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Standard Guide for

Evaluating Water Leakage of Building Walls *

This standard is issued under the fixed designation E 2128; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

1. Scope and Doors by Uniform or Cyclic Static Air Pressure

1.1 This guide describes methods for determining and _Difference _ o
evaluating causes of water leakage of exterior walls. For this 2.2 American Architectural Manufacturers Association
purpose, water penetration is considered leakage, and therefd®AMA) Standards: .
problematic, if it exceeds the planned resistance or temporary 501.2 Field Check of Metal Storefronts, Curtain Walls and
retention and drainage capacity of the wall, is causing or is _ Sloped Glazing Systems for Water Leakage o
likely to cause premature deterioration of a building or its 902 Specification for Field Testing of Windows and Sliding
contents, or is adversely affecting the performance of other _ Doors' _ _
components. A wall is considered a system including its 503 Spgcmcauon for Field Testl_ng of Metal Storefronts,
exterior and interior finishes, fenestration, structural compo-  Curtain Walls and Sloped Glazing Systéms
nents and components for maintaining the building interior3
environment. ' )

1.2 Investigative techniques discussed may be intrusive, 3-1 Refer to Terminology E 631.
disruptive or destructive. It is the responsibility of the investi- 3-2 Definitions: o
gator to establish the limitations of use, to anticipate and advise 3-2-1 incidental water—unplanned water infiltration that

of the destructive nature of some procedures, and to plan fdi€netrates beyond the primary barrier and the flashing or
patching and selective reconstruction as necessary. secondary barrier system, of such limited volume that it can

1.3 This practice does not purport to address all of the €SCape or evaporate without causing adverse consequences.
safety concemns, if any, associated with its use. Establish 3-2-2 water absorptior-a process in which a material takes
appropriate safety and health practices and determine thd" Water through its pores and interstices and retains it wholly
applicability of regulatory limitations prior to use. Awareness Without transmission. _ .
of safety and familiarity with safe procedures are particularly = 3-2-3 water infiltration—a process in which water passes
important for above-ground operations on the exterior of athrough a material or between materials in a system and
building and destructive investigative procedures which typi_reaches a space that is not directly or intentionally exposed to

cally are associated with the work described in this guide. he water source. _
3.2.4 water leakage-water that is uncontrolled, exceeds

2. Referenced Documents the resistance, retention or discharge capacity of the system, or
2.1 ASTM Standards: causes subsequent damage or premature deterioration.

E 331 Test Method for Water Penetration of Exterior Win- 3.2.5 water penetratior-a process in which water gains
dows, Curtain Walls and Doors by Uniform Static Air access into a material or system by passing through the surface

Terminology

Pressure Differenée exposed to the water source.
E 514 Test Method for Water Penetration and Leakage 3.2.6 water permeatior-a process in which water enters,
Through Masonry flows and spreads within and discharges from a material.

E 547 Test Method for Water Penetration of Exterior Win-

dows, Curtain Walls and Doors by Cyclic Static Air 4. S|gn|f|.canc-e ar-1d.Use i o )
Pressure Differential 4.1 This guide is intended to provide building professionals

E 631 Terminology of Building Constructidn with a comprehensive methodology for evaluating water leak-

E 1105 Test Method for Field Determination of Water @9€ through walls. It addresses the performance expectations
Penetration of Installed Exterior Windows, Curtain Walls @hd service history of a wall, the various components of a wall,
and the interaction between these components and adjacent
construction. It is not intended as a construction quality control
1 This guide is under the jurisdiction of ASTM Committee E06 on Performance Procedure, nor as a preconstruction qualification procedure. It

of Buildings and is the direct responsibility of Subcommittee E06.55 on Exteriorjs jntended for e\/a|uating buildings that exhibit water |eakage_
Building Wall Systems.
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4.1.1 Qualifications—Use of this Guide requires a knowl-  5.1.1.5 Investigative testing.
edge of basic physics, and construction and wall design 5.1.1.6 Analysis.
principles and practices. 5.1.1.7 Report preparation.

4.1.2 Application—The sequential activities described 5.2 Analysis and Interpretatieh-The information system-
herein are intended to produce a complete and comprehensiaéically gathered during a leakage evaluation is analyzed as it
evaluation program, but all activities may not be applicable oiis acquired. The sequential activities described in this guide are
necessary for a particular evaluation program. It is the respomot intended to imply that analysis and interpretation of the
sibility of the professional using this guide to determine theinformation occurs only at the completion of all activities.
activities and sequence necessary to properly perform a . :
appropriate Ieakage evaluation for g spec?ificpbui)l/digg. 8 Review of Project Documents

4.1.3 Preliminary AssessmentA preliminary assessment 6.1 Ideally, project documents including wall component
may indicate that water leakage problems are limited to &hop drawings will be available and accessible for review. The
specific element or portion of a wall. The evaluation of causegliscussion in this section assumes that a project was organized
may likewise be limited in scope, and the procedures recomen a conventional Owner/Architect/Contractor model. Build-
mended herein abridged according to the professional judgéng projects can be delivered in a variety of ways, and the
ment of the investigator. A statement stipulating the limits ofactual method used will dictate the appropriate organization of
the investigation should be included in the report. the project documents. Regardless of how a project is orga-

4.1.4 Expectations-Expectations about the overall effec- hized and administered, the information discussed below
tiveness of an evaluation program must be reasonable, and §fiould be available for review somewhere in the project
proportion to a defined scope of work and the effort anddocuments.
resources applied to the task. The objective is to be as 6.1.1 Design, Bidding and Contract DocumentJhese
comprehensive as possible within a defined scope of work. Théocuments include architectural and engineering drawings,
methodology in this guide is intended to address intrinsicSpecifications, and may also include calculations, wind tunnel
leakage behavior properties of a wall system, leading tdeports, correspondence, meeting minutes, addenda, substitu-
conclusions that generally apply to similar locations on thetion proposals, product literature, test reports, etc. They contain
building. Since every possible location is not included in anthe information necessary to understand the performance
evaluation program, it is probable that every leak source wilcriteria, the design intent, the required materials, and relation-
not be identified. Leakage sources that are localized and uniquips among wall components.
may remain, and require additional localized evaluation effort. 6.1.1.1 Documents may be revised or supplemented over
The potential results and benefits of the evaluation prograrthe course of construction. Revisions to drawings are typically
should not be over-represented. recorded by number and date, with a cross reference to other

4.2 This guide is not intended as a design guide or as a guidccompanying documents. Reviewing all revisions and issu-
specification. Reference is made to design features of a wa#inces of the documents, and understanding the differences
only for the purpose of identifying items of interest for between them and the reason for the differences, is part of a
consideration in the evaluation process. comprehensive evaluation.

