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MASONRY

Compressive Strength of Masonry

Compressive strength of masonry is an important perfor-
mance characteristic used by ergineers in the design of
masonry structures. Defined as the maximum compres-
sive force resisted per unit of net cross-sectional area of
masonry, the compressive strength of masonry mustequal
or exceed the specified compressive strength of masonry,
f used in the structural design. Building codes limit
allowable stresses in masonry to a percentage of £,

Determining Compressive Strength

of Masonry

According to ACI530.1/ASCE 6/TMS 602, two methods
may be used to verify that the compressive strength of
masonry equals or exceeds ', : the unit strength method
and the prism test method. The Uniform Building Code
also provides for verification of the compressive strength
of masonry using on these two methods. In addition, the
Uniform Building Code allows acceptance based on a
record of masonry prism tests representative of corre-
sponding construction.

Unit Strength Method. The compressive strength of ma-
sonry may be determined from the net area compressive
strength of the units and the type of mortar by using tables
included in building codes or in standards referenced in
building codes. Tables 1 and 2 have been adapted from
ACI| 530.1/ASCE 6/TMS 602, which is a referenced stan-
dard of The BOCA National Building Code and the Stan-
dard Building Code.

Mortar types indicated in these tables are to be in
accordance with the requirements of ASTM C270, the
Standard Specification for Mortar for Unit Masonry. For
example, to obtain a 1500 psi compressive strength of
masonry for concrete masonry construction using a Type
N mortar, Table 1 indicates that the net area compressive
strength of concrete masonry units must be no less than

Table 1. Compressive Strength of Masonry Based on
Compressive Strength of Concrete Masonry Units
and Type of Mortar Used in Construction*

Net area
compressive
strength of

Net area compressive strength of
concrete masonry units, psi

Type Mor S mortar | Type N mortar | masonry, psi™
1,250 1,300 1,000
1,900 2,150 1,500
2,800 3,050 2,000
3,750 4,050 2,500
4,800 5,250 3,000

*Adapied from Ref, 1
**For units less than 4 in. high, use 85% of the values listed.
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Table 2. Compressive Strength of Masenry Based on
Compressive Strength of Clay Masonry Units and
Type of Mortar Used in Construction*

Net area compressive strength of clay Net area
masonry units, psi compressive
strength of
Type M or S mortar Type N mortar masonry, psi
2,400 3,000 1,000
4,400 5,500 1,500
6,400 8,000 2,000
8,400 10,500 2,500
10,400 13,000 3,000
12,400 3,500
14,400 4,000

*Adapted from Ref. 1
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2150 psi. Table No. 24-C of the Uniform Building Codehas
similar information, although table format is slightly differ-
ent.

Prism Test Method. The compressive strength of ma-
sonry may also be determined by testing masonry prisms
(Fig. 1) representative of the masonry wall of interest. If the
structure is to have grouted cores, the masonry unit cores
in the prism are filled with grout. No reinforcement is used
inthe prisms. Test procedure, apparatus and data should
comply with ASTM E447 Method B, modified as indicated
by the applicable code.

Prisms are constructed in stacked bond with full mortar
bedding, and are to be a minimum of two units high.
Practical considerations involved in testing prism speci-
mens may dictate that prism height vary depending on unit
dimensions and available testequipment. The codes allow
the heighttothickness ratic of the test prisms to range from
2.01t0 5.0 for clay masonry prisms and from 1.33 to 5.0 for
concrete masonry prisms. A correctionfactor based onthe
actual height to thickness ratio is then applied to the test
results.

Factors Affecting Compressive Strength of

Masonry

The compressive strength of masonry is affected by the
compressive strength of the units, the type of mortar used,
workmanship and curing. These variables are largely
reflected inthe results of prismtests. Therefore, prism test
results are more representative of actual in-place perfor-
mance of masonry than are tests of component masonry
materials. The compressive strength of masonry deter-
mined by the prismtest method is typically higher than that
determined using the unit strength method. Thus, the unit
strength method is more conservative from a materials
standpoint, but does not pravide a quality centrol check on
workmanship and curing as does the prism test method.
However, the unit strength method does provide more
timely verification of the compressive strength of masonry
since the time delay associated with curing prism speci-
mens is eliminated.

Materials. The net area compressive strength of masonry
units is the single most critical variable contributing to the
compressive strength of masonry. To a lesser extent, the
compressive strength of masonry is also affected by the
compressive strength of the mortar. However, the effect of
mortar strength is less significant than one might intuitively
assume. For example, tests have shown that compressive
strengths of ungrouted concrete masonry walls increase
only about 10% when mortar cube compressive strengths
increase 130% (Reference 10). This is largely due to the
dimensional difference between mortar joint thicknessina
wall or prism and test specimens used for determining
compressive strength of mortar.

