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1. Scope 2.6 positive load—a load that results in the outdoor side of

1.1 This test method is a procedure to determine if the? 9lass specimen being the high-pressure side. _
probability of failure of glass specimens exposed to a specified 2-7 Probability of failure—the probability that a glass speci-
60-s duration equivalent design load meets specified requirdten will fail when tested at a given load. General industry
ments. practice is to express the probability of failure as lights per

1.2 This test method describes apparatus and procedures 1§00 lights. _ _ _
select and apply a 60-s duration proof load to glass specimens, 2-8 proof load—a magnitude of uniform load at which glass
to determine the number of glass specimens to be tested, and¥8ecimens shall be tested. . _
evaluate statistically the probability of failure. This test method 2.9 proof load factor, a—the constant which, when multi-
may be conducted using the standard test frame specifigtfied by the equivalent design load, determines the proof load.
herein or a test frame of the user’s design. 2.10 specifying authority—professional(s) responsible for

1.3 Proper use of this test method requires a knowledge dfetermining and furnishing information required to perform the

the principles of pressure measurement and an understandif#t:
of recommended glazing practices. 3

1.4 The values stated in inch-pound units are to be regarded Sumn"!ary of Test Method ) o .
as standard. 3.1 This test method consists of individually glazing glass

1.5 This standard does not purport to address all of theSPecimens in a test frame that is mounted into or against one
safety problems, if any, associated with its use. It is thdace of a test chamber and supplying air to, or exhausting air
responsibility of the user of this standard to establish appro{Tom, the test chamber so that each glass specimen is exposed

priate safety and health practices and determine the applicat® @ 60-s duration proof load. Load-time records shall be kept
bility of regulatory limitations prior to useSpecific precau- for each glass specimen. Each glass specimen failure shall be

tionary statements are given in Section 6. recorded. _ _ _ _
3.2 After testing the required number of glass specimens, it
2. Terminology is determined if the probability of failure is greater than the
2.1 coefficient of variation, v-ratio of the standard devia- SPecified probability of failure based upon the number of glass
tion of the failure load to the mean failure load. specimen failures.

2.2 equivalent design loagd-a magnitude of 60-s duration 4. Significance and Use

uniform load selected by specifying authority to represent . )
4.1 Glass specimens to be tested shall be mounted in a

design loads.
Z.g glass specimenthe glass to be tested, for example aStandard test frame with four sides supported, or in a test frame

single pane, an insulating glass unit, laminated glass, etc. (do&§Signed to represent specific glazing conditions. _
not include test frame). 4.1.1 A standard test frame shall be used when it is desired

2.4 glass specimen failurethe fracture or cracking of any to evaluate the pro_pabll|ty of failure of glass specimens with
glass component of a glass specimen. edge support conditions held constant.

2.5 negative loag—a load that results in the indoor side ofa  4-1.2 A test frame designed to represent a specific glazing
glass specimen being the high-pressure side. condition will be used when it is desired to evaluate the

probability of failure of glass specimens in the specified
glazing system.

1 This test method is under the jurisdiction of ASTM Committee E-6 on 4.2 Loads on glass in windows. curtain walls. and doors
Performance of Buildings and is the direct responsibility of Subcommittee E06.51 iy i itude. di ’ ti d d ! ti A
on Component Performance of Windows, Curtain Walls, and Doors. may vary greatly In magnitude, direction, an uration. Any

Current edition approved Nov. 14, 1984. Published January 1985. load (wind, snow, etc.) that can be transformed into a 60-s
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duration equivalent uniform design load can be consideredjlass specimens shall not be tested.

