimen to enclose attachments

“for the pulling fixtures.

10.3.1.2 Framed Wall Consiructions—If the
construction has studs (either of wood or metal)

.the studs may be exténded upward and down-

ward beyond the top and bottom of the speci-
men and attached to the pulling fixtures. If the
framed wall has plates at the top and the bot-
tom, attach the pulling fixtures to the plates in
the specimen.

10.3.2 Load-Deformation Data—Attach
four extensometers to the faces of the specimen,
one near each corner, as shown in Fig. 2, to

‘measure the streich of the specimen. Record
the readings to the nearest 0.025 mm (0.001
in). ‘

10.3.3 Lateral De;ﬂectzon~Attach two. de-
flectometers, one to each edge of the specimen,
as shown in Fig. 2. Record the readings, when
the image of the wire coincides with the wire,
to the nearest 0.25 mm (0.01 in.). Lateral de-
flection (if any) may be caused by nonaxtdl

‘loading of the specimen.

10.4 Calculations and Report—For tensile
loads, the calculations and report shall be sim-
ilar to those requu‘ed for compressive loads (see
9.4).
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11. Transverse Load-Specimen Horizontal
111 Test Specimens—Tests shall be made
on three like specimens on symmetrical assem-
blies and six like specimens on unsymmetrical
assemblies, each having a length equal to the
length of the element and a nominal width of
1.2 m (4 ft) (see Section 3). : :
11.2 Apparatus—The apparatus shall be as-
sembled as shown in Fig. 3 and shall conform
to the detailed requirements for companent
parts prescribed in 11.2.1 through 11.2.3, or the
equivalent, ‘ :
11.2.1 Supports—Two steel rollers with a
steel plate between each supporting roller and
the specimen. , , .
11.2.2 Loading Assembly—Two steel rollers
with a steel plate between each loading roller
and the specimen. L
11.2.3 Deflection Gage—A frame shall be
placed on the upper face of the specimen. To
prevent stresses deforming the frame as the
specimen deforms under load, this frame shall
rest on three hardened steel balls each sup-
ported by a steel block on the face of the
specimen. Two of the balls shall be placed in a
line vertically above one support and the third
ball vertically above the other support. Two
dial micrometers, one near each longitudinal
edge of the specimen, shall be attached to the
frame at midspan. The spindles shall rest on
the upper face of the specimen. The microme-
ters shall be graduated to 0.025 mm (0.001 in.).
113 Procedure: . -~ - . .
1L3.1 Loading—Use “two-point” loading
for transverse load tests. Test the specimen as
a simple beam (Fig. 3) on a span 150 mm
(approximately 6 in.) less than the specimen
length. Apply two equal loads, each- at a dis-
tance of one quarter of the:.span from the

“supports, toward the middle of the span. For

wall specimens tested horizontally (Fig. 3), the
load on the specimen shall include the weight
of specimen. between the supports. Apply the
transverse loads to the outside face for three of
the specimens and to the inside face for three

- of the specimens, For Ssymmetrical assemblies,

test only three specimens. L

- 1L3.L1 Uniformly distributed loading may
be used instead of: quarter-point loading, if a
satisfactory method is'available, The transverse
strength for any span may be greater for some
constructions under uniformly distributed load

E72

than under loads applied at the quarter-points

“of the span. Transverse load, uniformly distrib-

uted, may be applied by air pressure, ither in
a bag or in a chamber having the specimen as
one face. Support specimens tested under uni-
form loading by rollers as for quarter-point
loading. :

11.3.1.2 The bag method of loading is shown
schematically in Fig. 4. Connect a reaction
platform parallel to the face to be loaded and
wider than the specimen to the supports by tie
rods. Place an airtight bag of rubberized cloth
as wide as the specimen and as long as the span
between the specimen and the reaction plat-
form. Apply transverse load to the specimen by
increasing the air pressure in the bag. Measure
the pressure by means of a manometer. Water
1i$ usually the liquid in the manometer, but the
specific gravity of the liquid shall be such that
the error in pressure readings does not exceed
1 %.

11.3.1.3 When the chamber method of load-
ing is used with the specimen horizontal, place
the specimen near the floor, which should be
practically airtight. An airtight frame or curb
shall surround the specimen closely and be
about flush with the upper surface of the spec-
imen. A rubber blanket covers the specimen,
overlaps the frame, and is sealed so that it is
reasonably airtight. Use a small vacuum pump
or positive action exhaust blower to reduce air
.pressure between the specimen and floor. Mea-
sure the difference in pressure above and below
the specimen by means of a manometer.

11.3.2 Strength on Short Span—The trans-
verse strength of any construction increases as
the span is shortened. If the strength of the
construction for a shotter span is desired, do
not compute it, but test the construction on the
short span. ‘

11.4 Calculations and Report:

114l Load-Deflection Data—For each mi-
crometer, calculate the deflection under a given
load as the difference between the reading to
the nearest division of the micrometer when the
load is applied and the initial reading. Calcu-
late the deflection of the specimen for the span

‘as'the average of the deflections obtained from

each of the two micrometers. Calculate the sets

under the initial load by using a similar

method. Record the maximum Ioad for each
specimen,
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11,42 Data Pre.sentatz‘bn—chort the results
in the form of a graph in accordance w1th
Sectmn 6. :

12. Transverse Load—Specimen Vertical =~

12,1 Test Spebz’mens—Tests shall b’c: made

on three like specimens on symmetrical assem-
blies and six like specimens on unsymmetrical
assemblies each having a length equal to the
length of the element and a nominal width of
1.2 m (4 ft) (see Section 3).

12.2 Apparatua—Thc apparatus shall bc as-

sembled as shown in Fig. 3 and shall conform
to the requirements for component parts pre-
scribed in 12.2.1 through 12.2.5, or the equiv-
alent. :

12.2.1 Steel Channel.

122.2 Rollers—Cylmdncal rollers two sup-

porting rollers, two loading rollers.

