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1. Scope 2.4 equivalent design load-a magnitude of a 60-s duration
1.1 This test method is a nondestructive test procedure tgniform load selected by specifying authority to represent

establish the nature of stresses induced in glass in windowgesign loads. )

curtain walls, and doors subjected to uniform static loads. A 2.5 glass specimeathe glass to be tested, for example, a
procedure is provided for using this stress information tosmg_le pane, an insulating glass unit, laminated glass, etc. (does
estimate the probability of failure of the glass. not include test frame). _ .

1.2 This test method is applicable to glass of various 2-6 maximum principal tensile stress (MPFSj maximum
degrees of temper; for example, annealed, heat-strengthené@lculated tensile stress based on strain gage measurements.
fully tempered, laminated, insulated, and combinations thereof. 2-7 negative loag—aload that results in the indoor side of a

1.3 This test method describes a process of applying specif@@aSs specimen being the high-pressure side.
test loads to glass. The test may be conducted using the 2-8 permanent set of test framea load-induced permanent
standard test frame specified herein or a test frame of the user®splacement from an original position of the test frame.
design. 2.9 positive load—a load that results in the outdoor side of

1.4 The values stated in inch-pound units are to be regarded 9/ass specimen being the high-pressure side.
as standard. 2.10 probability of failure—the probability that a glass

1.5 This standard does not purport to address all of theSPecimen fails when tested at a given equivalent design load.
safety problems, if any, associated with its use. It is theGeneral industry practice to express probability as lights per
responsibility of the user of this standard to establish appro-1000 lights.

priate safety and health practices and determine the applica- 2-11 residual stress-an initial, state of stress on unloaded,
bility of regulatory limitations prior to use.For specific uUnglazed glass resulting from manufacturing process (heat-

precautionary statements see Section 6. strenthening, tempering). _ _
2.12 specifying authority-the professional or professionals
2. Terminology responsible for determining and furnishing the information
2.1 aspect ratie—a ratio of long side to short side of glass required to perform this test method as described in Section 9.
plate.

2.2 average breaking stress (ABS)he average maximum 3. Summary of Test Method

principal tensile stress (MPTS) at failure, representative of the 3.1 This test method consists of: .
glass under test. The ABS is dependent on a number of factors 3-1.1 Glazing the test specimen into a test frame that is
including geometry, time history of load, surface condition, etcmounted on or against a test chamber.
Glasses with residual surface stresses, such as heat-3-1.2 Supplying or exhausting air from the chamber at a rate
strengthened or fully tempered, must have their residud]equ[red to maintain test-pressure difference across the test
stresses added to the state of stress at the specified load. AEcImen. . . _ .
defined for use in the standard, the ABS is for annealed glass. 3-1.3 Measuring and observing deflections, deformations,
2.3 coefficient of variatioa-the ratio (decimal fraction) of SPecimen strains, and the nature of any failures.

the standard deviation of the maximum principal tensile stress 3-1.4 Recording the results in an orderly manner.
(MPTS) at failure to the ABS. 3.2 Methods of loading to nondestructive levels are pro-

vided.
3.3 Test data are used to predict glass structural perfor-

1This test method is under the jurisdiction of ASTM Committee E-6 on mance characteristics.
Performance of Buildings and is the direct responsibility of Subcommittee E06.51
on Component Performance of Windows, Curtain Walls, and Doors.
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4. Significance and Use 5.2.7 Temperature Measuring Apparatuto measure the

4.1 This test method is a standard procedure to determine@Mnbient temperature within an accuracy-ot°F (0.6°C).
stress pattern and estimate a probability of failure of glass 9-2-8 Relative Humidity Measuring Apparatut measure
tested under uniform static loads. the relative humidity within an accuracy af2 %.

4.2 Loads on glass in windows, curtain walls, and doors;6

. ) D ) . Safety Precautions
may vary greatly in magnitude, direction, and duration. An _ )
understanding of wind loads on the building is desirable for 6-1 Proper precautions to protect observers in the event of

selection of test loads and interpretation of results with respe@@ss specimen failure should be observed. At the pressures
to expected exposure at a particular site. used in this test method, considerable energy and hazard are
4.3 The strength of glass varies with many different factordnvolved. In cases of failure, the hazard to personnel is less

including surface condition, load duration, geometry, relativeVith an exhaust system, as the specimen will tend to blow into
humidity, and temperaturel(2, 3, 4).2 rather than out of the test chamber. No personnel should be

4.4 A thorough understanding of the variations of thePermitted in such chambers during tests. All reasonable pre-
strength of glass and the nature of loading is required tgautions should be exercised during conduct of the test.

interpret results of this test method. 7 sampling and Glass Specimens
4.5 The proper use of this test method requires a knowledge Ping . P . _ .
of the principles of pressure, deflection and strain measure- /-1 Surface condition, cutting, fabrication and packaging of

ment, stress/strain relationships, and statistical estimating tecH!€ 91ass specimens to be tested shall be representative of the
niques. glass whose strength is to be evaluated.

