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1. Scope

1.1 This test method describes the determination of the structural performance of exterior windews—eurtain walls, doors,
I skylights, ane-deers curtain walls under uniform static air pressure differences, using a test chamber. This test method is applicable
to curtain wall assemblies including, but not limited to, metal, glass, masonry, and stone components.
1.2 This test method is intended only for evaluating the structural performance associated with the specified test specimen and
not the structural performance of adjacent construction.
1.3 The proper use of this test method requires a knowledge of the principles of pressure and deflection measurement.
1.4 This test method describes the apparatus and the procedure to be used for applying uniformly distributed test loads to a
specimen.
1.4.1 Procedure A (see-seetion 11.2) shall be used when a load-deflection curve is not required.
I 1.4.2 Procedure B (see-seection 11.3) shall be used when a load-deflection curve is required.
1.5 The values stated in Sl 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 the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to useFor specific hazard statements, see Section 7.
1.7 The text of this standard references notes and footnotes which provide explanatory materials. These notes and footnotes
(excluding those in tables and figures) shall not be considered as requirements of the standard.

2. Referenced Documents$

2.1 ASTM Standards:
E 631 Terminology of Building Constructiofs
E 997 Test Method for Structural Performance of Glass in Exterior Windows, Curtain Walls, and Doors Under the Influence of
Uniform Static Loads by Destructive Methdds
E 998 Test Method for Structural Performance of Glass in Windows, Curtain Walls, and Doors Under the Influence of Uniform
Static Loads by Nondestructive Methbd
I E 1233 Test Method for Structural Performance of Exterior Windows, Curtain Walls, and Doors by-Eyetic Static Air Pressure
Differentiaf
I E 1300 Practice for Determining Load Resistance of Glass in Buildings

E 1886 Test Method for Performance of Exterior Windows, Curtain Walls, Doors, and Storm Shutters Impacted by Missile(s)
and Exposed to Cyclic Pressure Differentials

2 Additional information on curtain wall assemblies can be obtained from the American Architectural Manufacturers’ Association, 1540 East Biantee, P327
Walden Office Square, Suite 550, Schaumburg;+-60067. 60173.
2 Annual Book of ASTM Standardgol 04.11.
4 ) . iety
I 4 Annual Book of-Civi-Engineers—345-E—45th-StreetNew-YorkNY-16617-2398. ASTM Stakda@is12.
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E 1996 Specification for Performance of Exterior Windows, Curtain Walls, Doors, and Storm Shutters Impacted by Windborne
Debris in Hurricanes
2.2 ASCE Standard:

ASCE7(formerly-ANSHASS-H-Minimum 7 Minimum Design Loads for Buildings and Other Structures

3. Terminology

3.1 Definitions—Definitions are in accordance with Terminology E 631, unless otherwise indicated.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 design wind load-the uniform static air pressure differences, inward and outward, for which the specimen would be
designed under service load conditions using conventional wind engineering specifications and concepts, expressed in pascals
pounds-force per square foot). This pressure is determined by either analytical or wind-tunnel procedures (such as are specifit
in ASCE 7).

3.2.2 permanent deformatigm—the displacement or change in dimension of the specimen after the applied load has been
removed and the specimen has relaxed for the specified period of time.

3.2.3 proof load—a test load multiplied by a factor of safety.

3.2.4 stick systemn—a curtain wall assembly composed of individually framed continuous members, vertical mullions, and
horizontal rails that are installed in a sequential, piece-by-piece process. The completed system is assembled entirely in the fiel
3.2:35 structural distress—a change in condition of the specimen indicative of deterioration or incipient failure, such as

cracking, local yielding, fastener loosening, or loss of adhesive bond.

3.2:46 test load—the specified difference in static air pressure (positive or negative) for which the specimen is to be tested,
expressed in pascals (or pounds-force per square foot).

3.2:57 test specimem—the entire assembled unit submitted for test (as described in Section 8).

3.2:68 unit/panel systepm—a curtain wall assembly composed of pre-assembled groups of individual framing members. The
completed system is designed to be modular, transportable, and installed as a finished assembly.