Load transformation techniques are addressed in the litera-ture 7.3 Glass specimens shall be handled carefully at all times

1, 2,3)?2 because the strength of glass is influenced by its surface and
4.3 The strength of glass varies with many different factoreedge conditions.

including surface condition, load duration, geometry, relative

humidity, and temperaturé). A thorough understanding of 8. Calibration

those strength variations is required to interpret results of this 8.1 Pressure-measuring systems should be routinely

test method. checked. If calibration is required, the manufacturer’s recom-

5. Apparatus mendations or good engineering practices should be followed.

5.1 The description of apparatus is general in nature. Any. Required Information
equipment capable of performing the test procedure within the g 1 e specifying authority shall provide the magnitude of

allowable tolerances is permitted. the equivalent design load (positive or negative), the allowable

5.2 Major Compqnenrt]_s hal . d probability of failure for the glass specimens, and the coeffi-
5.2.1 Test Framein which glass specimens are mounted for et of variation of the failure loads typical of the glass

testing. The test frame shall provide either standardized Su%’pecimens tested

port conditions or specified support conditions. Specifications 9.2 The specifying authority shall state whether the glass

of standardized support conditions are prese_nte(_j in AT‘“GX AJspecimens shall be glazed in a standard test frame (see Annex
5.2.2 Test Chambersealed, with an opening in which or Al) or in a test frame designed to simulate a specific glazing

against which the test frame is installed. At least one Stati?stem If the test frame is to simulate a specific glazing

pressure ta% Sﬂa“ Ee prc:videddtohmeﬁsure ghe test 9h_amt|)| Istem, complete glazing details and support conditions shall
pressure and shall be so located that the reading is minimallfe" ovided by the specifying authority.

affected by the velocity of the air supply to or from the test

chamber or any air movement. The air supply opening into thgg. Selection of Proof Load and Sample Size
test chamber shall be arranged so that the air does not impingelo.1 The glass specimens shall be tested with a proof load

directly on the glass specimen with any significant velocity. A hat is larger than the equivalent design load. The proof load is

means of access into the test chamber may be provided Lo X
facilitate adjustments and observations after the specimen h%%und by multiplying the design load by the proof load factor,

b : , as follows:
een installed.
5.2.3 Air System a controllable blower, compressed air Op = aly @
supply, exhaust system, reversible blower, or other devichhere.
designed to apply the proof load to the glass specimen withq _ .proof load,
required control. _ _ a proof load factor, and
5.2.4 Pressure Measuring Apparatus record continuous Oy equivalent design load.
test chamber pressures within an accuracy-atb. 10.1.1 If the glass specimens are to be tested in a standard
5.2.5 Temperature Measuring Apparatuto measure the test frame, the proof load factar, is found in Tables 1-4, given
ambient temperature within an accuracy-01°F (0.6°C).  the equivalent design load probability of failure and the
5.2.6 Relative Humidity Apparatugo measure the relative appropriate coefficient of variatiom, The proof load factor,
humidity within an accuracy of-2 %. corresponding to the minimum sample size or the maximum
capacity of the loading apparatus, would normally be selected.

6. Safety Precautions " 4
61 P . b i th 10.1.2 If the glass specimens are to be tested in a test frame
-1 Proper precautions to protect observers in the event %at is representative of a specific glazing system, the maxi-

glass faiLurg shoul% be tc))lbserved. Al tgehpre33ures _usetlj in dthllﬁum allowable proof load that can be resisted by the test frame
test method, considerable energy and hazard are involved. W, he determined using engineering principles. The proof

cases of failure, the hazard to personnel is less with an exha%tad factor,a, is then determined by dividing the maximum
system, as the specimen will tend to blow into rather than out ”