7.2 All glass specimens shall be visually inspected for edge
5. Apparatus or surface irregularities prior to testing, and all questionable

5.1 The description of apparatus is general in nature. Amglass specimens shall not be tested. All questionable glass

equipment capable of performing the test procedure within th&Pecimens shall be reported to the specifying authority.
allowable tolerances is permitted. 7.3 Glass specimens shall be handled carefully at all times

5.2 Major Components because the strength of glass is influenced by its surface and

5.2.1 Test Framein which glass specimens are mounted for€d9€ conditions.
testing. The test frame shall provide either standardized supy rati
" o o e . Calibration
port conditions or specified support conditions. Specifications

of standardized support conditions are presented in Annex A1, 8-1 Pressure-measuring systems, deflection-measuring de-
5.2.2 Test Chambersealed, with an opening in which or V€S, and strain gages should be routinely checked. If calibra-

against which the test frame is installed. At least one stati€on IS required, the manufacturer's recommendations or good
pressure tap shall be provided to measure the test chambgfdineering practice shall be followed.
pressure and shall be so located that the reading is minimally Required Information

ffected by th locity of the ai ly t from the test
gec sC Dy the veaily of mhe air Supply fo or trom the es 9.1 The specifying authority shall provide the magnitude of

chamber or any other air movement. The air supply openin val desian load . . d th
into the test chamber shall be arranged so that the air does n%\e equivalent design loa (positive or negatlye) and the
llowable probability of failure for the glass specimens.

impinge directly on the glass specimen with any significant®
ping y g b y S19 9.2 The specifying authority shall state whether the glass

velocity. A means of access into the test chamber may be % hall be alazed i dard ¢ .

provided to facilitate adjustments and observations after th@Pecimens shall be glazed in a standard test frame or in a test

specimen has been installed. rame designed to simulate a specific glazing system. If the test
frame is to simulate a specific glazing system, complete

5.2.3 Air System a controllable blower, compressed air . . o .
supply, exhaust system, reversible blower or other devic@'az'ng details and support conditions shall be provided by the
§pecifying authority.

designed to apply the equivalent design load to the glas
specimen with required control.
5.2.4 Pressure Measuring Apparatuso record continu-
ously the test chamber pressure within an accuracy 6.
5.2.5 Deflection-Measuring Systenfor measuring deflec-
tions within an accuracy of£0.01 in. (0.25 mm).

10. Procedure

10.1 Measure and record ambient temperature and the
relative humidity.
10.2 Install strain gages to the low pressure side of the glass
pecimen according to procedures in Annex A2.

5.2.5.1 The deflection indicator shall be mounted so that 103 1 I al . inth ¢ ) d
deflection of the test chamber or test frame is not included in .=~" nstall g ass specimens in the test frame In accordance
th recommendations in Annex Al for standard support

the deflection gage reading. Provisions shall be made to ensufé™ ' - e :
that readings can be made from a safe location. conditions or as specified for a speC|_f|c glazing system. N
5.2.6 Strain Gage Measurementsippendix X1 describes 10.4 Record reference strain reading at no-load conditions.

. : . 10.5 Load specimen to low level pressure, 20 % of design
apparatus and techniques required for proper strain measure- ; )
mpepnts OL:] glass u qu brop I uIoad for 1 min. Release load. Allow 3 to 5-min gage and

restoration time.
10.6 Apply one half of the design load to the glass speci-
2 The boldface numbers in parentheses refer to the references listed at the end!&t€M- Take_ initial set of pressure, deflection, and strains at one
this test method. half of design load. Reduce the test pressure to 0, and vent the
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test chamber for a period of 3 to 5 min before pressureperformance of the glass. For new glass, &&Sshould be
measuring apparatus is adjusted to zero. obtained from the appropriate glass manufacturer for the glass
10.6.1 If air leakage around the test specimen is excessiv@ question. For glass that have been in service, or treated by
tape may be used to cover any cracks and joints through whicbthers (weathered, altered, damaged, scratched, or mechani-
the leakage is occurring. Tape shall not be used when there ¢ally altered) engineering judgement should be used or a glass
a probability that it may significantly restrict differential technologist consulted to determine the ABS. The area of the
movement between the glass and test frame. glass light and the duration of imposed load affect the ABS.
10.7 Apply load to the glass specimen in increments ofThe magnitude of the load duration effect can be roughly
20 % of design load, recording strain gage readings at eaclpproximated by using Eq X1.1 in Appendix X1.
increment. Maintain the load at each increment of design load 12.3 Probability of Failure—Once glasABSis established
until all strain gage readings are taken. For each increment, th@rocedure A), the normal probability distribution function is
load should not be applied for a period under 1 min or longetused to predict probability of failure. The probability of failure
than 5 min in duration. Continuous load-time records shall bdor glass is calculated as follows:
kept for the dur_atlon of_the Iqadlng. _ Area= Pr(Z = z,) o)
10.8 If specimen fails prior to design load, check for
permanent set of test frame and chamber damage. Test another
gaged specimen if necessary.

