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The Masonry Society is a registered Provider with the American Institute of Architects
Continuing Education Systems. Credit earned on completion of this program will be
reported to CES Records for AIA members. Certificates of completion for non-AIA
members are available upon request.

This program is registered with AIA/CES for continuing professional education. As
such, it does not include content that may be deemed or construed to be an approval or
endorsement by the AIA of any material of construction or any method or manner of
handling, using, distributing or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the
conclusion of this presentation.




e
Course Description

This course provides a comprehensive introduction to mortar for new masonry construction, especially for those who
have little to no experience with masonry but find themselves needing to design or review projects.

It describes the purpose of mortar joining masonry units and the desirable properties of fresh and hardened mortar.

It describes the materials that comprise mortar and explains how mortars are specified, batched, and mixed. Mixing
considerations necessarily include good practices for hot and cold weather construction and the additional care
required for colored mortar, both for materials and mixing requirements. Some brief comments about specialty
mortars are also included.

This course briefly describes quality assurance and quality control for mortar, the difference between QA and QC,
and typical reporting requirements related to that.




e
Learning Objectives

Describe fresh and hardened mortar properties for masonry
construction and describe the materials used to produce plain or
colored masonry mortar

Explain the two methods for specifying mortar for masonry construction
and reporting requirements (submittals)

Overview the proper construction practices for mixing and placing, and
review quality assessment procedures

Review specialty mortars and ingredients and discuss differences with
more traditional mortars
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Presentation Notes
We will also briefly discuss other mortars and mortar materials
Touch on specialty mortars, proprietary mortars, repair mortars, adhered veneer mortars, fire mortar, admixtures, etc.



MORTAR & MORTAR MIXING
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= More information on some of these specialty
mortars can be found in IBC Section 2103.2




Mortar 1s a basic component of
reinforced and unreinforced masonry.

* Bonds units together
= Accommodates dimensional variations

= 3/8 in. typical mortar joint

= Serves as a weather barrier
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Presentation Notes
We know that mortar holds the masonry units together, but it also holds them apart.

For masonry units to function effectively in a wall, it is important that they be bonded together. Mortar adhesion and bond is achieved with cementitious materials, including cements, lime, and supplementary cementing materials (SCMs).


R
Mortar Properties: Plastic (Unhardened)

= Workability
= Water retention
= Board life

= Consistency
= Adhesion




Mortar Properties: Hardened Mortar

= Strength

* Bond

" Moisture-proof
" Durability

" Appearance



Presenter
Presentation Notes
Strength includes compressive strength, shear strength, bond strength, etc.


-
Mortar Composition

Mortar consists of a mixture of cementitious material and aggregate to
which sufficient water and approved additives, if any, have been added to
achieve a workable, plastic consistency.




&
Mortar Materials

= Cementitious Materials
= Water
= Aggregates (Sand)

" Sometimes, Admixtures, and Color Pigments

" Materials are defined by an ASTM specification, named by the
letter “C” and a number, for example, C150 for portland cement

" There are two key ASTM standards for mortar:
= C270 for mortar
= (C780 for mortar tests



Presenter
Presentation Notes
Here are the ingredients used to make mortar. We’ll get into specifics about each material—including specifications for them—as we go through the following slides.


Cementitious Materials

Cementitious materials for mortar are required
to be one or more of the following:

=Portland cement
=Blended cement
*Hydraulic cement
=] ime

*Masonry cement
= Mortar cement

Cement serves as main binder in modern mortars
and provides durability, early strength, and bond

All cements are available in white
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Presentation Notes
Cement must be properly stored off the ground and covered to prevent absorption of moisture.  


-
Portland, Blended, Hydraulic Cements

= Portland Cement: ASTM C150

» Types I, II, III, V and their air-entrained counterparts

= Blended Cement: ASTM C595
» Types IL, IS, IP, IT and their air-entrained counterparts

= Hydraulic Cement: ASTM C1157

* Performance spec, can be a portland or blended cement
* Types GU, HE, MS, and HS

= All general use cements for any type of construction  Air entrainment: cut and
. . . polished section of
* For mortar, must be used with lime to provide concrete to show air
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Presentation Notes
Portland cement is the primary bonding agent used to glue together the grains of sand used in mortar. That is still the most common type of cement in the U.S., representing more than 90% of cement used in concrete construction.

What is “entrained air?” Image shows a cross section of concrete, with entrained air consisting of microscopically small bubbles (blue arrow), almost all of which are greater than 0.0004 inches (10 mm) and less than 0.04 inches (1 mm) in diameter and are uniformly distributed throughout the concrete. The entrained air-void system in concrete can be viewed and determined from a cut and polished section of hardened concrete sample using microscopic techniques that follow ASTM C 457, Standard Test Method for Microscopical Determination of Parameters of the Air-Void System in Hardened Concrete.

