Architecture 504
Masonry Structures

Contemporary Masonry
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High Rise

Walls — thrust line calculation
*  Sum moments at sections to find axis

(a) NoWind (b) Light (c) Limiting (d) Uplift and
Wind Case for Separation at
Full Bearing  the Foundation

Figure 1.9 Stability of wall under increasing wind force.
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e)Overturning
Condition

Masonry

113 ft.
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(a) Cross-Section (b) Top Portion
of Wall (No Wind)
(Redrawn from
ref. 1.9 p.92)

(c) Top Portion
(With Wind)

Figure 1.8 Equilibrium of mud brick wall at Palace of Ctesiphon

(c. A.D. 550).
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Monadnock Building

Burnham & Root
1892, Chicago
215 ft., 16 stories
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Modern Multistory Masonry

* Reinforced cavity wall
+ Tied to slab
+ Diaphragm action
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Modern Multistory Masonry

* Reinforced cavity wall
+ Tied toslab
+ Diaphragm action

Load is transferred

by the slab to the Floor slab acts
shear wall as a rigid
P~ diaphragm
Floor wall | __—— Shear force
conection

Diagonal
compression
strut

< /Z\ 24 story loadbearing reinforced 8” block

Shear wall L--..».:-.,,, R AR O OO AR RA RO R KA > 10C
h Lateral load T~ Accumulated Holiday Towers North apartment building.

e shear force at

bottom story Winnipeg, Canada. 1973

N

Figure 17.6 Lateral load transfer in multistory loadbearing masonry
buildings.
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Modern Masonry Construction

Wall Construction

+ Single wythe

N
N
N
N

(A) Brick Wall - Running  (c) Grouted Block Wall - (c) Brick Wall - Third
Bond (half bond) Running Bond Running Bond

(e) Surface Coated Wall

Figure 2.1  Single-wythe walls.
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Wall Construction

Double wythe

+ solid

» cavity — hollow or filled
e composite

Course of
Headers

(a) Common Bond

(b) Flemish Bond

einforcement

Joint
%
£
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Grouted
Cavity

Metal ties

¢

Jody

(177777
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Composite Wall Composite Wall
(Metal Ties) (Headers)
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reinforced walls
® ve rtl Cal Vertical reinforcement: Vertical reinforcemen
i in collar joint in grouted cavity
* horizontal
Horizontal Horizontal
reinforcement reinforcement
in mortar . in cavity
bed joints #XR
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(b) Reinforcement in Cavity

Vertical bar in
grouted cell

Horizontal bar in bond
beam

beam (knock-out webs)
(knock-out webs)
(c) Reinforcement in hollow units (fully and partially grouted masonry, L to R)

Figure 2.3 Examples of reinforced walls
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Wall Construction

veneer
» adhered
» tied — to masonry or studs

Cavi
(I\?(;,t"?i,lled)

Air gap
or cavity

(a) Adhered Veneer (b) Tied Veneer (c) Tied Veneer
(Masonry Backing) (Stud Backing)

Figure 2.5 Veneer walls.

University of Michigan, TCAUP Masonry Slide 11 of 22

Wall Construction

diaphragm

Metal ties

(L7770

(a) Tied Wall (b) Bonded Walll

Figure 2.6 Diaphragm walls.
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Columns and Pilasters
(by TSM 402 5.3 and 5.4)

+ lateral support spacing (h) =99 r,;,

r=0.288675t (rectangle)
h/r <99

e tmin=8"

+ fully grouted

* As min =0.0025 An
* Asmax =0.04 An

* min bars =4

and grouted

Figure 2.7 Columns.
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Can be reinforced

Masonry

Ties in
grouted
pocket

Ties in
bed joints

(b) Hollow Units

Figure 2.9 Column and pilaster reinforcement.
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Columns and Pilasters
(by TSM 402)

Ties

* min. /4" dia.

+ vertical spacing
— 16 x longitudinal bar dia.
— 48 x tie dia.
— least dim. of column

Latercl Ties
Vertical
Reinforcement
tied to dowels
enbecdded in
footing

Reinforced
concrete footing

U. S. ARMY CORPS OF ENGINEERS

University of Michigan, TCAUP

Masonry

Vertical reinforcement

Lateral tes

Remcve webs of pilaster units

u

particlly to sllow placement A

of heorizontal reinforcement

A

W
AN

A

Horizontal bond beam

reinforcement

\ )\

TAWA
R

Place grout berrier under
bond beom over cores of
unreinforced vertical cells

to confine grout

U. S. ARMY CORPS OF ENGINEERS
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Columns and Pilasters

* pilasters
» project from one or both sides
» carry lateral and vertical loads

Unbonded Bonded
single projection

double projection

Bonded blocks Unbonded Blocks Unbonded Blocks Figure 4.25 Pilaster details.