_ X—ABS
~ CVXABS

where:
11. Report X = maximum glass tension stress resulting from speci-
11.1 The report shall include the following information: fied or test wind load, psi (MPa),
11.1.1 Date of the test, the date of the report, the ambientABS = glassABS psi, (MPa),
temperature, and the relative humidity. CV = coefficient of variation, 0.22 for annealed glass,
11.1.2 Identification of the glass specimens (manufacturer, and
source of supply, dimensions, both nominal and measured, = standard normal variable (see Table X1.2).
manufacturer's designation, materials, and other pertinent Using the standard normal distribution table, the area to the
information). right of theZ, indicates the probability of failure at that level

11.1.3 Detailed drawings of the glass specimen, test framésee Table X1.2).
test chamber, a complete description of pressure-measuring

- . NoTte 1—Glasses with residual surface stresses, such as heat-
apparatus, all other instrumentation, and a statement that ﬂ;‘t:"rengthened or fully tempered, must have their residual stresses added to

test was conducted using a standard test frame or a test framig, siate of stress at the specified load. For example, the state of stress of

of the user’s design. a heat-strengthened glass surface is 5000 psi (35 MPa) at design load, if
11.1.4 Records of pressure differences exerted across eatle glass has a residual compressive stress on the surface of — 3500 psi (24

glass specimen during the test with each specimen beingPa), the resulting tensile stress component is 1500 psi (10 MPa) at

properly identified. design load.
11.1.5 Probability of failure4,) as calculated in Section 12 Note 2—Load/stress relationships for large deflections in glass may be
(Analysis). adequately defined by finite-element computer techniques. The values

obtained by this technique will be useful for defining probability of failure

11.1.6 Identification or description of any applicable SPECi-ctimates at various load/glass stress combinations.

fication.
11.1.7 A statement that the tests were conducted in accoi3. precision and Bias
dance with this test method, or a full description of any

deviations. 13.1 No statement is made about either the precision or the

bias of this test method for measuring the structural perfor-
12. Analysis mance of glass since the result merely states whether the
grobability of failure of the glass specimens is significantly

12.1 An analysis of the structural performance of the glas e - -
y P g greater than the specified probability of failure or not.

specimen(s) shall be made.
12.2 Procedure A:
12.2.1 Calculate maximum principal stress from strain gagé4- Keywords

data (see Appendix X1). 14.1 curtain walls; doors; glass performance; nondestructive
12.2.2 Average Breaking Strength of Glass (ABS)he testing; performance testing; strain gages; structural perfor-

ABSis a necessary value for use in analyzing the structuranance; uniform static loads; windows
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ANNEXES
(Mandatory Information)

Al. STANDARD GLASS TEST FRAME

Al.1 Introduction Al1l.2.2.2 The maximum rotation of the structural members

A1.1.1 The standard test frame shall be designed to suppofh@ll not exceed 1°, and _
a rectangular glass specimen in a vertical plane and expose jtA1.2.2.3 The maximum in-plane deflection (referenced to
to a positive (inward-acting) load. The test frame consists of€ glass specimen) of the structural members shall not exceed
two primary systems: a structural support system and a glazinf/2000. .
system. The structural support system shall be designed toA1.2.3 The corner connections of the support system shall
resist applied loads with limited deflections and provide arP€ designed using angle braces and bolts to minimize racking
interface between the test chamber and the glazing system. TRE twisting during testing. o _
glazing system shall be designed to limit lateral displacements A1.2.4 In addition to the above criteria, the following
of the glass specimen edges while minimizing rotational andabrication tolerances shall be met:
in-plane restraints of the glass specimen edges. This annexA1.2.4.1 The maximum out-of-plane offset at the corners
presents pertinent details relating to the design and construghall not exceedéa in. (0.4 mm) (see Fig. A1.1),

edges of the structural members shall not excéedn. (1.6
Al1.2 Structural Support System mm).

Al1.2.1 The structural support system consists of four main A1.2.4.3 The maximum difference in the measured diago-
structural members arranged as shown in Fig. A1.1. The insideals of the interior rectangular opening shall not excieih.
rectangular dimensiona,andb, of the support system shall be (3.2 mm), and
found by subtracting 1 in. from the corresponding dimensions Al.2.4.4 The depth of the structural members shall be
of the glass specimens. These dimensions shall be maintainsdfficient to allow unimpaired lateral displacements of the glass
within a tolerance oft¥%iein. (1.6 mm). specimens during the test.

Al1.2.2 The structural members shall be selected from avail- A1.2.5 Finally, holes shall be provided as required in the
able American Standard channels with flange widths greatefanges of the structural members for fasteners.
than or equal to %4 in. (44 mm). The structural members are
to be designed to withstand the appropriate proof load withouf1.3 Glazing System
permanent deformations. In addition, the structural members A1.3.1 The glazing system, which attaches to the vertical
shall be designed to meet the following deflection criteria:  structural support system, consists of the following major

A1.2.2.1 The maximum lateral deflection (referenced tocomponents (see Fig. Al1.2, Fig. A1.3 and Fig. A1.4):
glass specimen) of the structural members shall not exceed A1.3.1.1 Inside and outside glazing stops,

L/750 whereL is the length of the shorter side of the glass A1.3.1.2 Aluminum spacers,

specimen, A1.3.1.3 Inside and outside neoprene gaskets,
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rectangular glass specimen dimension¥s?by ¥s-in. (3.2 by
9.5-mm) rectangular slot shall be machined in the glazing stops
as shown in Fig. A1.3. At each corner the glazing stops are to
e be mitered and fitted as shown in Fig. A1.2.

