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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.
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Course Description
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This course identifies challenges and opportunities associated with masonry construction systems.  

It describes basic masonry wall assembly options, and the pros and cons of each.  

The means available to an architect for masonry assemblies to meet building and energy codes are 
described.  

Common masonry detailing problems and solutions are presented, including recent innovative 
strategies.
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What is Masonry?  What are it’s virtues and special challenges?

•Many possible solutions
• Formal qualities
• Technical qualities (structure, enclosure, detail, sustainability, etc.)
• Aesthetic qualities (character, meaning, scale, proportion, etc.)

•Designer can (must) weigh many alternatives then choose a path. 
invention vs. selection

•Modular coordination is important.

•Lots of new, difficult challenges face the designer and builder; creativity is needed.. 
Clay masonry construction is 6,000 years old, but today’s masonry walls are new inventions, 
and are still evolving. 

•Design development, detailing, and construction administration are all very challenging 
in masonry buildings, especially when fees for services are being reduced.  
Fewer detail drawings often mean more RFI’s during construction.

•Quality control is difficult to achieve 
• variations in mason’s training
• lack of ability to inspect built work
• absence of designer from construction site

•Marketplace demands greater certainty regarding quality, cost and time.

•Initial costs are volatile due to significant labor component, but life-cycle costs are low.
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Wall types - Which is appropriate for a given application?
• Barrier walls

• Solid
• Reinforced

• Drainage walls
• Cavity or Composite
• Veneer

• Rainscreens

What must be done when designing masonry assemblies?
• Check compatibility between varied masonry materials
• Check compatibility with non-masonry materials
• Establish expectations regarding building longevity and maintenance
• Set suitable levels of durability of all elements
• Carefully design joints, perimeters and penetrations
• Adjust the design to meet local environmental conditions
• Establish tolerances for materials, installation and workmanship
• Anticipate the need for submittals, sample panels and site observations
• Anticipate the need for masonry cleaning and maintenance

What options are available regarding within masonry assemblies?
Movement joints Rain control layer (may also be UV control layer)
Ties Water control layer (WRB or water-resistant barrier)
Anchors Air control layer

Thermal control layer
Vapor control layer
Flashing
Cavity dewatering, weep and ventilation products



Dining Hall / NCSU / 1985Holladay Hall / NCSU / 1889

barrier walls | drainage walls

Principles of masonry design and detailing vary with wall type.

Masonry walls must be designed with the relevant principles for 
the particular wall type chosen.



Dining Hall / NCSU / 1985Holladay Hall / NCSU / 1889

barrier walls | drainage walls

Water will be inside the wall assembly:
• penetration at joints, 
• through materials, especially mortar
• by condensation of vapor

Reduce water penetration
Prevent water from reaching interior



masonry wall thickness 1900 – 2000
thick loadbearing walls are still available today, but cavity and veneer walls are more common

The Rookery
Burnham and Root

Chicago
1888
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Solid
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Monticello  /  Thomas Jefferson  1769-1809 Newbold–White House  /  Abraham Sanders   1730

bonding is essential for 
Solid masonry walls.

Interlocking units bond the 
courses and wythes 
together. 

Avoid continuous head joints 
or collar joints in bonded 
masonry walls.



Chapel of St. Lawrence
Avanto Architects
Vantaa, Finland 
2010 

Source: Materials for Design 2;
Patrick Rand and Victoria Ballard 
Bell, 2014
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Above: An plane of cmu masonry was 
blown over by light wind. It had no 
reinforcement, did not turn a corner or 
have other stabilizing features such as 
bracing, as required by OSHA. On the 
right is shown the bracing used when 
the wall was rebuilt.

Below: A 5.8 earthquake in Central 
Virginia in August 2011 sent tremors to 
Raleigh.  This cmu warehouse had at 
least two 8” walls fail due to out of 
plane loads. The walls had no keys at 
movement joints.

Error or workmanship above.

Error of design below.



Reinforced



reinforcement can easily go 
vertically and horizontally in the 
collar joint.

reinforcement can also easily 
go vertically in the cores of 
cmu, and horizontally in lintel 
block
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Cavity

The cavity should be located just 
inside the outer wythe of masonry.
That is where condensation is most likely 
to occur, and this is also where water 
that leaks through the veneer can first be 
directed down and out.
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Source: Architectural Detailing; Function, Constructibility Aesthetics;
Edward Allen and Patrick Rand, 2016



Source: Dynamics of Masonry magazine; Vol. 2, No. 4; 2014

See NCMA TEK 6-2B, 
R-Values and U-Factors of Single 
Wythe Concrete Masonry Walls



Veneer

Typically over metal or 
wood stud substrate, 
perhaps within primary 
steel or concrete 
structural frame. 
Masonry is anchored
to the backup at 
frequent intervals.
generally @ 16” oc
vert. and 32” oc horiz.