1223 Screw Jack. ) -

12.2.4 Ring Dynamometer :

12.2.5 Deflectometers—Two taut- w1re mtr«
ror-scale deflectometers s1m1lar 10 those . de-
scribed in 9.2.2. -

12.3 Procedure—Transverse loade cannot be
applied satisfactorily to some wall construc-
tions, such as masonry, with the specimen.in a
horizontal position. For such constructions, ap-
ply the loads with the.specimen in a vertical
posmon, as shown in Fig. 3, thus simulating
service conditions. Thé - specimen, on .a steel
channel, shall rest on cylindrical rollers to pre-
vent restrained end. conditions: The axes of the
rollers shall be. paraliel .to.the.faces of .the
specimen. The two supporting rellers shall be
in contact with the vertical surface of the frame
and each roller shall rest horizontally on sponge
rubber about 10 mm (0.4 in,).thick to prevent
longitudinal restraint. Each of the two loading
rollers shall also rest on sponge rubber, Apply
the loads horimntally' by a screw jack and
measure by a ring dynamometer, between the
jack and the specimen. The error in. the load
indicated by the dyndmometer shall not exceed
1 %. Attach two taut-wire mirror- -scale deflec-

tometers to the qpecuncn ong to each vertical

edge. :
12.3.1 Apply the transverqe load to the out-
side face for three of the specimens, and to the
inside face for three of. the specimens. For
symmetrical assemblies, test only. three speci-
mens.

12.3.2 When the Chamber Méthod of load-
ing is used with the specimen vertical, the
specimen forms one face of an airtight chamber
from which the air is exhausted. If all four
edges of the specimen bear on the chamber,

this loading determines the strength of the spec-

imen as a plate supported at the four edges, not
the transverse strength- as defined in thebe
methods.

12.3,3 If a specimen tested by the chamber
method, either horizontally or vertlcally, hasan
airtight cavity, vent each cavity to the low-
pressure face by a hole in the face of the
specimen not less than 5 mm (0.2 in)) in di-
ameter, located where it will least affect the
transverse strength of the specimen.

12.4 Caleulations and Report—«Cdlculate the
results of test and report as described in 11.4,
and report deflectometer readings to the nearest
0.25 mm (0.01 in.). :

13. Concentrated Load’ o

13.1 Test Specimens—Concentrated load
tests shall be made on each transverse specimen
after the transverse load tests, the concentrated
load being applied to the same face to which
the transverse load was applied.

13.2 Apparatus—The apparatus shall be as-

sembled as shown in Fig. 5 and shall conform
to the reqmrements for component parts pre-
seribed in 13.2.1 through 13.2.3, or the equiv-

alent,

13.2.1 Steel Bar—Steel bar havmg a diam-
eter of 25.4 mm (1 in.) and the edge of the face
contacting the specimen rounded to a radius of
1.3 mam (0.05 in.).

- 13.2.2 Depth Gage—The depth gage ::hall
consist of a dial micrometer graduated to 0.025
mm (0.001 in.) mounted on a three-legged sup-
port. The support shall be notched to permit
placing the micrometer directly adjacent to the
bar and shall be long enough to permit placing
the supporting legs on undisturbed areas of the
face of the specimen. -

1323 Loading Device—Any convenient

means for applying a compressive.load up 105
kN (1100 1bf) and means for measurmg the
load within 1 %..

- 13.3 Procedure.

13.3.1 Loadmg—Placc the entlre spemmen
or portion of the specimen on a horizontal
support and properly level. Place the steel bar
on the face of the specimen at what is judged
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to be the weakest place and, also, at what is
judged to be the strongest place. Apply a load
vertically downward to the upper surface of the
bar. Continue loading until maximum load or
4.45 kN (1000 1bf) is attained.

13.3.2 Depth of Indentation—Measure the
depth of indentation, by means of the depth
gage, and record the reading of the micrometer
to the nearest 0.025 mm (0.001 in.). -

134 Calculations and Report:

13.4.1 Depth of Indentation—Calculate the
depth of indentation (set) after a given load has
been applied and the bar removed to the near-
est 0,025 mm (0.001 in.) as the difference be-
tween the depth for that load and the initial
reading of the micrometer before a load has
been applied to the specimen. ‘ _

1342 Data Presentation—Report the results
in the form of a graph in accordance with
Section 6.

14. Racking Load—Evaluation of Sheathing
Materials on a Standard Wood Frame
Nots 2—1If the test objective is to measure the

performance of the complete wall, Method E 564 is
recommended.

14.1 Scope—This test method measures the
resistance of panels, having a standard wood
frame, and sheathed with sheet materials such
as structural insulating board, plywood, gyp-
sum board, transite, etc.;'to a racking load such
as would be imposed by winds blowing on a
wall oriented at 90 to'the panel. It is intended
to provide a reliable,. uniform procedure for
determining the resistance to racking load pro-
vided by these sheet materials as commonly
employed in building construction, Since a
standard frame is employed, the relative per-
- formance of the sheathing is the test objective.

14.1.1 This test is conducted with standard-
ized framing, loading procedures, and method
of measuring deflection, as. detailed in the
method to ensure reproducibility. Provision is
made for following' the sheathing manufac-
turers’ recommendations. for “attaching the

. sheathing to the frame, and for reporting the
behavior of the specimen over its entire range
of use. : o

14.1.2 In applying the results, due allowance
shall be made for any variation in construction
details or test conditions from those in actual
service, - EE '

14.2 Test Specimens:

14.2.1 Size and Number—The test specimen
shall be 2.4 by 2.4 m (8 by 8 ft) and the framing
shall be constructed as shown in Fig. 6 and a
minimum of three panels of each construction
shall be tested. It is the intent of this test
procedure to evaluate the stiffening effect of
the sheathing material, therefore, the frame
shall be constructed as nearly like the frames
shown in Fig. 6 as possible. Frames shall be
newly constructed for each test. All individual
framing members shall be continuous. The
moisture content of framing material shall be
between 12 and 15 % when the panel is fabri-
cated, and shall not vary by more than 3 %
from the initial moisture content when the
panel is tested. ‘

14.2.2 Application  of = Sheathing—The
method of applying the sheathing shall be ex-
actly as specified by the manufacturer, The

* spacing of fasteners shall be as recommended.

Fasteners shall be driven through the sheathing
into only the outside stud of each corner post
shown in Fig. 6. The importance of the attach-
ment of sheathing to the framing cannot be
overemphasized. Slight differences' in edge

clearances, angle of fastener, and amounts of

penetration of heads of fasteners into the
sheathing have appreciable effects on the re-
sults of test. Unless otherwise specified, fas-
teners shall be driven perpendicular to the sur-
face of the sheathing with the center of each
fastener the specified distance from the edge of

the sheathing, Fasteners shall be driven so that
‘the head of the fastener contacts the surface of

the sheathing but not so deep as to crush the
surface, unless specified differently by the man-

‘ufacturers.

