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SCOPE

The intent of this Construction Guide
is to provide general information on
mortars, with primary emphasis
placed on successful usage of mor-
tars in the field. A general knowledge
of mortars, in conjunction with
acceptable field practices, is
required to assure the successiful
performance of mortar. This guide
will discuss in part such fopics as
mortar materials, mortar types and
physical properties to familiarize the
user with all aspects of mortar.
However, there are numerous other
technical docurnents and publica-
tions that should be consulted for
more detailed information on mortar
compaosition and specifications.

INTRODUCTION

Mortar has been an integral part of
masonry wall systems for centuries.
Its primary function is simple: to suc-
cessfully bend unit masonry togeth-
er. Mortar's presence and perfor-
mance are as crucial to a masonry
wall system as the units it bonds
together; yet its relevance is often
overlooked by the designer and
mason contractor. A thorough under-
standing of mortar and its application
is necessary to achieve successful
performance.

Mortar has developed through an
evolutionary process. The Egyptians
discovered that workable mortar
could be produced by burning lime-
stone at high temperatures and then
soaking the byproduct {guicklime) in
water after it cooled. The quicklime
was then mixed with voleanic ash or
river sand to produce the first lime
mortars.

Lime-sand mortars remained
unchanged until the development of
hydraulic lime in the mid- 18th centu-
ry. Produced by firing limestone con-
taining clay deposits, hydraulic lime
yields a harder and more durable
mortar because the clay provides
additional cementitious properties.

Mortar and its usage significantly
changed in the late 19th century with
the advent of portland cement. The
introduction of cement into mortar
initially lead to the development of
cement-lime mortars. Eventually

other types of cement were devel-
oped and blended with sand to pro-
duce mortar.

MORTAR MIXES

Currently three types of mortar are
used for masonry construction;
cement-lime, masonry cement and
mortar cement. All three mortars
have been used successfully, with
each offering its own unigue bene-
fits.

Cement-Lime

Modern cement-lime mortars are
produced by blending lime-sand
mortar with portiand cement.
Combining these materials creates a
mortar with weli-balanced physical
properties. A lime-sand mortar pos-
sess excellent workability and high
water retention, while portland
cement increases setting time and
provides additional strength.

Lime also possesses a healing
quality that continues to affect the
masonry years after construction is
completed. Lime gradually gains
strength by absorbing carbon diox-
ide from the atmosphere and con-
verting itself back to limestone. This
process is slowed by weathering and
occurs over a long period of time. As
the mortar cures, lime particles {cal-
cium hydroxide crystals) migrate into
the pores of the masonry unit caus-
ing the recementing of hairline
cracks.

Cement-lime mortars are mixed to
meet minimum physical require-
ments. Each ingredient is specified
by volume and blended to produce a
specific mortar type. Modifying the
volume of each ingredient can
enhaince certain physical properties
of mortar, such as compressive
strength, bond strength, water reten-
tivity and workability. The ability to
vary the amount of each ingredient
of cement lime mortars is advanta-
geous.

Masonry Cement

Masonry cement was developed in
the late 1920s with the intent of sim-
plifying the mortar mixing process.
Masonry cement mortars are pro-
duced by blending masonry cement
with sand. Masonry cements are
proprietary mixtures. Their ingredi-
ents will vary from one manufacturer
to the next. However, most masonry

cements contain three basic ingredi-
ents:

* Portland cement for higher
strength and increased setting
time.

* Plasticizers, such as finely
ground limestone ot lime hydrate
for increased workability.

« Air-entraining additives for
greater durability and workability.

Masonry cement mortars are pre-
blended and prepackaged in bags.
Each bag is mixed with a specified
volume of sand aggregate to meet
certain minimum physical require-
ments. Consequently, masonry
cement mortars provide consistency
of mixture during construction.
Furthermore, masonry cement mor-
tars provide excellent workability,
along with adequate bond and goed
compressive strength.

Mortar Cements

Mortar cement is the most recently
developed mortar mixture and can
be regarded as the “next generation”
of masonry cement. A specification
for mortar cement was first devel-
oped in 1991 and adopted by the
Interational Conference of Building
Officials in the Uniform Building
Code.

The product was created to meet
UBC flexural bond-strength require-
ments that masonry cement mortars
could not satisfy. The ingredients in
mortar cement are similar to those in
masonry cement mortars. However,
the ingredients have been optimized
to produce lower air contents than
masonry cements.

Mortar cements, like masonry
cements, are prepackaged and
mixed with sand and water at the job
site. Mortar cement mortars provide
all of the favorable properties of
masonry cement mortars, in addition
to higher flexural bond strengths.

SPECIFICATION OF MORTAR

Materials

All materials used in mortar are
required to meet ASTM standards.
Portland cement, masonry cement,
mortar cement, hydrated lime and
sand aggregates each have an ASTM
specification that it must comply with.



Portiand Cement - All modern
mortars have portland cement as a
principal ingredient. Portland cement
is a hydraulic cement which should
conform to ASTM C 150 “Standard
Specification for Portland Cement.”
This standard states that three types
of cement can be used in masonry
mortars:

* Type | - for general use

» Type Il - for use when moderate
heat of hydration is required

» Type ill - for use in attaining high
early strength

Hydrated Lime - Hydrated lime is
used primarily in cement-lime mor-
tars. it is produced by firing (calcin-
ing) limestone to produce quicklime,
which is then hydrated. Hydrated
lime should conform to ASTM C 207
“Standard Specification for Hydrate
Lime." Four types of hydrated lime
are covered in this specification.
Only type S hydrated lime should be
used in masonry mortar.

Masonry Cement - Masonry
cement s the primary material used
in masonry cement mortars.
Masonry cement is a hydraulic
cement that usually contains some
portiand cement. All masonry
cements must comply with the
ASTM C 91 "Standard Specification
for Masonry Cements.” This specifi-
cation lists requirements for fine-
ness, autociave expansion, setting
time, compressive strength, air con-
tent and water retention.

Mortar Cement - Like masonry
cement, mortar cement is a
hydraulic cement that is blended
with sand to produce mortar. Mortar
cement must comply with ASTM C
1329 “Standard Specification for
Mortar Cement." Mortar cement
must meet all the physical require-
ments of masonry cement—with two
exceptions. Mortar cements are
required to have lower air content
and are required to meet minimum
flexural bond strengths.

Sand Aggregates - Sand is the
principal aggregate used in all

biends of mortar. Sand fills the voids
between hydrated cement particles
and contributes to the structural
properties of hardened mortar. Sand
also reduces mortar shrinkage. Sand
aggregate should conform with
ASTM C 144 Standard “Specification
for Aggregate for Masonry Mortar.”
This standard allows either natural
sand or manufactured sand to be
used in mortar and requires the
sand to meet certain gradation limits.
If the limits are not met, the sand
can still be used in mortar, provided
that the mortar meets the property
specifications of ASTM C 270
“Standard for Mortar for Unit
Masonry."

ASTM C 270 is the standard spec-
ification for mortar for unit masonry.
It contains sections on scope, refer-
ences, requirements, materials, test
methods, construction practices and
specification limitations and an
appendix. The standard also con-
tains three tables addressing mortar
requirements and mortar selection,
Designers and mason contractors
should familiarize themselves with
the entire specification, although an
absolute understanding of Tables 1
and 2 is essential.

Mortar Types

All mortars are specified by type.
Five types exist: M, S, N, O and K.
(Type K is listed in the appendix).
Each type must meet specific
requirements that are listed in Tables
1and2.

Table 1 designates mortar types by
listing specific proportions for each
ingredient. Cement- lime mortars are
usually specified in accordance with
Table 1 and are required to meet the
proportions listed. In this table,
masonry cement mortars can also be
specified by proportion but usually
are specified to meet the physical
requirements listed in Table 2.

Table 2 lists the minimum and
maximum physical requirements for
each type of mortar and contains
three distinct property requirements:
compressive strength, water retention

and air content. Compressive strength
and water retention requirements are
identical for cement-fime mortars and
masonry cement mortars. However,
the table allows greater air content in
masonry cement mortars.

Property Table vs. Proportion
Table

When mortars are specified to be
mixed by proportion, cement-lime
mortars will attain compressive
strengths two to three times greater -
than the minimum compressive
strengths listed under the property
specification table. For example, a
Type N cement lime mortar specified
and mixed by proportion can con-
ceivably attain minimum compres-
sive strengths that coincide with
Type S mortar listed in Table 2.
Higher compressive strengths for
cement lime mortars mixed by pro-
portion have been verified through
much research conducted by the
masonry industry.

Mortar/Unit Compatibility

Mortar can constitute as much as
20% of a wall system, therefore, it
must bond well to the masonry units.
Bond is especially critical in wall sys-
tems directly exposed to the exterior
environment. Achieving a weather-
tight bond in exterior masonry
facades can decrease water perme-
ance and increase the overall dura-
bility of the wall.

Selecting a mortar that is compati-
ble with the masonry unit will greatly
enhance bond. Compatibility
between mortar and unit is more crit-
ical for brick than for concrete
masonry because brick and mortar
consist of dissimilar components.

Mortar/unit compatibility can be
achieved by selecting a mortar that
produces a good chemical bond with
the specified brick unit. An effective
chemical bond is created when the
brick absorbs just enough water and
cement particles into its pores while
leaving enough water in the mortar
joint to allow for proper cement
hydration.
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A mortar's water retentivity and a
brick unit's initial rate of absorption
{IRA)} are important physical proper-
ties that directly affect bond compati-
bility.

Water retentivity is a mortar's abili-
ty to retain its mixing water under
suction. This property gives the
mason time to lay units and make
any adjustments before mortar stiff-
ens. Water retentivity can be
increased by increasing the amount
of lime or air in the mortar,

A brick's IRA or suction rate is
determined by measuring the
amount of water absorbed when a
brick is partially submerged in water
for one minute. IRA is expressed in
grams per 30 square inches of con-
tact surface, The appendix of ASTM
C 270 designates as moderate
masonry units with IRAs of 5 to 25
at the time of laying, but notes that
adequate bond can be achieved with
units having IRAs beyond these val-
ues.

ASTM C 270 further notes that mor-
tars having higher water retentivity
are desirable for use with units hav-
ing high suction rates; and mortars
having lower water retentivity are
desirable for use with units having
low suction rates.

Compatibility Guidelines

. Much more test data are needed to
formulate specific compatibility
requirements. However, the following
guidelines can be used as a starting
point to obtain more compatible
mixes:

« Use a cement-lime mortar with a
low lime content s to 'z part by
volume) or a Type S masonry
cement or mortar cement for
brick units with IRAs of 5 and
below.

* Use a cement-lime mortar with a
moderate lime content (. to 1
part by volume) or a Type N
masonry cement or mortar
cement mortar for brick units
with IRAs ranging from 6 to 25,

* lUse a cement-lime mortar with
high lime proportions (1 to 1'% by
volume) for brick units with IRAs
ranging from 25 to 30.

MIXING MORTARS

There is no standard for mixing mor-
tar in the field. Yet mortar is one of
the few materials that a mason con-
tractor makes at the jobsite.

ASTM C 270 provides some direc-
tion for mixing mortar. This standard
requires that all materials be mixed
between 3 and 5 minutes in a

mechanical batch mixer with a maxi- .

mum amount of water to produce a
workable mortar. No direction is

given for batching procedures or for
the volumetric control of water con-
tent. Uitimately, producing a work-
able mortar that complies with the
project specifications is the responsi-
bility of the mason contractor.

Mortar materials must first be
properly batched to meet the mortar
type requirements indicated in the
project specifications. Quantities of
mortar materials are specified by
cubic foot, Portland cement, mason-
ry cement, mortar cement and
hydrated lime are packaged in
1-cubic- foot bags, whereas sand is
provided in bulk. A means of volu-
metric measurement for sand can be
established at the jobsite. This can
be accomplished by providing
1-cubic-foot boxes into which the
sand can be shoveled. However,
pre-measurement of sand is not
usually required or even necessary
to produce acceptable mortar.

Understanding a mortar mixer's
capagcity is the key to successful
batching of materials. Mortar mixers
range in capacity from 4 to 16 cubic
feet. The most common size of mor-
tar mixer is 9 cubic feet.

When cementitious materials are
blended with sand, they fill the voids
between the sand particles. Blending
3 cubic feet of cementitious material
with 9 cubic feet of sand produces
approximately 9 cubic feet of mortar.
The desired mortar type can be
batched by adding the specified vol-
ume of cementitious material into the
9-cubic-foot mixer and subsequently
filling the rest of the mixer with sand,
For example, a Type S cement-lime
mortar can be batched in a 9-cubic
foot mixer by adding two bags of
portland cement, one bag of hydrat-
ed lime and approxirmately ¢ cubic
feet of sand. Masonry cement or
mortar cement mortar can be
batched by adding three bags of the
desired cement type and 9 cubic
feet of sand into the mixer.

Water Content

The addition of water into a mortar
mix is not governed by specific volu-
metric requirements. The addition of
water is left to the discretion of the
mason contractor. The amount of
water required to produce mortar is
governed by mortar type, the mois-
ture content of the sand, the consis-
tency desired and the suction rate of
the units. Generally, just enough
water is added to the mixture to pro-
duce a workable mortar that the
mason can spread easily on the
masoenry units. Adding too little or
too much water to the mixture will
produce mortar that is not workable.

Mixing the Ingredients
Mortar mixing techniques will vary

with the contractor, but the following
procedure is typicat for a 9-cubic-
foot mixer: Blend all of the cementi-
tious materials with /= of the sand
and sufficient water. Then mix for
two or three minutes. Add the
remaining amount of sand and
enough water to produce the desired
consistency. Then mix the materials
again for at least three minutes but
no mare than five minutes. Mixing
mortar beyond these time limits can
adversely affect it's workability. Also,
the mixer's drum should be cleaned
prior to mixing.

Mortar consistency can be moni-
tored through construction site test-
ing. ASTM Standard C 780
“Standard Method for Construction
Evaluation of Mortars for Plain and
Reinforced Unit Masonry” provides
standard procedures for the mea-
surement of mortar composition and
mortar properties. ASTM C 780 pro-
vides a means of evaluating and
comparing mortar that has been
mixed on-site either prior to or dur-
ing construction. Test results
obtained by means of this standard
are not required to meet the mini-
mum compressive strength values
listed in the property specifications
of ASTM Standard C 270.

Quality-Controlled Mortar

There are several alternative meth-
ods of producing mortar that
enhance quality controt and ensure
mortar consistency. These methods
incorporate preblended mortar and
gliminate the need to batch materials
at the jobsite.