Just as height-to-thickness ratios affect compressive
strength test results of masonry prisms or concrete cylin-
ders, the height-to-thickness ratio affects test results of
mortars. The typical mortar joint can be viewed as a thin
plate being placed under compressive load by the adjoin-
ing units. The restraining forces generated at the mortar-
unit interface result in a much higher failure stress inthe 3/
8-inch high mortar joint than is realized in a two-inch high
cube specimen. Therefcre, the compressive strength of
masonry may often exceed that of the mortar as deter-
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(a) The effect of bearing block restraint on a 2-inch cube is
minimal at center of specimen. Failure of mortar specimen under

compressive load first ccours in that area.
*Displacement and deformation are exaggerated for illustrative purposes.
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(b) In a prism mortar joint, the effect of masenry unit restraint on
mortar joint is significant over its 3/8-in. thickness . Mortar in
joints will sustain a much higher lead than in a 2-in. mortar cube
and will exhibit more ductile behavicr. Masonry prism failure
typically accurs in masonry unit at lower compressive strength
than the unit would have sustained if tested individually.

**Shown for case when the ratio of lateral deformation (unrestrained) ta lengitudinal
deformaticn under axial load is greater for mortar than for the masonry unit.

Fig. 2b

mined either by ASTM C270 in the laboratory or by ASTM
C780 in the field. For example, it is quite possible to
achieve a compressive strength of masonry of 2000 psi or
greater with an ASTM C270 mortar having a strength of
only 750 psi — provided unit strength is adeguate. Fig. 2
illustrates these principles.

Conversely, a masonry prism is expected to fail in
compression prior {0 reaching the load capacity of indi-
vidual units. Again, this is more easily understood if one
views the unitin the prism as being placed under compres-*
sive load by adjoining mortar joints or by one bearing plate
surface and one mortar joint, The restraint the unit places
on the lateral expansion of the mortar joint induces lateral



tensile stresses inthe unit. Thus the boundary restraints on
the unit in the prism will never be as great as they are on
individual units placed in compression between steel
bearing plates, and the units in a prism fail at a lower
compressive strength than when tested individually. The
reduction in compressive strength of masonry compared
to unit strength is less for units of greater height. For
example, masonry constructed with nominal 8-inch high
units is notaffected as much by changesinmortar strength
as is masonry constructed with nominal 3-inch high units.

Unit netarea compressive strength affectsthe compres-

sive strength of both concrete masonry prisms and clay
masonry prisms. Differences in mortar strengths generally
have a somewhat greater effecton the compressive strength
of clay masonry prisms than on the compressive strength
of concrete masonry prisms and have less effect on
grouted prisms than ungrouted prisms. While some gen-
eralizations can be made about relationships between
properties of component masonry materials and compres-
sive strength of masonry, accurate assessment of the
performance of specific mortar-unitcombinations requires
actual testing of assemblies.
Construction and Curing. Workmanship and curing also
affect the compressive strength of masonry in-place and
the compressive strength of masonry determined by the
prism test method. Prism specimens used to determine
the compressive strength of masonry are to be plumb and
true. Properly proportion and mix mortar to a workable
consistency, as used in construction. Use full mortar
bedding, meaning that both face shells and cross webs of
hollow units are mortared. Assure that mortar joint thick-
ness is uniform and consistent with that used in construc-
tion —usually %-in. thick. Do not disturb or move prisms for
at least two days after they are constructed. Prior to
moving, box band prisms to protect joints from tensile
stresses. During transportation, securely pack and cush-
ion prisms {0 avoid damage to specimens.

Specimens are tested at 28 days unless a correlation of
earlier age strenglhs to 28-day compressive strength of
masonry has been established. Currently specified prism
curing conditions are different in areas where the Uniform
Building Code is used compared to those where AC| 530/
ASCE 5/TMS 402 and ACI 530.1/ASCE 6/TMS 602 are the
basis for masonry codes and specifications. Under the
Uniform Building Code Standards, specimens are con-
structed in a plastic bag which is immediately sealed after
construction. Specimens remain sealed inthe plastic bags
until two days prior to testing. ASTM E447 (referenced by
ACI 530.1/ASCE 6/TMS 602) stipulates that prisms are to
be subjected to two days of initial curing conditions similar
to the walls they represent. After two days, they are taken
to the laboratory and cured in laboratory air. The ratio of
exposed surface area to volume is much higher for prism
specimens than for masonry walls - resulting in increased
evaporation rates for prism specimens. For this reason,
sealed curing (as required by the Uniform Building Code}
is probably more representative of in-place performance
and will yield more consistent results.

Testing Specimens. Capping of specimensis reguiredto
provide a smooth, plane bearing surface for application of
the compressive test load. The capping material {(either
sulfur or high strength gypsum plaster) is to be of approxi-

mately uniform thickness not exceeding % in. The surface
used forthe capping operation must be smooth, plane, and
rigid.

gCare must be taken while handling specimens during
capping and preparation for testing to aveid damage.
Specimens (particularly those constructed with full-sized
concrete masonry units) may be guite heavy and can be
easily damaged if handled improperly.