Governor’s Residence
Raleigh, NC
Designed by Samuel Sloan and Gustavus Adolphus Bauer of Philadelphia 
Built by ‘the best workers’ from the state penitentiary; brick made in prison  
1891

Modular: conforming to a multiple of a standard dimension

Nominal dimension (includes 1 mortar joint)
Actual dimension (unit dimensions only)

Nominal dimensions of a modular brick: 4 x 8 x 2 2/3     (2 5/8)

Nominal dimensions of normal concrete block: 8 x 8 x 16



SV,!,-&J$)*,63&O#+-)-3
O(5#1&T)".&
SV,!,-4&FI
;CA;

F:&I(1M#!)'&J11($#)!#(.&W@@#$,1
8(/,-&:)..(.&>&WX9-#,.&J!%#.1&
:)-34&F:







openings in solid 
masonry walls
• lintel
• arch
• jack arch

Exeter Library
Louis Kahn
Exeter, New Hampshire
1972

Monticello
Thomas Jefferson
Virginia
1768-1809

Chapel
Cistercian Monastery
Gary Cunningham
Fort Worth, Texas

None of these rely on steel 
reinforcement
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Source: Architectural Detailing; Function, Constructibility Aesthetics; Edward Allen and 
Patrick Rand, 2016

movement joints 
where indicated

Non-loadbearing masonry wythes 
firmly bear at their bottom edges, 
but are not restrained on the 
sides or top.

movement joints 
where indicated



Source: Architectural Detailing; 
Function, Constructibility
Aesthetics; Edward Allen and 
Patrick Rand, 2016

continuous shelf 
angles and 
movement joints

This shelf angle is 
restrained from moving 
vertically, so the veneer 
coming up to it from below 
must have a movement 
joint below the angle.



Cause Result Concrete
Concrete 
Masonry

Clay 
Masonry Stone Wood Steel Polymers

Temperature 
Change

Expansion / 
Contraction Yes Yes Yes Yes Yes Yes Yes

Moisture Content 
Change

Expansion / 
Contraction Yes Yes Yes Yes Yes No Yes

Initial Moisture 
Absorption

Permanent 
Expansion No No Yes No No No No

Water Freezing 
(phase change) Expansion Yes Yes Yes Yes No No Yes

Cement Hydration / 
Carbonation

Permanent 
Shrinkage Yes Yes No No No No No

Load Application Elastic 
Deformation Yes Yes Yes Yes Yes Yes Yes

Sustained Load Creep / 
Contraction Yes Yes Yes Yes Yes Yes Yes

Causes of Movement in Building Materials and their Results

Source: Architectural Detailing; Function, Constructibility Aesthetics; Edward Allen and Patrick Rand, 2016
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Locate weep holes at the
base of the joint.





offset can be up to 4’
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Ransilla II Office Building
Mario Botta
Lugano, Switzerland

Approximately 37’ 4” apart

discontinuous movement joints



dark brick pavers, set in mortar, 
undersized expansion joint

dark brick pavers, set in mortar, 
no expansion joint



6x              2x             x
Horizontal movement joints in veneers 
should generally be at story height 
intervals vertically.

They should also be continuous across 
the elevation.

These shelf angles above the windows 
are restrained, not loose or floating.
More movement joints are needed 
when angles are restrained.
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anchors or ties

Masonry Design and Detailing for Architects, Engineers and Contractors; Christine Beall, 2003
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Controlling Water Leakage / 3 Strategies 

For water to penetrate through a building assembly three conditions must all 
occur at the same time.
There must be:
1.  an opening through the assembly.
2.  water present at the opening.
3.  a force to move the water through the opening.

If any one of these three conditions is not met, water will not penetrate the 
assembly. 

In designing any exterior detail, therefore, we can pursue one or more of three 
strategies.
We can try to:
1.  eliminate openings in building assemblies.
2.  keep water away from openings in building assemblies.
3.  neutralize forces that move water through openings in bldg. assemblies.

Complete success in any one of these three strategies will result in the 
complete elimination of water leaks. But sometimes in detailing we pursue 
two of these strategies or even all three of them at the same time, because 
this gives added security in case one of them fails due to poor workmanship or 
building deterioration.