Preblended/prebagged morar -
Some cement manufacturers now
provide mortar preblended with
sand, proportioned to meet any
desired mortar type. Preblended
mortars can be purchased in individ-
ual bags or delivered to the jobsite in
bulk. All a contractor needs to do is
load the contents of the bag in the
mixer and add the desired amount of
water.

Silo Systems - These systems use
large storage bins or silos that are
loaded with preblended mortar of
any specified type. The silos are
delivered and stored on-site.
Currently three types of silo systems
are available. One type of silo con-
tains a dual-compartment chamber
that segregates cement mixtures
from sand. An auger mixer at the
base of the silo blends the separat-
ed materials with water at the jobsite
to produce the specified mortar type.

Another type of silo system con-
tains a single compartment chamber
that is loaded by the manufacturer
with all of the dry mortar materials
preblended. An auger mixer
attached at the base mixes the pre-



blended ingredients with water to
produce the specified mortar.

Another type of silo system acts
as a dispensing system and enables
mason contractors to use their own
mixers. In this system, the silo is
loaded by the manufacturer with pre-
blended mortar materials. Upon
delivery, the sile is positioned over
the mixer at the jobsite, The pre-
blended mortar materials are then
dispensed into the contractor's mixer
and blended with water.

Silo and preblended packaged
systems offer either cement-lime
mortars, masonry mortars or mason-
ry cement mortars in any mortar
type. These systems produce more
consistent mortar quality than con-
venticnal mortar mixing and reduce
the contractor’s amount of work and
responsibility.

MORTAR WORKABILITY

As previously discussed, workability
is an important physical property of
mortar. Good mortar workability is
essential in forming the required
mechanical bond between mortar
and masonry unit.

A workable mortar should be flow-
able, possess good water retentivity
and have a long board life, and it
should be consistent from one batch
to another. A workable mortar can be
obtained by adding enough water to
the mixture to produce a mortar that
is “sticky” and adheres well to the
specified masonry units,

It is impossible to gauge the exact
amount of water required to produce
these properties. Proper water con-
tent will vary with each mixture,
depending upon the mortar type
desired. Generally, proper water
content is achieved through mixing
experience, which includes some
trial and error.

The right mixture with the right
water consistency, will produce a
fluffy mortar that a mason is able to
spread easily. The mortar will stay
workable long enough for the mason
to level and tap the units into place.
A mixture that is too wet will produce
an unworkable mortar that puddles
on the board or slips off the trowel.
Conversely, a mixture that is too dry
produces a stiff mortar that is difficult
to spread with a trowei,

Up to 2z hours after initial mixing,
water can be added to restore the
required consistency to morar that
has stiffened, { a process known as
“reternpering”). Mortar that is more
than 2%/ hours old must be discarded.

Mortar workability directly affects a
mason's productivity, Maximum pro-
ductivity can be achieved only when
mortar is mixed to the right consis-
tency.

ADMIXTURES

Admixtures can be added to mortar
to enhance certain desired physical
properties. Admixtures should never
be added to mortars unless they
have been specified or approved by
the designer. The use of admixtures
should not be considered unless
lheir effects on mortar are fully
known and their performance is
backed by manufacturer test data.
Also, mortar made with admixtures
must still meet the physical require-
menis indicated in ASTM Standard
C 270. There are many types of
admixtures, which perform a variety
of functions. Most admixtures can be
grouped as follows:

Acceferators - Accelerators are
added to mortar in cold weather to
speed up the cement hydration
process. Hastening this process
shortens the mortar's initial setting
time and initiates early strength gain.
Accelerators are not an “anti-freeze”
and do not prevent mortar from
freezing. However, accelerators do
generate some heat within the mor-
tar and (depending on the tempera-
ture) can reduce cold weather pro-
tection time.

Two bhasic types of accelerators
are manufactured: chloride and non-
chleride. ASTM Standard C 270 lim-
its chioride levels in mortar to 2% by
weight of portland cement or 1% by
weight of masonry cement. These
levels should not be exceeded
because high chloride levels can
contribute to corrosion of embedded
metals in masonry. Non-chloride
accelerators, which are nitrate-
based, can be very effective and do
not cause corrosion of metals.

Retarders - Retarders are added
to mortar in hot weather to slow
down the cement hydration process.
Increasing hydration time enables
the mortar to retain moisture, pre-
venting rapid suction of water from
the mortar by dry masonry units.
Retarders can extend the working
time of mortar by several hours.

Air Entraining Admixtures - Air-
entraining admixtures enhance work-
ability by introducing air bubbles into
the mortar mix. These admixtures
increase water retention and pro-
duce a mortar that is lighter in
weight. Air-entraining agents
increase durability and help resist
freeze-thaw damage in hardened
mortar. But they must be used with
caution. The air content must not
exceed 18% in masonry cement
mortars and 14% in cement-lime
maortars. Excessive air content can
adversely affect mortar bond and
other physical properties of mortar.

Bond Enhancers - Bond
enhancers improve the surface

adhesion of mortar to dense-surface
units such as glass block. Bond
enhancers usually contain latex
emulsions that increase the air con-
tent in mortar; so bond enhancers
should not be used in air-entrained
mortar.

Water Repellents - Water repel-
lents reduce water migration through
hardened mortar by sealing the
pores of the mortar. Water-repellent
admixtures are effective only when
added to both mortar and concrete
masonry units. Bend could be inhib-
ited if a water repellent is added only
to mortar.

Color Pigments - Color pigments
can be added to mortar to alter or
completely change its appearance.
Most color pigments consist of black,
red and yellow synthetic iron oxides.
A color pigment will not affect the
compressive strength of mortar
unless the amount of pigment

- exceeds 10% of the weight of the

cementitious materials. Accurate
measurements and consistency in
materials and mixing procedures are
essential to produgce uniform mortar
color. Also, mortar with color pigment
should never be retempered. The
use of organic pigments (such as
carbon black) Is not recommended.
Some organic pigments can affect
the physical property of the mortar,

DISCLAIMER

This document is intended to assist
the industry in avoiding design and
construction problems with masonry
construction. It is intended for mason
contractors, field personnel, archi-
tects, engineers, building officials,
general contractors, construction
managers, students, suppliers, man-
ufacturers and other industry repre-
sentatives. It is not the intent of this
report to cover every aspect of
masonry construction, but to focus
on issues that may lead to problems.
This document should not be used
as the sole guide for designing and
constructing masonry. It is impera-
tive to refer to relevant codes and
standards and other industry-related
documents. As such, the IMI
assumes no liability for any conse-
quences that may follow from the
use of this document.
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Masonry Cement Mortars

Introduction

Lime-sand mortars were in general use until the early 1900's and
many buildings still stand today as proof of the durability of these
early mortars. Today, mixes based only on lime and sand are rare.
Virtually all masonry mortar now contains either masonry cement
or portland cement mixed with lime at the jobsite.

Masonry cement is a cement mill formulation of materials that
was developed to fill the need for a volume-stable mortar.
Masonry cements improve and simplify mortar preparation
because all of the necessary materials are combined in one
package. This product consists of a mixture of portland cement
or blended hydraulic cement and plasticizing materials (such as
limestone or hydrated or hydraulic lime), together with other
materials introduced to enhance one or more properties such as
setting time, workability, water retention and durability. These
compeonents are proportioned at the cement plant under con-
trolled conditions to assure uniformity of performance. Since
the introduction of masonry cement over 50 years ago, accep-
tance and performance have narrowed the variations in proper-
ties and composition among different brands. White and col-
ored masonry cements containing mineral oxide pigments are
available in many areas.

Masonry cement is combined with sand and water at the jobsite
to produce a workable, durable, and economical mortar that
meets the strength and present-day construction requirements
for use with all types of masonry unifs. Masonty cements are
also used for parging and plaster (stucco).

Masonry cements are manufactured in the United States and
Canada under rigid quality control standards to meet the
requirements of American Society for Testing and Materials
(ASTM) Designation C 91 or Canadian Standards Association
(CSA) Standard CAN3-A8. This quality control produces mortar
with consistent color, strength, and batch uniformity.

Desirable Properties

Quality mortar is necessary for good workmanship and proper
structural performance of masonry construction. Since mortar
must bond masonry units into strong, durable, weathertight
walls, it must have the following properties as described.

© 2001 Portland Cement Assaciation  All rights reserved.
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Workability

The mason’s appraisal of workability of a mortar depends on the
mortar’s ability to be spread easily (flow and body), to cling to
vertical surfaces (adhesion), and to resist flow during placement
of masonry units (cohesion), The mortar should extrude readily
from the joints as units are placed, but should not drop or smear.

Water Retention

Mortar plasticity is preserved by preventing rapid loss of mixing
water. Such loss causes mortar to stiffen quickly, making it difficult
to obtain good bond, adhesion, and a weathertight wall. A mortar
that has good water retention remains soft and plastic long enough
for the masonry units to be carefully aligned, leveled, plumbed, and
adjusted to proper grade without the intimate contact and bond
between mortar and units being broken. Water retention is measured
in the laboratory by the water-retention test (see ASTM C 91 or CSA
Standard CAN3-A8), which simulates the action of absorptive
masonry units. Masonry cements are required to pass this test.

Fig. 1. Mortar of proper workability is soft but has good
body; it spreads readily and extrudes from joint without
smearing or dropping.
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-Durability

The durability of mortar rests in its ability to endure exposure condi-
tions. Although aggressive environments and use of unsound mate-
rials may contribute to the deterioration of mortar joints, the major
destruction is from water entering the masonry and freezing.
Damage to mortar joints and to mortar bond by frost action is of
greatest importance in exposed applications such as parapet walls
or exterior pavers located in climates subject to freeze-thaw cycles.

Because air-entrained maortar will withstand hundreds of freeze-
thaw cycles, its use provides good protection against localized
freeze-thaw damage. Masonry cement mortars generally have
greater resistance to freeze-thaw deterioration than non-air-
entrained mortars. This superior performance can be attributed
to the controlled air content of masonry cement mortars.

When sulfates come in contact with masonry mortar, subsequent
expansion can cause deterioration of the mortar. Thus resistance
to sulfate expansion should be considered where seawater or sul-
fate-bearing soils come in contact with masonry mortar. Masonry
cement mortars demonstrate excellent resistance to sulfate expan-
sion (see Figure 2}.

Appearance

Color uniformity of mortar joints greatly improves the overall
appearance of a masonry structure. Atmospheric conditions,
admixtures, and moisture content of the masonry units are some
of the factors affecting joint color. Other factors are uniformity of
mix proportions and time of tooling the mortar joints.

Careful measurement of mortar materials and thorough mixing
are important to batch uniformity. Uniform color is easy to con-
trol with masonry cement mortar. The use of masonry cement
simplifies jobsite proportioning of mortar materials, eliminating
many proportioning errors that would affect the color of hard-
ened mortar joints.

Tooling the joint after the mortar has stiffened produces a darker
shade than if tooled while the mortar is soft. Thus, tooling the
joints at a consistent degree of mortar hardness is also important
for color control.

Gonsistent Rate of Hardening

The rate of hardening is the speed at which mortar develops resis-
tance to indentation and to deformation under load. Hardening is
sometimes confused with a stiffening caused by rapid loss of water, as
in the case of low-water-retentive mortars on highly absorptive
masonry units.

Rapid hardening interferes with the mason’s use of mortar. Very slow
hardening may impede progress of the work, especially in winter,
when the mortar may be subjected to early damage from frost. A
consistent rate of hardening allows the mason to lay the masonry
units and tool the joints at the same degree of hardness, thereby
obtaining uniform joint color. Masonry cement mortars are controlled
to have a consistent rate of hardening.
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Fig. 2. Sulfate expansion of Type N masonry mortars.

Strength

The strength of mortar commonly refers to compressive strength, not
shear, tensile, or tensile bond strength. By simplifying mortar materi-
als batching at the jobsite, the use of masonry cement assures consis-
tent strengths between batches and jobs. Masonry cement mortars
mixed according to the property specifications of ASTM C 270 pro-
vide strengths that exceed the-minimum requirements of that specifi-
cation. High strength Type $ and Type M* masonry cements allow
the specifier to accommodate special application requirements relat-
ed to load bearing masonry, masonry below grade level, and
masonry for paving, without compromising the advantages of
simplified batching. The compressive strength of mortar is depen-
dent not only on the cementitious material in the mortar mix, but
also on the aggregate used in preparing the mortar, Masonry
cements are manufactured to meet strength requirements of pre-
sent-day construction, when combined with aggregates conform-
ing to ASTM C 144 or CSA Standard A179.

Fig. 3. Tests for compressive strength of mortar using a
2-in. {(50-mm) cube specimen.

*Not produced in Canada



Baond

In general, the term bond refers to two different properties: (1)
the extent of bond, or the degree of contact between mortar and
masonry units, and {2) the tensile bond strength, or the force
required to separate the units.

Good extent of bond means complete and intimate contact, which
is important to watertightness and to tensile bond strength. Good
extent of bond is obtained with a workable, water-retentive mortar,
competent workmanship, full joints, and masonry units that have a
medium initial rate of absarption with proper pore size and distribu-
tion. A stiff mortar will produce poor bond, whereas a wetter mor-
tar will produce better, stronger bond, even though the compressive
strength may decrease.

Neither extent of bond nor tensile bond strength is a property of the
mortar alone. Both of these important aspects of masonry construc-
tion are also dependent on workmanship in laying the units, ambi-
ent conditions, and the surface characteristics of the masonry units,
such as pore structure, texture, and absorption. Masonry cement
mortars provide the mason with a highly plastic mortar which readi-
ly flows into the surface irregularities of the unit, assuring that the
bond strength potential of the materials is realized in the field. In an
extensive laboratory study of over 20 different masonry cements
representing a cross section of producers throughout the United
States, Ribar and Dubovoy: confirmed that masonry cements yield
excellent flexural bond strengths. Seventy-five percent of these
masonry cement mortars tested with a brick unit having an IRA of

9 g/min-30 in*(9 g/min-194 cm?) yielded flexural bond strengths in
excess of 100 psi (690 kPa). None of these masonry cement mor-
tars produced values lower than 65 psi (450 kPa).

Volume Ghange

As fresh mortar sets and cures it experiences a volume change due
to the loss of free moisture from the mortar system. This volume
change is known as shrinkage. Shrinkage occurs both while the
mortar is in the plastic state {plastic shrinkage) and in the hardened
state {drying shrinkage). One of the reasons for recommending that
mortar joints be tooled with a concave jointer after the mortar is
thumbprint hard is to allow most of the plastic shrinkage to occur
before the tooling operation is performed. The action of the con-
cave tool on the surface of the mortar joint then seals the mortar
tight to the unit at the vulnerable face of the masonry wall.