14.3- Apparatus——The apparatus shall be as-
sembled as shown in Fig. 7. Load shall be
measured by means of a testing machine, or a
dynamometer attached to cables that load the
specimen, or in linkage with a hydraulic jack

used to apply load. The essential parts of the

testing apparatus, exclusive of the loading
frame, are as described in 14.3.1 through 14.3,5.

14.3.1 Base and Loading Frame—The test
pancl shall be attached to a timber or steel plate

‘that'is in turn attached rigidly to the base of

the loading frame in such a manner that when
the panel is racked, the sheathing will not bear
on the loading frame. This member may be of
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any convenient cross section, but it shall be at
least as long as the panel and not greater in
width than the thickness of the frame, 89 mm
(3% in.). Means shall be provided to bolt or
otherwise attach the sole plale of the panel
firmly to this member. For illustrative purposes,
two bolts are shown in Fig. 7. More may be
used if required.

14.3.2 Hold-Down—A hold-down shall be
provided as shown in Fig. 7 to overcome the
tendency of one end of the panel to rise as the
racking load is applied. Plates and rollers shall
be provided between the test specimen and the
hold-down so that the top of the specimen can
deflect horizontally with respect to the bottom
without unnecessary interference from the
hold-down. Because the amount of tension in
the rods of the hold-down may have an effect
on the results of the test, nuts on the hold-down
rods shall be tightened prior to load application
so that the total force in each rod does not
exceed 90 N (20 Ibf) at the beginning of test as
determined by previous calibration.

143.3 Loading Apparatus—Load shall be
applied to the specimen through an 8% by 89-
mm (3.5 by 3.5-in,) timber firmly bolted to the
upper plates of the panel. Loading shall be a
compressive force against the end of the timber
attached to the upper plate. When a testing
machine is used, pulleys and cables may be
used to transmit the:vertical movement of the
tension head of the machine to the horizontal
movement in the specimen.

14.3.4 Lateral Gutdes—Lateral gu1des shall
be provided so that the specimen will deflect in
a plane. The rollers should be bearing-sup-
ported to reduce friction to a minimum. The
lateral guides shall be firmly “attached to ‘the
loading frame. Plates for the rollers may be up
to 300 mm (12 in.) in length as required.

143.5 Indicating Dials—Indicating dials, or
scales and wires, shall be provided to measure
the displacement of the different parts of the
panel during test. The readings shall be re-

corded to the nearest 0.25 mm (0,01 in,), The

. locations of the dials shall be as shown in the
lower left, lower right, and upper right corners
-of the side view of the test assembly in Fig. 7.
The dial at the lower left, which is attached to
the stud, measures any rotation of the panel,
the dial at the lower right measures any slip-
page of the panel, and the dial at the upper
right measures the total of the other two plus
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the deformation of the panel. Therefore, the
horizontal deflection of the panel at any load
is the reading of the dial at the upper right less
the sum of the readings of the other two.

14.4 Procedure:

14.4.1 Loading-—Apply the load continu-
ously throughout test at a uniform rate of mo-
tion. of the loading device used. The recom-
mended speed of testing shall be such that the
loading to 3.5 kN (790 Lbf) total load shall be
completed in not less than 2 min from the start
of the test. The loading to 7.0 to 10.5 kN (1570
to 2360 1bf) total load and to failure shall
employ the same rate of travel of the loading
device as for the loading to 3.5 kN. Give the
speed of testing used in the report of test.

14.4.2 Loading Procedure—Load the speci-
men in three stages to 3.5, 7.0, and 10.5 kN
(790, 1570, and 2360 1bf) total load at a uniform
rate.

144.2.1 To prov1dc data to meet perform-
ance requirements, other values of total load
may be included in the test procedure. Use the
same rate of loading as for the loadings speci-
fied and indicate additional loadings evaluated
and the results obtained in the report.

14.4.2.2 After the load of 3.5 kN (790 1bf) is
placed on the specimen, remove all of the load
and any residual deflection (set) in the panel

noted. Then load the specimen (o 7.0 kN (1570

Ibf) and again remove the load and note any
additional set; after this increase the loading to

10.5 kN (2360 1bf), remove the load again, and

note the set. Apply load continuously for each
of the increment loads specified above and
obtain load-deflection data. Obtain these data
for at least each 900 N (200 1bf) of loading,
Obtain deflections during the loading cycle
and, if desired, duting the unloading cycle as
well.

14.423 After the specimen is loaded as
specified to 3.5, 7.0, and 10.5 kN (790, 1570,

and 2360 Ibf) load it again to failure or until
the total deflection of the panel becomes 100
mm (4 in.). Obtain readings of deflection for
the same intervals of load as were used for the
other loadings.

14.5 Calculations and Report:

14.5.1 Deformation—For each dial, or other
measuring device, calculate the movement un-
der each racking load as the difference between
the readings when load is applied and the initial
readings at the start of the test. Calculate set
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readings as the difference between the readings
when the load is removed and the initial read-
ings. <
1452 Data Presentation—Report the de-
flections at 3.5, 7.0, and 10.5 kN (790, 1570,
and 2360 1bf) and the set after loading to these
amounts. Present load-deflection curves ob-
tained during loading to failure and to 3.5, 7.0,
and 10.5 kN in the form of a graph as pre-
scribed in Section 6. Include maximum load
and any observations on the behvaior of the
panel during test and at failure, Express resid-
ual deflections (sets) as percentages of the de-

flections that produced the sets as well as in’

millimetres or inches. If the specimen fails,
describe the visible failure. If the specimen has
been subjected to any special conditioning prior
to test, describe this treatment in detail, De-
scribe in the report the sheathing used, the
method of applying the sheathing, the type and
spacing of fasteners, and the method and rate
of loading employed.

15. Racking Load—Evaluation of Sheathing
Materials (Wet) on a Standard Wood
Frame .

15.1 Scope—This test has been developed to
simulate the degree of wetting possible during
construction of a. structure when, because of
rain, the framing and sheathing may be wetted
on one or both sides.” Both sides of the wall
panel are wetted because this represents the
maximum exposure possible during the stage
of construction before the structure is roofed. -

152 Test Specimens—The test. specimens
shall conform in size and fabrication details to

 the requirements of 14.2,

153 Specimen Conditioning—Mount the
fabricated test specimens or suspend them in a
vertical position in such a manner as to prevent
continuous immersion of the bottom edge of
the specimen. Expose both sides of the test
specimen to a water spray applied at or near
the top along the entire length to ensure that
the top of the specimen is being wetted. The

- spray shall have no jet action that cuts into the
sheathing material, and the spray areas shall
ovetlay sufficiently so that a continuous sheet
of water flows down both surfaces of the spec-
imen. Maintain the témperature 6f the water in
the line to the spray nozzle at 24 + 3°C (75 +
5°F). Wet the specimens for a period of 6 h

E 72

and then allow to dry for a period of 18 h, Dry
in laboratory air, preferably at a temperature
of 24 + 3°C (75 £ 5°F). Make no attempt to
increase the air movement over the specimens

- by fans or blowers. Subject the test specimens

to two complete wetting and drying cycles and

then a third wetling cycle.