4. Summary of Test Method

4.1 This test method consists of sealing the test specimen into or against one face of a test chamber, supplying air to c
exhausting air from the chamber according to a specific test loading program, at the rate required to maintain the test pressu
difference across the specimen, and observing, measuring, and recording the deflection, deformations, and nature of any distre
or failures of the specimen.

5. Significance and Use

5.1 Thistest method is a standard procedure for determining structural performance under uniform static air pressure differenc
This typically is intended to represent the effects of a wind load on exterior building surface elements—This-standard-is-nrot intende
to—aceountfor-the—effect-of-windberne—debris. The actual loading on building surfaces is quite complex, varying with wind
direction, time, height above ground, building shape, terrain, surrounding structures, and other factors. The resistance of mar
windows, curtain walls, and door assemblies to wind loading is also complex and depends on the complete history of load
magnitude, duration, and repetition. These factors are discussed in ASCE 7 and in the li -8)¢

5.2 Design wind velocities are selected for particular geographic locations and probab|I|t|es of occurrence based on data fror
wmd veIOC|ty maps such as are—pfepared-bﬁhe—NaﬂeﬁaFWea’eheFSewee—'Fhe—apgroach preweled—m—ee#eetmg—da{-a—feHhese ma|

g : § is-given by the
i i ' i ki i —Wind
as the wir
time spa
obtained

e require
feea+699—km—61—mﬂe)—leﬁg—samp+e—ef—arﬁe—&ass—a4med—p0|nt ASGE—?—pfewdes—addﬁHW—ﬂ#eﬂﬂaﬁen—en—thﬁ—Strbj_ct The 7.
These wine-y Map veloemes—are—mcreased (
2 3y i Hr i freri i an the

pressure differences and duratlons actmq mward and outward Complexmes of W|nd pressures, as related to building design, wir

intensity versus duration, frequency of occurrence, and other factors must be considered. Superimposed on sustained winds :

SThe botdface Tumbers i parenthieses Tefer tothe list
5 Available from The American Society efreferences-appended-to-thistest-method. Civil Engineers (ASCE), 1801 Alexander Bell Dr., Reston, VA 20191.
® The boldface numbers in parentheses refer to the list of references appended to this test method.




A0y E 330 - 02
“afl

gusting winds which, for short periods of time from a fraction of a second to a few seconds, are capable of moving at considerably
higher velocities than the sustained winds. W The analytical procedures in ASCE 7, wind tunnel studies, computer simulations,

and model analyses are helpful in determining the appropriate design—-wine-pressures leads—on-buildings—by-shewing how a
partreulrarebtﬂtdmg—aets—under exterlor surface elements of bU|Id|nqs Generally—wmd—veleertres—estabhshed—by others

Stud+es—reve&|—tl=rat—there Ioad duratrons obtarned from ASCE—?—aFe—atse—Z—s—&verage—vaeemes—ef—}%—l—km#r—%e—mph) 10 -S
average—veteer&es—et—l—?e—G—erh—&%—mph), 2 to 10 s—and—l—h—average#eleer&es—ef—%—Q—kWh—(&*mph)—m—the—s&me storm.

hat there

i A r products.
tron the speerﬁc—trme—duratron at
e | ign pressure
feHhe—i&A—S—kWh—mﬁnd—FeHemng—me—me—et—reasemnq reference employed in determlnlng—the—e*ampte above pressure
coefficients.
5.3 Some materials have strength or deflection character|st|es—that—the—test—|ead—and—trme—dﬁranen ot—tests—are—related if a 10-s
trme—duratren—rs—used dependent Therefor e for a 107.