The drying shrinkage of hardened mortar specimens may be mea-
sured using ASTM Standard Method C 1148. Several factors
influence shrinkage, including water content, rate of drying, sand
properties, moisture content and absorption of the masonry units,
and cementitious material properties. Results of laboratory tests
shown in Figure 4 indicate that the drying shrinkage of masonry
cement mortars is very low. The arbitrary reduction of mixing
water content of mortar is not an acceptable means of controlling
drying shrinkage. The reduced workability and bond associated
with using a stiff mortar far outweigh any advantage of reduced
drying shrinkage. With the use of well graded sand, proper
cementitious materials, good workmanship, and good design, the

Percent shrinkage
Percent shrinkage

Fig. 4. Drying shrinkage of masonry mortars at 28 days.

typical inherent shrinkage characteristics of masonry mortar will
not normally compromise the performance of the masonry wall.

Expansion in mortars due to unsound ingredients can cause serious
disintegration of masonry. Soundness of a cementitious material is
measured by the autoclave expansion test (see ASTM C 91) or in the
case of CSA Standard CAN3-A8, by either an atmospheric steam
test or an autoclave test. These tests produce reactions in any
unsound ingredients and simulate a long period of exposure in a
wall. Any changes in length are measured to ascertain that there
will be no serious expansion of the hardened mortar in the wall.

Permeability

Water permeance of masonry is primarily related to workmanship
and design. it is generally recognized that a single wythe of
masonry is susceptible to water penetration and that the design
and detail of the masonry construction must accommaodate this
fact. Important aspects of workmanship include achieving full
head and bed joints, following proper tooling techniques, careful
installation of flashing and weepholes, and maintaining clean
cavities. The excellent workability, strength, and durability of
masonry cement mortars assure that the designers” and masens’
needs are met with regard to achieving watertight masonry con-
struction. Careful laboratory research’ has confirmed the excel-
lent performance of masonry cement mortars in water penetration
tests. These laboratory test results are backed up by a record of
over fifty years of excellent field performance.

Absorption

The absorption of a mortar is a measure of the amount of water the
hardened mortar will absorb. While this characteristic of mortar is
not directly related to the water penetration resistance of masonry, it
has some significance of its own. Mortar can better resist chemical
attack, staining, and freeze-thaw damage if it is less absorbent.

“Masonry cement mortars generally absorb only about half as much

water as comparable non-airentrained mortars.



Time of Set

The setting time of the masonry cement affects the board life and
striking time of the mortar. The test performed to measure the
time of set is described in ASTM C 266, Time of Setting of
Hydraufic Cement by Gillmore Needles, while the limits o ini-
tial and final set are given in ASTM C 91 or CSA Standard
CAN3-A8. The time of set of the masonry cement as controlled
by the manufacturer is not the only factor determining the board
life and striking time of the mortar. These field properties of
mortar are affected by the sand gradation, initial rate of absorp-
tion of the units, and ambient job conditions in addition to the
setting time of the masonry cement.

Recommended Mixing Procedures

Proportions

The standard specification for mortar for unit masonry is
ASTM C 270 or C5A Standard A179. The standards state the
requirements and include two alternatives for the jobsite
preparation of mortar: proportion specifications and property
specifications. Proportion specifications, as indicated by the
name, prescribe by volume the proportions to be used for each
type of mortar. The propartions that satisfy the requirements
using masonry cement are shown in Table 1.

When property specifications (Table 2) are used, the acceptabili-
ty of the mortar is based on the properties of the ingredients, the
water retention, and the compressive strength of a sample of
mortar mixed and tested in the laboratory with jobsite sand.

It should be understood that the property requirements of the
ASTM standard are for laboratory specimens and that no field
testing is required. The ASTM standard presumes that the pro-
portions developed in the laboratory, to yield the strength
required, will result in satisfactory performance in the field.
Uniike ASTM C 270, CSA A179 does have strength require-
ments (not shown in Table 2) for mortar mixed on the jobsite
when the mortar is propartioned by the property specification.

Sand

Sand for mortar should be clean and well graded, meeting
Specifications for Aggregate for Masonry Mortar, ASTM C 144,
or CSA Standard A179. For best workability the sand should
contain all sizes of particles, ranging from very fine to coarse.
Too much of any one particle size should be avoided. Sands
deficient in fines generally produce harsh mortars, while an
excess of fines—sizes passing the No. 50 sieve (300 pm)—will
yield mortars with good workability but high poresity and lower
compressive strength.

Mixing
Machine mixing should be used whenever possible. First, with
mixer running, add most of the water and half the sand required.

Table 1. Proportion Specifications for Mortar Using
Masonry Cement

A. United States (ASTM C 270)
Parts by Volume

Portland | Masonry cement type

Mortar or blended Fine
type cement M S N |aggregate
M 1 — — 412t0 6

1
— |214t03

— 1 33/8to4d1/2

— — 1 — 121/4t03
1
1

21/4t03
214103

]
N — — —
o

B. Canada {CSA A179)

Parts by Volume

Mortar Portland Masenry cement Fine
type cement S N aggregate
S 1/2 — 1 33804172
- 1 — 21/4t0 3
N — — 1 214103
Notes:

1. Under both ASTM C 270, Standard Specification for Mortar
for Unit Masonry, and CSA A179, Mortar and Grout for Unit
Masonry, aggregate is measured in a damp, loose condition
and 1 cu ft of masonry sand by damp by volume is consid-
ered equal to 80 Ib of dry sand (in SI units 1 cu m of damp,
loose sand is considered equal to 1280 kg of dry sand).

2. Mortar should not contain more than one air-entraining material.

3. The National Building Code of Canada does not allow the
above mixes to be used for mortar for sand-lime brick and
concrete brick. Instead, the mortar should consist of 1 part
masonry cement to not less than 3 parts aggregate.

Table 2. Property Specifications for Laboratory-
Prepared Mortar Using Masonry Cement*

A. United States (ASTM C 270)

Minimum
28-day
compressive Minimum water | Maximum air
Mortar type |strength, psi (MPa){ retention, % content, %**
M. 2500 (17.2) 75 18
S 1800 (12.4) 75 18
N 750 (5.2) 75 20
0] 350 (2.4) 75 20

B. Canada (CSA A179)

Minimum compressive strength, MPa
Mortar type 7 daysT 28 days Minimum water
retention, %
S 7.5 12.5 70
N 3 5 70

* The total aggregate shall be not less than 2 1/4 and not more
than 3 1/2 times the volume of the cement used (see note 1
of Table 1).

** When structural reinforcement is incorporated in the masonry
cement mortar, the maximum air content is 18%.

t  If the mortar fails to meet the 7-day requirement but meets
the 28-day requirement, it shall be acceptable.




Next, add the masonry cement and the balance of sand. After
one minute of continuous mixing, slowly add the rest of the
water. Mixing should continue for at least 3 minutes. Extending
the mixing time up to 5 minutes improves the mortar, resulting
in better workability and water retention. In mixing, as much
water should be used as practicable without impairing the work-
ability of the mortar.

Board Life

Mortar that has been mixed but not used immediately tends to
dry out and stiffen. Loss of water by evaporation on a hot, dry
day can be reduced by wetting the mortar board and covering
the mortar in mortar boxes or wheelbarrows.

If necessary to restore workability, mortar should be retempered
by adding water and remixing thoroughly. Although the addi-
tion of water may reduce the strength of the mortar slightly, the
effect on the wall is preferable to the poor bond that would
result if a dry, stiff mortar were used.

If mortar stiffens or sets because of hydration, it should be dis-
carded. Since it is difficult to determine by sight or touch
whether mortar stiffening is due to evaporation or hydration, it is
more reliable to determine the suitability of mortar on the basis
of time elapsed after mixing. Stiffening correlates to time and
temperature, so that generally mortar that is not used within

2 1/2 hours after mixing should be discarded.

Further discussion of batching, mixing, and retempering can be
found in Mortars for Masonry Walls, 1IS040M (see “Related
Publications” on page 6).

Mertar Preparation in Hot Weather

The special problems that hot weather poses for masonry con-
struction are often overlooked. The higher temperatures of
materials and equipment coupled with more rapid evaporation
rates reduce both the level of workability of 2 mortar and the
time that it retains that workability. In fact, the mortar system
may lose water to absorptive units and evaporation at such a
rate that the hydration process of the cement is interrupted and
normal strength development of the mortar impaired.

Some measures that can be taken to compensate for hot weather
conditions are:

* Store sand, masonry units, and mixing equipment in
shaded areas.

* Make certain that sand is moist. Sprinkle sand pile if
needed to maintain moisture.

* Dampen high absorption brick.
* Dampen mortar boards and cover mortar boxes.

* Construct wind breaks protecting construction areas,

Self cure masonry wall by covering with plastic at the end
of the day, or fog mortar joints after they achieve initial set
to compensate for evaporation.

Mortar Preparation in Gold Weather

The ideal temperature of mortar when placed in the wall is 70 °F
+10°F (21 °C + 5 'C). Higher temperatures may increase the
rate of hardening.

Heating the mixing water is one of the easiest ways to raise the
temperature of the mortar if the aggregates are not frazen. The
mixing water should be heated sufficiently to produce mortar
termperatures between 40 °F and 120 °F {4 °C and 49 °C) before
use, Temperatures of successive mortar batches should be held
to within 1 °F (5 °C) of the first batch. Temperature of mortar on
mortar boards should be maintained above 40 °F (4 °C).

in freezing weather, moisture in sand will turn to ice, which must
be thawed out. Never use sand that contains frost or frozen par-
ticles, or sand that has been scorched from heating. Do not heat
water or sand above 120 °F (49 °C); CSA Standard CAN3-A371
requires a minimum temperature of 20 °C, a maximum ternpera-
ture of 70 °C for both water and sand.

The use of an admixture to lower the freezing point of mortar
during winter construction should not be permitied. The amount
of such materials needed to significantly lower the freezing point
of mortar can seriously impair mortar strength and other desir-
able properties.

To shorten the time required for a mortar to attain sufficient
strength to resist freezing action, a non-chloride based accelera-
tor may be used. The addition of such an admixture does not
eliminate the need for protecting masonry from freezing, it sim-
ply reduces the amount of time such protection is required.

Further discussion of hot and cold weather construction is con-
tained in chapter 5 of the Cencrete Masonry Handbook,
EBOO8M (see “Related Publications” on page 6).

Specifving Mortar

The following provides a basis for preparing masonry cement
mortar specifications. Some adjustments may be necessary in
order to adapt the specifications to a particular project.

Moriar

Mortar should be accepted under only one of the two alternative
specifications in ASTM C 270 or CSA Standard A179, Designate
either the proportion or property specifications and select mortar
Type M, 5, N, or O. Most guides recommend the use of the pro-
portion specifications.

Type N mortar is commonly used in interior walls and above-
grade exterior walls under normal loads. Type S mortar is used
in exterior masonry structures at or below grade, such as founda-
tion walls, retaining walls, pavements, walks, and patios. Types
S and M should be considered for masonry under heavy loads
and masonry exposed to severe, saturated freezing. High-
strength mortar, such as Type M, should not be used indiscrimi-
nately; lower-strength mortar, such as Type N, has the advantage
of greater workability, water retention, and extensibility.
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Gementitious Material
Masonry cement—ASTM C 91 (Types M, S, or N}, CSA A8

~ortland cement—ASTM C 150 (Types I, 1A, 0, HA, 111, or lITA),
CAN/CSA A5 (Types 10, 20, 30, or 50}

Blended hydraulic cement—ASTM C 595 (Types IS, IS-A, IP, IP-A,
IIPM], or I[PM]-A)*

Sand

Aggregate for masonry mortar, ASTM C 144, or CSA Standard A179
should be used. Add special type—white crushed marble, white
sand, or other—when needed.

Water

Water should be suitable for drinking, ciean, and free of harmful
amounts of acid, alkalies, salts, or organic materials.

Admixtures

Use only non-chloride based accelerators as approved by specifier.
No antifreeze substances should be used to lower the freezing point
of the mortar.

Coloring Agents

Mineral oxide pigments resistant to sunlight and alkali should be
used.

elivery, Storage, and Handling

Deliver and store manufactured products in original unopened con-
tainers. Store cements in weathertight enclosures and protect against
contamination and warehouse set. Stockpile and handle aggregates to
prevent segregation and contamination. Keep water free of harmful
substances.

Mixing Procedure

Measure materials by volume or equivalent weight; do not measure
by shovel. Use of a container of known constant volume, such as a
1-cu ft {0.03-cu m) box, improves batching uniformity.

In clean mortar mixer, mix ingredients for 3 to 5 minutes after ali
muaterials are in the mixer. Use the maximum amount of water to pro-
duce proper workability.

Retempering

Mortar should be used within 2 1/2 hours after initial mixing. Mortar
that has stiffened within the 2 1/2 hour interval may be retempered
with added water to restore workability.

* Slag cement Types S or SA can also be used, but anly with property specifications.
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CAUTION: Avoid prolonged contact between unhardened (wet) cement
or cement-treated mixtures and skin surfaces. To prevent such contact,
it is advisable to wear protective clothing, Skin areas that have been
exposed to wet cement or cement-freated mixtures, either directly or
indirectly or through saturated clothing, should be thoroughly washed
with water.

This publication is based onr the {acls, tests, and authorities stated
herein. It is intended for the use of professional personnel competent to
evaluzate the significance and limitations of the reported findings and
who will accept responsibility for the application of the material it
contains. The Portland Cement Association disclaims any and all
responsibilily far application of the stated principles or for the accuracy
of any of the sources other than work peformed or information
developed by the Association.
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PRODUCT DESCRIPTION

Basic Use: Masonry cement is spe-
cially formulated and manufactured to
produce masonry mortar for use in
brick, block, and stone masonry con-
struction. Masonry cements are also
used to produce stucco.

Composition and Materials: Masonry
cement consists of a mixture of portland
cement or blended hydraulic cement
and plasticizing materials {such as lime-
stone or hydrated or hydraulic lime), to-
gether with other materials introduced
to enhance one or more properties such
as setting time, workability, water reten-
tion, and durability. These components
are proportioned at the cement plant
under controlled conditions to assure
uniformity of performance.

Types. Masonry cements are pro-
duced in Type N, Type S, and Type M
strength levels for use in preparation of
ASTM Specification C270 Type N, S, or
M mortar, respectively, without further
addition of cements.

Table 1 is a general guide for selec-
tion of mortar type. Other factors, such
as type and absorption of masonry unit,
climate and exposure, applicable build-

Table 1. Recommended Guide for
Selection of Mortar Type

S

Masonry Information
MASONRY CEMENT: PRODUCT DATA SHEET

ing codes, and engineering require-
ments, should also be considered.
Colors. Masonry cements are avail-
able in a variety of colors as well as nat-
ural gray. As an alternative to the use of

- colored masonry cements, mineral ox-

ide pigments may be added to the job
site mixer to produce the color of mor-
tar desired.