of the test chamber. No personnel should be permitted in such

chambers during tests. All reasonable precautions should be TABLE 1 Required Sample Size ( v = 0.10)
exercised during conduct of the test. Proof Load Factor, a
7. Sampling and Glass Specimens 12 13
" . L . 0.010 1
7.1 Surface condition, cutting, fabrication, and packaging of 0.009 1
the glass specimens shall be representative of the glass whose 0.008 12
; 0.007 13
Strength Is to be evaluated' . . Equivalent Design Load 0.006 15
7.2 All gl_ass speqmens_shall be v_|sually inspected fpr edge  probability of Failure 0.005 17
or surface irregularities prior to testing, and all questionable 0.004 19
0.003 24
0.002 31 10
A
2 The boldface numbers in parentheses refer to the references listed at the end.af 0.001 53 15
this method. ATesting is not recommended because of excess expense.
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TABLE 2 Required Sample Size ( v = 0.15) strengthened and the test restarted. If failure occurs in a user
Proof Load Factor, a specified test frame, the proof load should be reduced or the
13 14 15 16 test frame should be appropriately stiffened or strengthened
0.010 15 and the test restarted.
0.009 16 11.8 Select a new glass specimen and repeat procedures in
0.008 18 10 11.2-11.5.
0.007 20 11
Equivalent Design Load 0.006 22 12 .
Probability of Failure 0.005 26 13 12. Interpretation of Results
0.004 s1 15 12.1 When four or fewer glass specimen failures occur
0.003 40 19 11 . . . .
0.002 554 26 14 durlpg the test, the propa_bﬂny of glass specimen failure at the
0.001 106% 47 24 13 equivalent design load is judged to be less than or equal to the
“Testing is not recommended because of excess expense. specified probability of failure.

12.2 More than four glass specimen failures indicates that
allowable proof load by the equivalent design load. Tables 1-4he specified probability of failure has been exceeded.
is then entered with the calculated value @fthe specified
coefficient of variation,», and the equivalent design load 13- Report
probability of failure to determine the number of glass speci- 13.1 The report shall include the following information:
mens to be tested. If the corresponding entry in Table 1 is 13.1.1 The date of the test, the date of the report, the
blank, then the proof load factor should be reduced to a valuembient temperature, and the relative humidity.

based upon a minimum sample size. 13.1.2 Identification of the glass specimens (manufacturer,
10.2 Rationale to develop Tables 1-4 is presented in Appersource of supply, dimensions both nominal and measured,
dix X1. manufacturer’'s designation, materials, and other pertinent
information).
11. Procedure 13.1.3 Detailed drawings of the glass specimens, test frame,
11.1 Measure and record the ambient temperature and tlend test chamber. A complete description of pressure-
relative humidity. measuring apparatus, and a statement that the test was con-

11.2 Install glass specimens in the test frame in accordanaducted using a standard test frame or a test frame of the user’s
with recommendations presented in Annex Al for standardlesign.
support conditions or as specified for a specific glazing system. 13.1.4 Records of pressure differences exerted across each

11.3 Apply one half of the proof load to the glass specimerglass specimen during the test with each specimen being
and hold for 10 s. Reduce the test pressure to zero and vent tpeoperly identified.
test chamber for a period from 3 to 5 min before the 13.1.5 Identification or description of any applicable speci-
pressure-measuring apparatus is adjusted to zero. fication.

11.4 If air leakage around the glass specimen is excessive, 13.1.6 A statement that the tests were conducted in accor-
tape may be used to cover any cracks and joints through whicttance with this test method, or a full description of any
leakage is occurring. However, tape shall not be used whedeviations.
there is a possibility that it may significantly restrict differential o ]
movement between the glass specimen and the test frame. 14. Precision and Bias

11.5 Apply the proof load to the glass specimen in a period 14.1 Conclusions reached regarding the probability of fail-
from 40 to 60 s, maintain the proof load for a period of 60 s,ure of the glass specimens tested are based upon statistical
and then vent the test chamber. Continuous load-time recordsference. As a result, there exists a small probability that the
shall be kept for the duration of the loading. conclusion reached is incorrect. A full discussion of assump-

11.6 If the glass specimen does not fail, remove it from theions made in development of the decision criteria is presented
test frame, and discard it. Select a new glass specimen, arnd Appendix X1.
repeat procedures in 11.2-11.5. If the glass specimen does fail,
record the failure and continue. 15. Keywords

11.7 Inspect the test frame for permanent deformation or 15.1 curtain walls; destructive testing; doors; exterior win-
other failures of principal members. If failure of the standarddows; glass performance; performance testing; structural per-
test frame occurs, it should be appropriately stiffened andormance; uniform static loads
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TABLE 3 Required Sample Size ( v = 0.20)