Entrained air provides protection against freeze-thaw damage and improves workability of fresh mortar.




Masonry Cement
* Masonry cement: ASTM C91

* Formulated for use in mortar. Provides good workability and easy
mixing. Not for use in concrete construction.

" Types N, S, M
* Contains portland cement, plasticizing materials, and additives
= Air content: 8% to 21%

» Partial restrictions in SDC D, E, F (TMS 402, Section 7.4.4.2.2)

= Allowed for fully grouted participating members
= Allowed for non-participating members
= Not allowed for partially grouted participating members

* Annually, 70% to 80% of mortar i1s made with masonry cement

14
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Presentation Notes
During WWI era, starting around 1918, the need for good quality, consistent materials to produce mortar led to development of “masonry cements” as a way to produce good mortar characteristics with a minimum of field proportioning. 
They contain portland cement plus plasticizers (most often ground limestone).
1932 – first ASTM cement standard – C91, which predates both the portland cement standard (C150) and masonry mortar standard (C270). As long as this material has been around, it is actually a modern material because it is very sustainable (lower clinker content than cement) and includes performance requirements.
Type N: general use
Type S: medium strength
Type M: high strength
Plasticizing Materials include finely ground limestone, clay, or lime hydrate
Proprietary plasticizers – bentonite clay, liquid resin, or liquid plasticizers
Air entrainer: ball bearing effect
Commonly preferred by masons – easy handling and placing
Mortars formulated with masonry cement typically have a lower bond strength than mortars made with portland cement and lime, and should not be substituted for PC without approval of the A/E.

PCA market studies show that masonry cement is used for about 70% to 80% of mortars, with portland-lime mortars next most common, and rather small amounts of mortar cement.

*Note to speaker: in 2013, TMS 402 began to allow masonry cement in fully grouted participating members and non-participating members in SDC D, E, and F but still prohibited its use for partially grouted participating members (TMS 402-13 7.4.4.2.2). Research demonstrated that grout and reinforcement dominates wall behavior for out-of-plane loads (seismic) so the mortar binder doesn’t really matter.


o
Mortar Cement

= Mortar cement: ASTM C1329

* Like masonry cement, formulated for use in mortar, but for more
demanding structural applications such as buildings in areas of
greater seismic activity. Not for concrete construction.

= Types N, S, M
* Contains portland cement, plasticizing materials, and additives

* Minimum flexural bond strengths are required (this
differentiates C1329 from C91 masonry cement)
* Minimum bond strength requirement: 70, 100, 115 psi (Type N, S, M)
= Air content: 8% to 21%
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Presentation Notes
In some parts of the United States, portland cement manufacturers and some masonry material suppliers may package a blend of portland cement and hydrated lime or lime substitute and other ingredients. 
Mortar cement is like masonry cement (preblended materials in a bag or bulk) but performs more like air-entrained portland cement and lime mortars.
ASTM Committee C1 increased max air content limit (from 17% to 21%) for mortar cement in 2015 to improve workability in some situations (usually warm weather, warmer climates).


-
Lime

= Hydrated lime, ASTM C207, 1s used for most modern mortars:
= Type S, SA (special)
* Type N, NA (normal)

= Lime putty, ASTM C1489, 1s allowed but less common now

* Lime provides
= Late-age strength
* Workability and board life
= Water retention
= Autogenous (self) healing

= Lime 1s not used with:
* Masonry cement or mortar cement, as they contain other plasticizing

materials
16
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Presentation Notes
*A designation refers to air-entraining versions.

The International Building Code permits the use of hydrated lime or lime putty (C1489) in mortar.  The use of lime putty has given way to convenient packaged hydrated lime that is delivered in sacks.

Hydrated limes are divided into two classes, as described in ASTM C207, which are Type N and Type S hydrated limes. The Type S, special hydrated lime, is different from Type N, normal hydrated lime, principally by its ability to develop high early plasticity, higher water retentivity, and by its limitation on unhydrated oxide content.

Lime use in mortar improves the plasticity of the mix, improves water retention for longer board life, improves the watertightness of the mortar joint, increases the bond between the mortar and the masonry unit, and contributes to the cementitious materials in the mortar mix.

Increasing the portland cement content and reducing the lime content increases the compressive strength of mortar, but it also increases shrinkage, reduces workability, lowers water retentivity and causes rapid stiffening.

Conversely, increasing the lime improves workability, water retentivity and adhesion bond; it does not add to the compressive strength of mortar but it does aid waterproofing of the mortar.  

