
Masonry

Brick, stone, structural clay tile, gypsum block, glass block
and concrete masonry units are all examples of masonry. 

Masonry construction has compressive strength, durability, 
and fire resistance. Masonry is primarily used in wall 

assemblies, but they are also used as decorative screening 
material. Stone and clay masonry units may also be used 

in flooring applications.



History
• Masonry structures predate written history. The earliest structures were made from stones piled one on top of the 

other without mortar. 
– When stones were unavailable, sod or dried mud would have served the same purpose. Later, blocks were formed using a mixture 

of clay, silt and water. 
– Using bronze tools in 3000 B.C. the Egyptians built massive temples and pyramids from stone cut to fit closely together. With the 

introduction of iron tools, the art of building in stone became more refined. The Greeks were able to incorporate fine sculptural 
detail. 

– While Roman building appears less elegant than that of the Greeks, they were the first to build arches and vaults large enough to 
create vast open spaces including temples, theaters, baths and so forth. With the fall of the Roman Empire, the Byzantine Empire
began to flourish and continued to do so for the next 1000 years. 

– Byzantine architecture took the developments found in Roman architecture and built on them to create more complex structural 
systems. For example, where the Romans were able to build massive circular buildings, the Byzantine Empire developed a 
method whereby a square building could be topped by a stone dome. This method, which incorporated the use of pendentives, 
allowed the construction of elaborate buildings able to support several domes. The Ottoman Turks overran Byzantium in 1453. The 
architecture of the Ottomans incorporates pointed arches, masonry detail and color.

• In the eleventh century, a revival of stone building in Western Europe incorporated ribbed vaults, piers and pier 
buttresses. This period, known as the Romanesque period, was followed by the Gothic period, which saw the 
development of the flying buttress – a masonry arm that projected from the main body of the building and allowed 
large vaulted and domed structures. Because flying buttresses were capable of resisting the outward thrust of the 
upper vaults and domes, they promoted the dematerialization of the stone bearing walls, and lead to the 
development of large open web like cages of stone where ornate stained glass windows could be inserted. During 
the Renaissance, emphasis was placed on perspective and mathematically derived floor plans. The Baroque 
Period saw the development of grand curved and twisting spaces.

• In the late 18th Century, during the Industrial revolution, bricks and stone units were manufactured with more 
consistent color, size and strength. And with the development of Portland cement concrete in the 19th Century, 
uniform concrete blocks were developed. Because they were cheaper, lighter and larger than brick and cut stone, 
concrete masonry units reduced the time required for construction. And because they required no formwork, 
concrete masonry units were more versatile than concrete.

• Today, large buildings constructed in masonry have been replaced by buildings of structural steel and reinforced 
concrete. Despite this development, masonry is still widely used in large and small buildings for cladding, partitions 
and flooring.



Masonry Wall Requirements
• The usual functional requirements of a masonry 

wall include:
– Adequate strength to support imposed loads
– Sufficient watertightness
– Sufficient visual privacy and sound transmission
– Appropriate fire resistance
– Ability to accommodate heating, air conditioning, 

electrical, and plumbing equipment
– Ability to receive various finish materials
– Cost
– Ability to provide openings such as doors and window 



BRICK
• Formed from molded clay and then burned and cooled. 

• Rectangular in shape and typically based on a nominal 4” module, 
meaning that the vertical brick dimension plus the mortar joint 
dimension together will add up to 4”, 8”, 12” and so forth. 

• Available as solid or hollow units. Hollow units are defined as those 
whose cross section is between 60 and 75% solid. Brick with a cross 
section greater than 75% solid is referred to as solid brick. 

• There is wide variation in brick texture, color and hardness due to 
both the physical and chemical make-up of the ingredients along 
with the temperature at which the bricks are baked. Most natural
brick colors fall into the red or pale red range, however brick can 
also be coated with a fire-bonded ceramic glaze of any color. 

• Terms associated with surface texture include: smooth, waterstruck, 
sandstruck, scored, wire-cut, combed, roughened, mat-vertical and 
mat-horizontal marked, and rug.