Proof Load Factor, a

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2
0.010 15 10
0.009 16 11
0.008 18 12
Equivalent 0.007 20 13
Design Load 0.006 23 15 10
Probability of 0.005 27 18 12
Failure 0.004 33 21 15 10
0.003 45 29 19 13 10
0.002 664 41 27 19 13 10
0.001 1424 884 574 39 27 19 14 11
ATesting is not recommended because of excess expense.
TABLE 4 Required Sample Size ( v = 0.25)
Proof Load Factor, a
15 1.6 1.7 1.8 1.9 2.0 21 2.2 2.3 24 25 2.6 2.7 2.8 2.9 3.0
Equivalent 0.010 33 23 18 13 10
Design Load
Probability of
Failure
0.009 37 26 20 15 11
0.008 42 30 22 17 13 10
0.007 48 34 26 20 15 12
0.006 584 42 31 23 18 14 1
0.005 724 534 39 30 22 17 14 11
0.004 934 694 504 38 29 23 18 14 11
0.003 134% 100* 744 554 43 33 26 21 16 13 11
0.002 220% 165 1257 964 724 564 44 35 28 23 19 15 13 10
0.001 534% 4184 3234 2524 1974 1574 1254 984 794 644 534 44 36 30 25 21

ATesting is not recommended because of excess expense. Equivalent Design Load Probability of Failure

ANNEX
(Mandatory Information)

Al. STANDARD GLASS TEST FRAME

Al.1 Introduction

Al.1.1 The standard test frame shall be designed to support
a rectangular glass specimen in a vertical plane and expose it
to a positive (inward-acting) load. The test frame consists of
two primary systems, a structural support system and a glazing
system. The structural support system shall be designed to .
resist applied loads with limited deflections and provide an
interface between the test chamber and the glazing system. The
glazing system shall be designed to limit lateral displacements
of the glass specimen edges while minimizing rotational and
in-plane restraints of the glass specimen edges. This annex {
presents pertinent details relating to the design and construc- -—
tion of a standard test frame. | b |

F
a LI &

Al.2 Structural Support System

:‘L Corner Offset
T (less than 1768 in.}

Al.2.1 The structural support system consists of four main
structural members arranged as shown in Fig. A1.1. The inside
rectangular dimensiona,andb, of the support system shall be
found by subtracting 1 in. from the corresponding dimensions

SECTION A-A

of the glass specimens. These dimensions shall be maintained FIG. AL.1 Structural Support System
within a tolerance+%1s in. (1.6 mm).

Al.2.2 The structural members shall be selected from avail-
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13/8" 1y

Wing Bolt
1" !
174 ! !

Outside Glazing Stop
172"

able American Standard channels with flange widths greater
than or equal to %4 in. (44 mm). The structural members shall
be designed to withstand the appropriate proof load without
permanent deformations. In addition, the structural members
shall be designed to meet the following deflection criteria:

Al.2.2.1 The maximum lateral deflection (referenced to
glass specimen) of the structural members shall not exceed
L/750 whereL is the length of the shorter side of the glass
specimen,

Al.2.2.2 The maximum rotation of the structural members
shall not exceed 1°, and

Al.2.2.3 The maximum in-plane deflection (referenced to
the glass specimen) of the structural members shall not exceed
L/2000.

Al1.2.3 The corner connections of the support system shall
be designed using angle braces and bolts to minimize racking
or twisting during testing.

Al.2.4 In addition to the above criteria, the following
fabrication tolerances shall be met:

Al.2.4.1 The maximum out-of-plane offset at the corners
shall not exceedea in. (0.4 mm) (see Fig. Al.1),

Al.2.4.2 The maximum planar variation of the outside : v
edges of the structural members shall not excéedn. (1.6
mm).