Autogenous healing refers to lime’s ability to seal up or fill in small cracks that develop during curing and drying of the mortar. This is because lime is soluble in water and can be transported to the opening, where it is deposited and seals the crack as it hardens (by combining with carbon dioxide from air).


o
Masonry Sand

= Sand provides:
= Bulk
* Compressive strength
* Shrinkage resistance

= Unless otherwise permitted,
sand for mortar must comply
with ASTM C144 and should

be well graded |

Sand should be stored in a clean, dry place and

kept free from contamination. Sand should not
contain “deleterious substances” such as clay, silt,

or organic materials 17


Presenter
Presentation Notes
Particle shape influences the workability of mortar.  Round, spherical particles, well graded, are best for mortar while sharp, cubical or flat particles produce harsh mortar.

Concrete sand should not be used in mortar since the maximum grain sizes may be 3/16 inch (5 mm) to 1/4 inch (6 mm) with needed fines washed out resulting in a sand too harsh, coarse and unsuitable for mortar.

Aggregates should be delivered to the job pregraded with the gradation certified by the supplier.  The inspector need only check the certificate and observe the aggregate for consistent gradations.  Field tests will need to be made when required by the project specifications.  Field tests are generally sieve analysis tests.


o
Masonry Sand Gradation

ASTM C-144, Section 4

Aggregate for use in masonry mortar shall be graded
within the following limits, depending upon whether natural
sand or manufactured sand is to be used:

Percent Passing
Sieve Size Natural Sand Manufactured

Sand
No. 4 (4.75 mm) 100 100
No. 8(2.36 mm) 95 to 100 95 to 100
No. 16(1.18 mm) 70 to 100 70 to 100
No. 30 (600-mum) 40 to 75 40 to 75
No. 50 (300-pm) 10 to 35 20 to 40
No. 100 (150-pum) 2to 15 10 to 25
No. 200 (75-pm) Oto5 0to 10
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Presentation Notes
This slide is just to convey that there are gradation limits in the sand standard.
The aggregate used for mortar should be well graded with sufficient fine material passing the No. 100 sieve to impart smoothness to the mortar.  Washed sand is ideal for mortar as it typically has no particles larger than 1/8 inch (3.2 mm) and it has sufficient fines for workability and smoothness.


o
Aggregate Gradation, Sieve Analysis
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Presentation Notes
Many sands are now finer than in the past (they’d be to the left on the graph). Fineness can affect mortar proportions (higher water demand) and properties (perhaps increased shrinkage). 

Sand not meeting the gradation requirements of C144 may be the only option in many parts of the country. Is it ok to use them? Yes, but you have to run tests to see if the mortar performs properly, i.e., meets the property requirements of ASTM C270. 


o
Improperly Graded Masonry Sand

* [f an aggregate fails the gradation limits, can it be used for mortar?
" Yes, but testing 1s required

» Results of mortar testing must comply with the property specs of
Specification C270, with requirements for:

= Com ' h
O pI' eS SIV€ StI'@Ilgt TABLE 1 Property Specification Requirements”
R Mortar Type Average Compressive  Water Retention, min, % Air Content, max, %% Aggregate Ratio
[ ] \N/ Strength at 28 days, min, (Measured in Damp,
ater retentlon psi (MPa) Loose Conditions)
R Cement-Lime M 2500 (17.2) 75 12
m A s 1800 (12.4) 75 12
1r content N 7% (52 7
0 350 (2.4) 75 14¢
Mortar Cement M 2500 (17.2) 75 18 Not less than 2 Y and not
S 1800 (12.4) 75 18 more than 3 1% times the
N 750 (5.2) 75 20”7 sum of the separate
0 350 (2.4) 75 200 volumes of cementitious
materials
Masonry Cement M 2500 (17.2) 75 18
S 1800 (12.4) 75 18
N 750 (5.2) 75 207
0 350 (24) 75 207
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Presentation Notes
Such sand has a gradation waiver.
Sands have been getting finer over time and that is one reason why they may not meet gradation.


-
Water

= Potable, clean

= No deleterious materials

* Generally, municipal
water 1S used

Generally, same
source as drinking
water

= Workability 1s one of the
most important
properties of mortar
= Water content 1s at the Water from other
discretion of mason and sources may be
acceptable
mason tender

21
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Presentation Notes
*There is a new water standard for concrete, ASTM C1602, Standard Specification for Mixing Water Used in the Production of Hydraulic Cement Concrete . Water quality is discussed in the standard and these requirements may be applicable to water used for mortar as well. However, water meeting ASTM C1602 may not be appropriate for mortar if it contains concrete admixtures or other substances commonly found in reclaimed water or concrete mixer wash water.