1 R uminum spacer Al.3.4 The inside glazing stop shall be fastened to the top
) g ianment Dowe flange of the structural support members usiagn. (6.4-mm)

2 IW" diameter bolts. These bolts pass through a clear hole in the

Inside Glazing Stog /[?ﬁ channel flange into a threaded hole in the inside glazing stop.

Wing Bolt

174"

Outside Glazing Stop

Glass

Neoprene Gaskets

These bolts are not to extend above the surface of the inside
Inside Glazing Stop Bolt glazing stop. These bolts shall be spaced no further than 24 in.
(620 mm) apart with no fewer than two bolts per glazing stop
section.
Al1.3.5 The outside glazing stop shall be secured to the
support system usings-in. (9.5-mm) diameter wing bolts.
These bolts pass through the outside glazing stop, through the
inside glazing stop, and into a threaded hole in the support
\, channels. In the corner areas there shall be three wing bolts
h spaced at 6-in. (152-mm) intervals as shown in Fig. A1.2.
e Between these corner bolts, the bolts shall be spaced no further
FIG. A1.3 Section B-B of Standard Glazing System than 18 in. (457 mm) apart with a minimum of two bolts per
glazing stop section.
o PAE e A1.3.6 The rectangular aluminum spacers shall be fabri-
i cated using¥s-in. (19-mm) wide aluminum bar stock. The
”‘"m v WH depth of the spacers shall be equal to the thickness of the glass
:]:1/2" plus ¥s in. (9.5 mm). This dimension shall be maintained
. L within a tolerance of+¥%s2 in. (0.8 mm). The lengths of the
o %’I l = 1 rent e spacers shall correspond to the lengths of matching outside
. v glazing stop sections. In corner areas the spacers shall extend
L no further than 1 in. (25.4 mm) past the corner of the installed
glass specimen. The spacers shall be fastened to the outside
Neaprene Setting Black glazing stops usingz-in. (6.4-mm) diameter bolts. These bolts
pass through the outside glazing stop into a threaded hole in the
spacer. These bolts shall be spaced no further than 24 in. (610
mm) apart with no fewer than 2 bolts per glazing stop section.
A1.3.7 Two neoprene (85 5 shore A durometer) setting
blocks shall be centered at the quarter points of the glass
specimen as shown in Fig. Al1.2. Appropriate supports, fas-
tened through the inside glazing stop to the support channels,
shall be provided. The required length of a setting block (in
inches (in millimetres)) is found by multiplying the glass

Steel Channel

Qutside Glazing Stop

T

Inside Glazing Stop

'
Setting Block Sunport

Steel Channel

df

1 3/4" min,

FIG. Al.4 Section C-C of Standard Glazing System specimen area (square metres) (square feet) by 0.10. However,
in no case shall the setting block length be less than 4 in. (102
A1.3.1.4 Structural fasteners, and mm). The width of the setting block shall B&s in. (1.6 mm)
A1.3.1.5 Neoprene setting blocks. greater than the specimen thickness so that continuous support

A1.3.2 The glass specimen rests on two neoprene settirgcross the thickness of the specimen is provided.
blocks (85+ 5 shore A durometer) as shown in Fig. A1.4. The A1.3.8 The neoprene gaskets shall be fabricated using
glass specimen is laterally supported around its perimeter withis-in. (7.9-mm) thick neoprene (65 5 shore A durometer) to
neoprene gaskets (6% 5 shore A durometer). The glass fit snugly into the glazing stop slots. These gaskets shall be
specimen shall be centered within the glazing system to alaced so that continuous support of the glass specimen
tolerance of-¥1sin. (1.5 mm). A minimal clamping force (4 to perimeter is achieved. The gaskets may be held in place using
10 Ibf/in. (700 to 1750 N/m)) is applied to the edge of the glassan appropriate glue or cement. However, the neoprene surface
specimen by loosely tightening the wing bolts that are spaceth contact with the glass specimen shall be kept free of all
around the specimen perimeter. foreign materials.

A1.3.3 The glazing stops shall be fabricated ushagby A1.3.9 Silicone sealant or other appropriate material may be
3-in. (13 by 76-mm) aluminum bar stock (6061 T6511) inused to seal joints against leakage. However, under no circum-
sections no shorter than 24 in. (610 mm) or the smallestances is a sealant to contact the glass specimen.
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A2. INSTALLATION OF STRAIN GAGES

A2.1 Glass Surface Preparation Safeguards and Cleaning Note A2.2—Strain gage application techniques should also be avail-
Recommendations able from the strain-gage supplier.