§| ~—Aluminum Spacer
=) Alignment Dowel

Glass

Neoprene Gaskets 120

Inside Glazing Stop

Inside Glazing Stop Bolt

Steel Channel

E—

1 3/4* min. ]
AL LU

FIG. A1.3 Section B-B of Standard Glazing System

Al1.2.4.3 The maximum difference in the measured diago-
nals of the interior rectangular opening shall not excieith.
(3.2 mm), and

Al.2.4.4 The depth of the structural members shall be
sufficient to allow unimpaired lateral displacements of the glass
specimens during the test.

Al1.2.5 Finally, holes shall be provided as required in the
flanges of the structural members for fasteners.

Qutside Glazing Stop

Glass

Heoprene Gaskets

Inside Glazing Stop

I 12"

+—ATuminum Snacer
P Sd Alignment Dowel

2"

Setting Block Support

Neoprene Setting Block

Al.3 Glazing System

Al1.3.1 The glazing system, which attaches to the vertical
structural support system, consists of the following major
components (see Fig. Al1.2, Fig. A1.3, and Fig. Al1.4):

Al1.3.1.1 Inside and outside glazing stops,

L ]
¢ w/d

6"]"]"16"
[
oo o ) o coo/ . o
: g
o of—- 6
o ol—-
]:18"orless
° o|—-
o o
5 4 t s
Setting Block NWing Bolt
o g Blocks ¢ o ]
o — o
Yo oot o of Xlooo

FIG. Al1.2 Standard Glazing System

Steel Channel

\

1 3/4" min,

FIG. Al.4 Section C-C of Standard Glazing System

A1.3.1.2 Aluminum spacers,

A1.3.1.3 Inside and outside neoprene gaskets,

Al1.3.1.4 Structural fasteners, and

A1.3.1.5 Neoprene setting blocks.

Al1.3.2 The glass specimen rests on two neoprene setting
blocks (85+ 5 shore A durometer) as shown in Fig. A1.4. The
glass specimen is laterally supported around its perimeter with
neoprene gaskets (6% 5 shore A durometer). The glass
specimen shall be centered within the glazing system to a
tolerance oft¥%6in. (1.6 mm). A minimal clamping force (4 to
10 Ibf/in.) (700 to 1750 N/m) is applied to the edge of the glass
specimen by loosely tightening the wing bolts that are spaced
around the specimen perimeter.

Al1.3.3 The glazing stops shall be fabricated uskagby
3-in. (13 by 76-mm) aluminum bar stock (6061 T 6511) in
sections no shorter than 24 in. (610 mm) or the smaller
rectangular glass specimen dimension¥sfby ¥s-in. (3.2 by
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9.5-mm) rectangular slot shall be machined in the glazing stopglass specimen. The spacers shall be fastened to the outside
as shown in Fig. A1.3. At each corner the glazing stops shall bglazing stops usings-in. (6.4-mm) diameter bolts. These bolts
mitered and fitted as shown in Fig. A1.2. pass through the outside glazing stop into a threaded hole in the
Al.3.4 The inside glazing stop shall be fastened to the togpacer. These bolts shall be spaced no further than 24 in. (610
flange of the structural support members ugign. (6.4-mm)  mm) apart with no fewer than 2 bolts per glazing stop section.

diameter bolts. These bolts pass through a clear hole in the o1 37 Two neoprene (8% 5 shore A durometer) setting
channel flange into a threaded hole in the inside glazing stogy|ocks shall be centered at the quarter points of the glass
These bolts shall not extend above the surface of the inSid§pecimen as shown in Fig. A1.2. Appropriate supports, fas-

glazing stop. These bolts shall be spaced no further than 24 iganeq through the inside glazing stop to the support channels,
(610 mm) apart with no fewer than two bolts per glazing stopspa| he provided. The required length of a setting block (in

section. _ _ inches (in millimetres)) is found by multiplying the glass
A1.3.5 The outside glazing stop shall be secured t0 the,ecimen area (square feet (square metres)) by 0.10. However,

support system using-in. (9.5-mm) diam.eter wing bolts. no case shall the setting block length be less than 4 in. (102
These bolts pass through the outside glazing stop through tr}ﬁm). The width of the setting block shall Bs in. (1.6 mm)

inside glazing stop and into a threaded hole in the SUPPOH o ater than the specimen thickness so that continuous support
channels. In the corner areas there shall be three wing bol

spaced at 6-in. (152-mm) intervals as shown in Fig. Al.2. cross the thickness of the specimen is provided.