**What is meant by deleterious? Examples are water that has:
High alkali, sulfates – contributes to efflorescence
Silt, organic materials – low bond, discoloration

http://www.cement.org/ImageLibrary/600s/12312.jpg

How much water?

= Enough to provide good workability

1

8"to 11"

Concrete Mortar Conventional grout
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The amount of water that is added to mortar is controlled by the mason. It should be sufficient to produce workable consistency and in fact, should be the maximum amount of water to provide the required workability. Excess water is absorbed by the masonry.
Although we do not typically measure the slump of mortar, if we did, it would have a slump more or less between concrete and conventional grout.


o
Admixtures

" May only be used when specified or approved
= Examples include (most are per ASTM C1384):

= Set accelerator/retarder
" Water repellent
" Workability enhancer

* Bond enhancer
* Antifreeze (typically not permitted)
" Pigments (ASTM C979)

" Avoid chlorides unless explicitly permitted

23
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Presentation Notes
Sometimes it is desirable for the mortar to have certain qualities, such as delayed setting, increased plasticity, lower water content, enhanced water resistance, or accelerated strength development.  These special qualities can be obtained by using admixtures. To use any admixture, it is important to comply with the recommendations of the manufacturer to obtain satisfactory results after first obtaining approval of the local building official.  Often, the building official will issue a general approval for admixture use on all projects.

ASTM C270 Standard Specification for Mortar for Unit Masonry provides general requirements.

Antifreeze liquids, chloride salts or other substances should not be used in mortar.

Air-entrainment substances may not be used in mortar unless tests are conducted to determine compliance with the code requirements.

Chloride limits, for those interested
No more than 65 ppm water-soluble or 90 ppm acid-soluble chloride 
Calcium chloride up to 2% by wt. portland cement or 1% by wt. masonry cement



Mortar Types
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Presentation Notes
Changed in 1954 because people were specifying “A-1” mortar, thinking it was the best.

Types N and S are preferred for most applications. The offer a good combination of workability and performance (moderate strength and good durability).


e
Specifying Mortar

* Proportion Specification
e Easiest, most common
* No laboratory testing required
* Recipe (by volume)
 ASTM C270, Table 2

* Property Specification

* Preconstruction laboratory testing
required

* Minimum compressive strength,
water retention, air content

« ASTM C270, Table 1

25
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Presentation Notes
*Mortars can be specified in two ways: by proportion or by property. Think of proportion as a recipe, which is relative parts by volume. For instance, 1 part of cement to 3 parts of sand.
Note: from 2012 to 2014, the numbering of Tables 1 and 2 switched to Table 1 for Property Specification and Table 2 for Proportion Specification.


Specifying by Proportion:
Cement and Lime

Proportions, by Volume

Mortar Cement Lime Sand
Type
M 1 V4

2 V4 to 3 times
1 1
! /ato ¥2 cement and

S
N @ Qz to 1 1/& lime volumes
0 TN I %?5\1@

Common Type N mortar contains: 1 part cement + 1 part lime and sand
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Presentation Notes
A common Type N mortar by proportion contains: 1 part cement, 1 part lime, and sand.


Specifying by Proportion:
Sand Content

How much sand? 2-1/2 to 3 parts

* Volume of sand 1s determined by the sum of the volume of
cementitious materials

e Cement and lime are both cementitious

* | part cement + 1 part lime = 2 parts cementitious materials
* So sand volume 1s allowed to be between:

2x21,=41, and 2x3=6

27



Specifying by Proportion:
Parts by Volume

One bag of portland cement (94 1b) equals 1 cubic foot of material

One bag of lime (40 Ib or 50 1b) 1s typically taken to be equal to 1
cubic foot of material

For our Type N mortar example, we have 2 cubic feet of
cementitious material, so we need 4 V2 to 6 cubic feet of sand

Proportions would be given as 1:1:6 (cement: lime: sand)

28
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*Bagging methods vary, but they introduce air into finely ground materials like portland cement and lime. As such:
A bag of portland cement that weighs 94 lb is traditionally assumed to be 1 cubic foot.
A bag of lime that weighs either 40 lb or 50 lb is traditionally assumed to be 1 cubic foot. A 50 lb bag would actually yield 1.25 cubic feet, although in the field, this distinction, for good or bad, is typically ignored. In most cases, adding a bit more lime is not an issue.


Specifying by Proportion:
Masonry or Mortar Cement

Masonry/Mortar Cement

Mortar M S N Portland Sand
Type Cement
M 1
) ) 2 % to 3
times
1 total
) cement
/2 volume

OlZ|wn|lwn|XZ
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Presentation Notes
Proportioning with masonry or mortar cement is simplified because we don’t have to add other cementitious materials into the mixer.
Similar to portland cement (and lime), masonry and mortar cements are packaged in 1-cubic foot bags. The weight of the bag should be taken from the writing on the bag or obtained from the cement producer. It ranges from 70 lb to 90 lb.