4.3 This guide does not address leakage through roofs, 6.1.1.2 Documents with the most recent issue date and the
leakage below grade or water that accumulates due to wat&ighest revision number establish the requirements for the
vapor migration and condensation. It is not intended for uséroject. Ideally, a set of documents marked “as-built” or
with structures designed to retain water, such as pools andecord set” intended to show the actual construction will be

fountains. available.
6.2 Referenced Codes and StandareRroject documents
SYSTEMATIC APPROACH TO AN EVALUATION usually contain references to regulatory codes and industry

] standards. Standards and referenced codes often contain de-
5. Overview fault or minimum criteria that might have been relied upon to
5.1 The methodology presented in this guide is a systematiestablish the performance criteria for the wall. Conflicting
approach to evaluating wall leaks, and is applicable to any wallequirements between referenced standards and codes, and
system or material. It differs from other approaches that ar¢hose explicitly stated in the project documents, should not be
material specific or component specific, and which are basiassumed to be a cause of leakage without further investigation.
cally adaptations of quality control procedures. The sequence 6.2.1 Regulatory codes and industry standards change over
of activities is intended to lead to an accumulation of informa-time. The version of regulatory codes and industry standards
tion in an orderly and efficient manner, so that each stegxamined as part of the review of project documents should be
enhances and supplements the information gathered in thhose listed with dates in the project documents, or if not listed

preceding step. with dates, those in effect when the building permit was issued.
5.1.1 Sequence of ActivitiesThe recommended sequence Understanding the history and background of referenced codes
of activities, discussed in individual sections below, are: and standards is part of a comprehensive evaluation.
5.1.1.1 Review of project documents. 6.3 Submittals—Additional documents are generated after
5.1.1.2 Evaluation of design concept. the award of contracts, and are submitted to the design
5.1.1.3 Determination of service history. professional for review and inclusion in the project record. The
5.1.1.4 Inspection. submittals usually apply to a specific material, component,
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assembly or installation method, and the information containedistent with the performance criteria so that the desired
will augment the project documents. There are often a numbgrerformance can actually be achieved. The design must include
of revisions to submittals prior to final approval. The standardoroperly selected components. The details must provide for the
for the project is set by the submittals approved by the desigimterfacing and integration of components so that each one can
professional. Submittals include some or all of the following: perform individually and so that the components can perform
shop drawings, test reports, product literature, manufacturergollectively as a system. The details must also address issues
recommendations, installation and maintenance guidelinesuch as construction tolerances, material compatibilities, vol-
warranties, etc. ume changes, and movements. A careful evaluation of the
6.3.1 Test reports provided by manufacturers and suppliersfficacy of the design relative to the performance criteria will
should have been performed by an independent laboratory andicate inconsistencies that may contribute to leakage.
witnessed by an independent agency. Review the test dates and7.2.1 The failure of a single wall component to perform at
the description of what was tested to determine if and how th¢he specified level does not automatically mean that it was the
information actually applies to the project. cause of leakage, particularly if the performance requirements
6.3.2 Manufacturers’ and suppliers’ information, and thefor the component were unnecessarily severe relative to other
exclusionary language in warranties, may suggest circumeomponents. In evaluating the overall wall, it must not be
stances under which a component may not function properlyassumed that the cause of leakage is a single component simply
Project conditions should be evaluated to determine if armecause it does not satisfy a performance requirement in the

appropriate product selection was made. project documents.
6.3.3 Submittals should be reviewed for maintenance rec- 7.3 Exposure—The performance criteria in the project
ommendations and guidelines. documents will generally differ from actual exposure condi-

6.4 Pre-Qualification and Mock-Up RepostsCompliance tions. Based on an analysis of local weather conditions, and the
with project requirements may have been demonstrated by lacation and geometry of the building, identify the actual
mock-up test. Mock-ups of complex wall systems rarely passveather conditions during periods of leakage. These conditions
all tests on the first attempt. The mock-up report should contaican be correlated with the service history, described in the next
a clear and complete description of changes necessary to passction, to help establish a protocol for the evaluation process.
the test. Project documents should incorporate these changes, L . .
and they should be reflected in the actual construction. Failure: Determination of Service History
to incorporate these changes should be considered as a possibl8.1 Gathering information on the service history related to
cause of water leakage. leakage problems serves several purposes. First, patterns in the

6.5 Additional Construction DocumentsAdditional con-  observed leakage and visible damage can provide an indication
struction documents that record changes, decisions and activf the cause(s) and where to focus an investigation. Second,
ties during the construction phase may include bulletinsand more importantly, the information provides a checklist
requests of information (RFI), clarifications, change orders?.gainst which failure theories and conclusions can be evalu-
directives, progress photos, inspection and quality assuranééed. A comprehensive diagnostic program should result in an
reports, test reports, meeting minutes and correspondence. TR¥planation for most if not all aspects of the observed leaks and
information in these documents may augment, modify ordamage.
supersede the design documents. 8.1.1 Document Physical Symptoms of Leaks

6.6 Local Practices—Knowledge of local and historical 8.1.1.1 Make a detailed visual inspection of both the exte-
practices will permit a more thorough assessment of the projedtor and interior wall surfaces. Locations that should be
design and construction. The actual construction may pbehecked for indications of leakage include but are not limited
influenced in an undocumented manner by local practices. 1O:

6.7 Missing Documents-Project documents may be un- (a) Intersection of walls with floors and ceilings.
available or have missing parts. This unfortunate situation will  (b) Window, door, vent and louver openings, particularly at
require the determination of existing and as-built conditionscorners and mulled joints between units.

Rather than verifying the information in the project documents,  (€) Handrail connections.
the information may need to be generated from observations (d) Intersection of walls with exterior balconies. Balcony

and measurements of the building. features that can contribute to leakage problems are little or no
) ) slope away from the wall, absence of a curb under the wall and
7. Evaluation of Design Concept door, little or no slope to drain grates or scuppers, or handrail

7.1 Performance Criteria—Review of the project docu- base which obstructs drainage.
ments should reveal what, if any, water resistance performance (e) Utility and building services penetrations.
requirements were specified for the wall. The required water (f) Below setbacks, where an exterior wall on one floor is
infiltration resistance for manufactured wall components suclabove an interior space of the floor below.
as windows and curtain walls, expressed as a differential test (g) Intersection of an exterior wall and a roof plane.
pressure across the wall to simulate the action of wind-driven 8.1.1.2 Note all indications of past and existing water
rain, is usually stated explicitly in the contract documents.damage including, but not limited to, the following:
Alternatively, the required resistance may have been implied (a) Wet, damp or water-saturated surfaces.
through references to industry standards or local codes. (b) Color differences caused by organic growth, staining, or
7.2 Efficacy of the Desiga-The wall design must be con- corrosion.
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(c) Surface deposits associated with recrystallization oing, and other activities that may relate to water leakage
dissolved materials from within the walls. In masonry con-problems.
struction this is commonly called efflorescence, but it can also 8.3.3 Review maintenance work orders that deal repeatedly
occur in other wall types. with the same leakage problem.

(d) Staining indicating the flow or accumulation of water.  8.3.4 Evaluate the success of previous repair attempts.