Limitations. Masonry cements are de-
signed to be mixed with sand and water
to produce a masonry mortar. The addi-
tion of hydrated lime to a masonry ce-
ment mortar at the job site is not
required or recommended for conven-
tional unit masonry construction,

TECHNICAL DATA

Applicable Standards. Masonry
cements conform to ASTM C 91, the
Standard Specification for Masonry
Cement. Masonry cements are used to
produce ASTM C 270 Type O, Type N,
Type S, and Type M mortars as outlined
in either the property specification or
the proportion specification require-
ments of ASTM C 270. Requirements
for sand to be used with masonry ce-
ment to produce ASTM C 270 mortars
are found in ASTM C 144,

com-USA Corporate Headguarrers
Building, used masonry cement mortar in contrasting brick masonry panels to
achieve a dramatic visual effect.

Physical Properties, Over the past
sixty vyears, masonry cement has
become the masonry mortar material of
choice for most masonry construction
in the United States because it provides
the basic advantages of consistent
workability, strength, color, and dura-
bility. This consistency of performance
is assured by conformance to the phys-
ical property requirements for masonry
cements as listed in Table 2.

Masonry cement mortars provide an
excellent level of performance in the
functional areas of workability, strength,
durability, and appearance that are so
important to the mason, owner, and
designer.

Workability, Workability is the
mason’s appraisal of the mortar’s ability
to cling to head joints, slide smoothly
off the trowel, and evenly support the
placement of units. Additionally, the
mortar needs to retain these properties
for a reasonable length of time at what-
ever ambient conditions exist at the job
site. That length of time that the mortar
retains its workability is often termed its
board [ife. The plasticizers contained in
masonry cements contribute to their
excellent workability, board life, and
water retention. The importance of
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workability is apparent when one con-
siders that workmanship is a key ele-
ment in achieving quality masonry con-
. struction.

Strength. By simplifying mortar
materials batching at the job site, the
use of masonry cement assures consis-
tent strengths between batches and
jobs. Masonry cement mortars prepared
according to the property requirements
of ASTM C 270 provide compressive
strengths that exceed the values listed
in Table 3. High Strength Type S and
Type M masonry cements allow the
specifier to accommodate special
application requirements related to
load bearing masonry, masonry below
grade level, and masonry for paving
without compromising the advantages
of simplified batching.

In addition to compressive strength,
bond strength is also an important con-
sideration in masonry construction.
There are many factors that affect the
bond of mortar to unit in actual con-
struction, including properties of the
unit and mortar, ambient conditions,
and the quality of workmanship in-
i volved. Masonry cement mortars pro-
vide the mason with a highly plastic
mortar which readily flows into the sur-
face irregularities of the unit, assuring
that the bond strength potential of the
materials is realized in the field when
combined with good workmanship. In
an extensive laboratory study of over 20
different masonry cements representing
a cross section of producers throughout
the United States, Ribar and Dubovoy!
confirmed that masonry cements yield
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Fig. 1 — Drying shrinkage of masonry
mortars at 28 days.

Table 2. Physical Propertles of Masonry Cements (ASTM C 91)

Mortar Cement Type

'neness, residue on'a '
45-pr (No. 325) sieve, maxifnum %
 :Autoclave expansion,
maximurm, %

N

*When structural reinforcement is incorporated in masonry cement mortar, the maximum air content

shall be 18%.

excellent flexural bond strengths.
Seventy-five percent of these masonry
cement martars tested with a brick unit
having an IRA of 9 g/min-194 c¢m? {9
g/m-30 in?) yielded flexural bond
strengths in excess of 690 kPa (100 psi).
None of these masonry cement mortars
produced values lower than 450 kPa
(65 psi).
Durability. Properties of masonry
mortar related to its durability include:
* Resistance to freeze thaw deteriora-
tion,

* Drying shrinkage characteristics,

¢ Resistance to sulfate attack,

¢ Water absorption characteristics,
and

¢ Soundness

Masonry cement mortars provide
significant performance advantages in
these important areas.

The ability to endure the extremes of
repeated freeze-thaw cycles without
deterioration is critical to the long-term
performance of mortar. Research23
shows that air entrainment levels of at
least 10 to 12 percent are needed to

provide effective resistance to freeze-
thaw deterioration in masonry mortars.
Masonry cement mortars have greater
resistance to freeze-thaw deterioration
than non-air-entrained-portland cement-
lime mortars. This superior perform-
ance can be attributed to the controlled
air content of masonry cement mortars,

Several factors influence drying
shrinkage of masonry mortars, includ-
ing water content, rate of drying, sand
properties, moisture content and ab-
sorption of the masonry units, and ce-
mentitious material properties. Results
of laboratory tests shown in Fig. 1 indi-

! Dubovoy, V. S., and Ribar, ). W, Masonry
Cement Mortars-A Laboralory Investigation,
Research and Development Bulletin RD09S,
PCA, Skokie, IL, 1990, 26pp.

2 Davison, ). I., “Effect of Air Entrainment on Dur-
ability of Cement-Lime Mortars,” Durability of
Building Materials, Elsevier Publishing Co.,
Amsterdam, 1981.

3 Zamatis, W. L., “Factors Affecting Performance
of Unit Masonry Mortar,” AC! jaurnal, Proc.
Vol. 56, No. 6, American Concrete Institute,
Detroit, 1959.
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Fig. 2 - Sulfate expansion of masonry mortars.

cate that the drying shrinkage of mason-
ry cement mortars is about half that of
portland cement-lime mortars.

When sulfates come in contact with
masonry martar, subsequent expansion
can cause deterioration of the mortar.
Thus resistance to sulfate expansion
should be considered where seawater
or sulfate-bearing soils come in contact
with masonry mortar, Masonry cement
mortars demonstrate  significantly
greater sulfate resistance than portland
cement-lime mortars (see Fig. 2).

Mortar can better resist chemical
attack, staining, and freeze-thaw dam-
age if it is less absorbent. Tests shown in
Fig. 3 indicate that masonry cement
mortars absorb only about half as much
water as a comparable non-air en-
trained portland cement-lime mortar.

Expansion of mortars due to un-
sound ingredients can cause serious de-
terioratior: of masonry. Soundness of a
cementitious material is measured by
the autoclave expansion test. This test
produces reactions in any unsound
ingredient and simulates a long period
of exposure for the cementitious mate-
rial, Conformance of masonry cement
to the autoclave expansion limits of
ASTM C 91 assures that there will be no
significant expansion of hardened mor-
tar in a wall due to unsoundness.

Water Permeance. Water perme-
ance of masonry is primarily related to
workmanship and design. It is generally
recognized that a single wythe of

masonry is susceptible to water pene-
tration and that the design and detai! of
the masonry construction must accom-
modate this fact. Important workman-
ship factors include achieving full head
and bed joints, following proper tooling
techniques, careful installation of flash-
ing and weepholes, and maintaining
clean cavities. The excellent workabili-
ty, strength, and durability of masonry
cement mortars assure that the design-
ers’ and masons’ needs are met in
regard to achieving watertight masonry
construction. Careful laboratory re-
search has confirmed the excellent per-
formance of masonry cement mortars in
water permeance tests. These laborato-
ry tests are backed up with a record of
over sixty years of excellent field per-
formance.

Appearance. The color of masonry
mortar is a crucial component in the
appearance of a masonry wall. Since
masonry cement color is laboratory
controlled and masonry cement offers
the simplicity of the one-bag system of
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Fig. 3 — Water absorption of mortars.

batching, it is easier to achieve a con-
sistent appearance in the finished job
when using masonry cements. Colored
masonry cements are also available to
match, contrast, or complement the
masonry units and enhance the archi-
tectural effect of the masonry.

INSTALLATION

Preparation. Masonry cement mortar
materials mixed according to the pro-
portion specifications of ASTM C 270
should be accurately proportioned as
indicated in Table 4. Under the proper-
ty requirements of ASTM C 270, sand-
to-cement proportions for the job-mixed
mortar are the same as those established
by laboratory tests of the mortar. The
ratio of sand to cement is to be in the
range of 2%4:1 to 3%2:1 by volume.

Machine mixing should be used
whenever possible. First, with mixer
running, add most of the water and half
of the sand required. Next, add the
masonry cement and the balance of
sand. After one minute of continuous
mixing, slowly add the rest of the water.
Mixing should continue for at least 3
minutes. Extending the mixing time up

Table 4. ASTM C 270 Proportion Specification Requirements for Masonry

Cement Mortars




to 5 minutes improves the workability
and water retentivity of the mortar. In
mixing, use as much water as practical
without impairing the workability of the
mortar.

Application. The practice of good
workmanship principles is required for
successful application. This includes
proper filling of head and bed joints,
careful placement of units, appropriate
tooling of the joint, modification of
construction procedures andfor sched-
ules to adapt to extreme weather condi-
tions, %> and proper cleaning® proce-
dures. Good workmanship coupled
with proper detailing and design
assures functional, durable, watertight
masonry construction.

Fresh mortar should be prepared at
the rate it is used, so that it does not
stiffen in mortar boxes and on mortar-
boards. If necessary to restore workabil-
ity, mortar should be retempered by
adding water and remixing thoroughly.
While the addition of water reduces
mortar strength slightly, this effect is
preferable to the poor contact between
brick and mortar that will result from
using dry, stiff mortar. Mortar over 21
haurs old should not be retempered or
used. It should be discarded and
replaced with freshly mixed mortar,

Emphasis should be placed in
masonry construction on minimizing
the amount of cleaning required.
Precautions to minimize the amount of
mortar splatter that is [eft on a wall
include: the practice of good basic
workmanship, dry brushing the face of
the masonry wall after tooling with a
soft bristle brush, and turning back the
inside scaffold board at the end of the
day to avoid rain splatter of mortar
droppings from the board getting on the
wall. Such mortar protrusions and splat-
ters as occur should be removed before
they tenaciously adhere to the masonry
surface (preferably the morning after
laying) using stiff nonmetallic brushes,
nonmetallic scrapers, burlap, rags, or
other appropriate means of removal.

If, despite efforts to maintain clean
masonry during construction, it is felt
that the use of masonry cleaning solu-
tions are required, selection of cleaning
technique and solution should be com-
patible with the units, and damage to

William Wardlaw Center, Georgia
Institute of Technology—Architect:
JovafDaniels{Bushy, Tne.

the mortar joint surface must be avoid-
ed. Follow the instructions of the man-
ufacturer of the cleaning solution in its
application on trial cleaning of incon-
spicuous areas to assure proper selec-
tion of method and solution. Cleaning
with chemical solutions should not be
attempted until the mortar has thor-
oughly cured. Generally, about two
weeks’ curing is recommended.

AVAILABILITY

Availability: Masonry cements are
regionally available in the United States
and Canada from a network of dealers
and distributors representing PCA mem-
ber producers. For a complete list of
PCA member masonry cement manu-
facturers contact PCA headquarters at
847.966.6200, by fax at 847.966.9781,
or at the Web site: www.cement.org.

CERTIFICATION

Masonry cement meets the require-
ments of ASTM C 91, The Standard
Specification for Masonry Cement, for
the type specified. Written manufactur-
er's certifications to that effect may be
obtained from PCA member company
producers of masonry cement upon
request.

MAINTENANCE

Avoid use of harsh chemical clean-
ers or strong acid solutions in cleaning
masonry (refer to Installation}.

TECHNICAL SERVICES

Technical information and services
are available from PCA and member
manufacturers,

The following related publications
are also available from PCA:

Masonry Mortars — 15040
Masonry Cement Mortars — 15181

Trowel Tips: Hot Weather Masonry
Mortar - 15243

Trowel Tips: Cleaning Masonry - 15244

Trowel Tips: Cold Weather Masonry
Mortar - 15248

Selecting and Specifying Mortar and
Grout for Unit Masonry — 15275

Quality Assurance for Masonry
Mortar - 15279

Concrete Masonry Handbook — EBO08

Recommended Practices for Laying
Concrete Block — PAQ43

4 Trowel Tips: Hot Weather Masonry Construc-
tion, 15243, PCA, Skokie, IL.

5 Trowel Tips: Cold Weather Masonry Construc-
tion, 15248, PCA Skokie, IL.

6 Trowel Tips: Cleaning Masonry, 15244, PCA,
Skokie, IL.

15282.03
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PRODUCT NAME
Mortar Cement: Type N, Type S,
and Type M

MANUFACTURER
Represented by:

Portland Cernent Association (PCA)
5420 Old Orchard Road

Skokie, IL 60077-1083

Voice: 8§47.966.6200

Fax: 847.966.9781

Internet: www.cement.org

PRODUCT DESCRIPTION

Basic Use: Mortar cement is spe-
cially formulated and manufactured to
produce masonry mortar for use in
brick, block, and stone masonry con-
struction. Mortar cement mortars have
similar attributes to masonry cement
mortars, but they have lower air con-
tents than masonry cements, and the
mortar cement specification includes a
minimum bond strength requirement.
Mortar cerment mortars are appropriate
for use in structural applications that
require masonry with high flexural
bond strength.

Composition and Materials: Mortar
cement consists of a mixture of portland
cement or blended hydraulic cement
and plasticizing materials (such as lime-
stone or hydrated lime), together with
other materials introduced to enhance
one or more properties such as setting
time, workability, water retention and
durability. These components are pro-
portioned at the cement plant under
controlled conditions to assure unifor-
mity of performance.

Table 1. Recommended Guide for
Selection of Mortar Type

d-be,

oi-load bearing -

Masonry Information
MORTAR CEMENT: PRODUCT DATA SHEET

Masonry constructed using mortar cement mortar and three brick colors conveys a sense
of security and permanence for sindents of the Buffalo High School in Buffalo
Minnesota, designed by Abendroth, Rego & Youngguist.

Types: Mortar cements are produced
in Type N, Type S, and Type M classifi-
cations for use in preparation of ASTM
Specification C 270 Type N, §, or M
mortar, respectively, without further
addition of cements.

Table 1 is a general guide for selec-
tion of mortar type. Other factors, such
as type and absorption of masonry unit,
climate and exposure, applicable build-
ing codes, and engineering require-
ments, should also be considered.

Limitations: Mortar cements are
designed to be mixed with sand and
water to produce a masonry mortar,
The addition of hydrated lime to a mor-
tar cement mortar at the job site is not
required or recommended for conven-
tional unit masonry construction.

