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Architecture 504
Masonry Structures

Strength Design
Unreinforced

• TMS Chap 9 – Strength Design

Hoechst  Fabrik
Technical Administration Bldg.

Peter Behrens, 1924
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Design Options

Empirical
• TMS 402 Appendix A

Allowable Stress Design (ASD)
• TMS 402 Chap. 8

Strength Design
• TMS 402 Chap. 9
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Design Options

Empirical
• TMS 402 Appendix A

Allowable Stress Design (ASD)
• TMS 402 Chap. 8

Strength Design
• TMS 402 Chap. 9
• IBC Section 2108

– mostly references TMS 402
– steel development length not less 

than 12” or more than 72 db
– Mechanical and welded splices
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TMS 402

Development
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TMS 402 Chapter 9

9.1 General

9.1.1 Scope

9.1.2 Required strength

9.1.3 Design strength

9.1.4 Strength-reduction factors

9.1.5 Deformation requirements

9.1.6 Anchor bolts embedded in grout

9.1.7 Shear strength in Multiwythe elements

9.1.8 Nominal bearing strength

9.1.9 Material properties
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TMS 402 Chapter 9

Strength Design Method

Strength Required by Loads  <  Strength of Masonry

 Pu     <   ø Pn

• 1.4 D
• 1.2 D + 1.6 Lr + 0.5(Lr or S)
• 1.2 D + 1.6(Lr or S) + (L or 0.5W)
• 1.2 D + 1.0W + L + 0.5(Lr or S)
• 0.9D + 1.0W
• 1.2D + Ev + Eh + L + 0.2S
• 0.9D - Ev + Eh
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TMS 402 Chapter 9

9.1.4 Strength-reduction factors, ø
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TMS 402 Chapter 9 Strength Design
Section 9.2   Unreinforced (plain) masonry

9.2.1 Scope
9.2.2 Design criteria  (remain uncracked)
9.2.3 Design assumptions
• strain proportional to distance from N.A.
• flexural tension proportional to strain
• flexural comp. + axial comp. proportional to strain
• stresses in reinforcement are not accounted for in 

resistance to loads
9.2.4 Nominal flexural and axial strength for 
unreinforced masonry in axial + flexure
• compressive stress ≤ 0.80 f’m
• tensile stress ≤ modulus of rupture, fr

9.2.5 Axial tension
• tension resistance shall be neglected

9.2.6 Nominal shear strength lesser of
(3.8 Anv √f’m or  300 Anv)

𝑓௧ ൌ 𝑀𝑐𝐼 − 𝑃𝐴

𝑃𝑢 ൑ 𝑃𝑛
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TMS 402 Chapter 9

Table 9.1.9.2 Modulus of Rupture
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Masonry Analysis – strength design procedure
for axial compression using TMS 402 (2016) 
Strength Design (LRFD) – non-reinforced

Given: applied load, geometry, material
Find: axial compressive load capacity, Pn

1. Determine the masonry strength, f’m,  based on 
unit strength, fu, and mortar type

2. Find the net area, An, and r  (see TEK 14-1B)

3. Calculate ௛ ௥⁄
4. Choose the axial strength equation, Pn:

If  ௛ ௥⁄ < 99  use TMS 402 eq.9-11
If  ௛ ௥⁄ > 99  use TMS 402 eq.9-12

5. Calculate øPn where ø for axial force = 0.60

6. Check that øPn is greater than Pu.
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Masonry Strength

TMS 602 – Table 2 – s18

Masonry strength, f’m, based on unit strength, 
fu,  and mortar type M, S or N Concrete Masonry
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Masonry Analysis
for axial compression using TMS 402 (2016) 
Strength Design – non-reinforced

Section Properties of Concrete Masonry Walls  TEK 14 – 1B

A

B

C

D

E
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Reinforced Masonry Analysis
for axial compression using TMS 402 (2016) 
Strength Design – non-reinforced

Section Properties of Concrete Masonry Walls  TEK 14 – 1B

A
B

D/E
C

University of Michigan, TCAUP                                                                   Structures II                Slide  18 of 35

Reinforced Masonry Analysis
for axial compression using TMS 402 (2016) 
Strength Design – non-reinforced

Example Problem

Given: geometry: 8” block, grouted 24” o.c.
material: f’m = 3000 psi

Find: check pass/fail for the given loading

1. Determine the masonry strength, f’m,  
based on unit strength, fu, and mortar 
type. (given f’m = 3000 psi)
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Reinforced Masonry Analysis
for axial compression using TMS 402 (2016) 
Strength Design – non-reinforced

