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INTRODUCTION

The majority of quality control testing of concrete ma-
sonry materials is conducted on samples representative of
those used in actual construction (ref. 1, 2, 3, and 4). Insome
cases, however, it may be necessary or desirable to evaluate
the properties of existing masonry construction using the
actual constructionmaterial sinstead of representativesamples.
Examples where the in-place (in situ) masonry properties
might need to be considered include old construction, dam-
aged construction or during the construction process when:
a testing variable or construction practice fails to meet
specifications;

- atest specimen is damaged prior to testing;

- test records are lost; or

- representative samples are not otherwise available.
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Each step of the solution process is critical. Selecting
different test methodsor samplescaneasily lead todifferent
interpretations and remedies, some of which may not cor-
rectly address the problem.
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TEK 18-9A

Quality Assurance & Testing

This TEK outlines guides and practices for the physical
evaluation of masonry units, grout, mortar, and assemblies
that form a part of an existing structure. Because no single
procedure can be considered universally applicable for the
evaluation and assessment of all conditions, proper tests or
inspectionsmust be selected with careasthey formonly apart
of a broader evaluation, which may also include structural
considerations, performance attributes, acceptance criteria,
and goals (see Figure 1).

Insomecasesthephysical characteristicsof thematerials
or construction may not be in question, but instead concerns
are focused on one or more performance attributes. While
possibly stemming from any one of a number of sources,
including poor construction, detailing, or materials; common
performance related assessments include sources and causes
of cracking, mitigating water penetration, and strength
evaluation. Options for the evaluation and remediation of
masonry structures are virtually endless. A thorough review
of this subject can be found in reference 17.

MASONRY UNITS

Whenitisdeemed necessary to remove unitsfromawall
toevaluatetheir physical properties, theselectionandremoval
of specimens should follow ASTM C 1420 Standard Guide
for Selection, Removal, and Shipment of Manufactured
Masonry UnitsPlaced in Usage (ref. 5) to minimize potential
damageto the units during their removal and transport and to
obtain a representative sampling of specimens from which
generalized conclusions can be drawn. Once removed, units
can be sent to alaboratory for further assessment using visual
techniques, petrographic techniques, or more common tests
such those used in determining the compressive strength or
equivalent thicknessfor fireresistant construction. Although
comprehensivein its scope, ASTM C 1420 does not contain
acceptance criteria or guidance for the interpretation of the
results, astheapplication of suchinformationisnearly always
project specific.

While often definitive in their results when properly
implemented and interpreted, the option of removing units
from existing construction can haveitslimitations, especially
when the existing construction is grouted or contains
reinforcement. Whileitisstill physically possibleto remove
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a hollow unit that has been grouted and reinforced from a
masonry wall, it becomes difficult (if not impossible) to
determine the compressive strength of such units due to the
presence of the grout and reinforcement. Hence, for
construction that contains grout and/or reinforcement, it may
be more appropriate to remove prisms or cores from the
assembly, particularly when structural stability isthe primary
reason for the evaluation.

MORTAR

Inmany cases, theimportanceplaced onthecompressive
strength of masonry mortarsisoveremphasized. Becausethe
compressive strength of masonry mortarsis not of principal
concern in the overall performance of masonry structures
therearenotest methodsthat directly measurethecompressive
strength of mortar takenfrom an assembly. Y et, there may be
circumstances when the removal and evaluation of mortar
fromexisting masonry construction may bedeemed necessary.
ASTM C 1324 Sandard Test Method for Examination and
Analysis of Hardened Masonry Mortar (ref. 6) reviews
proceduresprimarily rel ated to the petrographic examination
and chemi cal analysisof sampl esof masonry mortar removed
from masonry construction. Based upon such examination
and analysis, proportions of componentsin masonry mortars
can be determined, which can then easily be compared to the
volume proportions of ASTM C 270 (ref. 7) to classify a
particular mortar or to document the actual proportions of
materials used in the mortar.