Between these corner bolts, the bolts shall be spaced no further?1-3-8 The neoprene gaskets shall be fabricated using

than 18 in. (457 mm) apart with a minimum of two bolts per 72¢-IN- (7.9 mm) thick neoprene (65 5 shore A durometer) to
glazing stop section. fit snugly into the gla}zmg stop slots. These gaskets sha_ll be
A1.3.6 The rectangular aluminum spacers shall be fabriPlaced so that continuous support of the glass specimen
cated using¥z-in. (19-mm) wide aluminum bar stock. The Perimeteris achieved. The gaskets may be held in place using
depth of the spacers shall be equal to the thickness of the glag§ @ppropriate glue or cement. However, the neoprene surface
plus % in. (9.5 mm). This dimension shall be maintained IN cpntent W|t_h the glass specimen shall be kept free of all
within a tolerance oft¥%s2 in. (0.8 mm). The lengths of the foreign materials.
spacers shall correspond to the lengths of matching outside A1.3.9 Silicone sealant or other appropriate material may be
glazing stop sections. In corner areas the spacers shall extended to seal joints against leakage. However, under no circum-
no further than 1 in. (25.4 mm) past the corner of the installedstances is a sealant to contact the glass specimen.

APPENDIX
(Nonmandatory Information)

X1. STATISTICAL BASIS FOR TEST METHOD

X1.1 The purpose of this test method is to determinedepends upon the magnitude of the design probability of
whether the true probability of failure of a set of glassfailure, the ratio of the proof load to the design load, and the
specimens exposed to a design load is less than or equal tocaefficient of variation of the glass specimen failure loads.
specified design probability of failure. The most direct ap-Information to determine the required number of specimens to
proach to accomplish this purpose is to expose a sample dfe tested and the allowable number of specimen failures is
representative glass specimens to the design load recording pllesented in Sections 10 and 11. Fundamental concepts of
failures, and then to analyze the resulting data to determine ffrobability and statistics along with critical assumptions used
the probability of failure is less than or equal to the designto generate this information is presented in this appendix.
probability of failure. However, because the design probability
of failure associated with most glass specimens is small X1.4 The first assumption made in development of this test
(typically less than 0.008), a prohibitively large number of method is that the glass specimen failure loads are normally
specimens would have to be tested to reach a statisticalfistributed. The normal distribution is the best understood and
defensible conclusion. most widely used continuous probability distribution function

available. Further, the normal distribution has historically been

X1.2 The approach adopted in development of this tesfised to represent glass specimen failure loads.
method is to increase the probability of failure of the glass

specimens to be tested by exposing the specimens to a proofX1.5 The standard normal probability density functif{m),
load whose magnitude is greater than the design load. By thtis as follows:

increasing the specimen probability of failure, the number of 2
specimens that must be tested to reach a statistically, defensible f(2) = > exp[f 7] (X1.2)
conclusion is reduced to an acceptable level. v
_9—-H
X1.3 The number of glass specimens that must be tested =75 (X1.2)
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where: If a proof load factorg, of 2.0 is considered the proof load
g = failure load, magnitude,q,, will be 0.80u. Eq X1.5 can then be used to
K = mean failure load, and determine the corresponding value of the standard normal
o = failure load standard deviation. variate as follows:
The standard normal cumulative probability functidifz), 0.801—

is found by integrating the density function, Eq X1.1 from Z=—gy ~ 080 (X1.8)
ggaﬁﬁgs\/g‘lﬁmty to a particular value of the standard varizje, Then the probability of a specimen failure at the proof load,