2. Find the net area, An, and radius of gyration, ravg (see TEK 14-1B)
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Reinforced Masonry Analysis
for axial compression using TMS 402 
(2016) Strength Design – non-reinforced

3. Calculate ௛ ௥⁄

4. Choose the axial strength equation, Pn:
If  ௛ ௥⁄ < 99  use TMS 402 eq.9-11
If  ௛ ௥⁄ > 99  use TMS 402 eq.9-12
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Reinforced Masonry Analysis
for axial compression using TMS 402 
(2016) Strength Design – non-reinforced

5. Calculate øPn
where ø for axial force = 0.60

(unreinforced)

6. Check that øPn is greater than Pu.
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TMS 402 Chapter 9

Axial Load + Flexure

Interaction Diagram
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TMS 402 Chapter 9

Moment Magnification

Design for magnified moment:  𝑀௨ = 𝜓𝑀௨,଴

• Can take 𝜓 = 1 if ℎ/𝑟 ≤ 45

• Can take 𝜓 = 1 if 45 < ℎ/𝑟 ≤ 60 and nominal 
strength (Pn) reduced by 10%

𝜓 = 11 − 𝑃௨𝑃௘ = 11 − 𝑃௨𝐴௡𝑓௠ᇱ 70𝑟ℎ ଶ
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Unreinforced Masonry Wall
example

Given:
h = 12 ft
t = 8 in hollow CMU,     fu = 2000 psi
type S mortar,   face shell bedding,   no grout

Loading:
D = 1 k/ft + selfweight of 30 psf
Lr = 0.5 k/ft (e = 3 in.)
W = 24 psf (+ or -)

Load Combinations
1.4D
1.2D + 1.6Lr
1.2D + 1.0W + 0.5Lr
0.9D + 1.0W 
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Unreinforced Masonry Wall
example

Given:
fu = 2000 psi
type S mortar

f’m = 2000 psi (TMS 602 – table 2 – s18)
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Unreinforced Masonry Wall
example

Section Properties of Concrete Masonry Walls  
TEK 14 – 1B

using A – faceshell bedding, no grout

A

B

C

D

E
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Unreinforced Masonry Wall
example

An = 30 in2/ft
Sn = 81 in3/ft
ravg = 2.84 in (TEK 14 – 1B)

ℎ𝑟 = 144𝑖𝑛.2.84𝑖𝑛. = 50.7
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Unreinforced Masonry Wall  example

Load Combinations
1.4D
1.2D + 1.6Lr
1.2D + 1.0W + 0.5Lr
0.9D + 1.0W 

Determine the controlling load combination
A. 1.2D + 1.0W + 0.5Lr Wind pressure (compression on outside)
B. 1.2D + 1.0W + 0.5Lr Wind suction (compression on inside)
C. 0.9D + 1.0W                 Wind pressure (compression on outside)
D. 0.9D + 1.0W                 Wind suction (compression on inside)

Tensile Stress (psi)Load Combination
?1.2D + 1.0W + 0.5Lr  wind pressure 
?1.2D + 1.0W + 0.5Lr wind suction
?0.9D + 1.0W   wind pressure
?0.9D + 1.0W    wind suction
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Unreinforced Masonry Wall  example

Load Combinations
1.4D
1.2D + 1.6Lr
1.2D + 1.0W + 0.5Lr
0.9D + 1.0W 

Determine the controlling load combination
A. 1.2D + 1.0W + 0.5Lr Wind pressure (compression on outside)
B. 1.2D + 1.0W + 0.5Lr Wind suction (compression on inside)
C. 0.9D + 1.0W                 Wind pressure (compression on outside)
D. 0.9D + 1.0W                 Wind suction (compression on inside)

Tensile Stress (psi)Load Combination
5.9 psi1.2D + 1.0W + 0.5Lr  wind pressure 

40.4 psi1.2D + 1.0W + 0.5Lr wind suction
12.4 psi0.9D + 1.0W   wind pressure
47.6 psi0.9D + 1.0W    wind suction

see slide 34 for calculation
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Unreinforced Masonry Wall
example

Given:
h = 12 ft
t = 8 in hollow CMU,     fu = 2000 psi
type S mortar,   face shell bedding,   no grout

Loading:
D = 1 k/ft + selfweight of 30 psf
Lr = 0.5 k/ft (w/ e=3 in.)
W = 24 psf (+ or -)