153.1 No more than 2 h shall elapse be-
tween the completion of the third wetting cycle
and the start of the racking test.

154 Procedure—Test the specimens in ac-
cordance with the procedure described in 14.4.

15.5 Moisture Content Determination—After
the racking test is completed, cut moisture sam-
ples from the sheathing material, and deter-
mine moisture content on a weight basis with
the moisture content expressed as a percentage
of the oven dry weight in accordance with
15.5.1. Preferably, take five moisture content
samples at least 100 by 150 mm (4 by 6 in.) in
size from each 1.2 by 2.4-m (4 by 8-ft) sheathing
panel of the test specimen: one from the center
of each sheathing panel at the top and bottom
edges, one from midlength on each side, and
one from the panel center. Weigh the moisture
content samples immediately upon being cut
from the test specimen to an accuracy of not
less than +0.2 %, Carefully remove all loose
particles from the sample before weighing.
Then dry the samples to constant weight in an
oven at 103 + 2°C (217 + 4°F). If large
amounts of volatile matter or substances other

than free water are removed from the sheathing
- material by drying at 103 + 2°C, the sheathing

material may be dried to constant weight at a
lower temperature and the drying time and
temperature given in the report.

15.5.1 Calculation—Calculate the moisture
content as follows:

) M =100 [(W — F)/¥F]
where:

M = moisture content, %,

W = initial weight, and

F = final weight when oven dry.

15.6 Calculations, and Report—The report
shall include the racking test data as specified
in 14.5. It shall also include the line tempera-
ture of the water sprayed on the test specimens;
the air temperature and relative humidity dur-
ing the drying portion of the cycle; and the
location of the moisture content samples and
the moisture content of each. :
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TESTING FLOORS
16. Significance

16.1 The procedures outlined will serve to
evaluate the performance of floor segments
under conditions representative of those sus-
tained in service. Performance criteria based on
data from these procedures can ensure struc-
tural adequacy and effective service. ;

17. Transverse Load

17.1 Test Specimens—Tests shall be made -

on three like specimens, each having a length

"equal to the length of the floor panel and a

nominal width of 1.2 m (4 ft) (see Section 3),

17.2 Apparatus—The apparatus shall con-
form to the requirements of 11.2,

17.3 Procedure—Conduct the test in accord-
ance with 11.3 on transverse load tests of walls,
except apply the loads only to the upper (finish
floor) face of the specimen. If practicable, test
floor specimens in the horizontal position. If
tested in the vettical position, conduct the test
in accordance with 12.1 through 12.4 on trans-
verse load tests on walls in the vertical position.
If tested in the vertical position, deduct trans-
verse load equal to the weight of the specimen
from each recorded load to obtain the applied
load on the specimen.

17.3.1 Sirength on Short SptmaThe trans-
verse strength of any floor construction in-
creases as the span is shortened. If the sirength
of the construction for a shorter span is desired,
do not compute it, but. test the construction on
the shorter span,

17.4 Calculations and ReportmReport the

results as indicated in 11.4.

18. Concentrated Load

18.1 Test Specimens—Tests shall be made
on each of the transverse specimens after the
transverse tests are completed.

18.2 Apparatus—The apparatus shall con-
form to the requirements of 13.2,

18.3 Procedure—Conduct the test in accord-

“ance with 13.3 on concentrated load tests on -

walls, except apply the loads only to the upper

" (finish floor) face of the specimen.
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18.4 Calculations and Report«Report the
results as indicated in 13.4.

TESTING ROOFES
19. Significance
19.1 These procedures will serve to evaluate
performance of roof segments under simulated

service conditions. Roof trusses shall be evalu-
ated under Methods E 73.

20. Transverse Load

20.1 Test Specimens—Tests shall be made
on three like specimens, each having a length
equal to the length of the roof panel and a
nominal width of 1.2 m (4 ft) (see Section 3).

20.2 Apparatus—The apparatus shall con-
form to the requirements of 11.2.

20.3 Procedure -Conduct the test in accord-
ance with 11.3 on transverse load tests of walls,

except normally apply the loads only to the

upper (weatherproofed) face of the specimen.
The transverse strength of a roof construction
under loads acting outward may appear to be
less than the strength under loads acting in-
ward. For such constructions, apply loads act-
ing outward to specimens,

20.3.1 Strength on Short Span—The irans-
verse strength of any roof construction in-
creases as the span decreases. If the strength of
the construction for a shorler span is desired,
do not compute it, but test the construction on
the shorter span.

20.4 Calculations .and Report—Report the
results as indicate in 11.4,

21. Concentrated Load

21.1 Test Specimens—Tests shall be made
on each of the transverse specimens after the
transverse tests are completed.

21.2 Apparatus—The apparatus shall con-
form to the requirements of 13.2.

21.3 Procedure—Conduct the test in accord-
ance with 13.3 on concentrated load tests of
walls, except apply the loads only to the upper
(weatherproofed) face of the specimen.

21.4 Calculations and Report—Report the
results as indicated in 13.4.
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FIG. 5 Concentrated Load Test
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APPENDIX

(Nonmandatory Infofmation)

e L XEGTECHNICAL INTERPRETATION

X1.1 It is the purpose of these test methods to
provide a systematic basis for obtaining comparable
engineering 'data on various construction elements

_ and structural details of value to designers, builders,

building officials, and others interested in this field.

X1.2 Subjecting complete structures to known
loads is very expensive and requires much time;
therefore, that method of carrying out investigations
to establish structural properties is not likely to be

_ used to any great extent. Such tests have the further

disadvantage that only the strength of the weakest
elements of a particular structure could be measared.
" X1.3 For these reasons, it.seems more practicable
t0 apply loads to specimens that accurately reproduce
a structural portion of a finished building. These
portions of a building have been designated as “ele-
ments”; for example, floor, wall, roof, etc. For the
procedure described in these methods, the elements

have been restricted to those most important struc-
turally. For each element, methods of loading are
described that simulate the loads to which the ele-
ment would be subjected under service conditions. It
is believed that the results of these measurements on
the structural elements will be more useful to archi-
tects and engineers than the results of tests on speci-
mens of the materials from which the structure was
fabricated, or the results of tests of the individual
structural members. Although it may be impractica-
ble to determine all of the structural properties of
each element of a building, it is believed that the
more important properties may be determined by
tests described in these methods.