Always look at the bag for the correct weight and for mixing instructions from the manufacturer.


Proportion Specifications

TABLE 2 Proportion Specification Requirements

Note 1—Two air-entraining materials shall not be combined in mortar.

Proportions by Volume (Cementitious Materials)

Mortar Type Cement”® Aggregate Ratio
Hydrated Lime (Measured in
Mortar Cement Masonry Cement or Lime Putty Damp, Loose Con-
ditions)
M S N M S N
Cement-Lime M 1 4
S 1 over Y4 to 12
N 1 over Vato 114
O 1 over 1% to 214
Mortar Cement M 1 e 1 Not less than 214
M - 1 and not more than
S ] 1 3 times the sum of
S 1 - the separate vol-
N 1 umes of cementi-
fious materials
0] 1
Masonry Cement M 1 . e 1
M . 1
S L - 1
S 1 -
N 1
@] 1

AlIncludes Specification C150/C150M, C595/C595M, and C1157/C1157M cements as described in 4.1.1.
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Presentation Notes
The full table brings together all 3 cement types


o
Specifying by Property

Mortar Compressive Water Air
Mortar Strength, Retention, Sand
Type ; R Content,%
psI 7z
12 or 14*
M 2500 (cement-  Range of parts
Type and ime) by volume of 21/,
Combination of S 1800 75 18 or 20* to 31/, times
Cementitious N 750 (masonry sum of
Materials cement or cementiltious
O 350 mortar materials
cement)

*When structural reinforcement is incorporated in mortar made with:

 Cement-lime, the maximum air content shall be 12%.

* Masonry cement or mortar cement, the maximum air content shall be 18%. 31
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Presentation Notes
The maximum air content for mortar cement was increased to the same as that for masonry cement (18%) in 2019.

When mortar is specified by property, testing is required to show that it meets the compressive strength, water retention, and air content limits. The lab testing has to show acceptable results, but then those proportions are still what is used for mixing mortar at the job.


Comparing Mortar Types

Mortar Type Higher Strength

\Y
S

N - good combination

O

ength and wo ility

Better Workability
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Presentation Notes
Unnecessarily high-strength mortars can lead to problems with workability of the mortar and cracking of the units.

The majority of mortars are Type N because they offer a good combination or strength and workability.


R
Mortar Compressive Strength

= By 1itself, not the best indicator of mortar acceptability

* Mortar quality and masonry quality are most dependent on the
workability of the mortar and the mason’s ability to place it

" Mortar compressive strength should only be as high as
necessary

" Mortar with higher strengths than specified may not be
substituted without approval




Mortar Compressive Strength NOT
Recommended for Field Testing

* Will almost always appear to be low

* Compressive strength test doesn’t tell whether mortar was mixed to
comply with proportions of ASTM C270

* Results are affected by many variables:

* Weather
e Curing of specimens
* Specimen geometry

* Identifies batch-to-batch variations, but not necessarily a change in
proportions

* A better option 1s mortar-aggregate ratio test (ASTM C780)




R

TR R
B R VY T
TR %

wry HRETER

? s T e g

ixing

But first, materials must be batched properly...

End goal of mixing 1s good workability

Mortar M
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Mortar:
Is wet enough to allow easy placement and positioning of units
Is dry enough to support weight of units (without squeezing out too much)
Maintains a good board life
Is uniform from batch to batch

http://www.cement.org/ImageLibrary/600s/13629.jpg

=
Batching

= Volume proportions

= Consistent addition of
materials to mixer

= A cubic foot box helps
“accurately maintain
specified proportions”

= Water determined by mason
and mason tender together

* Enough for good workability
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Consistent addition of materials 
Add the same proportions of each ingredient for each batch and in the same order
Mixer should be filled in a timely and consistent manner
A square-end shovel should be used as opposed to a spade for uniform shovelfuls


Aggregate

= Moisture content affects
volume

30 %%

0/;)@(9
" XN
y // & \.

