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The ground must push up as hard as
the building pushes down
The ground must push up as hard as
the building pushes down
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Leaning Tower of PisaLeaning Tower of Pisa
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WallsWalls
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Structural Considerations:Structural Considerations:

• Unreinforced

• Reinforced

• Veneered



Carnegie Mellon • Department of Architecture • Materials & Assembly

UnreinforcedUnreinforced

• Simple Construction

• Code of Hammurabi, 18th c. BC

• Strict Height Limitations

• Rule of Thumb
• t equals h divided by 12 or

• the thickness of the wall in inches is equal to
the height of the wall in feet



Carnegie Mellon • Department of Architecture • Materials & Assembly

ReinforcedReinforced

• Masonry units, reinforcing steel grout
and/or mortar combined to act together
to resist forces

• The masonry units typically work as
permanent  form work  for poured
concrete

• Significant capacity for tensile as well as
compressive stresses
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VeneeredVeneered

• A thin, usually single wythe, masonry
non-load bearing wall attached to a
substrate.
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Unit Considerations:Unit Considerations:

• Single Wythe

• Multiple Wythe
• Similar Units

• Common brick structures

• Composite
• Brick / Block

• Cavity
• Originated in England

• Moisture resistant

• Insulating
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Wall SectionsWall Sections

• Typically 3/4" = 1'-0" scale

• Detailed blowups @ 1 1/2" or 3" scale

• Allows Investigation of the Placement of
Wall Layers

• Don't forget plan sections!
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Crawford Square Wall SectionsCrawford Square Wall Sections
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1 FRONT / REAR  BRICK
VENEER WALL SECTION

4" dia perf plastic fdn drain

4" concrete slab w/ 
w1.4 x w1.4 x 6 x 6 w.w.f.
6 mil poly vapor barrier on 
4" compacted porous fill

1 1/2" ff insul w/
thermo-stud tracks @ 24" o/c
1/2" gwb, screwed, 
(see plans for scope of work)

insulate full perimeter joist band w/ 
1 1/2" rigid insul.

2x4 at 16" o/c w/ metal x-bracing
R-13 f.g. batt insulation
3/4" foil faced insulated sheathing
Tyvek air barrier
3/4" air space
brick veneer w/ galv wall ties

three #4 rebar long way bottom

1'8" x 10" concrete footing
minimum 3'-6" below finish grade &
 1' into undisturbed soil

insulate full perimeter w/ 1 1/2" rigid 
insulation

2x4 at 16" o/c w/ metal x-bracing
R-13 f.g. batt insulation
3/4" foil faced insulated sheathing
Tyvek air barrier
3/4" air space
brick veneer w/ galv wall ties

2 x 10 at 16" o/c
APA rated t & g sturd-i-floor,  exp. 1, 
glued & nailed

2 x 10 at 16" o/c
APA rated t & g sturd-i-floor, exp. 1, 
glued & nailed
insulate above unheated spaces w/ R-19 
f.g. batt

4" brick + 6" c.m.u
(10" c.m.u below grade)
galv horizontal joint reinforcing    
(every other course)

2" x 24" perimeter insulation

3/4" insul isolation jt.

bituminous mastic dampproofing on 
cementitious parging below grade

base flashing, plastic weeps @ 4' o/c

2x6 trtd sill pl, bolted to fdn at 4' 
o/c w/f.g. sill sealer

6" x 3 1/2" x 3/8" lintel

3 1/2" X 9 1/2" LVL Beam
ptd. mdo plywd
alum soffit

trtd. wood trim, stained
fasten to framing

continuous ridge vent

airflow baffle at eave

wall and ceiling finish:
1/2" gwb, smooth finish
vapor retarder paint

wd blocking for frieze board

12

2 x 4 flat plate trusses at 24" o/c
APA rated exterior sheathing,32/16
15# roof felt
fiberglass shingles

aluminum drip edge, fascia, and 
rain water system w/ integral hangers
ventilated aluminum soffit
aluminum covered frieze board 