These strategies can be applied in any sequence, and in any combination.  

Weep detail.  College of Engineering, Portland State 
University, Portland, OR, ZGF Architects

Glass vestibule enclosure meets slate masonry wall.
Alston Public Library, Alston, MA; Machado and Silvetti 

Source: Architectural Detailing; Function, Constructibility Aesthetics; Edward Allen and Patrick Rand, 2016
Various materials come together at a window sill.
Johnson Residence, Raleigh, NC; Jessica Johnson Arch.





Source: Architectural Detailing; Function, Constructibility Aesthetics; Edward Allen and Patrick Rand, 2016

Bad                  Bad                  Good

Head Joints
(BIA Technote 7b)
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Source: Architectural Detailing; Function, Constructibility
Aesthetics; Edward Allen and Patrick Rand, 2016

weeps @ 33” oc
or less
(per IBC)

flashing at the bottom 
directs cavity water out  
and prevents rising damp



badgood

good good

liquid water

water vapor

Source: Architectural Detailing; Function, Constructibility
Aesthetics; Edward Allen and Patrick Rand, 2016

Water will be inside the wall assembly:
• penetration at joints, 
• through materials, especially mortar
• by condensation of vapor

Reduce water penetration
Prevent water from reaching interior
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Properties of Flashing

Material Advantages
Disadvantages and 
Limitations

Stainless steel. dead soft, annealed.  
Minimum thickness 0.015"; installed 
cost 100%

Hard, impervious, strong, very durable Difficult to form and join; stiff, poor 
bond to mortar, labor intensive.

Cold-rolled copper.  Minimum 
thickness 16 oz.; installed cost 90%

Impervious, flexible, durable, easily 
formed and joined

Damaged by excessive flexing; runoff 
can stain other surfaces.

Lead-coated copper.  Minimum 
thickness 16 oz.; installed cost 95%

Similar to copper; runoff does not stain 
other surfaces

Similar to copper, requires care in 
soldering.

Aluminum.  Minimum thickness 0.032"; 
installed cost 60%

Fairly durable; can be formed, 
corrosion resistant except in presence 
of lime

High thermal coefficient; cracks easily 
when bent; cannot be field sealed; 
corroded by lime

Galvanized steel.  Minimum thickness 
0.0217"; installed cost 80%

Hard, impervious, easily formed and 
joined, low thermal coefficient

Subject to early corrosion.

Lead.  Minimum thickness32 oz.; 
installed cost 75%

Easily formed and joined. Easily torn; affected by lime in mortar; 
creeps.

Zinc.  Installed cost 80% Easily formed and joined. Creeps; destroyed by corrosion; cracks 
easily in thermal cycling.

Copper-bituminous fabric.  Minimum 
thickness 5 oz.(copper); installed cost 
50%

Easily formed and joined; good bond to 
mortar

Easier torn than metal.

Neoprene or rubberized asphalt.  
Minimum thickness 0.030"; installed 
cost 55%

Easily formed and joined; reliable, 
flexible.

Can be punctured; strength limited; 
requires protection against sun.

PVC. Minimum thickness 0.030"; 
installed cost 25%

Easily formed and joined; impervious 
when new

Aging deterioration and hardening; 
easily punctured and cut; weak; brittle 
under load.

Fiber-reinforced bituminous fabric. 
Installed cost 35%

Effective when intact; easy to form. Easily damaged; weak; needs multiple 
plies; cracks in thermal cycling.

The flashing materials below this line can only be used internally because they are vulnerable to sunlight.

Never in 
masonry

Never in 
masonry

Never in 
masonry

Never in 
masonry

Never in 
masonry





College of Engineering
Portland State University
Zimmer Gunsel Frasca
Portland, OR



https://www.youtube.com/watch?v=dM5Yb7PS08w

active drainage flashing
wicking material is 
continuous on 
top of metal flashing

no weeps required

Holy Name of Jesus Cathedral
O’Brien & Keane
Raleigh, NC
2016



cavity batten collects mortar droppings

good workmanship

Keeping Air Spaces Clean
Mortar droppings should be prevented from falling into the cavity.
Bevel the bed joint away from the cavity, as shown in Figure 6. 
When brick are laid on a beveled bed joint, a minimum of mortar is 
squeezed out of the joint, as shown in Photo 7. 

Source: BIA Technote 7b; “Water Penetration Resistance - Construction and Workmanship”

bevel bed joint away from cavity
roll the brick into place
squeeze excess mortar toward the exterior

Don't expect what you don't inspect.
Doug Burton, Whitman Masonry
At the time he said this he was President of the NC Mason Contractor's Assoc.