A2.1.1 Glass Surface Preparation Safeguard$he pur- A2.3.2.1 On a clean portion of the test plate, away from the
pose of surface preparation is to develop a chemically cleagage locations, adhere 1 in. wide by 6 in. long (25 mm wide by
surface appropriate to the strain-gage installation. Cleanlineskb2 mm long) cellophane tape strips, one piece for each of the
is vital throughout the surface preparation process. It istrain gages to be installed. If wrinkles, loops, or twists appear
important to guard against recontamination of a once-cleaneith any of the tape pieces, replace them. Fold the ends back,

surface by: adhesive to adhesive, for aboit in. (6.4 mm) to simplify
A2.1.1.1 Never touching or placing dirty or contaminatedlifting the tape in subsequent steps.
objects on a clean area to be strain-gaged. A2.3.2.2 Remove strain gages from the packaging material,

A2.1.1.2 Protecting the area to be strain-gaged from airhandling strain gages individually with clean tweezers. Care
borne contaminants in unclean areas if glazing is delayed byhall be taken not to damage the gage by crimping, bending, or
covering the cleaned area with plastic film. cutting by using tweezers with irregular contact surfaces.

A2.1.2 Glass Cleaning Recommendatient is usually A2.3.2.3 Pull back one end of one cellophane tape piece to
advisable to thoroughly clean the entire surface of a plate to bgear the central region.

strain-gaged (if plate area30 to 40 ff) to avoid transfer of

; ¢ | d ad h bei A2.3.2.4 Orient the strain gage so that the gage axes
contaminants from an uncleaned adjacent area to the area Cl08rrespond to preferred orientation on the plate layout lines,
strain-gaged. A variety of cleaning agents can be used fo

idi hemically cl ‘ A 11 soluti f5nd center the strain gage on the tape prior to adhering to the
providing a chemically clean surtace. -1 solution of oo 5phane tape. The strain gage grid and solder connections

isopropy! alcohol and demineralized or distilled water appliedmust be toward the tape adhesive. Repeat for all gages being
with clean, untreated cotton gauze, or paper towels has be‘?ﬁ‘stalled.

found to be an effective final cleaning practice. For extremely
dirty glass substrates, degreasing to remove oils, grease ; : . ;
organic contaminants, and chemical residues may be necessar _sgsvmg the precautions in A2.3.2.1. Repeat for all strain

A variety of solvents and techniques are available for thisd29¢=: )

cleaning operation. Caution and care must be exercised in thejr A2-3:2-6 Carefully and accurately mark strain gage axes on

selection and use to preclude bodily injury or harm andthe cellophane tape using a magnifier, a straight-edge, and a

A2.3.2.5 Re-adhere the tape and the gage to the glass plate,

ossible damaae to coated alass substrates. marker used for plate layout. Fine lines are preferable and
P g g should extend the length and width of the tape. Repeat for all
A2.2 Strain Gage Lay-Out Lines Application strain gages.

A2.2.1 Perform a general cleaning of the glass surface(s) to A2.3.2.7 Grasp one piece of cellophangpe at both ends
be strain-gaged in accordance with A2.1.2. (to restrain curling, rolling, and twisting), and carefully lift the

A2.2.2 Using India ink reservoir pens, overhead projectiontape and gage from glass plate.
pens (both water soluble and permanent inks), or other similar A2.3.2.8 Superimpose cellophane tape gage axes lines over
markers, draw perpendicular crossing strain gage locatiothe glass plate layout lines at the desired location.
lay-out lines on the glass surface at the specific location and A2.3.2.9 Press the tape to the plate when lines are satisfac-
orientation (direction of strain measurement) where the straifyyily superimposed. Repeat for all strain gages.

gages are to be placed. A2.3.2.10 Grasp one end of tape and carefully lift at a

Note A2.1—Layout lines are usually left on the substrate until the gageshallow angle {-30°) until the gage has been lifted from plate
position and orientation are established. Gages are typically installed sudontact. Continue lifting the tape until it is free from the plate

that the longitudinal and transverse gage axes markings are aligned wiipproximately 1 in. (25 mm) beyond the strain gage. The glass
the layout lines on the substrate. The line portions where the gages a

; ) e Elate layout lines at the strain gage should be exposed.
bonded to the substrate are removed just prior to application of th .
bonding cement. A2.3.2.11 Pull the lifted end of the tape over the adhered

end, exposing the strain gage and the tape mastic, and adhere
A2.3 Strain Gage Installation Methods, Techniques, and  the lifted end of the cellophane tape to the glass. This forms a
Tips loop in the tape with the mastic side up and the strain gage
A2.3.1 Test Environment and Duration of TesThe type of ~ exposed.
strain gage and bonding cement will in large part be predicated A2.3.2.12 Using a clean cotton cloth or paper towel and a
by the test environment and duration of test. If the test is to b@on-residue cleaning solvent, for example, 1:1 solution of
performed in wet, rainy, high humidity or high temperatureisopropyl alcohol and water, carefully and thoroughly clean
conditions, or combination thereof, or if the test exceedsarea where the strain gage will bond to the glass plate,
several weeks in duration, the strain gage manufacturer shoutémoving only the glass layout lines that are beneath and
be contacted for specific bonding cement recommendations.immediately adjacent to the strain gage site. The paper towel or
A2.3.2 Strain Gage Application cotton cloth used should be clean, untreated, or free of soapy
materials, or combination thereof.
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A2.3.2.13 Optional Steps— (A2.3.2.13 and A2.3.2.14)—If (at a 180° angle) with a slow, steady motion. The gage should
a curing accelerator catalyst is used with the methyl-2remain bonded to the plate. Do not remove the tape until ready
cyanoacrylate adhesive, apply the curing accelerator to the® attach lead wires.
bond surface of the gage. This is the exposed surface of the A2.3.2.19 Residual adhesive surrounding the gage should
gage. be removed from the glass using a razor blade at an acute