X1.4 The test method, involving the application
of the loads in increments and the concurrent mea-
surement of deformation and set, simulates, to some
extent, the conditicns of repeated loading under ser-
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fi
vice conditions. Therefore, results by such a method
of loading may be more useful than those obtained
by increasing the load continuously throughout the
test. The results from increment loading tests may
show whether different portions of a construction act
as a unit under load, whether the fastenings or bonds
have adequate strength, or whether they rupture
under repeated loads, For any engineering structure,
including small houses, it is necessary not only that
the strength be adequate, but also that the deforma-
tion under load shall not appreciably decrease the
usefulness of the structure. If the working load and
the allowable deformation for an element for a struc-
ture are known, constructions complying with these
requirements may be selected by inspection of the
graphs from tests of such constructions.
X1.5 A structure is elastic if, after a load has been

E 72

applied and then removed, the set is inappreciable, If
the set is small for an element of a building, it may
be assumed that the construction has neither been
damaged nor appreciably deformed by the load. The
set, therefore, is another property that may be used
when comparing different constructions and may be
useful when selecting a construction for a particular
purpose. :

X1.6 The variations in the properties of a con-
struction as used commercially for buildings, in all
probability, will be greater than the variations for the

- three specimens tested as directed in these methods

because these specimens will be all fabricated: at the
same (ime by the same workmen and from the same
lot of material. This fact should be cleaily indicated
in any general report based on these test procedures.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity
of any such patent righs, and the risk of infringement of such rights, are entirely their own responsibility.

This standdrd is subject to revision at any time by. the responsible technical commitiee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your comments will recelve careful considerationat a meeting of the
responsibletechnical committee, which you may attend. If you feel that your comments have not received a Jfair hearing you should
malce your views known fo the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103,
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An American National Standard

Accelerated Weathering of Sealed Insulating Glass Units'

This standard is issued under the fixed designation E773; 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 xeapproval. A,
superseript epsilon (e) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This test method covets procedures for testing the
performance of preassembled permanently sealed insulating
glass units against accelerated weathering,

1.2 This test method is applicable only to sealed insulating
glass units, with one or two airspaces, fabricated for vision
glass arcas for use in buildings, such as sliding doors, win-
dows, wall systems, and picture windows.

1.3 The unit construction used in this test method contains
dimensions that are an essential component of the test, Devia-
tions of glass or airspace sizes, or both, will affect the test
results,

1.4 This test method is not applicable to sealed insulating
glass units that are conatructed from exterior vision materials
ather than glass.

1.5 The values stated in ST units are to be regarded as the

standard. The values given in parentheses are for information

only, -

1.6 This standard does not purport to address all of thc
safety’ concerns, if any, associated with its use. It Is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of mgulawry limitations prior to use, A speuﬁc hazard
statement is given in Note 2, - , S

2. Referenced Docuiments

2.1 ASTM Standerds:

C 1036 Specification for Flat Glags?

E 546 Test Method for }:'mst Point of Sealed Insulating
Glass Units?

. B774 Specification for the Clas'slﬁcatmn of the Durability
of Sealed Insulating -Glass Units®

3. Terminology =

3.1 Definitions of Terms Specific to This Standard:

3.LY chemical dew point—the temperature (Note 1) at
which organic vapor or other chemical begins to condense on
the interior glass surface of a sealed insulating glass unit,

' This test method is under the jursdiction of ASTM Committee -6 on
Performance of Buildings and is the dircet responsibitlty of Subcomumittes BO6.22
on Durability Performanee of Building Constructions,

Cuceent edition apptoved Tune 10, 1997, Published August 1997, Originally
published as 773 — 81. Last previous edition B 773 - 83 (1995).

* Annal Book-of ASTM Standards; Yol 15.02,

* Annual Book of ASTM Standards, Vol 04.11.

Copyright © ASTM, 100 Barr Marbor Drive, Waest Conshohacken, PA 19428-2959. United States,
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Nore 1—The temperature as indicated by the tetaperature indicator of
frast point apparatus when constructed and used in accordance with test
procedures described in Test Method B 546,

3.1.2 frost point—the temperature (Note 1) below freezing
point of water (0°C (32°F)) at which vigible frost begins to
deposit on the interior glass surface of 4 sealed insulating glass
unit,

4. Significance and Use

4.1 This test method is infended to provide a means for
evaluating the durability of the sealing system of sealed
insulating glass nnits. A round-robin test has been conducted,
and additional data are being collected, The suitability of these
test methods will be further evaluated as the analysis of test
results is completed.

5. Apparatus

5.1 For High Humidity Testing:

5.1.1 High-Humidity Test Chamber—A chcunber of conve-
nient dirensions capable of maintaining 60 = 3°C (140 %
5°F) and 95 * 3 % relative humidity,

5.2 For Accelerated Weather Cycle Test:

5.2.1 Accelerated Weather Cycle Test Apparatus®—The ac-
celerated weather cycle test apparatus shall be essentially that
shown in Figs. 1-3 to provide the cycle conditions and time
frame indicated in Section 8.

5.2.2 Ultraviolet Light Source:

Notg 2—Warning: Ultraviolei light sources used in this test method
are harmifol, especially o the eyes. Appropriate protective measures rmust
be observed, . .

5.2.2,1 The source shall consist of two Huorescent black
light lamps, Type F72T12BL/HO™® (Note 3), for each test
specimen located as shown in Fig, 3,

5.2.2.2 Bach lamp must be replclced when its ultmvmlet
light intensity falls below 10 kW/m® when measured with a
long-wave ultraviolet meter® in direct contact with the lamp,

*'Phe appatatus is a modification of the device developed by the Division of
Building Reseatch of the National Reseacch Council of Canada, The modifications
inclode two black light lamps for each test specimen, Construction details are
available from SIGMA (Sealed Insulating Glass Manufacturer’s Association), 111
E. Wacker Duive, Chicago, IL 60601,

% The sole soures of supply of the apparatus known fo the committee at this time
is General Blectric Co., Nela Park, Cleveland, OH 44112, If you are aware of
alternative suppliers, please provide this information to ASTM Headquarters, Your
comments will recuve careful consideration at a meeting of the responsible
technical committee,' which you may atend, :
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FIG. 1 Typical Ac\:,ca|erétad Weather Cycle Test Apparatus

. VT\‘{O’[‘E 3....Rated aver aggr htc at3 h per start: 12 000 h. Rated average life
at 12 h per stactz 18 000 b, Usefol lcugth 1625 mm. (64 in.). Wattage: 85
W. Relative black hght enefgy output is 190 % that of FAOBL. lamp.