TECHNICAL DATA

Applicable  Standards: Mortar
cements conform to ASTM 1329, the
“Standard Specification for Mortar
Cement.” Mortar cements are used to
produce ASTM C 270 Type O, Type N,
Type S, and Type M mortars as outlined

in either the property specification or

the proportion specification require-

ments of ASTM C 270. Requirements
for sand to be used with mortar cement
to produce ASTM C 270 mortars are
found in ASTM C 144,

Physical Properties: Mortar cement
mortars conform to the physical proper-
ties listed in Table 2.

These property requirements assure
consistent performance of the product
with respect to bond strength, compres-
sive strength, workability, and durability.

Bond Strength: The mortar cement
specification is the only ASTM masonry
material specification that includes
bond strength performance criteria. The
bond strength criteria were established
to assure comparable bond strength
performance of the mortar cement to
non-air-entrained portland cement-lime

! Melander, J. M., and Ghosh, S. K., "Develop-
ment of Specifications for Mortar Cement,”
Masonry: Esthetics, Engineering, and Economy,
ASTM STP 1246, D. H. Taubert and ). T.
Conway, Eds., ASTM, West Conshohacken, PA,
pp 88-99.

2 Borchelt, ). G., and Tann, ). A., “Bond Strength
and Water Penetration of Low IRA Brick and
Mortar,” Proceedings of the Seventh North
American Masonry Conference, The Masonry
Saciety, Boulder, CQ, pp. 206-216.

2} pug|0d \V-Jd

2002 laquardag

uol1elI0sSy 1ualla

14

1aWa) JeUo |

INOHD AYNNSYIN (INY HYIHOI |




Table 2. Physxcal Propertles of Mortar Cements (ASTM C1329)

2.4 (350)

. Air Content .

*When structural reinforcement is incorporated in {cement-lime or) mortar cement mortar, the maximum air content shall be 12%.

Note: Physical properties listed in Table 2 and Table 3 are measured in accordance with prescribed laboratory test procedures. Conformance to compressive
strength, bond strength, air content, and water retention requirements of Table 2 is determined using standard testing sand {ASTM C 778). Conformance to
Table 3 requirements is established using a masonry sand (ASTM C144) that is intended to be used in construction. Mortar made using masonry sand typi-
cally has lower compressive strength, lower air content, and higher water retention as compared to that achieved using standard sand. This fact is reflected

in the differences between Table 2 (ASTM C 1329} and Table 3 (ASTM C 270) requirements for these properties.

combinations of equivalent mortar type
designation. As shown in Fig. 1, subse-
quent research has confirmed that mor-
tar cement mortars provide excellent
bond strengths2.

The procedure utilized in determin-
ing conformance of mortar cement to
bond strength criteria seeks to elimi-
nate, insofar as possible, the effects of
workmanship, curing, and unit proper-
ties on measured bond strength. There-
fore, standard mixing, specimen fabri-
cation, curing, and testing procedures
are outlined, including the use of stan-
dard testing units. It should be noted
that there are many factors that affect
the bond of mortar to unit in actual
construction, including properties of
the unit and mortar, ambient condi-
tions, and the guality of workmanship
involved.

Compressive Strength: By simplify-
ing mortar materials batching at the job
site, the use of mortar cement assures
consistent strengths between batches

and jobs. Mortar cement mortars mixed
according to the property requirements
of ASTM C 270 provide strengths that
exceed the values listed in Table 3. High
strength Type S and Type M mortar
cements allow the specifier to accom-
modate special application require-
ments related to load bearing masonry,
masonry below grade level, and mason-
ry for paving, without compromising the
advantages of simplifted batching.
Workability: Workability is the
mascn’s appraisal of the mortar’s ability
to cling to head joints, stide smoothly off
the trowel, and evenly support the
placement of units. Mortar of proper
workability is soft but has good body; it
spreads readily and extrudes from joints
without smearing or dropping. Addi-
tionally, the masonry mortar needs to
retain these properties for a reasonable
length of time at whatever ambient con-
ditions exist at the job site. That length
of time that the mortar retains its worka-
bility is often termed its board life. The

plasticizers contained in mortar
cements contribute to their workability
and board life. Fineness, time of setting,
air content, and water retention require-
ments for mortar cements are specifica-
tion properties that relate to consistent
performance with respect to workability.
The importance of workability is appar-
ent when one considers that workman-
ship is a key element in achieving qual-
ity masonry construction.

Durability: Expansion of mortars
due to unsound ingredients can cause
serious disintegration of masonry.
Soundness of a cementitious material is
measured by the autoclave expansion
test. This test produces reactions in any
unsound ingredients and simulates a
long period of exposure for the cemen-
titious material. Conformance of mortar
cement to the autoclave expansion
limits of ASTM C 1329 assures that
there will be no significant expansion
of hardened mortar in a wall due to
unsoundness.
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Mortars (Data from Ref. 2).

Mortar cements include air-entrain-
ing agents that provide advantages
of improved freeze-thaw durability
and workability associated with air-
entrained mortars. Air content of mor-
tar cement is limited to between 8%
and 15% for Type M and S and 8% and
17% for Type N. Conformance to these
limits is determined using laboratory
testing procedures and standard testing
sand. Air contents achieved using field
sand and field mixing procedures are
typically lower by one or two percent,
although certain field sands may in-
crease air content.

Water Penetration: Water penetra-
tion resistance of masonry is primarily
related to workmanship and design. It
is generally recognized that a single
4-inch wythe of masonry is susceptible
to water penetration and that the design
and detail of the masonry construction

must accommodate this fact. Important
warkmanship factors include achieving
full head and bed joints, following
proper tooling techniques, careful in-
stallation of flashing and weep holes,
and maintaining clean cavities. The ex-
cellent workability, strength, and dura-
bility of mortar cement mortars assure
that the designers’ and masons’ needs
are met in regard to achieving water-
tight masonry construction. Research?
has confirmed the excellent perform-
ance of mortar cement mortars in
water penetration tests.

Appearance: The color of the
masonry joint is a crucial component in
the appearance of the entire wall. Since
mortar cement color is laboratory-con-
trolled and mortar cement offers the
simplicity of the one bag system of
batching, it is easier to achieve a con-
sistent appearance in the finished job.

Table 4. ASTM C 270 Proportion Specification Requirements for Mortar

Cement Mortars

INSTALLATION

Preparation: Mortar cement mortar
materials mixed according to the pro-
portion specifications of ASTM C 270
should be accurately proportioned in
accordance with Table 4.

Under the property requirements of
ASTM C 270, sand-to-cement propor-
tions for the job mixed mortar are the
same as those established by laboratory
tests of the mortar. The ratio of sand to
mortar cement is to be no less than
2Va:1 and no more than 3%2:1.

Machine mixing should be used
whenever possible. First, with mixer
running, add most of the water and half
the sand required. Next, add the mortar
cement and the balance of sand. After
one minute of continuous mixing, slow-
ly add the rest of the water. Mixing
should continue for at least 3 minutes.
Extending the mixing time up to 5 min-
utes improves the mortar, resulting in
better workability and water-retention.
In mixing, as much water should be
used as practical, without impairing the
workability of the mortar.

Application: The practice of good
workmanship principles is required for
successful application. This includes
proper filling of head and bed joints,
careful placement of units, appropriate
tooling of the joint, modification of
construction procedures and/or sched-
ules to adapt to extreme weather condi-
tions34, and proper cleaning® proce-
dures, Good workmanship coupled
with proper detailing and design as-
sures functional, durable, watertight
masonry construction.

Fresh mortar should be prepared at
the rate it is used, so that it does not
stiffen in mortar boxes and on mortar
boards. If necessary to restore workabil-
ity, mortar should be retempered by
adding water and remixing thoroughly.
While the addition of water reduces
mottar strength slightly, this effect is

3 Trowel  Tips: Hot Weather Masonry
Construction, PCA Publication Code 15243,
PCA, Skokie, IL.

4 Trowel Tips: Cold Weather Masonry
Construction, PCA Publication Code 15248,
PCA, Skokie, IL.

5 Trowel Tips: Cleaning Masonry, PCA
Publication Code 15244, PCA, Skokie, IL.



preferable to the poor contact between
brick and mortar that will result from
using dry stiff mortar. Mortar over 212
hours old should not be retempered or
used. It should be discarded and
replaced with freshly mixed mortar.
Emphasis should be placed in
masonry construction to minimize the
amount of cleaning required. Precau-
tions to minimize the amount of mortar
splatter that is left on a wall include the
practice of good basic workmanship,
dry brushing the face of the masonry
wall after tooling with a soft bristle
brush, and turning back the inside scaf-
fold board at the end of the day to avoid
rain splatter of mortar droppings from
the board getting on the wall. Such mor-
tar protrusions and splatters should be
removed before they adhere to the
masonry surface {preferably the morn-
ing after laying) using stiff nonmetaltic
brushes, nonmetallic scrapers, burlap,

rags, or other appropriate means of
removal.

If, despite efforts to maintain clean
masonry during construction, it is felt
that the use of masonry cleaning solu-
tions are required, selection of cleaning
technique and solution should be com-

patible with the units, and damage to~

the mortar joint surface must be avoid-
ed. Follow the instructions of the manu-
facturer of the cleaning solution in its
application on trial cleaning of incon-
spicuous areas to assure proper selec-
tion of method and solution. Cleaning
with chemical solutions should not be
attempted until the mortar has thor-
oughly cured. Generally, about two
weeks curing is recommended.

AVAILABILITY

Availability: Mortar cements are
regionally available in the United States
and Canada from a network of dealers

e - i

_Architecrs Smith, Hinchman & Grylls used mortar cement morsar and brick of differ-
ing color and texture to define distinct building areas within a unifted visual theme on
the Vererans Administration Hospital in Detroit,

and distributors representing PCA mem-
ber producers. For a complete list of
PCA member mortar cement manufac-
turers cortact PCA headquarters at 847.
966.6200, by fax at 847.966.9781, or at
the Web site: www.cement.org.

CERTIFICATION

Mortar cement meets the require-
ments of ASTM C 1329, The Standard
Specification for Mortar Cement, for
the type specified. Wiitten manufactur-
er's certifications to that effect may be
obtained from PCA member company
producers of mortar cement upon
request.

MAINTENANCE

Avoid use of harsh chemical clean-
ers or strong acid solutions in cleaning
masonry (refer to Installation).

TECHNICAL SERVICES

Technical information and services
are available from PCA and member
manufacturers.

The following related publications
are also available from PCA:

Masonry Mortars — 15040
Masonry Cement Mortars - 15181

Trowel Tips: Hot Weather Masonry
Mortar - 15243

Trowel Tips: Cleaning Masonry — 15244

Trowel Tips: Cold Weather Masonry
Mortar — 15248

Selecting and Specifying Mortar and
Grout for Unit Masonry - 15275

Bond Strength Testing of Masonry —
15277

Factors Affecting Bond Strength of
Masonry - 15278

Quality Assurance for Masonry
Mortar - 1S279

Concrete Masonry Handbook — EBO08

Recommended Practices for Laying
Concrete Block — PAQ43

15281.02



International Masonry Institute’s

SECTION 7-1

Pointing Ma‘sonry Co'nstruction

SEFTEMBER, 1996

This International Masonry Institute (IM1)
Masonry Construction Guide has been
prepared to assist masonry contractors
who bid on tuckpointing work and craft-
workers who perform it.

Introduction

Masonry products and materials are
among the most durable available for
construction, especially when instailed
by quality contractors who employ trained,
skilled craftworkers. Typically, mortar
joints are serviceable for 35 years or
more when properly installed. The ma-
sonry units themselves, typically brick or
concrete block, may have a serviceable
life of 100 years or more.

As with any bulilding product continu-
ously exposed to the elements, masonry
is subject to weathering. Acids in the
rain, seismic movement, building settle-
ment, freezing and thawing cycles, im-
pact damage and dirt take their toll.
When visual inspection reveals that the
maortar joints are cracking or otherwise
deteriorated, restoration is necessary to
help maintain the integrity of wall sys-
tems and products. Tuckpointing is an
effective way of decreasing water entry
into masonry.

Tuckpointing
Tuckpointing is the term most often used
to describe the process of cutting out
deleriorated mortar joints in masonry
walls to a uniform depth and filling in
those joints with fresh mortar.

Tuckpointing, however, is only the most
common of three terms often used inter-
changeably in the United States and
Canada to describe the complete proc-
egs of restoring older masonry joints.
The other two are repointing and point-
ing. In some areas, repointing or point-
ing may mean the same as tuckpointing.
But they may also mean only the placing
of plastic mortar in joints without first
removing damaged mortar,

Tuckpointing isn't reserved for older
buildings. New masonry walls may need
to be tuckpointed when bee holes or
voids appear in the finished joint, or
when the joints have an incorrect or
improperly tooled finish or when the
color of the joints is incorrect.

in this Masonry Constrution Guide and

in general, IMI| uses the term tuckpointing
to refer to the process of reroving dete-
riorated mortar joints and replacing them
with new mortar.

Procedures for Tuckpointing
Preparation
Mason contractors who successfully
bid tuckpointing jobs know that to be
competitive, they have to employ craft-
workers who have been trained in ma-
sonry restoration and who have relevant
experience.

The mason contractor must determine
the scope of the work. Tuckpointing is

Figure A

R R

DETERIORATED
MORTAR JOINT

l[abor-intensive. To help determine the
scope of the work and prepare an accu-
rate bid, the mason contractor needs
answers to a number of questions,
including:

* Are all the mortar joints on a struc-
ture to be tuckpointed? Or only joints
where the mortar has erodedto a
particular depth?

* What about areas where there are
hairline cracks between the masonry
units and the mortar?

* Does the building need to be cleaned
before the real condition of mortar
Jjoints can be observed?

* Is the mason contractor alone to deter-
mine which joints need restoration?

wRzlp 228
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Once these questions are answered,
the masonry contractor can accurately
determine the area to be tuckpointed
and see that it is clearly defined on the
bid documents.

It is also important to determine the
age of the building being scheduled for
tuckpointing. If it dates back to the eariy
part of this century or is older, more care
must be taken in selecting and mixing
mortar. it wasn't until after the 20th Cen-
tury began that portland cement was
combined with the traditional sand and
lime to make mortar. Older mortars with-
out portland cement are far weaker than
modern mortars, and have far less com-
pressive strength. A stronger repointing
mortar deforms less under load than
weaker older mortar, which concentrates
the load in the area of the stronger
mortar. The stress can lead to spalling of
the masonry units.

Mortar in older buildings may contain
materials to give them texture or an
unusual color. These additives include
oyster shells, horsehair, carbon black
and others. Qyster shells, if required,
can be mixed into new mortar in small
quantities. If the mortar needsto be
colored, use metallic oxides to match,
and not organic chemicals.