A2.3.2.14 Allow the catalyst to dry at least 1 min under angle. Care must be exercised not to damage the glass surface.
conditions of 75°F, from 20 to 60 % relative humidity. Longer Adhesive removal should be made with the razor blade
drying times are needed for lower temperatures or highegdlirected away from the strain gage. Residual adhesive is
relative humidity. removed so that moisture does not get under the gage and cause

it to lift by using the adhesive as a “wick”.

Note A2.3—The next three steps are completed in rapid succession. a3 2 2( Apply a piece of masking tape over open-faced
Read all three steps before proceeding. (unencapsulated) gage-grids to prevent damage during subse-

A2.3.2.15 Lift the end of the tape previously tucked underquent steps. This step is unnecessary when encapsulated gages
(see A2.3.2.11) and firmly re-adhere the tape to within ab@ut are used.
in. (6.4 mm) of the gage, maintaining the tape in a gentle A2.3.2.21 Burnish solder tabs with a standard pencil eraser
“pull-back” position. Apply 1 to 2 drops of methyl-2- if pre-soldered tabs are not on the strain gages.
cyanoacrylate adhesive at the junction of the tape and the plate. A2.3.2.22 Apply a small amount of high quality solder flux

A2.3.2.16 IMMEDIATELY, rotate the tape so that the gage to the solder tabs and with an appropriately sized and powered
bond surface is at an angle of about 5 to 30° to the plate, bugolderiron, apply solder.
bridging the installation area. While holding the tape taut at A2.3.2.23 Observing wiring suggestions by the strain gage
this angle and aligning the strain gage axes lines with thenanufacturer, attach lead wires (24—30 gage stranded) to solder
remainder of the plate layout lines, prepare to bond the gage kigbs. A quarter-bridge three-wire independent-circuit wiring
taking a small piece of clean cloth or towel to apply a slow,arrangement functions very well. In this three-wire system, two
firm, single sweeping motion across the gagel the tape  of the leads are joined at the strain gage end but are maintained
keeping the alignment lines superimposed. Firm pressureeparately at the instrument end.
during this step assures a thin, uniform film and the closest A2.3.2.24 Tape the lead wires to the plate, providing wire
proximity to plate surface necessary for accurate strain meastrain-relief loops near the strain gage to reduce accidental
surement. gage removal, should wire be pulled or tugged.

A2.3.2.17 IMMEDIATELY after completion of the above  A2.3.2.25 Seal the gage to the plate with the appropriate
application, apply either firm-thumb pressure or a firm rubbingsealer, for example, air-dried polyurethane. As noted earlier,
motion directly over the gage area for a period of at least 1 mirsince methyl-2-cyanoacrylate cement is water soluble and
under conditions of 75°F, from 30 to 60 % relative humidity. If hydroscopic, strain gage adhesion loss can occur in moist or
either temperature or humidity are below these values, severiigh humidity conditions without use of a sealer. Several coats
minutes of firm pressure or rubbing, or both, are advisedcan be applied with ample drying time.

Repeat above steps for other gages to be applied. Note A2.4—Other types of adhesives are available which are less

A2.3.2.18 After the gage has been bonded 5 min or longekensitive to environmental conditions, but which require a different set of
the tape may be removed by pulling it directly back over itselfcure conditions. Contact your strain-gage supplier for details.

APPENDIX
(Nonmandatory Information)

X1. STRAIN GAGE TECHNIQUES FOR ANALYSIS OF GLASS PLATES

X1.1 Introduction X1.2.1.1 Measuring Equipment

X1.1.1 When properly used, strain gages provide useful (@) Manual:
(structural) data for architects, designers, engineers, and code(1) Indicator, portable strain, wheatstone bridge-type.
authorities. The purpose of this appendix is to describe (2) Switching/Balance BgxLO channel, minimum
apparatus and technigues and to analyze material for determi-(b) Automatic:

nation of glass stresses during load testing. (1) Analog-Digital Converter

X1.2 Apparatus (2) Mini-Computer with 16K memory.