While ASTM C 1324 can be an invaluable tool for
measuring the rel ative amounts of constituent material s used
inamortar or in mapping the chemical makeup of amortar, it
does have its limitations. For example, even if a mortar is
shown to have proportions that do not comply with the
requirements of ASTM C 270, the mortar may still comply
with the property requirements of C 270, which cannot be
reasonably measured through examination of field mortars.
Further, theinformation provided by C 1324 isanecdotal and
highly subject to user error. Like all emerging technologies,
results stemming from petrographic analyses should be
subjected to critical review and careful interpretation.

GROUT

Unlike mortar and units, grout is often hidden from view
once placed. Hence, evaluation methods that are focused on
grout include both physical tests, such as measuring the
compressive strength or grout/unit bond strength, as well as
documenting proper placement and consolidation, to ensure
asfew voids as possible in the resulting construction.

While following the grout lift height and pour height of
Foecification for Masonry Sructures (ref. 8) isaprescriptive
means of ensuring high quality grout placement, alternative
grouting procedures, such asthose permitted by Specification
for Masonry Structures through the construction of a grout
demonstration panel (refs. 8and 9), may requiresupplementary
means of documenting proper grout placement and
consolidation. Obtaining physical specimens, such as grout
cores(seeFigure?) or saw-cut samples(ref. 10), isonemeansof
documenting proper grout placement when non-standardized

grouting procedures are
used, less destructive (and
often less expensive) tests
suchasultrasound, impact-
echo and infrared
photography canbehighly
efficient tools for
measuring the subsurface
characterigticsof amasonry
wall.

ASSEMBLIES

As with individual
units, ASTM  has
published a guide for the
selection and removal of
masonry assemblies from existing construction, ASTM C
1532 (ref. 11). Theproceduresoutlinedin ASTM C 1532 are
useful when physical examination of an assembly’s
compressive strength, stiffness, flexural strength, or bond
strength is needed on a representative sample of the actual
construction (ref. 12). When conditions permit, or when less
destructivemeansof evaluation arewarranted, several testing
alternatives are available.

Figure 2—Grout Core

Modulus of Elasticity

ASTM C 1197, Sandard Test Method for In Stu
Measurement of Masonry Deformability Properties Using
the Flatjack Method, (ref. 13) can be used to evaluate the
modulus of elasticity (stiffness) of a single wythe of
unreinforced masonry constructedwithsolidunits. Toperform
thetest, two slots are cut into the mortar joints at the top and
bottom of the section of masonry to be evaluated. Thin,
bladder-like flatjack devices are inserted into these open
mortar joints and then pressurized, inducing a controlled
compressivestressonthemasonry betweenthem. Pressurein
theflatjacksisgradually increased and the resulting masonry
deformations are measured. The modulus of elasticity is
calculated based on the resulting stress-strain relationship.
Note that experimental and analytical investigations have
indicated that thistest typically overestimatesthecompressive
modulus of masonry by up to 15 percent.

Mortar Joint Shear Strength

Guidelines for the Rehabilitation of Existing Buildings
(ref. 14) contains a relationship between masonry bed joint
shear strength measured in situ to the overall strength of a
masonry shear wall. Thisrelationship assumesthewall shear
strength is limited by shear through the mortar joints rather
than shear through the units. To measure the in situ mortar
joint shear strength, ASTM C 1531, Standard Test Method for
In StuMeasurement of Masonry Mortar Joint Shear Srength
Index (ref. 15), isused. Includedin ASTM C 1531 arethree
test methods for determining an index of the horizontal shear
resistance of mortar bed jointsin existing unreinforced solid-
unit or ungrouted hollow-unit masonry.

In accordance with ASTM C 1531, the mortar bed joint
shear strength index isdetermined by horizontally displacing
atest unit relativetothesurrounding masonry usingahydraulic



jack or specialized flatjacks. Thehorizontal forcerequiredto
displacethetest unit providesameasured index of the mortar
joint shear strength. Some studies have indicated that thein
situ mortar joint shear strength may overestimate the actual
shear strength index of amasonry wall. While arelationship
has been established between the mortar joint shear strength
and the shear strength of a masonry wall, there is currently
insufficient datato defineasimilar correlation betweenthein
situ measurement of bed joint shear strength and the actual
bed joint shear strength.