Brick Manufacturing

• Brick molding methods include:

– Soft Mud Process – This method involves 
mixing clay with water and then pressing it 
into rectangular molds. To prevent the clay 
from sticking to the molds, the molds are 
lubricated with sand and water, or water only. 
Those lubricated with sand produce brick 
referred to as sandstruck, while those with 
only water are called waterstruck.

– Stiff Mud Process – This method utilizes a 
clay base that is drier than that used in the 
soft mud process. The clay is thoroughly 
mixed with water and then de-aired before 
being extruded through a die to form a 
rectangular section that is subsequently wire 
cut to the desired dimension.

– Dry Press Process – Utilized when clay has 
very low plasticity. The clay mixture is forced 
under pressure into molds. This process 
produces the most accurately formed brick. 



Brick Types
• The most widely used brick in the construction industry is known as building brick, or 

common brick. It is usually red in color and has the typical dimensions of 2 ¼” x 3 ¾”
x 8”. Brick is categorized based on the use and exposure to which it will be subjected 
as follows:

– Grade SW – (Severe weathering). Used in areas of heavy rain or snow exposure, and areas 
subjected to continual freeze-thaw cycles.

– Grade MW – (Moderate weathering). Used where there is moderate rain and freezing.

– Grade NW – (No weathering). Used where there is minimal rain and / or freezing, as in 
sheltered or indoor locations.

• Face Brick – Refers to a clay brick made specifically for facing purposes. As such, it 
is made under controlled standards to produce bricks of high quality of specific size, 
texture and color. Face brick may be either SW or MW grades. 

• Other brick designations include the following:
– Backup Brick – Inferior brick used in non-visible locations as behind face brick.
– Paving Brick – Hard dense brick used for paving purposes.
– Fire Brick – Made from clays having fewer impurities and can resist higher temperatures. 

Used typically in fireplaces.
– Sewer Brick – Brick with low absorption typically used in sewer and storm drains.
– Adobe Brick – Made from a mixture of clay and straw that is molded and sun baked. This 

brick type is not water resistant, and must therefore be protected from moisture.



Brick Bonds

• The pattern formed by the masonry units and mortar joints is called 
the bond. This pattern may be decorative or structural. A structural 
bond wall is built with masonry units interlocked together to cause
the entire wall assembly to act as a single structural unit. 

• Brickwork is a manual process, thus the quality of brickwork 
depends largely on the skill and ability of the mason. Brickwork
should be done when the temperature is between 40 and 90 
degrees F. 

• Brick is bonded using mortar, which is a mixture of cement, lime, 
sand and water. 

– Bricks should be wetted prior to bonding both to wash off any dust and 
debris and to prevent the absorption of water from the mortar.

– Bricks must be set in a full bed of mortar to fill all vertical joints. Joint 
thickness’ vary but typically range between ¼” and ½”. As a rule of 
thumb, 3 bricks plus 3 joints totals 8” in height. 



Brick Bonds



Brick – Modular Dimensioning



Brick Wall Construction Sequence



Brick Wall Openings

• Lintels , Corbels and Arches are used to 
support masonry over an opening in the 
wall. 

• Masonry arch construction or vaulting dates 
back thousands of years. It involves the 
spanning of an opening in such a way as to 
divert the weight above the opening to either 
side of the opening. 

• Arches are always curved, and as a 
consequence, require that the masonry 
blocks be ground down and wedge shaped 
or that the mortar joints be tapered. 

• Both methods require exorbitant cost. 
Corbeling involves the stepping of masonry 
units to provide support for masonry above 
an opening. 

• Lintels are beams of either reinforced 
concrete block or steel that span from one 
side of an opening to the other. 



Efflorescence
• Efflorescence is a white powdery deposit that forms 

patches of discoloration on the brick due to salts that are 
leached out of the masonry and the mortar. 
Efflorescence can be minimized and possibly prevented 
using the following methods:
– Use materials free of harmful soluble salts
– Provide solid and tight mortar joints
– Cap all walls
– Provide adequate flashing
– Weather protect materials during construction  

• Should efflorescence appear, it may be removed using 
high pressure water, light sandblasting, or a 5% solution 
of muriatic acid in water.