X1.2.1 The apparatus selection is largely based upon desire X1.2.1.2 Gages foil-type:
for portability, number of gage-monitoring locations, type of (&) Rosettgtwo-element.
load, and budget considerations. The following apparatus are (b) Rosettethree-element.
recommended: X1.2.1.3 Wire, No. 26-3 Conductor.
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X1.2.1.4 Gage Adhesivegastman 910 (or equivalent) with axes and gage axes are coincident. If principal stress axes are

catalyst. not coincident with gage axes, maximum and minimum
X1.2.1.5 Surface Preparation Material stresses on the plate can only be calculated using three or more
(a) Conditioner and Neutralize™MNS-1 and MNA-1, or properly arranged gages.
(b) Isopropyl Alcohol and Wate50:50 solution. X1.4.3 For calculations, values are recommended as fol-
X1.2.1.6 Gagekote gage-waterproofing. lows:

X1.2.1.7 Miscellaneous

— 6 H
(@) Cellophane Tapel in. E =10.5x 10" psi(MPa

(b) Masking Tapel in. where

(c) Pencil glass marking. E = Young’'s modulus for glass.
(d) Solderandlron. p=0.22
(e) Glass Samplefor dummy-gage mount.

(f) Glass-Handling Equipment where

L | = Poisson’s ratio for glass.

X1.3 Stress Distribution € 1, € ,, ande, = strain measured by gases, subscripts refer to
X1.3.1 Maximum stresses and stress distribution are ofjage numbers shown in Table X1.3.

primary interest. For lights of glass, glazed four sides weath- X1.4.4 For example, at a 120-Ibf (534 N) test load, the data

ertight, stress values are largely dependent on glass sizg Table X1.4 using a two-element strain gage located at the

thickness, aspect ratio, nature of the load and support membeggnter of a glass light.

performance. Maximum stress location on plates can be x1.4.5 Using two-gage maximum/minimum stress formu-

approximated with the aid of Fig. X1.1 so that strain gagejas, in accordance with Table X1.3, the stress calculations are
placement can be properly positioned. as follows:

X1.3.2 While insufficient for stress profile construction, Fig.  \aximum stress calculatior; max
X1.2 illustrates a minimum location of strain gages and dial

= E
indicators for various plate aspect ratios and thicknesses in a—pe )
accordance with where maximum stress is predicted as shown — 105 x 10° By .
in Fig. X1.1. All gages shown are two-element rosettes with 10225 260 * 1077 = 022 X 795 X 1077
total gages for any test being ten. Gage orientations should be — 939 psi (6.5 MPa)

parallel and perpendicular to lines of symmetry and 45°

diagonal. Note that good engineering practice always places
gages at the test plate center location. Symmetrical support and = ﬁ@z + ey)
uniform loading will usually allow investigators to monitor

Minimum stress calculationr min

only one fourth (quadrants) of the rectangular plates, since =(11°'_‘r’—;2122:( ~ 795 x 10°® + 022 X 0260 X 109
stress distributions are assumed symmetrical. '_
= —8141 psi (56.1 MPa)
X1.4 Stress Data Calculations X1.4.6 Because bothr,,,, and o ,,, calculations were
X1.4.1 Determine strain for each gage, corrected readinggerformed, the maximum stress was determined. It is good
for temperature and zero references. engineering practice to perform both, ., ando ., calcula-

X1.4.2 Calculate stresses using strain values recorded arins.
formulas shown in Table X1.3. Note that only the gage-site X1.4.7 Test data in Table X1.1 was obtained from a three-
stress along the gage axes is determined using two-elemeg@ge rectangular rosette.
gages. Principal stresses, maximum and minimum, may be X1.4.8 Using the formula for a three-gage rectangular
calculated for two-element gages only when principal stressosette in Table X1.3, results are obtained as follows:

Max = E{€1 + e

1
21 T-& + aEmyT \/(51 - 63)2 + [2€;, — (e, + 53)]2}

TABLE X1.1 Data Obtained from a Three-Gage Rectangular

in=E (e +€ 1
Rosette Min 7{ = ; - Tv Ve — €)* + [2e, — (e + eg)]z}
Zero or Microstrain .
Gage Reference  Reading at 50 Measured Strain = 6415 psi (44.2 MPa)
No. Reading, pin./ Ibf/ft?(2395 Pa) (a - b), pin./in.
: - — (e +
in. (a) (b) bp 1/2 TAN*M = 47°
—
First test 1 (ey) 6 565 6 925 360
2 (e2) 5 480 5 955 475

X1.4.9 Again, the necessity for performing both calcula-

3 (e3) 7 100 7 475 375 . T it ai-
tions is illustrated. It is important to note that the principal
Second test ;(ﬁl) g igg g ggg ggg maximum stress axis is located 47° from gage one axis in a
3223 > 100 7 &5 225 direction the same as the gage numbering. Two-gage rosette
calculations performed from the same data produce maximum/
Average of tests L(e) 6 565 6 945 380 minimum stress values different from those above because the
2 (e) 5 480 5 993 513 N L .
3(e) 7 100 7 500 200 gage axes and principal stress axes are not coincident. For this

particular example, two axis rosette stresses are: 5162 versus
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Corner Stress Maximum

Indeterminant Region

Center Stress Maximum

5.0

50
P Load in psf
b Short Dimension
t Thickness
40 1 1 1 L |
1.0 1.5 2.0 3.0 4,0

Aspect Ratio (a/b)

FIG. X1.1 Approximate Criterion for Determining Maximum Stress Location Simply Supported, Uniformly Loaded Plates