17'-0"
2nd Flr Ceiling

8'-11"
Second Floor

0'-0"
First Floor

-8'7 1/2" Bsmt
-8'11 1/2" Garage

4

2 hr rated gypsum wall, 
UL des U336
two 1" gyp liner panels set 
between H-studs @ 24"o/c

2 HR RATED PARTY
WALL SECTION

2x10 trtd wd plate, 
bolted @ 4' o/c

10" cmu fdn wall

steel C runner

5/8" type-x gwb, to 4' 
each side of rated wall

alum flashing steel C track

alum angle clip

alum angle clip &
fire safing

alum clip angle @ 
each flr, typ.

fire safing insulation @ 
each flr, typ.

fire safing insulation @ 
each flr, typ.

double C track @ 
top of gyp panels

3BRICK GABLE END
WALL SECTION

vinyl lineal 
trim

flat plate gable 
end truss

vinyl siding

3" std. stl. pipe col w/ 8" 
x 8" x3/8" stl base plate 
and formed stl LVL saddle

16" square 
pilaster at 
post locations

9
VINYL GABLE END
WALL SECTION

REAR  CANTILEVER
 WALL SECTION

2x10 solid blkg w/ 
rigid insul

vinyl lineal trim
alum soffit

2x10 band joist w/ 
rigid insul

pack joist spaces 
w/ f.g. batt

8

7 REAR WALL @ 
LOWERED FLR

2x8 trtd deck 
framing
(see plans)

2 REAR  VINYL
WALL SECTION

2x10 trtd ledger, 
lag bolted to band 
joist at 1'4"

2x4 at 16" o/c w/ metal x-bracing
R-13 f.g. batt insulation
3/4" foil faced insulated sheathing
Tyvek air barrier
vinyl siding

LVL BEAM @ 
LOWERED FLR6

joist hanger

3 1/2" X 14"
LVL Beam

5 1/2" X 9 1/2""
LVL Beam

3" std. stl. pipe col w/ 8" 
x 8" x3/8" stl base plate 
and formed stl LVL saddle

3' x 3' x 1' conc
ftg. w/ 3 #4 EW 
bottom

2x10 truss ledge

asphalt impreg.
sheathing

alum drip edge
alum. covered 1x6
trtd wood rake bd.

alum. covered 1x8
trtd wood frieze bd. aluminum drip edge, fascia, and 

rain water system w/ integral 
hangers,
ventilated aluminum soffit,
alum. covered 1x8 trtd wood 
frieze bd. 

alum clip angle @ 
each flr, typ.

2x4 partition wall, 
1/2" gwb room side only

R-30 fiberglass insulation

8

5 GARAGE DR
HEADER

STEEL POST
FOOTING10
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Wall Section BasementWall Section Basement

1 FRONT / REAR  BRICK
VENEER WALL SECTION

4" dia perf plastic fdn drain

4" concrete slab w/
w1.4 x w1.4 x 6 x 6 w.w.f.
6 mil poly vapor barrier on
4" compacted porous fill

three #4 rebar long way bottom

1'8" x 10" concrete footing
minimum 3'-6" below finish grade &
 1' into undisturbed soil

2" x 24" perimeter insulation

3/4" insul isolation jt.

bituminous mastic dampproofing on
cementitious parging below grade
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Wall Section 1st FloorWall Section 1st Floor

1 1/2" ff insul w/
thermo-stud tracks @ 24" o/c
1/2" gwb, screwed,
(see plans for scope of work)

insulate full perimeter w/ 1 1/2" rigid
insulation

2 x 10 at 16" o/c
APA rated t & g sturd-i-floor, exp. 1,
glued & nailed
insulate above unheated spaces w/ R-19
f.g. batt

4" brick + 6" c.m.u
(10" c.m.u below grade)

base flashing, plastic weeps @ 4' o/c

2x6 trtd sill pl, bolted to fdn at 4'
o/c w/f.g. sill sealer
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Masonry WallsMasonry Walls
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Wall SelectionWall Selection

• Structural Requirements
• Height, etc.