5—4—'Fhe—elﬂ+atren of the applied test lcad—are—capable—of-imposing—serious-effects may have a significant impact on the

performance of materials used in the test specimen. M The most common examples of materials-have-strength-or deflection with
time-dependent response characteristics that-are-time-gependent. used are glass, plastics, and composites that employ plastics. F
this reason, the strength of an assembly is tested for the actual time duration te-which-an-assembly will it would be exposed to
a sustained or a gust load, or both, as discussee-in 5.3. above. Generally, U.S.-practice-in the past for wind load testing has beer
to require a minimum test period of 10 sferspecific test loads equal to the design wind load and proof loads equal to 1.5 times

the designpressureunlessrequirements-have-been-otherwise-specified. wind load. Thus a safety factor was is incorporated in thi
testing. With-higher test loads for wind higher than those determined by ASCE 7 or of longer time duration than 10 s, the designer

must-also consider what safety factors-are-essentialpartictlarly-with-regare-to-gust-wine-Heads—Gust wind appropriate. For test
loads-are-ofrelatively-short-duration; so that ¢ represent design loads other than wind, such as snow load, consideration shall be
givexn to establish an apprcopriate test period for both design and proof load testing.

5.4 This standard is not intended-te-speeify-unnecessariy-tong-duration loads acceuntferpurpeses of testingthe adequacy effect
of-th windborne debrist eru cyclic loads. Consideration of cyclic air pressure differentials is addressed in Test Method E 1233.
Consideration of windborne debris in combination with cyclic air pressure differential represendting extreme-wind gusts. events
is addressed in Test Method E 1886 and Specification E 1996.

5.5 This test method is not intended for use in evaluating the structural adequacy of glass for a particular application. When the
structural performance of glass is to be evaluated, the procedure descnbed |n Test Method E 997 or E 998 shall be used.

Note 1—In applying the results of tests by this test method;it-shettebeberre-in mind note that the performance of a wall or its components, or both,
may be a function of fabrication, installation, are-adjustment-and-that the adjustment. The specimen may or may not truly represent everyeaspect of th
actual structure. In service, the performance will also depend on the rigidity of supporting construction, temperature, and on the resistapoeifscom
to deterioration by various other causes, including vibration, thermal expansion and contraction—ane-so forth. etc.

6. Apparatus

6.1 The description of the apparatus is general in nature; any equipment capable of performing the test procedure within the
allowable tolerances is permitted.

6.2 Major Componentysee Fig. 1):

6.2.1 Test Chamberor a box with an opening, a removable mounting panel, or one open side in which or against which the
specimen is installed. Provide a static pressure tap to measure the pressure difference across the test specimen. Locate the tap
that the reading is unaffected by the velocity of air supplied to or from the chamber or by any other air movements. The air supply
opening into the chamber shall be arranged so that the air does not impinge directly on the test specimen with any significant
velocity. A means shall be provided to facilitate test specimen adjustments and observations. The test chamber or the specimen
mounting frame, or both, must not deflect under the test load in such a manner that the performance of the specimen will be
affected.

6.2.2 Air Systema controllable blower, a compressed-air supply, an exhaust system, or reversible controllable blower designed
to provide the required maximum air-pressure difference across the specimen. The system shall provide an essentially constant
air-pressure difference for the required test period.

Note 2—It is convenient to use a reversible blower or a separate pressure and exhaust system to provide the required air-pressure difference so that
the test specimen can be tested for the effect of wind blowing against the wall (positive pressure) or for the effect of suction on the lee siddinfthe buil
(negative pressure) without removing, reversing, and reinstalling the test specimen. If an adequate air supply is available, a compleselglaigaght
not be provided around the perimeter of the test specimen and the mounting panel, although it is preferable. However, substantial air leakége will req
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FIG. 1 General Arrangement of Testing Apparatus

an air supply of much greater capacity to maintain the required pressure differences.

6.2.3 Pressure-Measuring Apparatu® measure the test pressure difference within a toleranceéf or +2.5 Pa (-0.01 in.
of water column), whichever is greater.

6.2.4 Deflection-Measuring Systerto measure deflections within a tolerancezdd.25 mm ¢0.01 in.).

6.2.4.1 For Procedure A, any locations at which deflections are to be measured shall be stated by the specifier.

6.2.4.2 For Procedure B, maximum and end deflections of at least one of each type of principal member not directly and
continuously supported by surrounding construction shall be measured. Additional locations for deflection measurements, i
required, shall be stated by the specifier.