(e) Areas repaired or patched due to prior leakage. 8.3.5 Compare original details to actual conditions observed

(f) Blistering surface finishes that can indicate subsurfacéo determine deviations from original construction intent or
wetting. undocumented repair attempts.

8.2 Interviews—Interview occupants, maintenance person- 8.3.6 Identify repairs that inadvertently seal weep holes or
nel, subcontractors, tradesmen or other first-hand observer@ther openings and paths which are intended to dissipate or
Obtain information that will help correlate leakage with Weep entrapped water. These might have been sealed in an
building features and other events, such as: attempt to stop leaks. _ .

8.2.1 The apparent origination point of a leak. 8.3.7 Evaluate the effect of attempted repairs on the original

8.2.2 The exterior environmental conditions under whichdesign intent. Common but often ineffective repairs made to
the leak occurs. leaking walls include the application of additional sealant, and

2.3 The eguency ofcccurence Is th leak a onedim§02L10 Of eXeir sufaces wih st witer epelents of
occurrence under exceptional or extreme conditions, or is it s gs. ‘napprop P

recurring problem? When was the leak first observed? cag33e7afdlstlonlal Frobielrpsa fotr exam;r)]IeI: d other drai
8.2.4 For leaks that occur during rains, ascertain if a leak: """ calant nstallec at weep holes and other drainage

: . . aths can entrap water within the wall assembly. The applica-
pe?i.c?c.idr; t%gurs immediately after the onset of rain or after g,y of aqgitional sealant should not be made prior to evalua-

. ) . . tion of the total wall assembly except to correct obvious
8.2.4.2 Stops immediately when the rain stops, or continuegmissions.

for a period of time after the rain ends. _ 8.3.7.2 Water repellents can affect the performances of
8.2.4.3 Occurs during every rain regardless of severity. fytyre repairs, such as the adhesion of sealants or the bond of
8.2.4.4 Occurs during every, rain regardless of wind direCrepointing mortar. These materials can also reduce the water

tion, or only with wind from a certain directions. vapor transmission rate of a wall assembly.

8.2.5 Whether the leak occurs during or immediately after 8.3.7.3 Low permeance coatings will reduce the water vapor
cold weather, with or without accompanying rain. If a leak transmission rate of the wall assembly and can increase the
occurs during cold weather without accompanying rain, ittime required for water-saturated walls to dry. The application
might be due to condensation rather than rain infiltration.  of these materials can increase the amount of entrapped water

8.2.6 The interior environmental conditions and the build-if any other uncorrected deficiencies exist.
ing operating conditions under which the leak occurs. Weekend 8.4 Determine Extent of LeakageUse the information
and evening operating conditions may differ from weekdaygained above to determine the extent of leakage.

business hour conditions. 8.4.1 Attempt to correlate historical leak occurrences with
8.2.7 Whether the leak appears to be related only to @articular building features and details.
particular feature or detail. 8.4.2 A graphical analysis is useful for correlation studies.

8.2.8 The performance of the building piping system, in-Leak occurrences can be superimposed on building drawings to
cluding water supply and drainage, heating and air conditionhelp reveal patterns that might be traceable to potential leak
ing supply and return, and roof drains. Leaks from the pipingsources.
system might be misinterpreted as wall leakage. 8.4.3 Consider wall components that might act as conduits

8.3 Maintenance and Repair RecordsBuildings with  or channels for infiltrated water, such as furring strips, board
chronic leakage problems are often subjected to several awints, shelf angles, etc. They can cause interior manifestations
tempts at remediation before a comprehensive evaluation i&f a leak to occur at a distance from the exterior points of entry.
made. An effort should be made to understand the earlier 8.5 Weather Records for the Vicinity
attempts at repairs becaust) they may indicate a pattern of ~ 8.5.1 Detailed weather data for a specific time period,
leakage; ?) although well-intended, repairs may be causing ortypically recorded at major airports, can be obtained from the
contributing to current leakage; an8) (t will be necessary to  National Weather Service. The data of particular interest for a
distinguish between original construction and attempted repaiflgakage evaluation are: precipitation rate, wind speed during
during the inspection and testing phases of a systematigrecipitation, wind direction, and relative humidity.
evaluation. Where appropriate and possible: 8.5.2 Unusual events and severe leakage occurrences should

8.3.1 Review the original project close-out comments orbe correlated, and may require additional weather data for
“punch list” if available. Water infiltration problems often specific times.
occur early in a building’s life, and stop-gap repairs might have 8.6 Correlations—Correlate leak occurrence with other fac-
been made in an effort to close out the project. tors such as temperature, wind direction and speed, season of

8.3.2 Review purchase orders and/or contracts for buildingear, building operations.
maintenance and repair. Consider roofing, caulking and seal- 8.6.1 Temperature-Ambient air temperature and wall sur-
ants, painting, waterproofing, removing efflorescence or stainface temperature can effect water leakage. Building joints and
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material cracks are most likely at their widest when ambienprovide a rational basis for further inspection, testing, and

temperatures are low, and their narrowest when surface temmemedial recommendations.

peratures are high. 9.3 Determine Current ConditiorsThe physical condition
8.6.2 Wind Direction and SpeedA primary driving force  of wall components, and visible and concealed evidence of

for water leakage of walls is wind-driven rain. The severity andwater infiltration, should be documented during the inspection

location of leakage can often be correlated to the direction angrocess. This information is later correlated with information

speed of the wind. from the service history of the wall in formulating a hypothesis
8.6.3 Season of YearSome buildings in northern climates on the cause(s) of leakage. Examples of information that

only leak during the winter months. The accumulation of iceshould be documented include:

and snow on horizontal surfaces can feed water into a wall 9.3.1 Placement, condition, and resilience of sealants and

assembly during clear cold sunny days even when the outsidgaskets.

temperature stays below freezing. 9.3.2 Functional aspects of drainage systems, such as end
8.6.4 Building Operations—Although most building HVAC  dams, weeps, lap and splice configurations, placement of the

systems operate at a positive pressure, parts of the buildingashing relative to other components, and obstructions.

could be subjected to negative interior pressures when exposedg 3 3 |nterfaces between wall components. Critical inter-

to certain wind conditions. Negative interior pressure mightfaces include the integration of walls and windows; locations

also result from the “stack effect” due to the difference betweeRynere wall materials or support conditions change, and where

interior and exterior temperatures. Portions of a wall might alsqyrefabricated units of the wall are joined.

communicate with return air plenums that are operated at a g 3 4 |nterface with other building components, such as

negative pressure. Negative interior pressure can allow watglnings, penetrations by mechanical equipment or structural

to enter walls through small openings that might otherwiseypnorts, foundations.

resist leakage. Building operating pressures are usually Very g 3 5 \yq| attachments and appurtenances such as signs and

small compared to the effect of wind, and are rarely the SOI%anopies, balconies, and handrails.

cause of leakage in occupied spaces. However, in the vicinity

of louvers and equipment spaces, mechanically induced preg

sures can be significant.

