
University of Michigan, TCAUP                                                                   Masonry                      Slide  1 of 33

Architecture 509
Masonry Structures

Concrete Masonry

• CMU Production
• Size and Application
• Performance
• Calcium Silicate Units
• Glass Units
• Natural Stone Units
• Autoclaved Aeriated Concrete Units

Ennis House
Frank Lloyd Wright

1924

    University of Michigan, TCAUP                                                                   Masonry                                                                                     Slide  2 of 33

Ennis House
• Los Angeles, Calif.
• Frank Lloyd Wright
• 1924
• Mayan Revival
• Textile Block
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Ennis House
• Los Angeles, Calif.
• Frank Lloyd Wright
• 1924
• Mayan Revival
• Textile Block
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Concrete Masonry Units
Nomenclature
• Solid < 25% void   Hollow > 25% void
• Net area is minus the voids
• Most are hollow – 50% to 60%
• Core is a void < 1.5 inches
• Frog is a depression 
• Ears are extensions at ends

Sizes
• 8 inch grid
• 3/8 inch mortar joint
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Concrete Masonry Units
(CMU)
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Concrete Masonry Units
(CMU)

• Cast (molds)
• Dried
• Autoclaved
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Concrete Masonry Units
Nomenclature

Sizes
• 8 inch grid
• 3/8 inch mortar joint
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Concrete Masonry Units – CMU
Nomenclature

Sizes
• 8 inch grid
• 3/8 inch mortar joint
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Concrete Masonry Units – CMU
Making a Bond Beam
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CMU
Nomenclature

Sizes
• 8 inch grid
• 3/8 inch mortar joint
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Concrete Masonry Units
(CMU)

• Reinforcing
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Concrete Units – Manufacture
Ingredients
• Portland cement
• aggregate
• Water

• Blast furnace slag
• Fly ash

• Air entrainment
• Workability
• color
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CMU – Manufacture
Molding
• Zero slump
• Press molded
• Vibrated
• Steel molds – tapered for release
• 2000  units per hour

Curing
• Steam autoclave – 18 hrs
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CMU – Strength

Classification
• Load bearing - CMU
• Non-loadbearing – facing
• Strength 2000 to 4000 psi

Tensile strength
• Modulus of rupture or split
• 10% to 20% of compression

Absorption lb/ft3
• Related to durability 
• And shrinkage
• 24 hour immersion
• No IRA test
• 3 unit average
• Individual
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CMU – Performance

Durability
• Higher strength
• Lower absorption

Expansion
• 5 x10-6 / ̊ F (normal weight)
• 4 x10-6 / ̊ F (lightweight)

Shrinkage
• Like cement
• Drying shrinkage – loss of water. Will 

regain if water is added, therefore 
usually not wet before use.

• Carbonation shrinkage – due to 
hydration over time – not reversible

Creep
• A bit less than concrete
• Lightweight CMU more than normal
• Mostly within the first year
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Clay Units vs. CMU – Performance
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Calcium Silicate Units
Mainly in Europe and Australia

Formed and cured similar to CMU
• Mix of sand + hydrated lime
• Tightly grained
• Sizes follow bricks or other stone
• Generally 100% solid
• Compression by grade: 3500 to 8000 psi (or higher)

Arriscraft (in US)
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Natural Stone

Mainly non-loadbearing veneer

Three basic types
• Sedimentary
• Metamorphic
• Igneous
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Natural Stone
Mainly non-loadbearing veneer

Three basic types
• Sedimentary
• Metamorphic
• Igneous
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Glass Block

Characteristics
• Non-loadbearing
• Interior of exterior
• Reduced UV transmission
• Natural daylighting
• Solar reflection
• Fire resistance
• Thermal insulation
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Glass Block

Characteristics
• Non-loadbearing
• Interior of exterior
• Reduced UV transmission
• Natural daylighting
• Solar reflection
• Fire resistance
• Thermal insulation

Ports – 1961 – Shanghai 

University of Michigan, TCAUP                                                                   Masonry                      Slide  22 of 33

Glass Block

• Bruno Taut
• Glass Pavilion
• Cologne Werkbund Exhibition
• 1914
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Glass Block

• Bruno Taut
• Glass Pavilion
• 1914
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Glass Block
Bruno Taut, Glass Pavilion, 1914
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Aerated Autoclaved Concrete – AAC

Also called:
Autoclaved Cellular Concrete (ACC)
Autoclaved Lightweight Concrete (ALC)
autoclaved concrete
cellular concrete
porous concrete
Brand names:

Aercon
Hebel Block
Ytong
Aircrete
Thermalite
Magicrete
BCA

Cast and autoclaved in large slabs then cut to size
Lightweight, good thermal resistance,
transpires moisture, fireproof, sound insulation, 
easily cut on site, erected as masonry 
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Autoclaved Aeriated Concrete
(AAC)

Used predominately in Europe
Developed  by Dr. Johan Axel Eriksson in 

mid- 1920s in Sweden as “Ytong”
since 1943, Hebel  blocks in Germany
Current largest production in China

Lighter weight
Better insulation value
Better fire resistance
Better moisture transmission
Larger blocks for faster erection
Can be shaped on site 
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AAC - Aircrete
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Autoclaved Aeriated Concrete
(AAC)

Density – 20 to 50 PCF (floats)

Compressive strength – 300 to 900 PSI

Allowable Shear Stress – 8 to 22 PSI

Thermal Resistance - 0.8 to 1.25 R/ IN
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AAC Units

‘Porenbeton’
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Autoclaved Aeriated Concrete
(AAC)

Easily shaped on site

Thin mortar bed – 1/8”  (1mm to 3mm)

Tools for placement  (below)
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AAC Construction
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Autoclaved Aeriated Concrete
(AAC)

Larger blocks so faster layup – e.g. 8”x8”x24”

Panel layup with onsite crane
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Autoclaved Aeriated Concrete
(AAC)

Finish with stucco