6.2.4.3 When deflections are to be measured, the deflection gages shall be installed so that the deflections of the componel
can be measured without being influenced by possible movements of, or movements within, the specimen or member support

6.2.4.4 Forteststo-determine-the-ultimateperformance-of-a-specimen—Permanent proof load tests, permanent deformation ¢
be determined by the use of a straightedge-type gage applied to the members after preloading and again after the test load has b
removed.

7. Hazards

7.1 Take proper precautions to protect the observers in the event of any failure. Considerable energy and hazard are involve
at the pressures used in this test methdARNING—At (Warning—At the pressure used in this test method, considerable
hazards are involved. Do not permit personnel in negative pressure chambers during tests.)

8. Test Specimens

8.1 Curtain wall test specimens shall be of sufficient size and configuration to determine the performance of all typical parts of
the system and to provide full loading on each typical vertical and horizontal framing member, including building corner details
and end joints, if applicable. For multistory systems, the specimen height shall not be less than two full building stories plus the
height necessary to include at least one full horizontal joint accommodating vertical expansion. If water testing is to be performec
on the test specimens, at least one full horizontal joint accommodating vertical expansion shall be included and located in thi
bottom third of the specimen. The specimen shall include all typical expansion joints, connections, anchorages, and supportin
elements including those at the top, bottom, and both sides of the specimen. Where the largest system or building wall is smalle
than that required herein, the largest system or full size building wall shall be tested. (See Figs. 2 and 3 for optional specimel
configurations.)

8.1.1 All parts of the curtain wall test specimen shall be full size, 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 simulate, as accurately as possible, the structural conditions of the actual building
Separate tests of anchorage systems using the actual anchor substrates shall be conducted when specified.

8.2 A window, door, or other wall component test specimen shall consist of the entire assembled unit, including frame and
anchorage as supplied by the manufacturer for installation in the building, or as set forth in a referenced specification, if applicable

8.2.1 If only one specimen is to be tested, the selection shall be determined by the specifying authority.

Note 3—Since performance is likely to be a function of size and geometry, select specimens covering the range of sizes to be used in a building. Ir
general, it is recommended that the largest size or most heavily or critically loaded of a particular design, type, construction, or corfigeratsea to b
shedld-be tested—n-general, It is also recommended that the largest lite orpanelte-be used in a system er-buitding should be used at each side o
horizontal or vertical framing member. The glass in a specimen should be of the same thickness and heat-treatment condition as to be used in the syst
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FIG. 2 Typical Stick-System Test Specimen Concept

or building. Glass stronger than that to be used in a system or building should not be used in a test specimen. Practice E 1300 should be used to verify
that the selected glass will meet the specified loads. Fully sealed roof coping details do not have to be included in a specimen unless specified.

9. Calibration

9.1 All pressure and deflection measuring devices, except manometers and mechanical deflection measuring devices, shall be
calibrated in accordance with the manufacturer’s specification, in accordance with the tolerance provided in Section 6, but in any
event, not more than six months prior to testing. Calibration of manometers and mechanical deflection measuring devices are
normally not required, provided the instruments are used at a temperature near their design temperature.

10. Required Information

10.1 In specifying this test method, the following information shall be supplied by the specifying authority:
10.1.1 Procedure A
10.1.1.1 The positive and negative test and proof loads,
I 10.1.1.2 The duration ef-maximum-tead, test and proof loads, and
10.1.1.3 The number and location of deflection measurements required, if any.
10.1.2 Procedure B
10.1.2.1 The number of incremental loads and the positive and negative test loads at these increments at which deflection
measurements are required,
| 10.1.2.2 The duration of incremental and maximum test loads, and
10.1.2.3 The number and location of required deflection measurements.