The contractor must atso decide
whether to use power tools, such as
saws and grinders, to cut out old mortar.
While the mechanical tools are faster
than hammers and chisels, the power
tools may damage the masonry units
surrounding the mortar. Additionally, if
an historical building is being restored,
saws, grinders and other mechanical
tools may not be allowed or, ifthey are,
only if special permits are obtained.

Mortar Removal and Replacement
The craftworkers should remove old
mortar to a depth of %" to 2", or until
sound mortar is reached. Do not remove
mortar in excess of one-third the depth
of masonry unit. The profile of the result-
ing joint should resemble Figure B, in
which the mortar has been cut backto a
uniform depth. Dust and debris should
be removed from the joint by brushing,
rinsing with water or blowing with air.
Tuckpointing mortar should be carefully
selected. Use prehydrated mortar to re-

p
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duce shrinkage. Mix in the proper addi-
tives, if any, to match the color of existing
mortar. Here's how to mix a batch of
mortar for tuckpointing:
1. Place all dry ingredients in a tub or
mixing box
2. Thoroughly mix all dry ingredients
3. Add one-half the amount of water
used in new construction
4. Mix the mortar until it will hold shape
when formed into a solid ball. There
should be no flow or spread of
mortar

Figure C
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5. Let the mix hydrate for one to two

hours

6. Add more water lo make the mix

workable, but still relatively stiff, which
results in good workability and min-
imum smearing.

Joints to be tuckpeinted should be
dampened, but, to make sure the new
mortar makes a good bond, the masonry
units must absorb all the surface water.

A wide variety of tool widths are avail-
able to pack mortar into the prepared
joints. Chose a tool with a width slightly
smaller than the width of the joint. This
keeps mason productivity high and keeps
the wall as clean as possible. The craft-
workers should force the new mortar into
the joints in layers %" thick or less to
reduce air pockets and voids, as in Fig-
ure C. Each layer should be thumbprint
hard before the next is applied. Final joint

Figure D
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TOCOL JOINT TO
MATCH ORIGINAL

PROFILE

tooling is done the same way as with
new construction. The joint shouid be
tooled to match the original profile.

Mortar tags should be brushed off after
the mortar is dry, to reduce smearing.
Commercial cleaning compounds can
be used to clean the walil. See IMI Ma-
sonry Construction Guide 2-3, Cleaning
Masonry Walls,

When properly done, tuckpointing pro-
vides a strong, waterproof mortar joint
that matches the appearance of the orig-
inal mortar joints, and helps extend the
commercial life of the building.

International Masonry Institute
823 15th Street, NW.

Suite 1001
Washington, DC 2005



FREEZE-THAW DURABILITY OF
MASONRY MORTARS

Mortar durability is usually assessed on specially cast samples or pieces
cut from actual mortar beds. After cycles of freezing and thawing, mor-
tar samples are examined for changes in size, reduction in modulus of
elasticity, or loss of weight and physical deterioration. Unfortunately,
this type of testing does not represent real-world conditions. To counter-
act this shortcoming, the PCA sponsored tests by CERAM Building
Technology Laboratory. Researchers used a well-established panel freezing test that
simulates severe natural conditions leading to frost damage in exposed masonry.

Mortars - ... ..

Three ASTM C 270 Type S mortars (air contents from 3 to 16 percent) were studied:

« a non-air-entrained cement/lime/sand (CL) mix (ASTM C 150 Type | portland cement
and ASTM C 207 Type S hydrated lime)

= an air-entrained masonry cement {ASTM C 91 Type 5}

* an air-entrained mortar cement (ASTM C 1329 Type $)

Gonstruction of Test Panels -

" Sach of the three mortars was proportioned by volume and mixed as a single batch.
rhree test panels—ten courses of three bricks with 10 mm (3/8 in.) tooled joints—
were constructed from each mortar mix using Staffordshire Blue clay bricks. These
very durable bricks have a low water absorption (5.5%} and a low initial rate of
absaorption (1.3kg/m¥min)—properties known to exert a strong influence on the dura-
bility of associated mortar joints. After construction, panels were cured in the labora-
tory atmosphere for at least 28 days prior to freeze-thaw testing.

TestProgram and Results -

Cured, saturated panels were subjected to freeze-thaw cycles on their exposed faces.
Testing continued until 300 cycles or until major damage to the mortar joints,
whichever came first, Afterwards, panels were closely examined for signs of frost dam-
age. None of the bricks were visibly affected by frost, Samples taken from the mortar
beds were tested according to the methods given in ASTM C 1324, C 856, C 457 and
C 294, Frost damage was observed to the mortar joints on panels built with non-air-
entrained mortar but not to any panels where air-entrained mortar was used.

All the panels constructed with airentrained Type $ mortar cement and with air-
entrained Type S masonry cement withstood 300 freeze-thaw cycles in a saturated
condition without suffering frost damage to the mortar joints.

i the three panels constructed with Type S CL mortar without air entrainment, one
panel suffered no frost damage after 300 cycles, one panel suffered minor frost dam-
age starting at 200 cycles, and one panel suffered major frost damage starting at 50

Fig. 1. Panel No.
W2904 at end of test
(200 Cycles).

cycles. On one panel,
changes to the condi-
tion of the mortar
joints (a pattern of fine
surface cracks) were
first observed after 50
cycles. At the 100-cycle stage, actual disintegra-
tion of the mortar surfaces had occurred. The
condition of the joints continued to deteriorate
up to the 200-cycle stage when the test was
ended with considerable frost damage to the
mortar, including separation at the brick/mortar
interface (see Fig. 1). When the panel was partly
dismantled, it was revealed that the mortar bed
was cracked parallel to and 10to 15 mm (0.4 to
0.6 in.) from the exposed surface of the panel.
Paor durability was attributed to a low air con-
tent in that mortar.

Summary and Gonclusions

Masonry panels constructed from durable bricks
and ASTM C 270 Type 5 mortars with air entrain-
ment can withstand prolonged exposure to
extremely severe freeze-thaw conditions without

damage.

Masonry panels constructed with the same bricks
and with non-air-entrained Type S CL mortar,
subjected to the same severe conditions, exhibit-
ed performance ranging in degree from serious
breakdown of the mortar to no detectable

changes in its condition.

The program has demonstrated that Type S mor-
tars with air entrainment are durable in extreme
conditions of freezing and thawing whereas two
out of three Type S mortars with low air contents
suffered frost attack in the same conditions.

This article is based on PCA R&D Serial No, 2229,
Effect of Air Entrainment on Freeze-Thaw Durability of
Masonry Mortars, by G. ). Edgell, R, L. Nelson, ). L.
Nicholos, |. M. Melander, and F. Peake.
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**For grouting between wythes.

tGrout space dimension equals grout space width minus horizontal reinforcing bar
diameter.

tArea of vertical reinforcement shall not exceed 6% of the area of the grout space.
Adapted from ACI 530.1/ASCE 6 (Ref. 76).
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SECTION 7-10

SCOPE

This Construction Guide presents
general information on masonry
grout, discussing such topics as grout
materials, mixes, and admixtures.
Knowledge of applicable standards,
codes and field practices is required
to thoroughly understand masonty
grout. Information contained in this
guide is intended to further educate
the user on grout and grout materials.

INTRODUCTION

Grout is a cementitious material,
primarily composed of Portland
cement, fine aggregate, possibly
coarse aggregate, and, in some
cases, lime. These ingredients are
combined with a sufficient amount of
water to produce a fluid, flowable
mixture.

Grout is neither concrete nor mor-
tar. There are distinct differences in
water content and material composi-
tion between these materials.

Concrete differs from grout in that
it contains a much coarser aggregate
and a significantly lower water-
cement ratio. Concrete is poured with
a minimum amount of water into non-
absorptive forms. Conversely, grout is
poured with a significantly higher
water-cement ralio into what are
essentially absorptive forms - mason-
ry unit cells or cores. The initially high
water-cement ratio of grout is rapidly
reduced because the masonry
absorbs much of the water.

Mortar, on the other hand, differs
from grout in that it often contains
hydrated lime, additives, finer aggre-
gates and only enough water to
make it workable.

SPECIFYING GROUT

Grout should conform to ASTM C
478, "Standard Specification for Grout
for Masonry.”

The Standard allows grout to be
mixed according to the proportions
listed (see Table 1) or by compressive
strength. Research has indicated that
grout mixed to the Table 1 proportions
may obtain unexpectedly high com-
pressive strengths. Therefore, it is rec-
ommended that grout be specified by
strength to achieve better structural
compatibility with the specified
masonry units. Also, specifying grout
by strength generally wifl produce
lower material costs because the mix
likely will contain less cement.

Parls by Volume of
Hydrated Lima or
Lime Putty

TABLE 1
Parts by Volume of -
TYPE Portland Cement or
Bfended Cement
Fine graut 1 0-1/10

Coarse grout 1 01710

Grout Proportions by Volume

Aggregale, Measured In 8 Damp,
Looge Condition

Fina Coarse
21/4-3 imes ihe sum of
the velume of the
cemaniitious materials
21/4-3 times 1he sum of
the volumes of the
cementilious materials

1-2 limes the sum of
the volumes of the
cementilicus malarials

Source: Adapted from Amorican Seciaty For Tasting and Matarias, 100 Bart Harbor Drive, West Gonshohodken, PA

TYPES OF GROUT

Grout is classified into two types
according to ASTM C 476 — fine
grout and coarse grout. Fine grout
uses only fine aggregates, (natural or
manufactured sand) with a maximum
aggregate size of 3/8 inches. Coarse
grout adds coarse aggregate to the
mix (crushed stone or pea gravel) in
addition to the fine aggregate. The
maximum size aggregate is 1/2 inch,
All aggregates — fine or coarse, must
conform to ASTM C404 “Standard
Specification for Aggregates for
Masonry Grout".

Pour height and minimum clear
grout space dimensions, as well as
economics, dictate the choice of fine
or coarse grout. There is no signifi-
cant difference in the compressive
strengths that can be attained with
either type grout. Generally speaking,
smaller clear grout space dimensions
- spaces not exceeding 2 to 3 inches
- or where the minimum clearance
between the masonry unit and the
reinforcing bar is only 1/4 inch, call
for fine grout. When the grout spaces
are larger and the clearance between
the reinforcing and the unit is more
than 1/2 inch, coarse grout is gener-
ally used. Pour height also effects the
choice of fine or coarse grout.

WATER CONTENT

High water content is required in
grout to provide fluidity and pumpa-
bility. Fluidity atlows grout to com-
pletely fill openings and to encapsu-
late steel reinforcement. Fluidity of
grout is measured by a slump cone
test. Grout must contain enough
water to produce an 8 inch to 11 inch
slump. The proper grout slump for the
application will depend on how much
water will be absorbed by the adja-
cent masonry. The more water the
masonry units absorb from the grout,
the more water the grout must con-
tain to remain fluid. When determin-
ing the ideal grout slump, consider all
of the following factors:

! - The “Uniform Building Ccde” limits the width of the grout space for fine grout lo 2 inches, whereas the “Specification for
Masonry Structures AGI 530 ASCE 6/T MS 602 allows a grout space width of 3 inches. Therefore, follow the guidelines of

the governing code,

Initial Rate of Absorption (IRA) of
Masonry Units - Masonry units with
high IRA will absorb more water than
units with low IRA,

Weather conditions - Masonry
walls constructed in hot and arid con-
ditions will absorb water mare rapidly
than masonry constructed under cold
or humid conditions.

Size of grout space - Small, narrow
grout spaces have larger surface-to-
volume ratios than wider grout
spaces and will absorb water at a
greater rate.

Therefore, grout slump should be
adjusted accordingly. In damper cli-
mates or when the masonry contains
low-absorption units or wider grout
spaces, use a grout with an 8 inch or
9 inch slump. In dryer climates or
when the masonry contains high-
absorption units or narrower grout
spaces, use grout with a 10 inch or
11 inch slump.

GROUT MIXES

Once a grout's required strength and
slump have been determined by the
designer, the contractor should con-
tact an accredited masonry testing
laboratory to acquire an appropriate
grout mix. The laboratory will suggest
mix proportions that meet the design-
ers requirements. The laboratory can
then test trial batches to determine
which grout mix is most economical.
The laboratory will use grout propor-
tions recommended in ASTM C 476
as a rough guideline to determine the
mix design. Though grout is specified
by proportion, test laboratories and
readymix suppliers batch grout mix by
weight. If required, volume proportions
can be converted to equivalent weight
proportions. Ultimately, the laboratory
will determine the best mix based on
test results and experience.

Once the grout mix has been
determined and approved by the
designer, the contractor has the
option of either mixing the grout on
site or ordering the grout mix from an
experienced supplier. Higher quality
control can be maintained if the grout




Absorbant paper lining
on face of units

is ordered from a readymix manufac-
turer or if the grout ingredients are
delivered to the jobsite pre-batched.
Onsite mixing procedures for grout
are described in ASTM C 476.

GROUT TESTING

To ensure consistency of grout
strength, field samples should be
tested periodically in accerdance with
ASTM Standard C 1019 “Standard
Method of Sampling and Testing
Grout”. This standard requires testing
of field samples constructed from a
mold consisting of masonry units
{See Figure 1). The masonry mold
extracts all excessive water from the
grout, producing grout samples
which are about 4 inches wide by 8
inches high, with strengths that are
consistent with the actual strengths
obtained in masonry walls. Plastic or
metal molds should never be used to
produce grout specimens because
the molds do not extract water from
the grout, and produce test results
indicating significantly lower strengths
than the grout will actually obtain.

ASTM C 1019 is specific in the
methods for constructing, curing and
testing masonry grout samples. It is
critical that the procedures in the
Standard be followed to attain accu-
rate results. In many parts of the
country, testing laboratories are not
familiar with grout testing and do not
follow correct procedures. Whoever
produces the samples, either the
mason contractor or the testing labo-
ratory, must make sure they are
formed and site-cured according to
ASTM C 1019 and placed in an area
where they can remain undisturbed
and net exposed to excessive heat or
cold. These things can have a major
impact on the test results and the
lower reported values would not be
indicative of poor material as much
as of poor testing.

Grout Mold for Clay Masonry Units

Several other factors can impact
the test results such as:

* not retrieving the test sample from
the jobsite within the specified time,

+ not properly curing or capping the
specimens, and

+ having testing machines with
platens that are not rigid enough to
spread the load evenly to the entire
sample.

While this list is not comprehen-
sive, it does include many of the
most common testing errors that
result in erronecus test values.
Unless the ASTM C 1019 procedures
are followed, it cannot be stated that
the reported test values are indica-
tive of the strength of the grout in the
wall. It is imperative that the testing
laboratory understands the Standard
and follows it.