' p, can be found to be 0.21 using tabulated values of the

F(z) = fi exp[— z;]dz (X1.3) standard normal cumulative distribution.

be i d directlv. h | f th X1.8 The basic test plan is to select a sample of several
Eq X1.3 cannot be integrated directly, hence, values of thg,, .o specimens and to independently expose each specimen to
standard normal cumulative probability function must be foun he proof load, noting each failure. There are two possible
using numerical mgt?}odﬁg. Values ofF(z) are available in outcomes for each specimen. Either the specimen fails or does
numerous texts and handbods 6). not fail. Further, if the glass specimens are reasonably similar,

X1.6 The ratio of the standard deviation of a distribution tothe probability that a particular specimen fails when exposed to

the mean of the distribution (sometimes expressed as a perceélt supr:]c()e(g tlg);[dth?aagu?czgsesfuo?qggetg giiéoeas(tj%rgé :oltsa]]:flérct:??r:e
is called the coefficient of variatiom, of the distribution. The b

relationship between the mean, standard deviation, and c:oefﬁ)—mcome for another specimen. W'th the_se assumptions, the
cient of variation is as follows: process can be modeled using the binomial distribution.

o=y (X1.4) X1.9 If the probability of an event occurring in one trial is
given byp, then the probabilityPr, of it occurringr times in

The coefficient of variation is particularly useful when %éndependent trials is the binomial distribution as follows:

addressing glass strength because its magnitude tends to

constant for a particular glass type (annealed, tempered, __n Foq_ et

) . . s Pr mn—1! pPl—p (X1.9)
laminated, etc.). Typical values of the coefficient of variation of : :
different types of glass are presented in Table X1.1. If nis large ando is small, the binomial distribution can be

approximated using the Poisson distribution as follows:

X1.7 If Eq X1.4 is substituted into Eq X1.2, the following Ot
relationship results: pr — erﬂ
P (X1.5) Eq X1.10 is sufficiently accurate to calculate probabilities of

VH . . . . - . -
. __specimen failures required in this test, provided thigtgreater
IEO! Xlﬁ.5 can be rearranged, resulting in the followingapn or equal to 10, andis less than or equal to 0.25.
relationship:

(X1.10)

X1.10 Based upon the number of glass specimens tested
) ) ] . and the number of glass specimens that fail, it is concluded that

Eq X1.5 and Eq X1.6 can be used in conjunction withihe phrobability of failure of the glass specimens is either less
tabulated values of the st.a_ndard nqrmal cumulative d|str|put|019nan or greater than the design probability of failure. Because
to calculate the probability of failure of a glass specimenhe sirengths of similar glass specimens vary significantly, the
exposed to a proof load given a design load and its associateghnclusion reached may be either correct or incorrect. There-
probability of failure. For example, consider a sample Offore there are four possible outcomes that can result, two
annealed glass with a coefficient of variation of 0.25 and ggrect outcomes and two incorrect outcomes. The test proce-
design probability of failure of 0.008. The value of the standardyre is designed to limit the probability of incorrect outcomes.
normal variatez, corresponding to a probability of failure of 14 go this it is assumed that the probability of failure of the

0.008 is -2.41. Eq X1.6 can be used to express the magnitudgass specimens is equal to the expected probability of failure.
of the design loadqd, in terms of the mean failure load, 4, as
follows: X1.11 The first incorrect outcome considered occurs when

it is concluded that the design probability of failure is less than

q=pwz+ 1) (X1.6)

Go = H(0-25(=2.41 + (1.0] = 0.40u (x1.7) the expected design probability of failure, when in fact it is not.
This is called a Type Il error. The probability of a Type Il error
TABLE X1.1 Typical Coefficients of Variation, v, for Flat Glass is inversely proportional to the number of specimens tested.
Glass Type Typical Coefficient of The ma}).(imum probat_)ility of the Type Il error is t_aqual to the
Variation, v probability of zero failures occurring whem specimens are
Annealed 0.20-0.25 tested. Using Eq X1.10 the probability of the Type Il error is as
Heat strengthened 0.15 follows:
Tempered 0.10
AGlass manufacturers should be contacted for more specific information. These Py = e ™ (X1.11)

values may vary significantly.
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wherep is the proof load probability of failure. The maximum allowable _2.303
probability of this error occurring is set to 0.10 so Eq X1.11 is as follows: n=9021" 10.97=11 (X1.14)
0.10=¢e ™ (X1.12) Therefore, eleven glass specimens are to be tested. If more