11. Procedure

11.1 Preparation—Remove from the test specimen any sealing or construction material that is not to be used when the assembly
is installed in or on a building. Fit the specimen into or against the chamber opening. The outdoor side of the specimen shall face
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FIG. 3 Typical Unit/Panel System Test Specimen Concept

the higher pressure side for positive loads; the indoor side shall face the higher pressure side for negative loads. Support and sec
the specimen by the same number and type of anchors used in installing the unit in a building, or if this is impractical, by the same
number of other comparable fasteners, located in the same way as in the intended installations.

11.1.1 If air flow through the test specimen is such that the specified pressure cannot be maintained (for example, flow in exce:s
of blower equipment capacity), then the cracks and joints through which air leakage is occurring shall be sealed using tape or othe
means that will effectively stop the leakage of air. The means to stop air leakage shall not restrict any relative movement betwee
specimen components. As an alternative, cover the entire specimen and mounting panel with a single thickness of polyethyler
film no thicker than 0.05 mm (0.002 in.). The technique of application is important to ensure that the maximum load is transferred
to the specimen and that the membrane does not prevent movement or failure of the specimen. Apply the film loosely with extrz
folds of material at each corner and at all offsets and recesses. When the load is applied, there shall be no fillet caused by tightne
of plastic film.

11.2 Procedure A—Use the following procedure when a load-deflection curve is not required:

11.2.1 Check the specimen for proper adjustment. O For operable specimens, open, close, and lock each ventilator, sash, or d
five times after adjustments and prior to testing.

11.2.2 Install any required deflection-measuring devices at their specified locations.

11.2.3 Apply a pre-load of one half of the-maximum test load and hold for 10 s. Release the pressure difference across th
specimen and, after a recovery period to allow stabilization of the test speeimen,—+reeora-nitial-readings. zero-out deflection:
measuring devices. The recovery period for stabilization shall not be less than 1 min nor more than 5 min at zero load.

11.2.4 Unless otherwise specified, apply and maintain-the-maximum test load for not less than 10 s—Reeerd pertinent deflectic
readings.

11.2.5 Reduce the pressure difference to zero and, after a recovery period to allow stabilization of the test specimen, recot
permanent deformation. The recovery period for stabilization shall not be less than 1 min nor more than 5 min at zero load.

11.2.6 Repeat steps 11.2.3 through 11.2.5 for the test load in the opposite loading direction.

11.2.7 In the opposite direction of the previous test load, apply a pre-load of one half of the proof load and hold for 10 s. Releast
the pressure difference across the specimen and, after a recovery period to allow stabilization of the test specimen, zero-o
deflection-measuring devices. The recovery period for stabilization shall not be less than 1 min nor more than 5 min at zero loac




A0y E 330 - 02
“afl

11.2.8 Unless otherwise specified, apply and maintain the proof load for not less than 10 s.

11.2.9 Reduce the pressure difference to zero and, after a recovery period to allow stabilization of the test specimen, record
permanent deformation. The recovery period for stabilization shall not be less than 1 min, nor more than 5 min at zero load.

11.2.10 Repeat steps 11.2.7 through 11.2.9 for the proof load in the opposite loading direction.

11.2.11 If glass breakage occurs-before-the-maximum at any-testHead-isreached, load, carefully examine the test specimen to
determine the cause of the breakage. If the breakage was caused by deformation or failure of the supporting frame of the glass,
by loosening or failure of any fasteners, or by damage to the glass caused by interaction between the glass and its supporting
elements, record the findings and discontinue the test. If the breakage was not caused by any of the above named structura
problems, replace the glass using the original fasteners-and repeat continte-the-maximum-testHioad portien-of at the test. load where
glass breakage occurred. If new structural elements or fasteners are used instead of the original ones, repeat the entire test.

Note 4—The probability of glass breakage is directly related to the duration of the load on the glass. To reduce the probability of glass breakage during
the testing, the load application time (time to apply, maintain, and release load) should be minimized.

2 irection.

11.3 Procedure B—Use the following procedure when the determination of a load-deflection curve is required:

11.3.1 Follow 11.2.1 and 11.2.2.

11.3.2 Apply a load of one half of the specified maximum test load and hold for 10 s unless otherwise specified. Release the
pressure difference across the specimen and, after a recovery period to allow stabilization of the test speeimen;—+ecord initial
readings. zero-out deflection-measuring devices. The recovery period for stabilization shall not be less than 1 min nor more than
5 min at zero load.