" Measured by volume in
damp, loose condition

= Footprint shows
“bulking” or “fluffing”

Percent increase in volume over dry, rodded sand

6ff€Ct Most probable moisture
content of sand at site
I.‘_4\>I
. N\
0 5 10 15 20

Percent of moisture added by weight
to dry, rodded sand 37
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Presentation Notes
All sands increase in volume at a mid-range moisture content (about 3% to 10%), similar to “damp, loose” conditions that we expect sand to be in at the jobsite. Footprint in a pile of loose, damp sand, illustrates the bulking effect of surface moisture.
Coarse sands increase in volume less than medium and fine sands, as shown on the graph
A square-end shovel helps with picking up uniform shovelfuls each time


o
Importance of Measuring Sand

" Measure sand accurately
each time

= Sand moisture content
affects volume

» Keep sand damp and
loose

Use volumetric measure: 5 gal. bucket, cubic
foot box
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Presentation Notes
As we just discussed on the last slide, moisture content of sand is very important for accurate measurements


=
Field Mortar Proportioning

¥

rrrrr
........
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Presentation Notes
Field mortar is proportioned by volume as established by C270 Table 2 or test results



=
Mortar Mixing

* Mechanical mortar mixing 1s best (paddle type)
= Jse mortar mixer, not concrete mixer

= Mortar should be discarded if it:

" [s older than 2-1/2 hours (following initial mixing)*
* Has begun to stiffen

= 2-1/2 hours 1s the maximum useful life of mortar under usual
conditions

= 2 hour maximum recommended 1in hot weather

*Ready mix mortar may be exempted from this requirement

40
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Presentation Notes
While not common, ready mix mortars may be formulated with set retarders to extend life


N
Mortar Mixing

= [t 1S better to over-mix rather than
under-mix

" Thorough blending of materials 1s
important

= Consistency 1s key

" One person dedicated to mixing 1s best
to provide consistent mortar throughout
the job




Two Common Types of Mixers

7

-
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P

Paddle/Plaster Mixer Drum/Barrel Mixer

The drum is stationary and the The drum rotates and the
blades rotate through the mortar material is carried to the top of
materials for thorough mixing. the rotation and drops down to

achieve mixing.
42
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Presentation Notes
Mortar mixers were developed after World War II. The barrel type was first, followed by the paddle type in the 1950s. From The History of Masonry Mortar in America 1720-1995 by John Speweik.


o
Alternate Mixing — Silo Mixes

Silo mixing suited to factory pre-blended mortar materials

ASTM C1714, Standard Specification for Preblended Dry
Mortar Mix for Unit Masonry

Mortar meets requirements of C270

Some systems:

" Are self-contained and introduce water to the dry |
mortar mix in an auger screw at the base of the silo

= Discharge the dry mortar mix into a conventional |
mixer and mechanical mixing occurs as usual

Pre-blended mortar requires that a manufacturers certification '_
of the type of mortar be provided (delivery tickets)
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Mortar silo systems were introduced after 1988 (Speweik, The History of Masonry Mortar in America 1720-1995)
The picture shows a silo dispensing into a mechanical mixer 
These mortar delivery systems are becoming increasingly popular, especially on larger jobs. You’ve probably seen them on job sites.
Using factory-blended material ensures consistent proportions and alleviates the need for jobsite blending of materials
If silo mortar is used, there will be no empty bags of cement, lime that need to be discarded



o
Hand Mixing... Can Be Allowed

* Small amounts of mortar can be hand mixed only 1f
approved in writing by the specifier

* Hand mixing requires written procedures
* Better blending with mechanical mixing

* It 1s difficult to incorporate air into mixtures with
hand mixing

* Mixing on ground not recommended

 Risk of contamination


Presenter
Presentation Notes
Hand mixing discouraged by spec but not specifically disallowed
If using hand mixing, best to use a clean container
Mixing on the ground can lead to contamination of the mortar and inconsistencies



e
Retempering is Good Practice

* Age and hot weather conditions
can affect mortar properties

» Retempering = addition of water . > 2t
and remixing to restore e \‘ SR
plasticity/workability '

* Water should be thoroughly
reworked 1nto mortar
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Presentation Notes
Retempering also can reduce mortar temperature



o
Retempering — When to do it

Mortar should be retempered with water when needed to maintain
workability (but 2-1/2 hour age limit applies)

Mortar that has begun to stiffen due to hydration should be discarded
Exceptions
* Hot weather limit: 2 hours instead of 2-1/2

e Not recommended tor colored mortar
= (Color may be affected

= Solution: mix batches in amounts that can be used before retempering
becomes necessary



Presenter
Presentation Notes
As previously noted, harsh mortar and mortar that has begun to stiffen or harden due to hydration, should be discarded. Sometimes you have to use your judgment to determine that retempered mortar just doesn’t look right. In such a case, the mortar should be discarded.  
Splashing water over the top of the mortar is not permissible

Retempering is permitted up to 2 ½ hours after mixing and is considered good practice. In hot weather, 2 hours is required when the ambient temperature exceeds 100F or exceeds 90F when the wind speed is greater than 8 mph.
However, care must be taken when using colored mortars as color variations may result.