If the natural logs of both sides of Eq X1.12 are taken andhan four failures occur, it will be concluded that the probabil-
the resulting relationship rearranged, the following relationshigty of failure is greater than the expected.

between proof load and sample size is as follows:
2303 X1.14 To simplify use of this test method, Section 10 was
n =

- (X1.13)  prepared with Table 1 so that the user can conveniently apply

. .p . ) . the method. Two examples of the use of Section 10 are
Eq X1.13 is used to determine the required sample size 9iVeBresented below to aid the user.

the probability of proof load failure.
X1.14.1 Example 1

X1.12 The other incorrect outcome results when it is X1.14.1.1 The destructive test procedure shall be conducted
concluded that the probability of failure is greater than theto determine if the probability of failure of a set of annealed
expected probability when in fact it is not. This is called a Typeglass specimens (= 0.20) is equal to or less thaooo at a
I error. The probability of a Type | error is controlled by the design load of 30 Ibf/t The standard test frame shall be used.
number of allowable specimen failures per test. It was shown x1 14.1.2 To determine the proper sample size, Table 3 is
in X1.11 that the product of the number of specimensand  entered with an equivalent design probability of failure of
the proof load probability of failurep, is held constant at .008 and a proof load factor is selected based upon the
2.303. Therefore using Eq X1.10, one calculation can be useghinimum sample size of 12. The proof load factor thus selected

to develop a relationship between the probability of a Type lis 1 6. Therefore, 12 glass specimens are independently sub-
error and the acceptable number of glass specimen failurefected to a proof load of 48 IbfAt

This relationship i_s presented in Table X1.2. In this Fest X1.14.1.3 In this example, it was found that 5 glass speci-

procedure the maximum allowable number of glass specimep,q s tajled. Therefore, it is concluded that the probability of

failures is set at four, resulting in the probability of a Type | failure of glass specimens subjected to the design load is
0,

error of about 3 %. greater than 0.008.

X1.13 Consider again the previous example of annealed X1.14.2 Example 2
glass specimens with a coefficient of variation of 0.25, a design X1.14.2.1 The destructive test procedure shall be conducted
probability of failure of 0.008, a proof load factor of 2, and the to determine if the probability of failure of a set of annealed
previously calculated proof load probability of failurg, of  glass specimens (= 0.20) is equal to or less than 0.001 when
0.21. The required sample size is calculated using Eq X1.13 @xposed to a design load of 40 IbfifThe specimens shall be

follows: tested in a test frame representative of a particular glazing
system.
TABLE X1.2 Relationship Between the Number of Failures and X1.14.2.2 First the representative test frame is analyzed
the Type | Error using engineering principles, and it is determined that the test
Number of Probability of frame can safely withstand a proof load of 80 I/t
Failures, r Type | Error” X1.14.2.3 The value of the proof load facta, is then
0 0.900 computed to be 2.0. Then Table 3 is entered with a proof load
! 0.670 factor,a, of 2.0 and an equivalent design probability of failure
2 0.405 o . .
3 0.201 of 0.001, and it is determined that 19 specimens should be
4 0.084 exposed to a proof load of 80 Ibfft
2 g:ggg X1.14.2.4 In this example it was found that 4 glass speci-
Yy : mens failed. Therefore, it is concluded that the actual probabil-
alues are calculated as follows: . X . . i
o (-23095 303" ity of the glass specimens subjected to the design load is less
Prob. (Type | Error) = 1 — [#] than 0.001.
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