GROUT ADMIXTURES

Grout admixtures should not be used
unless specified by the designer and
approved by the contractor. It is also
good practice to have grout speci-
mens with admixiures tested to
ensure that the grout complies with
the design specifications. Some com-
mon grout admixtures are;

Superplasticizers - Substituting
superplasticizers for a portion of
water in a grout mix can provide
additional fluidity while maintaining a
low water-cement ratio, ensuring
high compressive strengths.
Superplasticizers can be used when
grouting masonry assemblies with
very low absorption rates.

Anti-Shrinking Agenis - These
admixtures counter grout’s tendency
to shrink as water is absorbed from
it. The quality of grout bond can be
adversely affected if shrinkage is
excessive. Anti-shrinking agents act
as an expanding agent and are typi-
cally combined with other commonly
used plasticizers.

FA" X 3% X 7%
grout specimen

Figure 1.

Accelerators - Adding accelerators
to grout will hasten grout set time
during cold weather construction,
thereby, minimizing the amount of
time the wall must be protected from
freezing. Accelerators containing cal-
cium chloride should not be used in
grout that will be in contact with rein-
forcing steel.

Retarders - Adding retarders to
grout will delay grout set time during
hot weather construction. Retarders
help extend grout fluidity keeping it
workable long enough to be placed
properly and consolidated sufficiently.

Fly Ash - Fly ash is a pozzolanic
material produced from ceal by-prod-
ucts. A cementitious material that is
more economical than portland
cement, fly ash can be added to a
grout mixture as a partial substitute
for portland cement. Also, fly ash
helps grout maintain a given slump
and improves grout pumpability.

DISCLAIMER

This document is intended to assist
the industry in avoiding design and
construction problems with masonry
construction. It is intended for mason
contractors, field personnel, archi-
tects, engineers, building officials,
general contractors, construction
managers, students, suppliers, manu-
facturers and other industry repre-
sentatives. It is not the intent of this
report to cover every aspect of
masonry construction, but to focus
on issues that may lead to problems.
This document should not be used
as the sole guide for designing and
constructing masonry. It is imperative
to refer to relevant codes and stan-
dards and other industry-related doc-
uments. As such, the IMI assumes
no liability for any consequences that
may follow from the use of this docu-
ment.

3% x T x T
grout specimen

Grout Mold for Concrete Masonry Units
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SECTION 7-11

SCOPE

This Construction Guide presents
information on grouting masonry
walls. The intent of thig guide is to
provide general information on grout-
ing methods and procedures.
Knowledge of applicable codes and
standards, in conjunction with accept-
able field practices, is required to
assure successful grouting results.

INTRODUCTION

Masonry can be grouted and rein-
forced to produce efficient load-resis-
tant structures. Reinforced masonry is
used to produce taller, thinner and
more economical walls. Most grouted
masenry walls include reinforcing
steel to provide additional jateral
strength. Walls constructed in certain
seismic zones are required to be rein-
forced and grouted to resist the
dynamic forces of an earthquake.

Placing Grout

Grout is placed in lifts either between
two wythes of masonry or into the
cells of masonry units. Lifts should be
poured in increments not to exceed 5
feet. One or more lifts constitute a
grout pour, which is the total height
of grout placed in prior to the con-
struction of additiorial masaonry. For
example, if a wall is constructed to a
height of 10 feet, the total grout pour
would be 10 feet, with the grout
being placed in two 5-foot lifts. The
maximum height of a grout pour is
restricted by the size and type of
grout space and the type of grout mix
(fine or coarse) listed in Table 1.

FIGURE 1: Vertical Grout Barriers

GROUTING METHODS

There are two methods of placing
grout: low-lift grouting and high-lift
grouting. In low-lift grouting, 5 feet or
less of wall height is grouted in one
day. The grout is usually placed with
buckets. In high-lift grouting, grout
can be placed up to a full story
height in one day. Grout is usually
placed with a grout pump.

The method for placing grout is
usually determined by the contractor,
However, the specifications can
require a particular grouting method.
Each of the two basic methods for
placing grout—Ilow lift grouting and
high lift grouting—has its advan-
tages. The method ultimately select-
ed depends upon the type of mason-
ry wall, the size of the project, the
equipment available, and the experi-
ence of the contractor.

TABLE 1: Grout Pour Heights and Space Requirements

construct vertical barrier
from partial Masonry units
fo full height of the grout
pour

construct vertical barrier from partial
masonry units to full height of the
grout pour.

Low-lift Grouting

The primary benefit of low lift grout-
ing is that cleanouts are not required.
Since the total grout pour cannot
exceed 5 feet in one day, all visual
inspections of the grout space can be
made from the top of the wall. Also,
low-lift grouting is better suited to
smaller projects and multi-wythe con-
struction and when construction
sequencing prevents the use of high-
lift grouting.

There are two procedures for low-lift
grouting:

Pours 12 inches or less - This
method involves grouting the mason-
ry as the wall is being constructed.
The grout is placed in the grout space
in lifts not to exceed six times the
width of the space but not more than
8-12 inches, depending on the local
code. The grout lift should be termi-
nated approximately 1 inch below the
top of the uppermost units. When

Specified Maxlmum Grout Minimum Width Minimum Grout Cleanout grout is placed between muiti-wythe
Grout Type Pour Height of Grout Space  Space Dimenslans Requirement walls, vertical barriers must be con-
(ft.) Between Wythes  for Grouting Cells structed to contain grout flow.
(in.) of Hollow Units Designed to prevent excessive fl
(in. x in.} Signed to p > ow,
Fine ] ™ Py No whlch.can cause segrggatlon of grout
) materials, vertical barriers should be
Fine 5 2 2x3 No constructed in grout spaces at a
Fine 12 212 21/2:3 Yes maximum spacing of 30 feet. These
Fine 24 3 3x3 Yes barriers can be comprised of partial
masonry units constructed o the full
Coarse 1 142 1 1/2x3 No height of the wall {See Figure 1).
Coarse 5 2 21/2x3 No Consolidate the grout shortly after it
Coarse 12 212 a3 Yes is ptaced, either by puddling or with a
Coarse 24 3 x4 Yes low velocity vibrator with a pencil

head (3/4 - 1 inch diameter),
Masonry units must not be displaced
or dislodged while consolidating
grout {See Figure 2).

NOTES: The minimum grout space dimension is the distance between any masonry protrusion and shall
be increased by the width of horizontal bars installed within the space.

SCOURCE: Masonry Standards Joint Committee - Specification for Masonry Structures
ACI530.1-99/ASCE 6-99/TMS 602-99,




Pours greater than 12 inches and
up to 5 feet - For multi-wythe walls,
first construct the magonry to a height
up to 5 feet. The wythes must be
bonded together with wire ties or joint
reinforcement to prevent bulging or
Mowouts; and the masenry should be
allowed to cure prior to grouting until
they can withstand the hydrostatic
grout pressure. A minimurn 3/4 inch
grout space is required between the
wythes. Vertical barriers must be con-
structed to contain grout flow. The
maximum spacing between barriers is

FIGURE 3D: Grout shear key

consirugt maseary
to the hefght

of the next grout
pour and repeat
the pracess.

place grout in
space and
cansolidate.
terminate grout 1
inch te 2 inches
below uppermost
unit.

construct
masonry to the
height of the
grout pour.

12" maximum

FIGURE 2A: Grout pours 12
inch or less tor multi-wythe wall

High-lift Grouting

Grouting masenry walls that have been

constructed to a full story height has
several advantages. Reinforcement
bars are placed after the masonry wall
has been constructed. Productivity is
increased because the mason does
not have to lift and place the unit over
the reinforcement bar for single-wythe
grouting. Large amounts of grout can
be placed at one time, which also
increases productivity and produces
more consistent workmanship.
Cleanout openings are required at
the base of the wall for high-lift grout-
ing. Used to remove mortar drop-
pings and debris from the grout
space, cleanouts also can be used to
inspect the placement of reinforcing
steel, These openings are formed by
removing face shells from units, cub-

30 feet. Next, install vertical rein-
forcement {if required); then place
grout in one, two or three lifts, evenly
distributing the grout throughout the
space in each lift. Consclidate the
grout shortly after it is placed and
reconsolidate after initial water loss
and settlement have occurred (See
Figure 2).

For single-wythe walls, first con-
struct the masonry to height of 4 or
5 feet with vertical cells sufficiently
aligned and clear of debris and mor-
tar obstructions. In areas where the

Terminate grout 1 inch to 2 inch
below top of masonry unit
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FIGURE 2B: Grout pours up
to 5 feet for multi-wythe wall

FIGURE 2: Methods of low-lift grouting

ing holes in face shells or by deleting
entire units, and should be a mini-
mum of 3 inches long by 3 inches
high. Cleanouts should be located at
the base of the wall every 32 inches
or less in a multi-wythe wall and at

grout is to be confined, as in partially
grouted walls, lay units with cross
webs bedded. Next install vertical
reinforcement {if required); then pour
grout into the cells of units, terminat-
ing the grout approximately 1 to 2
inches below the top of the upper
most unit. Consalidate the grout with
a low velocity, vibrator with a pencil
head approximately 3/4-1 inch
diameter, shortly after it is placed.
Reconsolidate after initial water loss
and setttement has occurred {See
Figure 2).

construct wythe ¢f
masonry to the
height of next
grout pour and
rapoal process.

placa groul in
calls of unils and
consolidate.
ferminate grout 1
inch to 2 inches
balow uppermost
unit,

install vertical
raintercement in
cells of masanry
at tne designaled
intervals.

consiruc! wythe
of masonry to
{he height of the
groul pour.

FIGURE 2C: Grout pours up
1o 5 feet for single-wythe wall

each vertical bar location when
grouting cells of masonry units.
Cleanouts must be covered prior to
grouting - with & face shell or a form
board that is braced or anchored to
the wall (See Figure 3).

e

2

.

FIGURE 3A. FIGURE 3B.
Reinstall face shell Install 2x10 braced
or CMU soap against masonry

FIGURE 3C. Install plywood
form board mechanically
fastened to masonry

FIGURE 3: Metheds for sealing cleanout openings

FIGURE



There are two procedures for high-lift
grouting:

Pours greater than 5 feet to 24 feet
walls - This procedure allows for the
construction of the wall to its total
“pour” height (not to exceed 24 feet.)
First, construct the wall to its total
“pour" height—with cleanouts provid-
ed at the base of the wall. The widih
of the grout space should ¢onform to
the minimum dimensions listed in
Table 1. Clean the grout space of
excessive mortar and construction
debris. Remove the debris at the
base of the wall through the
cleanouts. Seal the cleanouts after
the final inspectian prior to grouting.
Next, install vertical reinforcement
and place grout in uniform lifts not to
exceed 5 feet. Grout should be fluid
and placed before any initial set hag
occurred. Consclidate the grout
shortly after placement and reconsol-
idate after initial water loss and set-
tlement have occurred. Place the
next grout lift while the existing grout
is still plastic. Consolidate the grout
by extending the vibrator completely
through the new lift, 12 inches to 24
inches into the previous lift.
Penetrating the previous lift bonds
the two lifts. The full height of any

;
Y

rapeat grouling
process.

N

pface grout in space
and cansefidate.
terminate grout 1 inch
lo 2 fnches below
uppermost unit.

M T

install vertical rein- i ]
farcement at the des- 31
ignated intervals and 5
aligned with cleanout
holes.

b RN | };\\“

N

NI
H_
Nt

construct masanry 10 ya
the {ull height of the X §
wall, 4 <A

A
. .

FIGURE 4A. Grout pours 6 feet
to 24 feet for multi-wythe wall

FIGURE 4. Methods of high-lift grouting

24'-0" maximum

section of wall should be grouted
(without extensive interruptions}) in
one day (See Figure 4).

For multi-wythe walls, the wythes
must be bonded together with wire
lies and joint reinforcement to pre-
vent bulging or blowouts. Vertical bar-
riers must be constructed within the
grout space to contain horizontal
grout ftow.

For single-wythe walls, the mason-
ry units must be laid with the cells to
be grouted sufficiently aligned and
with the cross-webs bedded with
mortar to contain grout flow. Allow
the masonry to cure 12 to 18 hours
prior to grouting. If grouting is
stopped for more than one hour, a
shear key should be formed by termi-
nating the grout lift 1 inch to 2 inches
below the top of the uppermost
grouted unit.

Single-lift pour in cells of a single
wythe wall - This procedure is possi-
ble if approved and if it is demon-
strated that the cells ¢an be properly
filled. Single-lift grouting is a quicker
and more economical operation that
eliminates cold joints and maximizes
grout-to-rebar bond. This procedure
allows the wall to be constructed to

rapeat grouling
process.

placa grout in
calls of units and
consokdate, ter-
minate grout 1
inch to 2 inches
below uppermost
unit.

install vertical
reinforcement in
cells of masonry
at the desigrated
intervals and
aligned with
cleancut holas,

construct wythe
of masonry the

full height of the
wall.

FIGURE 4B. Grout pours 6 feet
to 24 feet for single wythe wall

its total “pour” height {not to exceed
24 feet) and grouted in a single lit
{See Figure 4).

First, construct the wall t¢ its total
height with cleanouts provided at the
base of the wall. The masonry units
must be laid with the cells to be
grouted sufficiently aligned and with
the cross-webs bedded with mortar
to contain grout flow if the grout is to
be contained as in partially grouted
walls. Clean the cells of excessive
mortar and construction debris.
Remove the debris at the base of the
wall through the cleanouts. Seal the
cleanouts after the final inspection
prior to grouting. Allow the masonry
to cure prior to grouting to avoid
blowouts.

Next, install vertical reinforcement
and place the grout in a single lift.
The grout should be fluid and placed
before any initial set has occurred.
Consolidate the grout shortly after
placement. insert the vibrator approxi-
mately 2/3 down into the cell of the
grouted unit and vibrate briefly.

place groul in
cells of masen-
Iy in a single fift
and consalidate.

instalt vertical
reinforcement at
ihe designated
intervals and
algned with
cleanout holes.

240" maximum
24'-0" maximum

—

construct wythe
of masenry the

full height of the
wall.

FIGURE 4C. Single lift
grout pour up to 24 feet



PRECAUTIONARY MEASURES
Certain precautions must be taken
to assure successful grouting of
masonry.

Keeping Grout Space Clean
Certain provisions must be met to
keep the grout space clear of mortar
while the masonry is being con-
structed. In multi-wythe walls, bevel-
ing the mortar bed joints back and
upward slightly from the grout space
eliminates most mortar extrusions. If
the grout space is wide enough, the
mason can pick out excess mortar
extrusions with his trowel. When the
cells of masonry units are to be
grouted, mortar extrusions {mortar
fins) in the cells should be removed
with a trowel while the masonry is
being constructed, or the mortar fins
should be knocked off with a piece
of wood or rebar down to the base of
the cell shortly after the mortar
begins to set. Also, it is good prac-
tice to clean the grout space with
high-pressure air or water to remove
mortar build-up.