Colored Mortar

g A HE

..

il



Presenter
Presentation Notes
Commercially prepared colored mortars offer a wide variety of colors and shades.
Iron oxide is used for red, yellow and brown colors; chromium oxide is for green and cobalt oxide is for blue colors.
Carbon black has a small particle size and can leach out of mortars exposed to wet conditions.


Colored Mortar Pigments

* Mortar colors are generally mineral
oxides or carbon black (ASTM C979)

* Dosages are based on weight of cement.
Higher dosages yield more intense colors

 White cement allows for pastels, brighter
and more intense colors, lower pigment
dosages, or colored aggregates




e
Colored Mortar Pigment Dosages

Maximum percentages :

* Pigmented (portland) cement-lime mortar
* Mineral oxide pigment 10%
* Carbon black pigment 2%

* Pigmented mortar cement mortar or masonry cement mortar

* Mineral oxide pigment 5%

* Carbon black pigment 1%
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Presentation Notes
Limits on mortar pigment content are imposed to prevent too much reduction in strength


o
Colored Mortar Best Practices

* Uniform color from consistent practices: material source,
manufacturer, and amount of each ingredient should remain
the same for all colored mortar on the project

* Pre-blended colored mortars help maintain color
consistency

* If jobsite blended, full batches should be used

* Retempering 1s not recommended as it can affect color
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Presentation Notes
Obtaining good results with colored mortar is dependent on consistent practices


Hot & Cold Weather

= “Normal” conditions — 40°F to 90°F
= Hot weather - above 100°F (or 90°F with an 8 mph)
= Cold weather — below 40°F

" In hot or cold weather, building new masonry may
require special precautions during:
" Preparation
= Construction
" Protection (immediately following construction)

= TMS 602 contains all the information you need

90°F

40°F

TMS 402/602-16

Building Code Requirements
and Specification for
Masonry Structures

g
TN 43036 Purdchg Cote Beguemees f banoeoy T
Formaty when St 0 40 560 4t 40K B

T 8558 et Mg, 4
e, shel B et s AT %0 1w A 8




-
Hot and Cold Weather

Construction Requirements

* What effect does weather have on masonry construction? &
* Before, during, immediately after?

* Mortar and grout
* Affects set time
* Affects early age strength
* Water demand

e Units
* Affects absorption
 Affects shrinkage
 Affects unit placement
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Presentation Notes
Masonry Institute of America’s Inspector’s Handbook offers some good descriptions of these topics


-«
Hot Weather Mortar Mixing

* Cold water helps delay hydration

 Use to mix mortar in hot weather to extend mortar life

e Chipped ice can be used, but account for as part of water (by weight)

* Cool aggregate by:

* Sprinkling aggregate piles with water to cause evaporative cooling

e Shade aggregate piles

* These are simple, effective methods to control temperature
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Presentation Notes
Mortar temperature can be controlled via water and/or aggregates


Cold Weather Mortar Mixing

e Water can be heated in drums or
barrels

* Use water up to 140°F to mix mortar

e Hotter water can initiate flash set of cement

* Sand can be heated in sand piles or
with heated pipes

* Use sand up to 140°F to mix mortar

* Overheating sand can scorch it
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Presentation Notes
This is a brief overview as temperature limits will be described in greater detail in the hot and cold weather section


o
Protecting Mixing Site

* Freshly mixed mortar
should be neither too hot
nor too cold

* In cold weather, an
enclosure can help maintain
temperature of mixing area

* In hot weather, shading the
mixing area can prevent
unwanted heat gain



Presenter
Presentation Notes
Introduce the effects of material temperatures on mortar temperature and mixing requirements
Temperature limits will be described in greater detail in the hot and cold weather section
Can also note that the reason sand temperature has a large effect on mortar temperature is that it occupies the greatest volume and mass of mortar materials


-
Cold Weather Construction

Laying the Units

40°to 32°to 25°to  20° and S S R b DR R
300 250 20° below INSPECTOR,S ‘
- HANDBOOK -

Temperature of the units to be at least 20° F X X X X o e

Do not lay glass units X X X X

Remove ice and snow from footings and installed
masonry

Heat sand or mixing water for mortar 40°F to 120°F. Do
not heat water or aggregates above 140°F

Heat sand and mixing water for mortar 40°F to 120°F
(TMS 602 requirement)

Maintain mortar above freezing X

X X X X

Heat masonry surfaces to 40°F

X X X X

Windbreaks for excess of 15 mph

Provide enclosures & auxiliary heat to produce air
temperature above 32°F
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Presentation Notes
Cold weather information is summarized in TMS 602 Article 1.8 C
For hot weather, there are also some requirements and those are summarized in TMS 602 Article 1.8 D
There is a nice summary of hot and cold weather requirements found in the Masonry Institute of America’s Inspector’s Handbook