6. Test Specimens

6.1 Each test specimen shall measare 356 = 6 mm by 508
6 mm (14 £ Yain by 20 + V4 in.) and shall be composed
of two or three panes of clear, tinted or coated annealed,
heat-strengthened, tempered or laminated glass.

6.1.1 The thickness of the glass pane shall be m)mmally
mm (%6 in.) or 6 mm (¥4 in.),
46,12 The airspace or spaces shall be from nonuna] 6 mm
(Maiin,) through 13 mm (%4 in.), i

1.3 Triple, pang- units where the . mtmm@dmte alrspace
divider is a plastic film are accepiable.

6.2 The thickness tolcram.e of the glass shall conform io
Specification C 1036,

6.3 EBach spec n shall be permanently and legibly marked
with the designation-of the manufacturer and the clatc of
fabncauon (month and year).

. |

1.8 The sole source ofsupply of the apparatus known 10-the commitiee at this time
is the Black-Ray UV Meter with 1221 sensor cell available from Ultra-Viole
Products, ne., 5100 Watout Grove Ave., San Gabriel, CA 91778, If you are aware
of alternative suppliers, please provide this information to ASTM Headquarters.
Your comments will receive cateful consideration at a meeting of the responsible
technical committee,' which you may atiend.

Document 198-26 Filed 10/07/19 Page 104 of 112

6.4 At least ten specimens of identical component materials
and construction shall be submitted.

6.5 During all stages of exposure and storage, the units shall
be stated | Kition Wlth cqual support to all panes

“ o and ho, com rossum loading.: -

6.6 Selection of units for ws(mg, ahall be madc at random

,.except for.units damdged in tranmt Damagcd units shall not be

tes,wd

252

7 I’repm‘atmn of Test bpccimen

7.1 Uncleanable stain or scum may remain on thé éxtérior
glass surface of the:specimen after the accelerated wedthering
tost; Measures- should Jbe taken' to have a:clear view. of the
interior glass surface for detection of frost. Forexample, place
amadk of plastic tape’ 50 by: 50 mm (2-by 20 or larger, on
the central region:of bath exterior.glass bmface&,‘. Rcmove lht‘)
mask: for frostrpeint measurement. -." .

7.2 The sealed insulating -glass: units 'bhdﬂ be qealad *1
minimum ofi4 weeks to.allow for stabilization before the high
humidity exposiire inyaccordance with, 8:1 beging, The manu-
facturer has the wption to waive-this requirement.

8. Proceduyre, ey o ,

o B aHigh Humidiy Tese: - o0 RS a

8.1.1 Expose six specimens in thc hlgh humlchty teqt chqm~
ber at 60 #:3°C ({40 + 5°F)and 95 +.5 % relative humidity.
Arrange the specimens so that each specimenhas atleast G-mm
(Va-in.) clearance all around the four sides. Protect the bigh
hdmidity chamber from overheating, with-a protective device.

+8.1:1.1 Equip the High humidity.chamber with a continugus

temperature- recordmg .deviece placed in an:area: that gwe% the
avcragc termiperature in the-chamber: !
:8,1,2 When . the. epeciﬁcd tinteperiod has been aitamed
remove the test specimens and deterrtine the frost point'in
accordance with Test Method B 546 Observe tor chemlcal dew
point.

8.2 Accelerated Weather Cycle Test. .

8.2.1 Place the test specimens that were tested in awmdance
with 8.1 in the acelerated Weather cyclé test apparatus. Mount
the specimens so that one exterior surface of tho: spcclmcn is
exposediih wedthering csyclew; “dict the other: 1o toom tenipera-
ture (Note 4). Install all qpemmem a3 showti- il Flg 2, taking
care that no stress is induced in the test specimens by the
method of fastening. The test specimens shall eited in the
accelerated weather “cycle “exposure with' thi “htinber” one

face tacing the wedthier changed ds it does iinormal field
exposure: Bnstire that'the beuiing edge and the weathering or
exposed: side temain’the’ sathe throughout all testing: ’

Notr 4—A temperatore in the range from 15 to 30°C (60 to 85°F),

8.2.2 Cycling—Hach cycle, shall. be ¢ hit 5. min.and com-
posed of the following test cond1tmn (a@e F1g -4) Lo

. - [ P g Do g

7 The sole source of supply of the appatdtus known to the comthittee at thid thine

is Scatch Plastic Tape # 471 available front 3M Coy, 3M Caiter, Commergial Office

Supply Div., Bldg, 230-3 South-17, St. Paul, MN 55101, If you are aware of

alternative suppliers, please provide this infoxmation to ASTM Headquarters. Your

comments will receive careful L()llsideldtl()ll at a mm,(mg ol lhc mﬁpoumble
Vechuiicar eonfinities) which-yoy fidy atend. RS
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FIG. 2 Schematlc Urawlng 01‘ Wplcal Accelerated Weather Cycle Test Apparatus '

8. 2 2.1 Dmm{,,  the fum 1 h - 5 mm decredw the tempew

8 2 2. 2 Mamtdm tampelatuw af 30 :,~3°C‘ (HQO + 5"}*) 1'0!
1h % 5 min. )

8.2.2.3 Turn on “heat. "md allow tempemturc to ‘rise
from - 30+ 3°C (m20 * S“F) to room temperature. over a
period of 1 h * 3 min.

8.2.24 Over a time period of 1 h +.5-min, start waler spray
ang. uluavmlet ldmps. and confrol the tc,mpc,mtwc, mc from
mom temperatme to’ 7 30 (135 = S"F) "l’um o Wdtm
spray after 30 min o’ al]ow temperature to contmue to’ use to
57 & 3°C. o
wigans Mdm[am tempemtule at 57 & J"(, (135“'* 5"F) and
cotitinue u]tmvlolct axposum for a pcrwd 01 ['h'+ 3 mm.
Humlchty ‘rémaing very hitgh“during this “tour; comcquéntly,
additional water spray is not necessary.

8.2.2.6 Over a period of 1 h = 5 min, deuedw temperature
from 57 & 3°C (135 =% 5°F) to room tﬂmp(,rdture and continte
ultraviclet exposiiré, - At the" end of this period, turn: off
ultraviolet exposure.