Preventing Blowouts

Blowouts of mortar joints oceur when
the hydrostatic grout pressure
exceeds the strength of the mortar
joint. These blowouts can be pre-
vented by providing proper curing
time for the masonry prior to placing
grout.

Additional precautions against
blowouls should be taken for grouting
multi-wythe walls.

* Bond wythes of masonry together
with a 9-gauge rectangular wall
tie and a 3/16 inch diameter wire
tie, or joint reinforcement. Place a
minimum of one rectangular tie,
one-tie or one cross-wire of joint
reinforcement every 2 square feet
of wall.

Sufficiently embed masonry ties
o ensure proper bonding of the
wythes. Masonry ties and joint
reinforcement should be at least
2 inches less in width than the
actual thickness of the wall.
Consolidate grout properly to help
prevent build-up of high-pressure.
Do not continue to grout at one
location, forcing the grout to flow
throughout the space. Shift grout
placement to other locations.

-

INSTALLING REINFORCEMENT
Methods for installing rebar are dic-
tated by code requirements. Some
codes require reinforcement to be
installed prior to units being laid.
Given this requirement, the only pro-
ductive way to construct masonry
would be with open-ended units (A-

4197, Rev. 1 5/00

Grout Consohdatlon

Grout must be consolidated (vubrated) as it is bemg placed to minimize the
“voids that are left when water is absorbed by the masonry units. Grout consoli-
dation, which usually takes place 5 to 10 minutes after placement, can be
_accempllshed by puddling the grout if grout lifts do not éxceed 12 inches. Lifts
-greater than 12 inches must be consolidated with a low: velomty, mechanical -
-vibrator fitted with a small diameter. wbrator head- (3/4 inch'to 1 inch. dlameter)
'Mechan:cally vibrate grout placed in'cells of masgnry Units for only several -
seconds at a given lecat:on Leavmg the vubrator head statlonary at one loca-

Llfts greater than 12 mches should be. reconsolldated after the grout has Iost
its initial-water, but prior to setting to assure proper bond. Reconsclidation pre-
vents separations from developing between ihe grout and masonry by ellmlnat-
‘ing water build-up between the two' matenals . .

or H shaped), so that the units would
not have to be lifted and placed over
the reinforcement.

If the code allows for placement of
reinforcement after wall construction
but before grout placement, there
are two installation methods avail-
able to the contractor. One method is
to install full-length reinforcement
bars into masonry after the units

" have been laid. Rebar positioners

can be installed into the masonry
units during construction to assure
proper bar location.

Reinforcement bars also can be
installed in shorter lengths as the
wall is being constructed. In this
method, masonry can be construct-
ed to a height of 4 feet and allowed
to cure properly. Then, a 6-foot rein-
forcement bar can be inserted into
the masonry and grouted to an
approximate height of 4 feet, leaving
an adequate length of reinforcement
bar exposed to provide a lap splice.
This process is repeated until the
wall is complete.

PARTIAL GROUTING

Single-wythe masonry walls may be
partially grouted, cenfining grout to
areas of the wall containing vertical
or horizontal reinforcement. Place
hardware cloth or plastic mesh mate-
rial below and sometimes above
bond beam units containing horizon-
tal reinforcement to confine grout to
the units or cells that form the bond
beam. Bed cross-webs with mortar to
confine grout only to those areas that
centain vertical reinforcement.

WEATHER PROTECTION

When constructing and grouting
masonry under adverse conditions,
follow recommendations and proce-
dures stated within the applicable
masonry code. However, consider
additional means of protection when
grouting masonry under the following
conditions:

« When the climatic conditions are
extremely hot and arid, moisten
the exterior of the masonry with
water prior to grouting. This will
cool down the wall and help pre-
vent the grout from setting pre-
maturely.

When climatic conditions are
extremely cold, construct and
grout the masonry within an ade-
guately heated enclosure to
assure that all excessive water is
extracted from the grout. Keeping
the newly constructed masonry
warm will allow proper curing and
prevent the masonry from freez-
ing. Heat the masonry until it has
thoroughly dried and cured.

DISCLAIMER

This document is intended to assist
the industry in avoiding design and
construction problems sometimes
associated with masonry construc-
tion. It is intended for mason contrac-
tors, field personnel, architects, engi-
neers, building cfficials, general con-
tractors, construction managers, stu-
dents, suppliers, manufacturers and
other industry representatives. It is
not the intent of this report to cover
every aspect of masonry construc-
tion, but to focus on issues that may
lead to problems. This document
should not be used as the sole guide
for designing and constructing
masonry. It is imperative to refer to
relevant codes and standards and
other industry-related documents. As
such, the IMI assumes no liability for
any consequences that may follow
from the use of this document.
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International Masonry Institute
The James Brice House
42 East Street
Annapolis, MD 21401
800-464-0988
www.imiweb.org
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Can fly ash be used in masonry grout?

NnsSwer

Yes. In 1999, fly ash was added to the material I|st W|th|n ASTM C476 99 Standard Specific cahon
for Grout for Masonry. This means it is an approved material for inclusion in grout What is not obwous
in this standard is the maximum amount of fly ash that is; m|SS|b[e The maximum amount of ﬂy ash™”

allowed, when used with Portland cement, is 40%. This is deriv 8 ement star

” The International Masonry Institute is a labor/management cooperative serving the
interests of the International Union of Bricklayers and Allied Craftworkers and the
contractors who employ its members.

The International Masonry Institute presents programs in four broad categories:
apprenticeship and training, market development and technical services, research
and development, and labor/management relations.

To reach the IM! office nearest you in North America, call 800.464.0988. /

© 2001, IMi Printed in the US.A.
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AbbING WATER TO PrRE-MIXED GROUT

2.2-4 Can grout be retempered after the initial mix water
is added? We have a running debate in the office regard-
ing this issue, with some saying that if the mix truck comes
out with grout with a low slump, you can still add water to
the grout produce slump of 8 to 11 inches (203 to 279 mm).
They also say that you can add water even after this as
long as the cement has not started to hydrate. Is this cor-
rect? If so are there any references so we can tell when the
cement has started to hydrate?

Response by John M. Melander, Portland Cement Associa-
tion

1 do not think it is often called retempering, but adding water
to grout at the site to achieve required slump is certainly good
practice. Section 5.2.2.2 of ASTM C 476 addresses this ques-
tion by stating:

“Wet-mixed grout shall arrive at the job site in a ready-
mixed condition, Slump shall be adjusted as necessary,
and grout shall be remixed at mixing speed for at least
1 minute before discharging to achieve the desired con-
sistency.”

I would note that, unlike concrete, the common error in grout
mixing is in not adding enough water to the mix rather than
adding too much water. It is important to provide a grout that
flows readily into grout spaces and around reinforcement. The
excess water used to achieve that flowable consistency is ab-
sorbed by the masonry units reducing the water cement ratio
of the grout in-place prior to setting. Don't make the mistake
of assuming that reducing water and slump will improve the
quality of a masonry grout job.

There are no easy ways of measuring how much hydration has
occurred in freshly mixed grout. Therefore, limits are placed
on the time interval between adding the initial mixing water to
the grout and placement to assure that detrimental levels of
cement hydration have not occurred. Article 3.5 A of the 2002
MSIC Specification for Masonry Structures® (ACI 530.1/
ASCE 6/TMS 602) states:

“Place grout within 1 1/2 hour from introducing water
in the mixture and prior to initial set.”

Disclaimer

This document is intended to provide explanation of typical and not-so-
typical questions regarding masonry design, construction, evaluation and
repair. [t is intended for masonry design professionals, architects, engi-
neers, inspectors, contractors, manufacturers, building officials, students,
and others interested in masonry. It is not intended to cover every aspect of
the discussed topics, but rather to focus on key issues that should be con-
sidered and addressed. This document should not be used as the sole guide
for designing, constructing, evaluating or repairing masonry. It is impera-
tive to refer to relevant building codes, standards and other industry-re-
luted documents. As such, TMS assumes no liability for any consequences
that may follow from the use of this document. In addition, the opinions,
ideas and suggestions given herein are those of the respondent, and not
necessarily those of The Masonry Society.

This document is produced bimonthly by:

The Masonry Society
THE

3970 Broadway, Suite 201-D
m“nv Boulder, CO 80304-1135
SOCIETY

Phone: (303) 939-9700
Fax: (303) 541-9215
Website: www.masonrysociety.org

Oversight: TMS Design Practices Committee, William A. Wood, chair
Editors: Edwin T, Huston, Vilas Mujumdar. Phillip J. Samblanet and
William A. Wood

Questions, ideas, suggestions and differing opinions may be sent to TMS
for consideration for inclusion in future issues of TMS Respones.
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SUGGESPED  (ntor RELLIZESD | TP?E SPGEiaI 1S GurypED /o THE
Fottofdrtrd b 7THBLUE
Cavity or Maximum Maximum
Air Space Maximum Area Vertical Horizontal
Wwall Width Tie Per Tie Spacing Spacing
Type in (mmy} System (sq ft) (sq m) in {(mm) in {mm)
Cavity = 4 {100) #9 Gage Tie 2 2/3 {0.25) 24 (610) 36 (915)
3/18" Diameter Tie 41/2 {0.42) 24 (610) 36 {915)
Adj. Unit Tie 1.77 (0.16) 16 (410} 16 (410)
Std. Joint
Reinforcement — 16 (410) -
Veneet/ 1(25) Corrugated 3 1140 (0.35) 24 (610) 24 (610)
Wood Stud 2 2/3° (0.25) 24 (610) 24 {610)
Veneer/ 2but =3 Adj. Unit 2019 18 (460) 24 (610)
Steel Stud (50 but = 75) Veneer Ties
Veneer/ =2 Adj. Unit 2 2/3 (0.25) 24 (610) 24 (610)
Concrete or (= 50)
CMU Backup
Multi-Wythe — Unit Ties 4172 (0.42) 24 (610) 36 (915)
Brick
Std. Joint
Reinforcement — 16 (410) —_
Brick/Biock — Unit Ties 4 1/2 (0.42) 24 (610) 36 (915)
Compaosite ’
Std. Joint
Reinforcement - 16 (410) -
Two-Wythe _ & T d
Grouteq Unit Ties 2 2/34d (0.25) 16 (410) 24 (610)
Std. Joint
Reinforcement — 16 (410) —

2 Masonry laid in runnin
One and two-family w
[ Wi £
'cod frame constructi

9 For high-

LashAhy Rop TRUSS TYPELE TBIO7T RE. DL CEAM AT ARE
TUME NExy SEL4C FPHSES
Undt7  MErwc  77£5,

Very Codfarand.
LPPLI C4TInIS  Tpr Uricr 2E

g bonq. Consult applicable building code for spacial bond patterns such as stack bond.
od frame construction not over 2 stories in height,
T on aver 2 stories in height.

lift grouted walls. Masonry laid in running bond.
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{a} Ladder type joint reinforcement for

wythe wail

(b} Truss type joint reinforcement for single-

{€) Ladder tie for multi-wytha wall
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(d} Tob tie for multi-wythe watl

le) Double ladder fie for mulli-wythe wa

section of
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(t) Adjustable ladder tie
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{h} Prefabricated ladder corner
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*area of two side rods

**area of two side rods plus an allowance for the tensile resistance of the diagonal cross rods

No. 4 No.6 No. 8 No. 12
Ladder Type (for4in. | (for6in. | (for8in. | (for 12in.
wall) wall) wall) wall)
STANDARD Weight per 1000 lin. ft. (Ibs.) [ 118 125 133 148
No. 9 Gage Side Rods
No. 9 Gage Cross Rods Effective Steel Area (sq. in.)* .0346 0346 0346 0346
MEDIUM Weight per 1000 lin. ft. (Ibs.) | 147 161 161 177
No. 8 Gage Side Rods
No. 9 Gage Cross Rods Effective Steel Area (sq. in.)* 0412 0412 0412 0412
EXTRA HEAVY Weight per 1000 lin. ft. (lbs.) {195 202 210 224
3/16" Side Rods
No. 9 Gage Cross Rods Effective Steel Area (sq. in.)* | .05564 .0554 .0554 0554
STANDARD Weight per 1000 lin. ft. (lbs.) | 172 175 180 196
No. 9 Gage Side Rods
No. 9 Gage Cross Rods Effective Steel Area (sq.in.)** |.051 050 048 045
EXTRA HEAVY Weight per 1000 lin. ft. (Ibs.) | 247 250 257 276
3/16" Side Rods
No. 9 Gage Cross Rods Effective Steel Area (sq. in.)** | .072 071 .069 066
1in, = 254 mm 1lb. = 4,448N
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Specimen Section A - A
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{(a) Brick Masonry
Method A & Method B

P>

Method A Method B
Lo 21 2 M/
380
( rninmm) /

t=4in., 6in. & 8in. (100, 150 & 200 mm) nominal t=12in. (300 mm} nominal
(b) Block Masonry
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We're designing a college dormitory and are concerned wrth frre "safety for the resrdents
We've heard of “balanced design” but would like tor understand rt better :

NSWwWeEr

Fire safety is especially critical in group living arrang' nts'such as'dorm|tor|es and',s A
where an accidental fire started in one living space can spread to the adjomlng reS|dences and |mpact
both life and property. Balanced design means using a four step system to mlnlmlze tmpact to both Ilfe

and property.

PREVENTION: Reduce the chances of fires occurring through good housekeeplng, educatlon 'and' .
building layout. o '

DETECTION AND ALARM: Early warning devices stch ¢

mOke deteotors to'Warn"'of fires as "'soon a's_ '
possible. o AR .

SUPPRESSION: Sprinklers, fire extinguishers or other su pressmn systems to help p' t out f res qurckly
and effectively.

| COMPARTMENTATION: Use of building construction features like masonry fir re wa[[s to rsolate and
contain the spread of fire and toxic smoke and gases whlle maintaln[ng the structural rntegrlty of the ~
building. This is necessary to allow for safe evacuation of the resrdents and to prowde fire fighters W|th

sound and safe areas from which to fight fires. ‘ 2

In balanced design these four strategies are used together as a system not traded one for another. '
Active systems such as spnnklers and alarms work well but only for as, Iong as the mechanlcal e

ﬁte Intemational Masonry Institute is a labor/management cocperative serving the\ -
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interests of the International Union of Bricklayers and Allied Craftworkers and the
contractors who employ its members,

The International Masonry Institute presents programs in four broad categeries:
apprenticeship and training, market development and technical services, research
and development, and laborfmanagement relations,
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