K)/1+?,"&3*+/%)+
&,%./##0+TL]!

3,#)%/&')*D
^ E"Y+_TL]!

"#$%%%%%%%%%%%%"#$%%%%%%%%%&''$

I,)*&?(#.!1
QRS-(T&%H/"1& UIV

M1,%HWQX%"#9%^WJX%6)9,%N')#.(%`ab

>,'<$%/?@'0;&';&#4'=2%,0*'58*0'<&')<##7

>,'<)2/?@'0;&';&#4'=2%,0*',&&4'02'<&')<##1$(1/9'13#-('41
")1/9'1)-+'149'##4@'<80',20'%,'<&0(&&,7



Source: TMS “Annotated Guide to Masonry Specifications”





500’

400’

300’

200’

100’

50’

6” 1”2”3”4”5” 6”1” 2” 3” 4” 5”

toward outside                      toward inside

masonry

tallest masonry 
building
Phila. City Hall, 548’

the tallest of each of
the other systems is 
far  higher than this
chart

tallest wood building
Treet or "The Tree", residential tower, 161’
Bergen, Norway

There are no industry standards regarding
erection tolerances for structural wood.

cast in place concrete

20 stories

36 stories

steel

curtain wall

precast concrete
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Attempting to maintain plumb cladding on an out-of-
plumb frame can lead to a range of problems.



Source: Architectural Detailing; Function, Constructibility Aesthetics;
Edward Allen and Patrick Rand, 2016









Two specimens were built representing each of the 
following five cavity/weep mechanisms.  

One specimen was oriented east, the other oriented west, 
thereby providing all specimens with equal exposure to sunlight 
over the course of one day:

1. Sash cord left in place, 24" (61cm) on center

2. Sash cord removed, 24" (61cm) on center

3. Open head joints, 24" (61cm) on center

4. Pea gravel installed in the bottom 12" (30cm) of the cavity, 
open head joints 24" (61cm) on center

5. Mortar collection net (similar to AKZO-Nobel’s Enkadrain) 
installed in the bottom 16" (41cm) of the cavity, 
open head joints 24" (61cm) on center
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pea gravel mortar collection net 



Effectiveness of various cavity and weep mechanisms in draining 
water out of wall.  All weeps are at 24” (61cm) on center.
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Distribution of mortar droppings observed in selected cavities.  
All weeps are at 24” (61cm) on center.



Drainage through cavities and weeps is not a 
complete means to get water out of the wall assembly.

Convection and drying through evaporation is an 
economical added strategy.
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1. 5-foot, Pre-Cut Panels of Flexible Flashing. No cutting needed. 
2. Built-In Termination Bar. Just screw it in.
3. Built-In Drainage Matte defeats mortar-droppings.
4. Built-In Edge Dams.
5. Built-In No-Clog Weep Tabs.
6. Built-In Stainless Steel Drip Edge.
7. Clearly Defined Lap-Joints for precise coverage.
8. All Screws & Adhesives included in each package.
9. Stainless Steel Corners, Corner Boots, and End Dams avail.

Mortar Net USA reports that the builders who've used 
TOTALFlash in their masonry cavity-walls have seen labor 
savings of 50% or more, compared to conventional moisture-
control detailing.



sample panelSource: TMS “Annotated Guide to Masonry Specifications”

State clearly what 
is expected. 

Then ask the 
contractor and 
suppliers to 
show you what 
they understand.



mock-up panel

Source: TMS “Annotated Guide to Masonry Specifications”



above left: before powerwashing
above right: after powerwashing

no powerwashing required

powerwashing

• Work clean to minimize need
• The earlier the better
• Use the least pressure and chemicals that will clean 

the masonry surfaces



NEVER powerwash
sand-faced brick

Follow manufacturer’s 
instructions regarding 
how to clean a 
particular masonry 
product



Following powerwashing procedures recommended by BIA, 
we found that we put in more than a half-gallon of water / 35 sf.

Worse, powerwashing often involves the use of acids in the fluid.



Keep all materials below 120 degrees before and after placement.



Mortar at least 
40 degrees.

Grout at least 
70 degrees.

Keep all 
masonry 
assemblies 
above freezing 
for at least 24 
hours.    

Cover, wrap, 
use heaters if 
necessary.



Patrick Rand, FTMS, FAIA, DP/ACSA
Distinguished Professor Emeritus
School of Architecture, NC State University
patrick_rand@ncsu.edu