Compressive Stressand Strength

For some engineering eval uations of existing masonry it
may be necessary to estimate the compressive stress present
inthewall. ASTM C 1196, Sandard Test Method for In Situ
Compressive Stress Within Solid Unit Masonry Estimated
Using Flatjack Measurements (ref. 16), provides one such
method to determine the average compressive stress in an
unreinforced solid unit masonry wythe. The method uses
flatjacks above and below thetest region similar to ASTM C
1197 previously discussed. Whenthemortar jointsaboveand
below the test area are removed from the masonry to
accommodatetheflatjacks, themasonry deforms. Theflatjack
pressure required to move the masonry back to its original
position is approximately equal to the compressive stressin
the masonry.

The compressive strength of masonry can be evaluated
by testing masonry prismsremoved fromthewall or by using
cores cut from a grouted portion of the wall. If vertical
reinforcement is present in the wall, testing a prism can be
difficult because the vertical reinforcing steel carries load,
hencethetest isnot atrueeval uation of themasonry properties.
In this case, cored samples may provide a better estimate,
becausethe coresaretested in an orientation 90 degreesfrom
thein situ position, so thereinforcing steel doesnot interfere
with the test.

Limited research (ref. 10) on 6 inch (152-mm) diameter
cores cut from grouted masonry compared the compressive
strength of the core sample to that of masonry prisms
constructed usingthesamematerials. Intheseinvestigations,
the average ratio of core to prism compressive strength was
1.04for coreswith anaspectratio (height to diameter) of 1.27.
Research on in situ masonry prism removal and testing (ref.
12) found a similar correlation factor when comparing both
masonry prisms removed from existing construction to
laboratory prepared prisms using similar materials.

NONDESTRUCTIVE EVALUATION

Obviously, the removal of units, prisms, cores, or other
materialsfromamasonry structureisaesthetically detrimental
and potentially structurally damaging. When possible, the
physical evaluation of existing concrete masonry structures
should provide the necessary information that resultsin the
least cost and damage to the structure. A number of
nondestructive evaluation procedures are applicable to
masonry construction, which are often used in concert with
the previously described test methods. The benefit of these
techniquesistheability to eval uateportionsof astructurewith
little or no damage.

Ultrasound and I mpact-Echo

Ultrasound eval uations (pul se-vel ocity and pul se-echo)
use a transmitter and receiver to pass ultrasonic energy
through awall. Thedensity of thewall isestimated based on
thevelocity of thewavespassing throughthewall. Unlikethe
other methods discussed here, ultrasound requires access to
both sides of the wall being evaluated.

Impact-echo differsintwo waysfrom ultrasound: lower
frequencies are used, which helps overcome the high signal
attenuation and noi se of ten encountered with ultrasound; and
access to both sides of thewall is not required. Impact-echo
usesel astic stresswavesgenerated by asurfaceimpact. These
stresswavesareref|ected back tothereceiver asthey encounter
internal anomaliesor an exterior surfaceof thewall. Analysis
of thereflected signal strength and shapeallowseval uation of
wall thickness and location of voids and grout areas.

Infrared

Infrared, or heat imaging, technol ogies measure thermal
radiation from awall surface, and record these emissions as
different colors, correspondingtodifferent surfacetemperatures
(see Figure 3). Variations in temperature can be associated
withfactorssuchaswall solidity, moisturecontent, or achange
inconstructionmaterial sor insulation. Infrared camerasallow
the user to survey an entirewall relatively quickly.

In order to provide a representative image of the wall,
infrared measuring devices require heat to be transmitting
through the wall (i.e., awarm interior and a relatively cool
exterior ambient temperature). Generally, the larger the
temperatureflux, thebetter theresol utionof subsurfaceanomalies.

Fiber Optics (Borescope and Fiber scope)

Borescopes(rigidoptical scope) andfiberscopes(flexible
optical scope) are useful for viewing interior void areasin a
masonry wall. The scopeisinsertedinto asmall holedrilled
into the wall, and can be attached to a camera or video
recorder to document the observations. Borescopes and
fiberscopes are often used to visually confirm anomalies
detected using ultrasound, impact-echo or infrared methods,
or to assess the condition of interior objects or cavities such
aswall tiesand collar joints.

Figure 3—Infrared Photograph Used to Verify
Proper Grout Placement
photo courtesy of Wallace Engineering Structural
Consultants, Inc., Tulsa, OK
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