The bearing surfaces of the compression test machine

must meet ASTM E447 requirements. Bearing surfaces
have to be adequate in size, hardness, and thickness to
accommodate the specimen being tested. If a steel plate
is used to accommodate specimens whose cross-section
is larger than the spherically seated upper bearing block,
the thickness of that plate should be egual to the distance
from the edge of the bearing block to the most distant
corner of the specimen. Bearing surfaces must be plane,
clean, and free of any debris. The prism specimenmustbe
carefully positioned on the bearing blocks. 11 is important
that the specimen be centered with respect to the thrust of
the test machine and that the upper bearing block be free
to rotate in order to aveid eccentric loading of the speci-
men.
Calculations and Reports. The compressive strength of
each masonry prism is the maximum load divided by the
net cross-sectional area of the prism. For solid unit prisms
and solid grouted prisms, the net areais simply the product
of the average cross sectional width and length of the
prism. For ungrouted hollow unit prisms the net area is the
net cross sectional area of units determined from a repre-
sentative sample of masonry units.

According to ACI 530.1/ASCE 6/TMS 602, the compres-
sive strength of masonry is based on the average of three
prism strengths, but shall not be taken as more than the
strength ofthe masonry units used in the construction ofthe
prisms. The appropriate height-to-thickness correction fac-
tor taken from tables contained in ACI §30.1/ASCE 6/TMS
602 is then applied to the average prism strength (or the
masonry unit's strength if less than the average prism
strength).

UBC Standard 24-26 requires that the compressive
strength of masonry be based onthelesser of either, (1) the
average strength of the prism specimens or (2) the least
prism specimen strength multiplied by 1.25. The appropri-
ale height-to-thickness correction factor taken fromatable
contained in UBC Standard 24-26 is then applied to the
lower value to obtain the compressive strength of masonry.

Test reports should be prepared according to ASTM
E447 as modified by ACI 530.1/ASCE 6/TMS 602 or UBC
Standard 24-26, depending cn which model code governs
the construction.

Saw-Cut Specimens. Occasionally, it may be necessary
to verify the compressive strength of a masonry wall in-
place. ltis possible to cut masonry prisms from an existing
wall and test the prisms. Obviously, extreme care must be
taken in each step involved in the selection, cutting, re-
moval, transportation, and preparation of prism specimens
cut from existing masonry. Some key points to remember
when considering such action:
+ Safety of personnel performing the task must be con-
sidered in the selection of sample areas and proce-
dures.



Select specimen locaticns such that they contain no
reinforcement.

Locate specimen to produce symmetry about the
vertical centerline of the prism.

Mark location of prism specimens on wall.

Make the first cut at the bottom of the prism. Shim the
first cut and proceed with the sides and top shimming
each cutto supportthe prismbefore proceeding tothe
next cut.

Make the bottomn cut along the bottom edge of amortar
joint and the top cut along the top edge of a mortar
joint.

Remove the cut specimen from the wall very carefully.
Strap and protect prism from damage during handling
and transportation.

Carefully trim all mortar from top and bottom units prior
to capping.

Follow test procedures for masonry prisms given in
ASTM E447.

For ungrouted hollow units, use area bedded inmortar
(usually face shelis only)for net cross-sectionalareain
calculating compressive strength of masonry.

Recent research indicates that test results for the com-

pressive strength of prisms cut from masonry walls are
approximately equivalent to those obtained from quality
control prisms constructed of the same materials.
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This publication is intended SOLELY for use by PROFESSIONAL PERSONNEL who are competent to evaluate the significance and limitations of
the information provided herein, and who will accept total responsibility for the application of this information. The Portland Cement Association
DISCLAIMS any and all RESPONSIBILITY and LIABILITY for the accuracy of and the application of the information contained in this publication
to the full extent permitted by law.
CAUTION: Contact with wet (unhardened) concrete, mortar, cement, or cement mixtures can cause SKIN IRRITATION, SEVERE CHEMICAL
BURNS, or SERIOUS EYE DAMAGE. Wear waterproof gioves, a long-sleeved shirt, full-length trousers, and proper eye protection when working
with these materials. If you have to stand in wet concrete, use waterproof boots that are high enough to keep concrete from flowing into them. Wash
wet concrete, mortar, cement, or cement mixtures from your skin immediately after contact. Indirect contact through clothing can be as serious as
direct contact, so prompily rinse out wet concrete, mortar, cement, or cement mixtures from clothing, Seek immediate medical attention if you have
persistent or severe discomfort.
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An organization of cement manufacturers to improve
and extend the uses of portland cement and concrete
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