9.3.6 Location and size of drip grooves or drip edges at the
nderside of horizontal surfaces.

9.3.7 Other possible mechanisms for water entry into a wall
9. Inspection or migration within a wall, such as capillary action or air

9.1 Inspections complement and extend the informatiof"ovements causing percolation. ,
gathered from the review of project documents and the service 9-3-8 Material conditions, including symptoms of deteriora-
history. The major objectives of an inspection program are: tdion, freeze-thaw damage, prolonged saturation, delaminations,
determine as-built conditions, determine the current conditiodnesive or cohesive material failures, efflorescence and water-
of the wall including visible and concealed water damage andi€lated damage to finishes.

apparent water paths, and to formulate initial hypotheses about 9-3.9 Indications of wear and tear, maintenance, attempted
cause. repairs, damage from non-weather-related causes such as

9.2 Determine As-Built ConditionsThe various compo- impacts, unaccommodated volume changes or structural move-

nents of the wall system, including the structural supporfN€nts.
system, utilities within the wall, thermal and condensation 9.3.10 General assessment of workmanship and compliance
control systems, and the finishes, should all work together t&/ith specified installation and execution as it affects water
provide the desired wall performance. Project drawings rarelyp€netration.
depict the relationship between all of these components of a 9.4 Determine Water PathsInspections produce informa-
wall completely and accurately. The inspection process shoultion on water paths resulting from the service conditions of the
result in a clear understanding of the relationship between apuilding. The significance of water paths that are induced
the parts of a wall system. during testing can not be properly evaluated without informa-
9.2.1 Presentatior~Composite large-scale drawings are tion about water paths from service conditions.
helpful in gathering and recording information about as-built 9.5 Planning—Inspections conducted in a planned and or-
conditions. A composite drawing can begin with the bestderly fashion are the most efficient and effective way to
available information from the project documents, includingproduce useful results. Planning is also necessary when con-
pertinent information from the architectural, structural, me-current sampling and testing are incorporated in the inspection
chanical and electrical drawings and specifications, as well agrogram. The inspection plan should addresses the following
the structural and wall component shop drawings. The invegssues:
tigator must correlate information from these sources based on 9.5.1 Scope—Both typical and atypical conditions should
some reference such as the column centerlines or face-of-wdle included. It is particularly important to include the termi-
dimensions. The composite drawing can serve as a form famations and interfaces of the components being inspected, such
recording actual field conditions. Differences between infor-as corners, ends, tops, bottoms, joints, transitions to other
mation in the project documents and the as-built conditionsnaterials or changes in geometry. The inspection should also
should be anticipated, and discovery of differences does nanclude both non-performing and properly performing loca-
necessarily mean that a leak source has been identified. Thiens, if any exist. The differences between non-performing and
purpose of accurately determining the as-built condition is tgroperly performing locations can provide useful information


https://standards.iteh.ai/catalog/standards/sist/749de61c-cb73-4831-8538-b18485f63c73/astm-e2128-01

@iy E 2128

about the cause(s) of leaks. The objective of the inspectiothrough confined openings in much the same way that a dentist
program is to acquire information about the intrinsic propertieuses a mirror.

of the wall system so that conclusions reached are applicable to9.6.3 A fiber-optic borescope makes it possible to observe
all similar locations in the wall. A sufficient number of and photograph concealed conditions while making 0n|y a
inspection locations must be selected to accomplish thigmall diameter hole in the outer layers of a wall. It is most

objective. If constraints on the inspection program preclude gseful where there is an empty cavity space in the wall so the
sufficient number of locations, the results should be so qualitight from the scope can disperse, and the field of view can be
fied. targeted to items of interest.

9.5.2 Selectior-It is normally not necessary to inspect an g 6.4 Moisture detectors of the capacitance/impedance type
entire building facade except in special situations such agnq moisture meters of the resistance type make it possible to
where safety is an issue. The selection of inspection areas igtimate the moisture content of concealed wall materials.
based primarily on the service history, review of Projectyigh moisture content can indicate proximity to a water entry
documents and accessibility. Limitations of resources WI||p0int or location along a water migration path. Plotting the
often require the selection of inspection areas from seemingl,easured relative moisture content on a grid superimposed on
equal choices. A preliminary inspection using rapid methods of, building drawing can provide a diagram of wetted area

limited detail can help in the rational selection of areas Whe”?esulting from leak. Care must be taken in interpreting the

more detailed methods are warranted. absolute values of readings reported by these instruments,

~ 9.5.3 Access-Both interior and exterior access for close-up since calibration and operating technique can affect the read-
inspection should be pre-arranged with the building OWnerings,

Interior access may require temporarily moving furniture,

[ TeeEee : . . 9.6.5 Mechanical penetrators provide an indication of the
removing interior finish mate_rlals, or reloca}tln_g_or SUSpE"nd'ngextent of deterioration caused by prolonged exposure to water
the use of a space, and might have a significant temporar,

. ) . ¥y the way some materials, such as wood or sum board
impact on use of the space. Exterior access will probabl y y X 9yp

. . ) oducts, resist penetration by a sharp object. The tactile
require the assistance of a contractor to erect scaffolding al P y P oYl

walkw rotection. provide a boom truck of ri Wing st sistance to penetration decreases as deterioration of these
alkwaly protection, provide a boom TUCK Or rg & SWING S1age, a5 increase. Any sharp object, such as a awl, ice pick or

EOLS"S Imzn?imsglz gsghiebggﬂggeizmgﬂ?j ferﬁ)?e rtg?/o?:;:ggs rail can be used. Some commercially available devices have a
cgrr(fcte d i Qlibrated spring that produces a consistent force at the tip of
' the penetrator.

. 9'5'.4 Organizing Informatios-A comprehensn_/e_ NSPEC" 9 6.6 Infrared thermography produces an image that, with
tion will generate a large amount of data. Determining how the . / S " :
roper interpretation, can indicate conditions such as air

information will be recorded and organized is part of theP ovements throuah a wall. concealed water within the wall
planning process. Building drawings can be made beforehand 9 ' S
d saturated wall materials. Infrared thermography is a

and used to record observations, thereby making the location )] .

the information self-evident. Symbols and shorthand notation§pec'a“29d techno!ogy, and ShOUId. b_e performed and Inter-
can be developed and tabulated beforehand. It is sometim eted with the assistance of a specialist knowledgeable in the
useful to establish a numbering system based on column line gchnology. ) ) o
swing stage drops, floor number, wall component within a 97 Documentatior-Inspection findings should be re-
typical module, etc., rather than repeating lengthy locatiorforded in wr|t|ng_, with clarifying sketches where approprlatg.
identifications using words. The documentation should be supplemented graphically with

9.6 Methods—Inspection methods range from rapid visual photographs, video or dictated notes, but these should not

inspections using binoculars or a telescope, to close-up Obsé}prmally be relied upon as the soI(_a record of the inspection
vations and inspection openings. The method used depends BFocess because of the nsk_of accidental e_rasure,_undetected
the information required. Rapid methods are particularly usefuf@mera or recorder malfunctions or processing accidents.

