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Architecture 504
Masonry Structures

Combined Axial and 
Flexure Load

Part 2

• Concentric axial 
• Interaction
• Bearing walls

Tagh Behesht
by Rvad Studio
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Tagh Behesht by Rvad Studio
The project’s primary design methodology 
began with an investigation of architectural 
history of bazaars in Iran and the city of 
Mash-had. Since time immemorial, the 
unbreakable bond between the city 
bazaars and the foundations of the 
economy has led to bazaars taking on an 
important and consistent role in people’s 
daily lives.
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Tagh Behesht by Rvad Studio
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Combined Bending and Axial Load
CMU Pilaster Analysis

h = 24 ft
o.c. spacing = 16 ft
f’m = 2000  psi
Gr 60 reinforcement , fy = 60 ksi
4 x#5 Ab / bar = 0.31in2

reinforcement not laterally tied
eccentricity = 5.8 in.
Droof = 9.6 k  Dself = 200 plf W = 8.1 k (uplift)  
W = 26 psf (lateral suction on wall)
Load combination:  0.9 D + 1.0 W

Find Pu:
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Combined Bending and Axial Load
CMU Pilaster Analysis
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Gr 60 reinforcement , fy = 60 ksi
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Load combination:  0.9 D + 1.0 W

University of Michigan, TCAUP                                                                   Masonry                      Slide  6 of 20

Combined Bending and Axial Load
CMU Pilaster Analysis

h = 24 ft
o.c. spacing = 16 ft
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4 x #5    Ab per bar = 0.31in2

reinforcement not laterally tied
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Droof = 9.6 k  Dself = 200 plf W = 8.1 k (uplift)  
W = 26 psf (lateral suction on wall)
Load combination:  0.9 D + 1.0 W
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Combined Bending and Axial Load
CMU Pilaster Design

h = 24 ft

o.c. spacing = 16 ft

f’m = 2000  psi

Gr 60 reinforcement , fy = 60 ksi

reinforcement not laterally tied

eccentricity = 5.8 in.

D = 9.6 k  S = 9.6 k  W = 8.1 k (uplift)  W = 26 psf (lateral)

Load combination:  0.9 D – 1.0 W

Find Pu:
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Combined Bending and Axial Load
CMU Pilaster Design

Given:

h = 24 ft
o.c. spacing = 16 ft
f’m = 2000  psi
Gr 60 reinforcement, fy = 60 ksi
reinforcement not laterally tied
eccentricity = 5.8 in.
D = 9.6 k  W = 8.1 k (uplift)  W = 26 psf (lateral)     Load Case: 0.9 D + 1.0 W

Find:  As, steel reinforcement

1.      Find Mu:
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Combined Bending and Axial Load
CMU Pilaster Design

Determine c

balanced strain

a = 1.496 in.
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Combined Bending and Axial Load CMU Pilaster Design

c = 1.87”
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Combined Bending and Axial Load CMU Pilaster Design

Asreqd = 0.574 in2

try 2 x #5 bars, As = 0.62 in2

Since wind can be suction or pressure, 
bars are placed on both sides, symmetrically,
in the center of each cell – total of 4 #5 bars.

Pu = 2,700 lbs

Mu = 361,000 in-lbs

ρ = As/bd = 0.62/(15.6 x 11.8) = 0.00336
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Combined Bending and Axial Load  example

Given:
• exterior wall w/ parapet
• 30 psf wind
• eccentric roof, e=2.48”
• wall DL = 44 psf
• Gr. 60 steel 
• assume grout 48” o.c. (6 cells)
• 8” CMU  w/ type S masonry cement
• load combination: 0.9D + 1.0W 

Required:
• Find the required steel reinforcement

Procedure:
1. Calculate the initial (without magnifier) Mu and Pu
2. Calculate the moment magnifier, y
3. Determine the revised Mu and Pu
4. Determine combined force mode – tension or compression controlled
5. Find required steel, As,reqd
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Combined Bending and Axial Load  example

Procedure:
1. Calculate the initial (without magnifier) Mu and Pu
2. Calculate the moment magnifier, y
3. Determine the revised Mu and Pu
4. Determine combined force mode – tension or compression controlled
5. Find required steel, As,reqd
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Combined Bending and Axial Load  example

1. Calculate the initial (without magnifier) Mu
and Pu

Calculate original 
moment, Mu,o
(without y)

Calculate Pu

Wall D = 44psf
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Combined Bending and Axial Load  example

2. Find the moment 
magnification factor, ψ

Calculate Mcr and compare 
with Mu (estimate ψ = 1.1)

Mu = 1.1(13100) = 14410 in-lb/ft
Mcr = 8260 in-lb/ft
therefore, section is cracked
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Combined Bending and Axial Load  example

2. Find the moment 
magnification factor, ψ

Calculate Icr = Ieff
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Combined Bending and Axial Load  example

2. Calculate the moment 
magnification factor, ψ

Calculate Pe
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Combined Bending and Axial Load  example

2. Calculate the moment 
magnification factor, ψ

Calculate ψ

3. Determine the revised Mu and Pu

Mu = ψ Mu,0 = 1.214(13100) = 15903 in-lb/ft

Pu = 0.9 DL = 0.9 (floor + parapet + wall/2) = 1090 lb/ft
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Combined Bending and Axial Load  example

4. Determine combined 
force mode:
tension or compression 
controlled?

Determine c:
a = 0.2497 in.

c = a/0.8 = 0.312 in.
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Combined Bending and Axial Load  example

4. Determine combined 
force mode:
tension or compression 
controlled?

Determine c balanced

cbal = d  0.547
= (3.81) 0.547 = 2.084 in.

c = 0.312 in. < cbal = 2.084 in.

c < cbal therefore, tension controls
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Combined Bending and Axial Load  example

10. Determine As,reqd
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Combined Bending and Axial Load  example

for Asreqd = 0.597 in2/ft

use #4 @ 40 in. o.c.

from TEK 14-01B

An = 42.8 in2/ft

Sn = 88.3 in3/ft

check Mcr

check capacity

check ρ max
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Combined Bending and Axial Load  example

for As = 0.06 in2/ft

use #4 @ 40 in. o.c.

from TEK 14-01B

An = 42.8 in2/ft

Sn = 88.3 in3/ft

check capacity

check ρ max

(TMS 402 9.3.3.2)

φMn = 15,956 in-lb/ft > 15,903 in-lb/ft = Mu   ok