N
Proprietary Mortars

Proprietary mortars must be approved by the engineer or
architect and accepted by building official, where applicable

Handling and use of proprietary mortar should be in strict

compliance with manufacturer’s recommendations
C270 does not apply

Proprietary mortars may or may not contain portland cement

Extended life mortar standard, ASTM C1142, was withdrawn
in 2019
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e
Other/Specialty Mortars

Repair mortar (tuck pointing), C270
* Not for new construction — guidance in Appendix X3

Mortar for adhered veneer, ANSI A118.1, 118.4, 118.15 (TMS 402/602-22)

* Bedding mortars, may contain polymers for better bond

Refractory mortars, F1097
* Resistant to high temperature exposures, use % in. or thinner joints
* Non-portland cement systems: fire clay, calcium aluminate, sodium silicate

Chemical-resistant mortars, C287, C395, C466

* Protect against acid or alkali attack, use narrow joints
* Not portland cement — sulfur, silicate, phenolic resin, furan, polyester, epoxy resin

AAC mortars, C1660

* Thin-bed adhesive mortar, use 1/16 to 1/8 in. thick joints
 All C270 cements allowed, as well as C1600 rapid-hardening cements
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Presentation Notes
Tuck pointing – used to repair historic and even more modern construction. Improves weather resistance and can enhance structural stability. Generally weaker, too
Adhered veneer – there is a growth in use of adhered veneer, usually a decorative finish.
Two areas of specialty mortar that are fairly common:
Refractory – ranges from residential fireplaces to high-heat industrial boiler incinerators. Made primarily from Fire clay, with calcium aluminate or sodium silicate as a binder. Joints kept narrow, ¼ in. or less.
Chemical-resistant – highly specialized materials like sulfur, silicate, phenolic resin, furan, polyester, epoxy resin. Portland cement attacked by acids and alkalies, so admixtures and surface treatments may be needed. Joints kept narrow.
AAC mortar for AAC units has its own standard. Allows same kinds of cements as C270, plus C1600 rapid hardening cements, plus adhesives. These mortars are spread with a notched trowel and act somewhat like a glue to bond units together.


R
Quality Assurance vs. Quality Control

Quality Assurance Quality Control

* Think of it as more external * Think of it as more internal

* |dentify problems * Prevent problems

* Owner/designer efforts to * Materials producer/contractor
determine acceptability efforts to make sure that their

product is good, installed
correctly




R
Quality Assurance for Mortar

" QA = administrative and procedural requirements in the
contract documents to assure that masonry 1s in compliance
» Actions taken by owner to verify good quality
" Level of QA varies with design and complexity of the project

—

= TMS 402 assigns a Level 1, 2, or 3 depending on Risk Category

—

= TMS 602 lays out minimum verification and (where required)
special inspection requirements

* Guidance on required/not, and periodic or continuous

= Proportions of mortar

" Preparation of mortar specimens, where required
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Quality Control for Mortar

= QC = a comparison of the quality of work with established
standards

* [nspection, testing, evaluation, and corrective action, when needed
» Tests may be required (ASTM C780)

= Annex Al, consistency by cone penetration

* Annex A2, consistency retention by cone penetration

= Annex A3, initial consistency and retention, modified penetrometer
* Annex A4, mortar aggregate ratio

= Annex A5, air content

= Annex A6, compressive strength
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Presentation Notes
With masonry mortar, there is not often a need for testing. Better to verify that the mortar has been mixed to proper proportions.


o
Submittals — Sample Report in C780

ASTM C780 Test Report — General Information

= Report results promptly to architect/engineer and o

Report Date:

contractor e e e

* Furnish inspection reports to the same groups | e e

Cement, portland:

" Provide summary of weather and other conditions | &=z

Lime:

under which inspection was made
" Report discrepancies

Sampling Location: Time of Sampling:

" [dentify what portion of construction 1s o

Temperature: Maximum Temp:

Relative Humidity: Minirmum Temp:

represented

Annex Al — Consistency by Cone Penetration

= [nspectors are not on every job, but when present, | ., —— e
are only there to observe and report
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A final signed report should indicate whether the work is or is not in conformance.

Inspection Agency is neither authorized to revoke, alter, relax, enlarge, or release any requirement of the Contract Documents, nor authorize to approve or accept, or reject or disapprove, any portion of the Work. They simply observe and report and it is up to owner/owner’s representative about what to do with that information.


This concludes The American Institute of Architects Continuing Education
Systems Course

THE Jamie Farny

MASONRY Portland Cement Association
SOGIETY 847-972-9172

jtarny @cement.org

The Masonry Society
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