for preliminary inspections and to narrow the scope of more 9.7.1 Wn;ten documentation should be complete enough for
detailed inspections. A comprehensive inspection program willh€ evaluation process to be repeated, as well as for the
include some method for observing or evaluating conceale#fformation gathered to be interpreted in determining the
conditions, such as inspection openings, borescope probe&ause(s) of leaks. In addition to carefully recording observa-
moisture meters and detectors, mechanical penetrators BPnS, the following should be considered in making the written
infrared thermography scans. documentation:

9.6.1 Inspection openings involve the progressive removal 9-7.1.1 The location of the observation should be clearly
of wall materials to reveal underlying, concealed conditionsdefined. References to column lines and floors can be used.
Each layer may be changed or destroyed during the process, s09.7.1.2 Preliminary opinions formed and interpretations
it is desirable for the investigator to be present during themade during the inspection should be recorded separately from
operation and to document each step. Possible safety issute inspection notes, and be distinct from observations of fact
such as the presence of asbestos, lead paint and toxins mustdrel measurements.
considered, and the necessary precautions taken. 9.7.1.3 Keys for codified shorthand notations and symbols

9.6.2 An inspection mirror with an adjustable head and ashould be given. Undefined cryptic shorthand should be
flashlight, are useful tools for viewing concealed conditionsavoided.
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9.7.1.4 If the procedure used is not self-evident, it should b&xisting concealed staining, damage and residue accumulation.

described in detalil. 10.1.1.3Correlate Test Results with Observed Damage
9.7.1.5 The sequence of the inspection process should bkhe test procedure should reproduce the observed in-service
clear from the written documentation. leakage behavior. Creating new leaks during a test may be

9.7.1.6 The date, time, and name of the person(s) makingseful information, but it is not a valid assessment of the
the observation, should be recorded for each data sheet.  existing leakage problem.

9.7.2 Supplementary photographs and video are useful for 10.1.1.4 Verify Hypothesis-The controlled conditions dur-
informing others of the inspection procedures and observang a test are an opportunity to verify hypotheses about the
tions, and provide an opportunity to reconsider or checlcause of leakage. If a theory on the cause of a leak cannot be
findings at a later date. In making photographs or videajemonstrated by a reasonable and appropriate test, the theory is

recordings, the following should be considered: questionable. Remedial recommendations should not be based
9.7.2.1 It should be possible to orient the pictures. This mayn unverified theories.

require a progression of photos from wide to narrow view, or 102 Planning

zooming from wide to narrow view with a video camera. 19 2 1 Service History-The service history of the building
Including something of known size in a photograph will help 5n§ the environmental exposure history of the site must be
viewers determine the size of the object of interest. Folgnsidered in planning a testing program. To the extent

example, a person or a piece of equipment such as a pockiaiical, the selected test method should simulate the actual
knife can be used. For a more accurate reference, a ruler or @nditions under which leakage has been observed.

extended length of a carpenter's tape can be included in the 10.2.2 Investigative testing is a diagnostic procedure, not a

picture. . . . . uality assurance procedure. A distinction must be made
. 9'7‘2'.2 The Iocat|on.ofap!cture should be identified. I‘abmsgetweyen leak causaaion and compliance with design criteria.
|n.the picture, or markings directly on the wall, are useful forFocusing on the design criteria may interfere with the diagnos-
this purpose. . . . . tic objectives of testing. Testing at an environmental exposure
9'7.'2'.3 .lfthe object of Interest in a photograph is a crack %%evel that the building has never experienced and has little

ﬁlsgrl'zt,altt;r?r:pm:at(():rz(cjg acfsérlltserwti?hf?gyvsCf;?g's(inagrnglikelihood of experiencing may lead to incorrect conclusions.
photograph well, and enha{ncing the path of a crack by drawin 10.2.3 For diagnost_ic; purposes, a wall should be tested i_n its
! Qurrent as-found condition if the cause of the current leaks is to

a line next to it in a contrasting color can also be helpful. It is . . ;
. . . be determined. Upgrading components of a wall to their
also sometimes helpful to intentionally cast a shadow over a

small or faint object of interest to reduce the overall contrast Opngmal gonsjruction conqltlon, or to th,e'r original ‘design
a photograph. Intent, so that they can “pass the test” and be exonerated

9.7.2.4 Automatically recording a sequential number or thr:grevents the acquisition of important information about current

. . . . . . ehavior. If original construction conditions or compliance
time and date on the film, or including the time and date in the . i L .

. 2 . with the original design intent are of interest, those tests can be
photo label, maybe helpful in organizing the pictures.

performed separately after the diagnostic tests.
10. Investigative Testing 10.2.4 Previous remedial measures and modifications must

10.1 Testing can be an integral part of the evaluatiorP® accounted for in the test plan. It may be desirable to undo
process, and should be thought of as a means to verify adaod_lﬂcatlon_s prior to or o_lurmg testing to _Ilm_|t co_n_fu5|on,
extend hypotheses arrived at during the document review argrticularly if the modifications can be readily identified and
inspection phases of the program using controlled and reprdiave proven to be ineffective.
ducible procedures. Implementing testing before completing 10.2.5 Both technical and non-technical constraints can
the preceding steps in a systematic approach may significantfffect the choice of a test method. Testing costs can vary
limit the potential benefits of the test, and more importantly,significantly depending on the methods utilized. The evalua-
can lead to incorrect conclusions. At the very least, skippingion budget and the agreed scope of work can be an important
the preceding steps will reduce the efficiency and effectivenesgonsideration. An owner may establish limitations on access
of on-site testing efforts. Some leakage problems can béue to cost, safety, security or operational requirements, and

diagnosed and corrected with little or no testing. may require that disruption of normal building operations be
10.1.1 Objectives limited.
10.1.1.1Recreate Leaks-The primary purpose of investi- 10.2.6 If repeated modifications and retesting are antici-