Masonry Wall, Types
• Solid Walls – Masonry units laid close together with all joints 

filled solidly with mortar. Solid walls are structurally bonded 
by metal ties, masonry headers or by joint reinforcement. 
Where solid masonry walls are used, insulation and 
mechanical equipment are often installed within a furred 
space on the interior side of the wall. Below grade, 
insulation is often placed on the exterior side of the wall. 

• Veneered Walls – Masonry is used as a facing material. In 
this case, the masonry does not act structurally. It serves to 
perform as a weather barrier and as a finish material. 
Insulation and mechanical equipment is normally located 
between studs.

• Reinforced Masonry Walls – Similar to a reinforced 
concrete wall, a reinforced masonry wall incorporates steel 
to provide resistance to tension, shear, and compression 
forces. Reinforcing bars are placed vertically in walls and 
tied to horizontal bars. Insulation and mechanical equipment 
is placed similar to that in a solid wall.

• Cavity Walls – A cavity wall is composed of two wythes of 
either solid or hollow masonry separated by a continuous air 
space, and bonded together with metal ties or joint 
reinforcement. The cavity offers important advantages in 
areas of severe exposure:

– The continuous air space provides insulation value and a place 
where additional insulation may be installed.

– The continuous air space acts as a barrier to moisture 
penetration.

– In cavity walls, insulation and mechanical equipment are often 
installed within the cavity, or within a furred space on the interior 
of the wall. 



Concrete Masonry Units (CMU)
• Concrete Masonry Units are molded 

concrete units made from a relatively 
dry mixture of portland cement, 
aggregates and water. 

• CMU walls are relatively light, strong 
and have good fire resistance. 

• CMU is used in building construction 
as an integral part of the structure, in 
foundation walls, in load bearing and 
non-load bearing walls, partitions, 
and as facing or filler panels 
between structural elements. 

• CMU walls may be finished with 
cement plaster, cement paint, or 
clear sealer. Alternatively they may 
be left unfinished. 

• CMU is often used as a backup wall 
behind stone, brick, or tile.



Concrete Masonry Units (CMU)
• The most common concrete blocks 

have nominal dimensions of 8” x 8”
x 16”. They are manufactured solid, 
or with 2 or 3 cells. 

• In addition to reduced weight and 
heat conduction, CMU with cells 
provides space for utilities. 

• Load bearing CMU is classified as 
follows:

– N – for more severe exposure, or
– S – for block requiring protection 

from the weather

• Concrete block walls are normally 
constructed with a running bond 
with steel reinforcing bars placed 
vertically in grouted cells. Horizontal 
reinforcement is provided with 
welded wire or with rebar. 



Concrete Masonry Units (CMU)
• Concrete Block Types:

– Split-face Concrete Block – Blocks 
that are produced in pairs and then 
split to reveal a natural looking rough 
surface on one side.

– Slump Blocks – Masonry units that are 
made in such a way that they “sag” or 
“slump” when lifted from the mold, 
creating a smooth irregular concave 
natural stone looking surface.

– Faced Block – Concrete block with a 
face that is ceramic glazed, plastic, 
polished or ground for decorative 
purposes.

– Decorative Blocks – These are blocks 
molded in a variety of sculptural forms 
for desired effect.

– Chimney Blocks – Concrete block that 
is designed for use with a flue lining in 
chimney construction.



CMU Wall Construction Process



CMU – Openings and 
Dimensioning



Stone
• Though stone historically has been used as a structural 

building material, today its use is primarily limited to 
cladding, trim and paving. The three basic types of rock 
include the following:

– Igneous – Formed under intense heat and pressure. Granite is 
an igneous stone.

– Sedimentary – Formed by pressure exerted on mineral granular 
material. Examples include: limestone, sandstone, bluestone, 
and brownstone.