Figure 2.8 Pilasters.
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Beams and Lintels

* solid
* hollow

Grouted cavity

Bed joint .
reinforcement Stirrup

Grouted pocket

Knock out unit
for the top
course

Placed with
bottom bar

Precast beam

(b) Beams of Hollow Units

Figure 2.10 Reinforced masonry beams and lintels.
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Single-Story Buildings

compression

bending
shear :
Bracing or shear wall
: Wind suction i g
\é\éilfi r: o pressure : Wind suction
Wind Y T wi
pressure “4 == Wi
suction
i Internal pressure
Cross - section
. Ceiling
Walls in diaphragm
bending
(flexural
wall)
Bracing
walls (shear wall)
Bond beam
Wall A and lintel
Wind
Figure 2.11 Structural action of a single-story structure.
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Multi-Story Buildings

compression

bending
shear
Corridor and exterior walls resist
horizontal loads in the
Shear itudinal direction
horizontal ioads in the
transverse
p——
o
Gravity
Load lateral
== loads
Y
Wall-floor connections -~
transfer loads from
floors to walls
o L
ragm to transfer
ioads to al wals
(a) Masonry Shear Wall Building (b) Elevation of a Shear Wall

Figure 2.12 Lateral load resistance of masonry shear wall system.
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Multi-Story Buildings

» thrust lines in walls

* unreinforced

» if center of force is outside
of the kern, then tension
occurs

» this is magnified by bending
in thin walls

Masonry <'H ARAIRER)!
bearing walls (
\AARIKARRIREAN )/

e (RR1IRRR2IERY!

Concrete floor
a) Elevation of Building
f 2 . t2
]
TTTIVITIT Ve
Compressive
stresses Cracked
masonry
Thrust
line
N
Thrust
Cracked i
I” masonry line %
f >2/3t 3
P > 2/3t
b) Thick Wall ¢) Thin Wall

Figure 2.14 Thrust lines in unreinforced masonry walls.
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Multi-Story Buildings I I I
== <& ph/2 p <& ph/2 -t ph/2

» thrust lines in walls

+ finding thrust line at center

* sum moments at center c

« finde

» if e is within the kern of the
wall then all is in compression

» this assumes minimal
bending deformation

University of Michigan, TCAUP

— ph/2 / hio Phi2
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B h/4 1’ i h/4 1
|
h o ;

e

Pressure, p
b
=

R=P+W/2 R=P+W/2
—
(b) Half Wall (C) Half wall
— with Thrust with Internal
Line Location Forces for
Equilibrium

— T < pp/2

P+W
(@) Full Wall Under Load

Figure 2.15 Masonry walls under axial load and lateral wind pressure.

R.oPh h_ph h
2 2 2 4
o ph2 B ph2 1
8R 8 \P+W /2
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Multi-Story Buildings

Shear Walls

» failure modes

e compression

* tension H

e shear

Vertical steel
to resist flexural
tension

Possible
flexural
crack

H— Horizontal steel

to resist shear

— Possible diagonal
crack

(a) Wall under combined axial
and lateral loads.

|

Stress distribution
under low lateral load.

Zf

Stress distribution
under increasing
levels of lateral loads.
i~

~
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T=Agf
Stress distribution after
flexural cracking.
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=Asfy

ot
Stress distribution at
ultimate.

(b) Normal Stress distributions.

Figure 2.18 Reinforced masonry shear wall design.
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Prestressed Masonry e
g e = rod Prestress in masonry due to
— r: Iﬂ{ L s tensioned steel rod.
* raises compressive stress ==
« used in Gothic (without steel) § = ’ it i
- steel placed on centroid i = VA el
* no need for grout % =1 -
* creep ~ 2 to 3 times initial e D Secdcibnakicoriesly
elastic deformation =

Coupling
device

End core grouted
(a) Prefabricated Lintel Beam (b) Hollow Block Wall

Figure 2.21 Examples of prestressed masonry elements.
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(c) Cavity Wall

Masonry

(a) Prestress Wall

(b) Normal Stress Distribution at Midspan Section

Figure 2.20 Principle of prestressing.

Pinnacle
and statué

Arch or
vault
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