gative testing is to recreate leaks that are known to occupated, particularly for isolation protocols using selective mask-
Investigative testing is not intended to demonstrate codég or for the development of repairs, the selected test method
compliance or compliance with project documents unless suchust accommodate repeated access to the interior and exterior
deviations are actually related to the leakage problem. of the wall without compromising the reproducibility of the
10.1.1.2 Trace Internal Path of the LeaklLeakage paths test. The selected test method should not require complete
within a wall are difficult to trace during a rain. Testing disassembly of the test setup for each cycle of access. Gasketed
provides the opportunity to recreate the leakage and waterccess doors and hatches, and adequate working space within
migration paths under controlled and reproducible conditionsa test chamber, can make repeated removal of the chamber
The paths observed during testing should be compared tennecessary.
evidence of water paths during actual leaks by assessing 10.2.7 Diagnostic testing methods can be adapted from
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standard test methods such as E 331, E 547 and E 514, to meaéechanism can be simulated with the use of a chamber capable
specific objectives for a particular building, and do not necesef being pressurized. The chamber is sealed to the wall test
sarily conform in every way to standard test methods. Diagarea, and a positive pressure is created by blowers if the
nostic testing can also be adapted from in-service qualitghamber is on the exterior, or a negative (vacuum) pressure is
assurance testing procedures such as E 1105, AAMA 502 arateated if it is on the interior. A matrix of spray nozzles is used
AAMA 503. Therefore, agreement on testing methods ando deposit a uniform flow of water onto the exterior surface.
interpretation of results should be reached between the intefrhe flow rate is customarily between 4 and 10 gallons per
ested parties before testing begins. Items that should bsguare foot per hour with a target average of 5 gallons per
addressed by the interested parties include: square foot per hour. Standard methods using differential
10.2.7.1 Test criteria, methods, frequency and location. pressure are E 1105, AAMA 502 and AAMA 503, each of
10.2.7.2 Participation of interested parties, and opportunityvhich include calibration requirements for the water spray
for close-up examination of test location and test set up.  rack. The required pressure is differential, meaning the differ-
10.2.7.3 Innermost acceptable migration of water. ence in pressure between the exterior and interior faces. The
10.2.7.4 Documentation. pressure measuring device, such as a manometer, should
10.2.7.5 Effects of age and use/abuse. therefore be referenced in a similar manner to limit the effects

10.2.8 Testing Duratior—Judgement is needed in determin- of wind fluctuations or building operations during the test. The

ing the duration of water testing, recognizing that the ultimates‘irnple act of opening an interior door can have a significant
9 9, 9 9 effect on the actual differential pressure across the test area that

objective of diagnostic testing is to recreate existing leakage manometer will not register correctly unless the reference

behavior that occurs under in-service conditions. Factors thaaf .
Side of the manometer is properly located.

may influence the test duration required to recreate leakage o .

paths include wall construction details, the potential length of 10‘3'2'2_ The_ effect (_)f Kinetic energy can be 5|mulated_by

internal leakage paths, the absorption properties of expos ray testing with q_cal!brated nozzle operating at a prescribed
' pressure ata specific distance from the test surface, and moved

and concealed materials, and internal storage capacity. F . . . X
example, water may leak more readily and more immediatel ta Spe?'f"?d sweep ra_te as described in AAMA 591'2' This
ethod is intended primarily for wall systems with non-

through a glass and metal curtain wall system than through ting ioints. but it h I ful f h
thick, multi-wythe masonry wall. Testing durations specifiedo_pera'ng Joints, but it has also proven usetul for-other
diagnostic purposes.

for new construction quality control testing may not be , ) ,
sufficient for a leakage diagnosis if in-service leaks indicated 10-3.2.3 A hydrostatic head can be used to simulate differ-

by the service history cannot be recreated within that time. Th&Ntial pressure. A confined test area can be flooded, and the
investigator must analyze the building service history toheight of the water head correlated to a static differential
establish a useful and realistic test duration. pressure. Sill sections are often tested in this manner after the

10.3 Methods and EquipmertTesting under controlled weeps are temporarily blocked, as describgd in AAMA 502,
and reproducible conditions to recreate leaks can be divideta'l' \r/1e_rt|;:allj _surl‘age}s can also tt)e testted th'sd WSK if ‘3 tsn:ﬁ"
into two broad categories1) methods that simulate surface rotgh is fabricatea irom wax, putty or tape and adnered to the
flow; and @) methods that simulate wind-driven rain. surface. Troughs are useful for localized testing of joints,

10.3.1 Simulating Surface FlowWater flows down the cracks, gaskets, etc.

face of a wall by gravity. This flow is capable of causing leaks 1(_)'3'2'4 Spray te_sting using a calibrated nozzle,_ and ﬂ.OOd
testing, may not simulate all of the effects of differential

under some circumstances even without wind-induced differ: o . . .
ential pressure. Surface flow can be simulated by wetting pressure or the ability of air moving through cracks or openings

wall area with a matrix of uniformly spaced spray nozzles thaf© ransport W_ater b_y percolation. i
deposit a full film of water. The customary spray rate is 10.3.3 Testing of isolated areas usually begins at the bottom

between 4 and 10 gallons per square foot per hour, nominall9f the_ test area, and progresses vz_artically_to thg top as s_elective
averaging 5 gallons per square foot per hour, and is intended {pasking is removed or as selective testing Wlth_ a callbrateq
deliver a continuous water film to the test area, rather than t§02Zle advances. Starting at the bottom helps eliminate ambi-
simulate a particular rain event. Tests to simulate surface flogUity about the origin of a leak that might result from water
alone, without differential pressure, are a useful first test. Othefnning vertically down the surface of the test area.

methods of depositing a surface film of water for diagnosing 10.4 Tracing Leaks-Once testing reproduces an in-service
leaks include soaker hoses or a trickle of water from arleak, the entry point and the path followed by the water within
ordinary hose. Soaker hoses or a trickle of water have beednd through the wall must be traced. A single entry point may

particularly useful in diagnosing problems with drip edges andead to several concealed water paths or several entry points
small overhangs. may merge together internally. Every contributory source to

10.3.2 Simulating Wind-Driven Rair-Wind-driven rain each water path must be identified if a complete diagnosis and
produces leaks because of the kinetic energy of the rain droﬁgpair is to be developed. Tools that are useful for tracing leaks
and the differential pressure caused by the wind. Under som8clude:
wind conditions, rain water deposited on the face of a building 10.4.1 Flashlight and mirror.
may actually flow upward. Capillary action and absorption 10.4.2 Optical Borescope.
may also be operative. 10.4.3 Infrared thermography.

10.3.2.1 The effect of differential air pressure on the leakage 10.4.4 Paper strips or other absorbent materials that can be
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used to probe concealed spaces for indications of water.  interested party can duplicate the evaluation program and
10.4.5 Smoke pencil that can be used to expose air pattecquire similar information. Notes on the analysis and inter-
leading to water percolation. pretation of the acquired information should be clear and
10.4.6 Moisture meters. complete enough to be understood by any other building
10.5 Isolation—Effective diagnostic testing should result in professional skilled in leakage evaluation.
the identification of entry points, not just a “pass or fail” result. .
Selective masking of the exterior is useful for controlling the12' Report Preparation
components exposed to the test water source. If a leak is 12.1 Prepare a report describing the conditions under which
induced, only those components exposed to the water sourdee evaluation was conducted, the methodology used, the
need to be considered in identifying the entry points. Selectiv@bservations and measurements made, and the findings and
masking can then be progressively removed and the wafonclusions. The report should be comprehensive so that it will
retested, exposing more and more of the wall to the test wat&€rve as a permanent addition to the project record. Reports
source until the entire area of interest is exposed. issued by the investigator should be prepared on paper with a
10.5.1 It may also be useful to temporarily repair a wateretterhead, logo or some other feature that will make it
entry source during a progressive testing program to eliminatéistinguishable from copies.
it from further consideration during the test. Thorough record 12.2 Use a writing style appropriate to the intended reader
keeping and clearly identifiable temporary repairs are nece®f the report, and also anticipate that the report may be
sary if this technique is used. reviewed by other building professionals.
10.5.2 Materials that are useful for selective masking and 12.3 Organization of Report
temporary selective repairs include duct tape, 6 mil clear 12.3.1 Generally, a report of the evaluation should contain
plastic sheeting, wax, and silicone sealants. Drying with a hedhe following sections in the sequence listed:
gun or hair dryer, or wiping with alcohol, or priming with a  12.3.1.1 Title page with mandatory information.
spray adhesive may be necessary before attempting to adherel2.3.1.2 Executive summary.
selective masking materials to wet surfaces. Sealants must bel2.3.1.3 Statement of objective or scope.
allowed to at least skin over or they can be washed away by 12.3.1.4 Description of evaluation process, with rationale

further testing. for selection.
) 12.3.1.5 Analysis of acquired information.
11. Analysis 12.3.1.6 Identification of cause(s) of leakage.