11.3.3 Apply the load in the number of increments specified up to the specified maximum test load. The specifier shall determine
the number of increments to be used in this test, not to be less than four approximately equal increments to maximum test load.
At each increment, unless otherwise specified, apply and maintain the full test load for 10 s, unless otherwise specified, and record
pertinent deflection readings.

11.3.4 Release the pressure difference and, after a recovery period to allow stabilization of the test specimen, record permanent
deformation. The recovery period for stabilization shall not be less than 1 min nor more than 5 min at zero load.

11.3.5 When the behavior of the specimen under load indicates that sudden failure may occur and damage the measuring
devices, the deflection measuring devices may be removed and the load continuously increased until the maximum test load or the
maximum load that can be sustained is reached. At this point, release the load and after a recovery period to allow stabilization
of the test specimen, record permanent deformation. The recovery period for stabilization shall not be less than 1 min nor more
than 5 min at zero load.

11.3.6 If glass breakage occurs, follow the procedure described in-11.2.611.

12. Report

12.1 Report the following information:

12.1.1 Date of the test and the report.

12.1.2 Identification of the specimen (manufacturer, source of supply, dimensions, model types, material, specimen selection
procedure, and other pertinent information).

12.1.3 Detailed drawings of the specimen, showing dimensioned section profiles, sash or door dimensions and arrangement,
framing location, panel arrangement, installation and spacing of anchorage, weatherstripping, locking arrangement, hardware,
sealants, glazing details, test specimen sealing methods, and any other pertinent construction details. Any deviation from the
drawings or any modifications made to the specimen to obtain the reported values shall be noted on the drawings and in the report.

12.1.4 For window and door components, a description of the type, quantity, and location(s) of the locking and operating
hardware.

12.1.5 Glass thickness and type, and method of glazing. Include in the report a statement that, “No conclusions of any kind
regarding the adequacy or inadequacy of the glass in the test specimen are to be drawn from the test.”

12.1.6 Procedure A—A tabulation of pressure differences exerted across the specimen, their durations during all tests, and the
deflections and permanent deformations at locations specified for each specimen tested.

12.1.7 Procedure B—A tabulation of the number of test load increments, the pressure differences exerted across the specimen
at these increments, their durations, the pertinent deflections at these pressure differences, and permanent deformations at locatior
specified for each specimen tested.

12.1.8 The duration of maximum test loads, including incremental loads for Procedure B.

12.1.9 Arecord of visual observations of performance.

12.1.10 When the tests are made to check conformity of the specimen to a particular specification, an identification or
description of that specification.

12.1.11 A statement that the tests were conducted in accordance with this test method, or a full description of any deviations
from this test method.

12.1.12 Astatement as to whether or not tape or film, or both, were used to seal against air leakage, and whether in the judgment
of the test engineer, the tape or film influenced the results of the test.
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12.1.13 The name of the author of the report.

12.1.14 The names and addresses of both the testing agency that conducted the tests and the requester of the tests.

12.1.15 Ambient conditions, including temperature, before and during tests.

12.1.16 Signatures of persons responsible for supervision of the tests and a list of official observers.

12.1.17 Other data, useful to the understanding of the test report, as determined by the laboratory or specifier, shall either k
included within the report or appended to the report.

12.2 If several essentially identical specimens of a component are tested, results for all specimens shall be reported, ea
specimen being properly identified, particularly with respect to distinguishing features or differing adjustments. A separate drawing
for each specimen will not be required if all differences between them are noted on the drawings provided.

13. Precision and Bias

13.1 No statement is made either on the precision or bias of this test method for measuring structural performance, since th
method merely states whether or not the test specimen sustained the loads applied and otherwise conformed to the criteria specif
for success.

14. Keywords
14.1 curtain wall; deflection; deformation; distress; door; load; pressure chamber; specimen; support; window
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