4085 and 5334 versus 6415. For example, usirande ; data
and the two-gage stress formulas in Table X&.3,,= 5149

For example, if theABSof annealed glass is 6000 psi (41.3
MPa) at a load time of 60 s, a recommend&8Sfor a load

psi ando,;, = 5324 psi. Both these values are substantiallyduration ¢ 3 s would be 7325 psi (50.5 MPa).

different from values obtained from the three-gage rectangular
rosette method. To determine the influence of load duration,

calculate as follows:

ABSt,) = 6000(60/3)/*¢

ABSt,) = 7325 psi(50.5 MPa

L = ABSt,) = ABSt,)(t,/t)"" (X1.1)
where:
L = load duration,
t, = specified load duration, s and

—
o
Il

reference load duration for which ABS is known.
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TABLE X1.2 Probabilities That Given Standard Normal Variables Will be Exceeded A

Note 1—The probabilities shown are for the upper-tail.

Note 2—The digits heading the columns are additional digits for the values of the normal variable shown in the first column. Thus, the probability
corresponding with the standard normal variable 1.32 is found in the row in which “1.3” appears at the left and the column in which “2” appears at the
top. The probability is 0.0934.

Area= Pr(Z2Z7,)
LDKM
K
ZO
Normal Z, 0 1 2 3 4 5 6 7 8 9
Variable
0.0 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641
0.1 0.4602 0.4562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247
0.2 0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897 0.3859
0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
0.4 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121
0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
0.6 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148
0.8 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611
1.0 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379
1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170
1.2 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985
13 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
1.4 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
15 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559
16 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
1.7 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
18 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
1.9 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233
2.0 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183
2.1 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
2.2 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110
23 0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084
2.4 0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
25 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048
26 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
27 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026
28 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019
2.9 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014
3.0 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.0010 0.0010

AWallis, W. A., and Roberts, H. V., Statistics: A New Approach, The Free Press, 1956, p. 365.
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Quadrant 2 Quadrant 1
41
L/8
a2
W/® /8
L/8
5
- L‘_‘LAQ -1 “‘e*‘_ t
S .
L/6
W/4 /
3
Quadrant 3 Quadrant 4
\ ,
, vV —
N1 5"
45° v —1
L g

L Strain Gages

O Dial Indicator

Note 1—If maximum stress is in the indeterminant region, locate gages
1, 2, 3, and 5 as illustrated in quadrant 2 and gage 4 as illustrated in
quadrant 4.

Note 2—For maximum stress in corner in accordance with Fig. X1.1,
use quadrant 4, gage locations 1 through 5

Note 3—For maximum stress in center in accordance with Fig. X1.1,
use quadrant 2, gage locations 1 through 5

Note 4—Strain gages shall be applied to the low pressure side of the
glass.

FIG. X1.2 Strain Gage and Dial Indicator Installation Locations

11
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TABLE X1.3 Relations Between Strain Rosette Readings and Principal Stresses

A

Rosette
types

—_—

2 3
2
,1 1
—— [ t:_l
Required l ] | E—
solution Two-gage Rectanguior

Delte

Maximum normal stress, E
1- llz (€1 + Hey)

O max

Minimum normal stress, E
-7 (2 + iey)

O min
Maximum shearing stress, E
T @

Angle from gage one axis to0
maximum normal stress

axis, ébp

E(e; + € 1
21T—u "1T+u

\/(e1 — ) + [2¢, — (e; + €x)]}

E{el+e3 1

2\ T-u TI+n

\/(61 - 63)2 +[2e, — (e, + 53)]2}

E

2(1 + p)

\/(e1 - 53)2 +[2€, — (¢; + 53)]2

1 _1| 26, — (1 + €3)
ztan |:—€1 s

Eel+ez+e3 1
31— 14y

N(C e e v )

& tete 1
31— p) 1+u

VT

E[e, + ¢, 1
2| T-pu "1T+p

7
\/(61 —e) + 3(6 — E3)2:|

Ee, + ¢, 1

21-pu 1+up
7
\/(61 — &) +§(52 - Es)z:|
E
2(1 + p)

7
\/(El —e) + 3 (e, — €)°

1 2(e;—e)
Stan a2
2 V3 (e — &)

APerry, C. C., and Lissner, H. R., Strain Gage Primer, Second Edition, 1962, McGraw-Hill Co., p. 147.

TABLE X1.4 Data Obtained Using a Two-Element Strain Gage
Located at Center of Glass

Zero or Microstrain
Gage Reference  Reading at 120 Measured Strain
No. Reading, pin./ Ibf/ft?(5748 Pa) (b - a), pin./in.A
in. (a) (b)
First test 1 (eq) 11 865 12 136 +271
2 (e5) 11 388 10 580 -808
Second test 1 (e1) 11 865 12 114 +249
2 (ep) 11 388 10 606 -782
Average of tests 1 (e1) 11 865 12 125 +260
2 (ep) 11 388 10 593 -795

APositive values indicate tension; negative values indicate compression. 1

pin./in. =

1 X 10 ©in./in. (microstrain).

12
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