• Interior Finish

• Exterior Finish

• Insulation
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Masonry OpeningsMasonry Openings
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Masonry Must Be Supported Above
Openings
Masonry Must Be Supported Above
Openings

• Opening requires spanning capability
above

• Span creates bending stresses

• Bending stresses are a combination of
tensile and compressive stresses

• Masonry has limited capacity for
resisting tensile stresses
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Corbel and Arch Action in Masonry
Walls
Corbel and Arch Action in Masonry
Walls

• Corbel • a shelf or ledge formed by
projecting successive courses of
masonry

• Arch • a curved compressive structural
member spanning openings or recesses
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CorbelCorbel
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Segmental ArchSegmental Arch
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Jack ArchJack Arch
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Roman ArchRoman Arch
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Rectangular Openings Require a Lintel
for Support of Wall Above
Rectangular Openings Require a Lintel
for Support of Wall Above

• Loose Steel Angles
• One per 4" wythe

• Long Leg Vertical

• Steel Beam with Bottom Plate
• 4" Width Plus Thickness of Masonry Supported

• Lintel Blocks
• Same Thickness as Wall

• Steel Reinforcing Embedded in Concrete

• Requires Temporary Support

• Precast Concrete or Stone (limited)
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Loose Steel AnglesLoose Steel Angles
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Steel BeamSteel Beam



Carnegie Mellon • Department of Architecture • Materials & Assembly

Lintel BlocksLintel Blocks
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Types of Lintel BlocksTypes of Lintel Blocks
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Precast ConcretePrecast Concrete
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Analyze Load Condition Above
Opening • Simple
Analyze Load Condition Above
Opening • Simple
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Analyze Load Condition Above
Opening • Concentrated
Analyze Load Condition Above
Opening • Concentrated
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Dimensional Coordination of Wall
Length(s)
Dimensional Coordination of Wall
Length(s)
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Dimensional Coordination of Opening
Locations
Dimensional Coordination of Opening
Locations
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Controlling Movement in Masonry
Walls
Controlling Movement in Masonry
Walls
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Cracking Results from Restrained
Movement
Cracking Results from Restrained
Movement

• Temperature

• Moisture Content

• Overloads on Structure
• Dead Load

• Live Load

• Impact

• Vibration

• Settlement
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SolutionsSolutions

• Control Moisture

• Horizontal Reinforcement

• Control Joints
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Moisture ControlMoisture Control

• By Specification

• By Proper Care on Jobsite

• Proper Detailing
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Horizontal ReinforcementHorizontal Reinforcement

• Joint Reinforcement

• Bond Beams



Carnegie Mellon • Department of Architecture • Materials & Assembly

Joint ReinforcementJoint Reinforcement

• Prefabricated, galvanized steel wires for
embedment in horizontal mortar joint

• 8" ~ 24" o/c
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Control JointsControl Joints

• Changes in Wall Height or Thickness

• At Construction Joints in Foundation,
Floors and Roof

• At Chases and Recesses

• At Abutment to Wall and Columns

• At Return Angles in L-, T- or U-shaped
Structures

• At One or Both Sides of an Opening



Carnegie Mellon • Department of Architecture • Materials & Assembly

Control Joint LocationsControl Joint Locations
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Control Joints as a Function of Panel
Size
Control Joints as a Function of Panel
Size

• Assuming Horizontal Joint Reinforcing
at 16" o/c

• Less Than 3 x the Panel Height

• Less Than 50'
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Control Joint Details in BlockControl Joint Details in Block
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8" CMU Corner8" CMU Corner
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8" Axo8" Axo
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8" Section8" Section
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12" Composite Corner12" Composite Corner
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12" Axo12" Axo
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12" Section12" Section
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14" Cavity Corner14" Cavity Corner
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14" Axo14" Axo
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14" Section14" Section