11.1 The objectives of an evaluation program are broader 12.3.1.7 Distribution list.
than the objectives of a standard test. A test may have a 12.3.2 Not all of the above headings may be required. Other
pass/fail criteria for the result of a standardized test that isnore appropriate headings may be used, if they better describe
completely described by reference to its name and the relevattte content and scope of work.
test standard. An evaluation is conducted in response to a 12.3.3 When the expected readership includes both con-
problem situation and a non-performing wall, and may involvestruction professionals and laymen, a summary of background
several techniques and procedures specifically adapted aimformation, methodology and findings in non-technical lan-
applied in a systematic manner to diagnose a specific problerguage may be useful.
11.2 The information systematically accumulated in a leak- 12.4 Title Page with Mandatory Information
age evaluation is analyzed as it is acquired. The information 12.4.1 Title—brief but definitive, including identification of
may motivate a change in approach or focus for subsequettte building.
steps in the evaluation process. 12.4.2 Author—first name and surname, and any profes-
11.3 The evaluator is expected to establish a cause argional registration, included in a by-line for positive identifi-
effect relationship between wall characteristics and observedation. This information may also be presented on a signature
leakage. This requires an appropriate selection of activities anglage at the end of the report.
a logical analysis and interpretation of the acquired informa- 12.4.3 Date(s) of evaluation and tests, and date of report.

tion. The analysis will address issues such as: 12.4.4 Evaluating Agencywith mailing address.
11.3.1 Reduction of quantitative data. 12.4.5 Sponsoring Agencwith mailing address.
11.3.2 Resolution of conflicting data and observations. 12.5 Executive Summa#ryProvide a concise statement of
11.3.3 Patterns and commonalities in the data and observéie investigation findings and recommendations, for use by a
tions. reader who does not have the time or construction background
11.3.4 Identification and explanation of anomalies. to utilize the detailed information in the body of the report.
11.3.5 Correlation with known wall performance. 12.6 Statement of Objective or Scep&tate the reason(s)
11.3.6 Significance of an observation or measurement, anfdr undertaking the evaluation and the scope of the evaluation,
its relevance to the behavior of the entire facade. including limitations.

11.3.7 Corroboration between various procedures used. 12.7 Description of the Evaluation ProcessDescribe the

11.4 The conclusions and findings from an evaluation musinethodology used in the evaluation process. Where appropri-
be rationally based on the activities and procedures undertakexte, put the steps in the evaluation process in context by giving
and the information acquired, if they are to be considered rationale that associates the steps with the objectives.
legitimate and substantiated. 12.7.1 Sources of Informatiea-List or describe the project

11.5 The record should be sufficiently complete so that anydocuments, product literature, standards, reports by others, etc.,


https://standards.iteh.ai/catalog/standards/sist/749de61c-cb73-4831-8538-b18485f63c73/astm-e2128-01

@iy E 2128

reviewed in the course of the evaluation. Information generated 12.7.6 Inspectior—Describe methods used in inspection of
by others that was relied upon in the evaluation should béhe wall system, including access, equipment, and documenta-
clearly identified. tion.

12.7.2 Performance Criteria—List specific performance 12.7.7 Testing—Describe the tests performed, including
criteria relevant to the evaluation, including wind loading, access, equipment, sequence and modification made to the test
structural loading, deflection limits, temperature ranges. Anyarea. Include reference to industry standards for test methods

differences between the performance criteria used in thend identify adaptation and modifications made to the standard
original design of the wall and criteria used for the evaluationiest methods.

must be clearly identified. _ B 12.7.8 Conformance with Design IntestDescribe any ob-
12.7.3 Description of Design IntertDescribe the specific  seryed variations in the as-built wall assembly from the design,
methods, components, systems, etc. intended to resist walg|yding any apparent modifications or prior repairs to the

leakage. Identify items critical to performance of the wall )| The discussion can be qualified and limited to differences
system with respect to water leakage, such as method(s) {8at are relevant to the causes of leakage.

accommodate volumetric changes and structural movements

material compatibility, pressurization, drainage, etc. . - : :
L ’ ’ sis of observations and measurements in a manner appropriate
12.7.4 Description of the Wall Components or Systers) to the scope of the report pprop

Describe materials, primary components, dimensions, include . . .
sketches and/or photographs as necessary. Describe the phyeﬁi-lz'9 Identify Cause(s) of Leakagel.ist or describe those

cal condition of the wall assembly, including damage, deterio- ements or co.mponents_of the system that contnbutg to the
ration, normal wear, prior repair attempts leakage. Describe the point(s) of water entry, and the internal

12.7.5 Service History—Describe the known performance path(s) of the leakage. Describe the cause-and-efect relation-
record of the wall system, including the physical symptoms ofShIp between wall characteristics and observed leakage.
water leakage, progression of leakage behavior, maintenanﬁ[%
and repair history, extent and locations of leakage, correlatiorn™: Keywords
of leaks with wind direction, building operations, season, etc. 13.1 evaluation; inspection; testing; water leakage

'12.8 Analysis of Acquired InformatieaDescribe the analy-

ANNEX
(Mandatory Information)

Al. BACKGROUND

Al.1 Consequences of Leaks Geographic location is considered in establishing performance

Al.1.1 Water leakage in exterior walls of buildings has aCriteria for design wind pressures, hurricanes, seismic move-
broad range of possible effects. Water that penetrates through®ents, thermal performance, and condensation resistance.
wall assembly can result in wetting of interior finish materials, Occupancy type will establish the relative importance of the
including interior sills, wall finishes, drywall, insulation, and Various performance aspects of the system. Criteria for air
floor and ceiling finishes. Intermittent or prolonged contactinfiltration and water penetration should be established by the
with water can cause component damage, including corrosiopPecifier, with a clear understanding of these considerations.
of connection materials and embedded reinforcing, wetting andN€ air infiltration and water penetration criteria are typically
loss of “R” value in insulating materials, mildew and bacterial d€monstrated by testing of prototype units or project mock-ups
growth, peeling of paints, efflorescence in masonry and morunder laboratory test conditions and may be verified as part of
tars, deterioration of concealed sealants, and damage to perif-duality assurance program during construction.
eter seals in insulating glass units, among other effects. Wate(1 .3 Maintenance
leakage within a wall system is sometimes not observed on the

o . : - - Al1.3.1 Performan riteria for new construction ar i-
interior surfaces, but remains hidden within the wall, ceiling 3 erformance criteria for new construction are spec

fied as a means of establishing the relative quality of the
Yssemblies, and their expected performance characteristics.
®rhe long term performance of installed systems will require a
program of regular maintenance of various components of the
system, consistent with their specific material characteristics.