– Metamorphic – Rock that has been structurally transformed due 
to heat and pressure. Slate is a metamorphic rock formed 
originally from clay, while marble is a metamorphic rock formed 
originally from limestone.



Stone Construction
• Stone forms used in construction are typically defined in one of the 

following ways:
– Rough Stone (or fieldstone) – natural stone shapes usually used 

decoratively.

– Rubble Stone – Irregular stone with at least one cut face for anchoring 
purposes.

– Dimension Stone – Stone slab used as veneer, stair treads, flooring, 
partitions, etc.

– Flagstone – Thin slabs typically used for paving.

– Monumental Stone – Large massive pieces used for sculptural or 
monumental purposes.

– Crushed Stone – Used in a variety of applications where small stones 
are called for: as aggregate, in terrazzo, granular fill, and so forth.

– Stone Dust – Filler used in paints, shingles, flooring tiles, etc.



Stone Construction

Stone masonry - two categories: 
– Rubble Masonry –

Construction in which the 
stone is left in its rough 
unfinished state.

– Ashlar Masonry –
Construction in which the 
stones are dressed, meaning 
they are cut into rectangular 
blocks. Broadly stated, 
coarsed masonry is masonry 
in which the joints run in a 
continuous horizontal fashion, 
while random or uncoarsed
masonry appears less 
controlled. 



Mortar and Grout
• Mortar is the material placed in the joints between individual masonry units. It is 

composed of the following ingredients:  Portland cement, Lime, Sand, and Water.

• Lime is made from limestone or seashells. This material is burnt down, then mixed 
with water, and then dried and ground down to a powder. Lime provides water 
retention and therefore, smoothness and workability to the mortar.

• Grout is composed of the same ingredients as mortar, but is of a pourable
consistency. Grout refers to the material used to fill voids of hollow masonry units and 
when required, the space between adjacent masonry unit wythes. 

• The primary purposes of mortar are:
– To provide a level setting bed for individual masonry units.
– To seal the spaces between masonry units.
– To compensate for slight size variations between masonry units.
– To provide a desired aesthetic effect through the use of shadows and mortar color.

• Mortar is available in the following types:
– Type M – High strength mortar for masonry subjected to large load. For masonry below 

grade. 2500 psi
– Type S – Medium high strength mortar for masonry that requires high flex, but normal 

compressive loads. 1800 psi
– Type N – Medium strength mortar for general use above grade. 750 psi
– Type O – Medium low strength mortar for non-loadbearing interior walls. 350 psi



Joint Finishing
• Water enters a masonry wall, typically through cracks and 

voids between the masonry units and the mortar joints. Leaks 
can often be prevented by properly finishing the joints. There 
are generally three types of joints:

– Troweled Joints – In a troweled joint, excess mortar is simply cut 
off with a trowel and no further finishing is used. Generally, 
troweled joints should not be used where exposed to the weather 
because they do not compact the mortar enough and often create 
hairline cracks in the mortar.

– Tooled Joints – Tooled joints are formed with a special tool called 
a jointer which is used to compress and shape the mortar. Tooled
joints provide excellent protection against water penetration and 
should therefore be used in all walls exposed to weather, except
where sealant filled joints are required.

– Sealant filled Joints – Sealant filled joints are composed of elastic 
materials and are used where masonry abuts other materials, 
such as doors or window frames, or other penetrations where 
expansion and contraction might create problems.



Weep Holes and Flashing
• The purpose of masonry wall 

flashing and weep holes is to collect 
and divert moisture that penetrates 
the wall. Flashing is a sheet material 
usually of metal, plastic or 
bituminous fabric. In masonry wall, 
flashing is required at wall bases, 
sills, over the heads of openings, and 
where masonry penetrates a roof 
surface. 

• Weep holes are holes in the masonry 
where the water collected by the 
flashing is discharged outside the 
structure. Weep holes may be 
formed by simply omitting mortar at 
desired intervals, or by inserting a 
plastic or metal tube within 
appropriate mortar joints.



Masonry Construction Joints