8.2.2.7 Protect the accelerated weathering chamber from
overheating and from overcooling with protective devices.

8.2.2.8 Equip the accelerated weather cycle chamber with a
continuous temperature recording device placed in an area that
gives the average temperature inside the chamber.

Cob godk Be mn .
234 1.010n)"

L (LE% 0.8 in.)
ndoquént blaek’ ILgh: Liimp,f
ot s L

- Test gpul

‘ ',“mg‘s.‘m o

(3.04£1.0in)

FIG. 3 Location of Fluorescent Black Light Lamp Relative 1o the
Test Specimen

T

;
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" Nowe l Thw ﬁgum mpmeeme a linear response, but the equipment will not necessarily respond in a linear manner.
FIG. 4 Schematic Drawing of Each Cycle for Accelerated Weather (:ycls Test

8.2.3 When the. number of cycles prescribed® has been
attained, remove the specimens and determine the frost point in
accardance with Test Method E 546.

9, Observations

9.1 Observe for the foILowmg

9.1.1 Specimen breakage.

9.1.2 Specimen failure, which is indicated by visible water
in the cavity.

10, Report ‘

10.1 Report the following data:

10.1.1 Complete Description of Specimen Tested:

10.1.1.1 Dimensions of the-test specimen (width by height)
and overall thickness. -

10.1.1.2 Type and thxckneqs of glass panes.

10.1.1.3 Airspace thicknesses.

10.1.1.4 Describe the spacer corposition and configuration.

10.1.1.5 Descnbe the corner construction including the type
and number of cotnegr keys. ‘

10.1.1.6 Dessicant type. and quantity, if known, and sealant
type. ‘ : S

8 For insulating plads units, see Speeification B 774.

§

10.1.1.7 Dimensions of sealant.

10.1.1.8 Manufacturer and manufactured date (month, if

. known, and year).
10.1.2 Duration of Test:

10.1.2.1 Duration of high humidity test described in 8.1
(nomber of days or weeks).

10.1.2.2 Duration of accelerated weather cycle test de-
scribed in 8.2 (number of cycles, days or weeks).

10.1.3 Chemical dew point, if observed.

10.1.4 Speclmen breakage, if observed.

10.1.5 Massive specimen failure, if observed.

11 Prt,ubmn and’Bias

1.1 Precmon——~ The pramsmn of the procedures, in Test
Method B 773 for ~measuring accelerated weathemblhty is
being determined.

11.2 Bias——Since there is no accepted reference material
smtablo for dc,tx,rrmmng the bias for the procedme& in Test
Method B 773 for accelerated weathembmty, bias has not been.
determined.

12, Keywords
12,1 insylating glass units; sealed insulating glass pnits
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The American Saclety for Testing and Maierlalg takos no position respecting the vafidity of any patert rights asserted in conneclion
with any item mentioned Int this standard. Users of this standard are expressly acvised that determination of the valjdity of any such
patant rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committes and must be reviewed svery five years and
Ifnot revised, either reapproved or withdrawn, Your comments are invited either for ravision of this standard or for adoitfonal standards
and shauld be addressed to ASTM Headquarters. Your commants will receive careful consideration at a meeting of the responsible
fechnlcal commities, which you may aitend. if you feel that your comments have not received a falr hearing you shouid make your
views known to the ASTM Commitiee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,

This standard s copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. individual
reprints (single or multipla coples) of this standard may be oblained by contacting ASTM at the abave address or at 610-832-9585
(phone), 610-832-9556 (lax), or service @astm.org (a-mall); of through the ASTM website (hitp://www.asim.org). K
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An American National Standard

This, sfandard s issued wnder, the fized de‘ngnaupn B '7"74,}1)(5 number umnqdmmly Sfollowing the designation indicates the year of

ougmal aclopuon or, m thc case. of revwmn,\q e ye;

1. Scope

1.1 'This specification is applicable to those sealed insulating
glass units, with one or two airspaces.

1.2 The classification of test specimens is based on frost or
chemical dew point after the specified test duration(s).

1.3 Qualification under this specification is intended to
provide a basis for the classification of the durability of sealed

insulating glass units. SIGMA field correlation studies started.

in 1980 show that units that have achieved a Level A
classification have less than 1 % field failure rate in ten years
provided the glazing sysiem weeps water away from contact
with the unit edge seal. Class C and CB tested units have
significantly higher field failure rates in ten years. SIGMA
continues to gather correlation data.?

1.4 This specification is not applicable to units that are
constructed from vision materials other than glass.

1.5 This specification does not cover other physical require-
ments such as appearance, thermophysical properties, heat and
light transmission, and glass displacement,

Note 1—Sealed insulating glass units classified according to this
specification are not necessarily suitable for stracturally glazed applica-
tions. Factors such as sealant longevity to long term direct ultraviolet light
exposure and sealant tensile strength must be reviewed for these applica-
tions.

2. Referenced Documents

2.1 ASTM Standards:

E 546 Test Method for Frost Point of Sealed Insulating
Glass Units®

B 773 Test Method for Acceleraied Weathering of Sealed
Imulatmg Glass Units®

E 1887 Test Method for Fog Determination®

3. Terminology

3.1 Definition:
3.1.1 sealed insulating glass uwnit-—a preassembled unit,
comprising sealed panes of glass separated by dehydrated

UThis specification is under the jurisdiction of ASTM Committee E-G on
Performance of Buildings and is the direct responsibility of Subcommitiee F06.22
on Durability Performance of Building Constructions.

Current edition approved June 10, 1997, Published August 1997. Originally
published as B 774 - 81. Last previous edition B 774 - 92.

2 Avaitable from SIGMA, 111 Bast Wagker Drive, Suite 600, Chicago, IL 60601,

3 Annual Book of ASTM Swandards, Vol 04.11,

Copyright ® ASTM, 100 Bar Harbor Drive, West Gonshohooken, PA 19428-2058, United Slates,

) A mlmbul i, pmﬁuthca
supersexipt epsilon (e) Indicates an thtmml change; since, the lastc avision.or M!I’PWVQ[

Tt reivision,

] ‘dl,wtcs thc ymr of last; mapprovql A

AT

space(s), intended for vision areas of buildings. The unit is
normally used for windows, window walls, picture windows,
sliding doots, patio doors, or other types of windows or doors.

4. Classification

4.1 Sealed insulating glass units tested in accordance with
this specification shall be classified into one of three classes
based on response 10 the tests and qualification requirements as
shown in Table 1.