Al.2 Performance Criteria .
, , The long-term performance of exterior seals, sealants, and
Al.2.1 Performance requirements of exterior wall assemyater-proofing membranes require particular attention.
blies and fenestration are established by the project contract

documents and the building codes. Criteria relating to struc/1.4 Sources of Water

tural integrity are typically mandated by the building code, A1.4.1 Water leakage through exterior wall assemblies can
which will control thickness and/or types of glass, requiredcome from several possible sources. Rain on the exterior
strength and stiffness of framing members and connectionsurface of a wall may lead to some degree of penetration, due

tribute to significant deterioration. Water leakage can als
contribute to freeze/thaw damage of a wall system.
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to the effects of gravity, surface tension, kinetic energy oris the exterior exposed surfaces of the wall system. In order for
capillary action. Wind-driven rain, which wets an assemblyleakage to occur, water must first penetrate the outer surfaces.
under a pressure differential, can force water through smalThe ability of a wall to resist leakage may or may not be totally
openings, seams, and cracks in the assemblies or over the tdppendent on the “first line of defense”.

of barriers with insufficient height. Air moving through open-  A1.5.3 The design of a wall system can be described in two
ings in an assembly can transport water by percolation. broad categories: barrier walls and water managed walls. A
Al1.4.2 Penetration of wall assemblies can occur at disconwall system may have characteristics of both a barrier and a
tinuities between materials such as at mortar joints, cracked @frainage wall in various combinations. Every wall must have
damaged materials, gaps in sealants, window joinery, gasketegh identifiable mechanism to resist leakage, whether it is a
or weatherstripped operable joints, splices, butt joints, expardistinct barrier material whose only function is to resist the
sion joints, or due to failed or omitted flashing, missing ormovement of water toward the interior, or a combination of
damaged end dams, or blocked or improperly executed weepseveral wall elements intended to function together to provide
Al.4.3 Permeation of the wall materials is the process ofeakage resistance. The anticipated volume of rain penetration,
water passing through a component such as a porous brick gie method of controlling rain that penetrates, the location of a
concrete block. Permeation of walls incorporating porousparrier within the wall assembly, the interaction of the wall
materials should be anticipated in the design, and the wallomponents, the materials used, and the exposure of the barrier
detailed accordingly. Excessive or unanticipated permeation gb environmental wind pressure and rain, determine how a wall
wall materials can be a symptom of material deficiencies ofs intended to function and how it is categorized. Terms and
misapplication. definitions describing the mechanics of a wall system are
Al.4.4 The direction of water movement on the wall surfacecurrently evolving, and are being influenced by new wall
is determined by the combined effects of gravity, surfaceconcepts and a better understanding of existing wall concepts.
tension and wind velocity. The effects of wind velocity can beThe discussion below is presented for information only, and
greater than the effects of gravity, resulting in regions of thedoes not necessarily represent consensus definitions at this
wall where wind-driven rain actually flows upwards or side-time.
ways. _ ) A1.5.3.1 Barrier Walls—The mechanism intended to pre-
Al.4.5 Surface tension can cause water to cling to andent leakage in this type of wall is blocking or interrupting the
migrate along horizontal surfaces, thereby wetting areas nghovement of water to the interior.
directly exposed to rain or in the path of water flowing down (a) Mass Barrier—Fhe thickness and properties of wall

the face of a bu[ldmg. Drip grooves at the edge of horlzont""lrnaterials are relied upon to provide a barrier. The wall mass
overhangs are intended to interrupt the effects of surfacg may absorb water, but permeation to the interior is

tension. revented by sufficient thickness and absorption capacity, or a

Al.4.6 Water can penetrate a wall by being transporte ayer with low permeability within the wall. Examples: solid
along a stream of moving air. It will percolate across barriers o ulti-wythe masonry and stone walls; masonry walls with
through cracks and holes. Control of penetrating water usuallmleoI collar joints '

also requires considering the control of air movement. (b) Face-Sealed BarrierThe exterior surfaces are relied
Al1.4.7 Interfaces between vertical and horizontal surfaces Tl ° exter u :
on as the only barrier. All joints and interfaces must be

are often subjected to large amounts of water due to sheetin : ; . .

action along the vertical surfaces. Areas where water accumu- aled to prpwde a contmuqus exterior barrier, and the absorp-
lates in large amounts on the horizontal surfaces are partic I_Oz:te?irglze\:yiter?inoirzgewrgﬁltzggzlasmrglustnﬂ:? ti)aee ;&r:r?o"esdljsgﬁ
larly vulnerable to eventual water penetration. The prope . ; y .
design and functioning of interface joinery, sealants an ccasional short-term We_ttlng as might oceur between ”.‘a'”te'
closures between vertical and horizontal elements are essentréernce.cycles. of the exterior seals or frqm unintended incidental
to the performance of the system. water infiltration. The system can also incorporate a secondary

Al1.4.8 Water retained within cavities or absorbed by mate-Wa!ter resistant system in selecte.d areas where |nC|denta.1I
gflltratlon is anticipated. Examples: precast concrete panels;

rial components of wall systems can cause significant dama%

if it freezes. Snow and ice can block drainage systems design ﬁé{)g:mgrefabncated metal or stone panels; adhered EIFS

to accommodate water, thereby preventing these systems fro .
functioning properly. The service history and conditions under Al.5.4 Water Managed WallsFhe mechanism intended to
which leakage occurs are particularly important in evaluating®révent leakage in this type of wall is the control and discharge

leaks of this type because they might not be recreated durin f anticipated and accepted amounts of water that penetrates

diagnostic testing. the exterio.r surfaces. . N
o (a) Drainage Walls—Penetrating water is intended to reach
ALS5 Methods of Resisting Leaks a cavity incorporated within the wall and then to flow towards

Al1.5.1 The intended behavior of a wall system is deter-a flashing or drainage system, where it is discharged to the
mined by the principles of physics applied in its design.exterior. Water within the cavity is intended to flow freely and
Evaluating wall leakage requires an understanding of theot be retained. Therefore, the cavity must be wide enough so
design of the wall system, the materials used, and the condthat surface tension does not cause water retention, and must be
tions of exposure. relatively free of obstructions and construction debris. If water

A1.5.2 The “first line of defense” against water penetrationcan cross to the interior side of the cavity at intended bridging
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