5, Performance Requirements

5.1 Class C—There shall be no frost or chemical dew point
of each specimen when measured at a temperature of —-34°C
{(=30°F) in accordance with Test Method E 546.

5.2 Class B—There shall be no frost or chemical dew point
when measured at a temperature of ~29°C (~20°F) in accor-
dance with Test Method E 546,

.5.3 Class A—There shall be no frost or chemical dew point
when measured at a temperature of -29°C (<20°F) in accor-
dance with Test Method E 546,

5.4 Fog—No fog shall be visible after testing in accordance
with Test Method E 1887.

6. Test Specimens

6.1 Specimen design and construction for accelerated
weathering tests shall be established by Test Method E 773.

7. Test Methods

7.1 Classify the sealed insulating glass units by following
Test Method B 773 in accordance with Table 1 of this specifi-
cation.

7.1.1 Accelerated Weathering Test:

7.1.1.1 Test six randomly selected test specimens for dura-
tions as shown in Table 1, Class C in accordance with Test
Method B 773.

7.1.1.2 If the test specimens qualify for Class C as described
in Section 5 of this specification, they may be tested further for
durations as shown in Table 1, Class B, Place the specimens in
the test racks so that the bearing edge and the weathering or
exposed side remain the same as tested in previous class.

7.1.1.3 If the test specimens qualify for Class B as described
in Section 5 of this specification, they may be tested further for
durations as shown in Table 1, Class A.

7.1.1.4 Breakage of only two specimens is permitted

PRO_00106898
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E 774
: TABLE 1 Classification and Physical Requirements for Seal Durability Test Method E 773
Accelerated Waathering Tast Fogging Test
Record Duration of Test
. Inittal Frost 1
Classification Final
Polnt and High Hu- .
of Specimen | . iow | Number of ity W’;‘;‘:ﬁg’:@‘jg of pranttoton @1 Numberof | Durationof | Qualif-
Y, A . k. v i o i
Point Specimens ;I(?:t;) Tost,® cycles | Chemical Dew Specimens Tost, days cation
Y Palnt
lower
Class C § each 14 140 than —~ 34°C 2 sach 7 no visible fog
{(=B0°F)
' lower'
| ClassB | 6 vach 14 .66 than - 29°C .
' . ' (=20°F)
i T lower I I T
\ Class A 6 aach 14 .56 than - 29°C L ‘
| _ceoR) |
X

4 See Procedurs section of Tost Method E TrB
s &ee Procedura section of Test Method E 773,

-
throughout the test. ‘Replace my broken speum«,n w1th one.
from the sare lot, and test from the beg,mnmg, ‘

Nos 2—Breakage duc te laboratory handling, that is dmpped umts, is
not considered to be test breakage, Laboratory hroken units shall be
repldoed and retested from the beginning, ;

7,115 Tf third specimen bleakage oceurs during the test for -
any’ reason, do not quahty tlns sct of wst speunmns for that
tested class,

~7.1:1.6 If any specimen has filled with water or shows .
visible condensation in the air space, do not qualify-this set of *

test specimens for that tested class except as pemmtad m :

7.1.1.4 (that is, breakage).
7.1.2 Fogging Test:
7.1.2.1 Select two specimens as showq in Table 1.

7.1.2.2 Test the two test specimens for durations as shown

in"Table 1, Class C in accordance with Test Method E 1887.
7.2 The test durations as shown in Table 1 are net testing

periods. If the test is interrupted for any reason, the remaining

portions shall be completed to qualify for the testing class.

o -

" Nome 3—It is suggestcd that extra units be submitted, I‘welve units
have bcen ehown to be aclcquatc in many cmm, e

8 Repm*t :
8.1 chml the followmg mionmatmm
w8101 Detailed description of test specimen, test dmatlons,
and all reportable test data of Test Methods E 773 and E 1887.
.. 8.1.2) Classes for which the test specimens qualified.

y
1
§
i

) Acwptame orf ReJectxon

9.1 When all test specimens thb et the reqmrements 45
described in Sectibn 5 for ¢ any pamcu]ar class, this set ot teal
‘specimens shall be' decepted for that tested class, ~ «

9.2 If any specimen fails to meet the requirements as
described in~Section 5 for any partmuleu class, ;this’ aet of
- specimens shall-be: rejwted for that tested class. - -

10, Keywords
10.1  insulating glass units; sealed insulating glass units
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APPENDIX

(Nommandatory .Infmmétion)

X1. TEST DATA GATHERING

FIG, X1.1 Tes! Report for Spacification E 774

Date

Manufacturer Aef. No. oo Testing Lab. e FRBE, NO.
Address __. Address
Attention Tal. Attention Tel.
Description of Test Specimen: ) !
Size (width by helght). Type and amount of desiccator
Thickness of glass Type of sealank(s) ) .
Thickness of air space Other features (band, barrier coat, etc,)
Typea of spacer. Manufactured date (month and year)
Tost Resuits ‘
Class C Class B Class A
- High Accelerated - Actelerated B : Accolerated |
Spacimen | Fogging Hurgidit Weather ' High-Humidity Weather | - High-Humidity  Weather .
No. Iniial Frost | Test, days | s da{:a Cycle Test,A| pemark | TestA days [Cycle TestA|  gamark | Test,? days |Oycle TesthA|  Remark
Point ' vycles cycles . . . oycles
7 14 140 14 86 14 56

] -

2 a

3

4

5

]

7

P

P : !

10°

A Actual frost/chemical dew point, or pass/fail,

The American Bociely for Testing and Mailerfals takes no position respacting the valldity of any patent rights asserlod in connection
with any ftem mentioned in this standard, Users of this standard are expressly advised that defermination of the validity of any such
patent rights, and the risk of infringemant of such rights, are entirely their own responslbiilty.

This standard Is subject to revision at any time by the responsible techinical commities and must be reviewed every five years any
If not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarlers. Your comimenis will receive caraful consideration at a meeting of the responsible
technical cormities, which you may attend. If you feel that your comments have not recelved a fair hearing you should make your
views known to the ASTM Committes on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

This stanaard Is copyrighted by ASTM, 100 Barr Hesbor Drive, West Conshohocken, PA 19428-2959, United States. Indlvidual
reprints (single or multipe coplos) of this standard may be obtalned by contacting ASTM at the above address or at §10-832-9585
(phone), 610-832-9555 (fax), or service@astm.org (e-mall); or through the ASTM wobsite (hitp:/fwww.asim.org).
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