Load Combinations
1.4D
1.2D + 1.6Lr
1.2D + 1.0W + 0.5Lr
0.9D + 1.0W 
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Unreinforced Masonry Wall
example

0.9D + 1.0W    Wind suction (compression on inside)

University of Michigan, TCAUP                                                                   Masonry                      Slide  32 of 35

Unreinforced Masonry Wall  example
0.9D + 1.0W - Wind suction (compression on inside face of wall)

𝑀௨௙ = 𝑃௨௙𝑒 = 0.9 1000 ௟௕௙௧ 3.0𝑖𝑛. = 2700 ௟௕·௜௡.௙௧Moment at top of 
wall from floor, 𝑀௨௙

𝑀௨,଴ = 𝑀௨௙2 + 𝑤௨ℎଶ8 + 𝑀௨௙ଶ2𝑤௨ℎଶ          = ଶ଻଴଴೗್·೔೙.೑೟ଶ + ଶସ ೗್೑೟మ ଵଶ௙௧ మ ଵଶ೔೙.೑೟଼ + ଶ଻଴଴೗್·೔೙.೑೟ మ
ଶ ଶସ ೗್೑೟మ ଵଶ௙௧ మ ଵଶ೔೙.೑೟          = 1350 + 5184 + 88 = 6622 ௟௕·௜௡.௙௧

Maximum combined 
moment, 𝑀௨,଴

Factored axial 
load, 𝑃௨ 𝑃௨ = 0.9 1000 ௟௕௙௧ + 30 ௟௕௙௧మ ଺ଶ.଺௜௡.ଵଶ௜௡. ௙௧⁄ = 1041 ௟௕௙௧
Location of max 
moment, 𝑥 𝑥 = ℎ2 −𝑀௨௙𝑤௨ℎ = 144𝑖𝑛.2 − 2700 𝑙𝑏 · 𝑖𝑛.𝑓𝑡24 𝑙𝑏𝑓𝑡ଶ 12𝑓𝑡 = 62.6𝑖𝑛.



University of Michigan, TCAUP                                                                   Masonry                      Slide  33 of 35

Unreinforced Masonry Wall  example
0.9D + 1.0W  - Wind suction (compression on inside face of wall)

Moment 
Magnifier:

𝜓 = ଵଵି ುೠಲ೙೑೘ᇲ ళబೝ೓ మ = ଵଵି భబరభ೗೑್೟ሺయబ೔೙.మ೑೟ ሻሺమబబబ೛ೞ೔ሻ ళబ  మ.ఴరభరర మ = 1.01

University of Michigan, TCAUP                                                                   Masonry                      Slide  34 of 35

Unreinforced Masonry Wall  example
0.9D + 1.0W  - Wind suction (compression on inside face of wall)

Tension
stress:

Compression
Stress:

Moment 
Magnifier:

Nominal Strength = 51 psi
(fr)

Design Strength = 0.6 (51 psi) = 30.6 psi

(f’m)
Nominal Strength = 0.8(2000 psi) =1600 psi
Design Strength = 0.6(1600 psi) = 960 psi OK

𝜓 = 1.01

+ ௉ೠ஺೙ − టெೠ,బௌ೙ = +34.7 − 82.5 = 47.6 𝑝𝑠𝑖 𝑡𝑒𝑛𝑠𝑖𝑜𝑛

௉ೠ஺೙ + టெೠ,బௌ೙ = ଵ଴ସଵ೗೑್೟ଷ଴೔೙.మ೑೟ + ଵ.଴ଵ ଺଺ଶଶ೗್·೔೙.೑೟଼ଵ.଴೔೙.య೑೟ = 34.7 + 82.5 = 117.4 𝑝𝑠𝑖

NG!
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Unreinforced Masonry Wall  example
0.9D + 1.0W  - Wind suction (compression on inside face of wall)

What to do to make wall work? (short of reinforcing wall)

1. Increase wall size, say to 12 in.  (Sn = 139.6 in3/ft).  Maximum 
tensile stress is 12.7 psi. 

2. Grout wall.  (w-wall = 75 psf; An = 91.5 in2/ft; Sn = 116.3 in3/ft; 
fr = 163 psi)  Maximum tensile stress of 45.3 psi is less than 
design stress of 0.6(163) = 97.8 psi   

3. Use Portland cement/lime or mortar cement (modulus of rupture 
is 84 psi).  Maximum tensile stress of 47.2 psi is less than design 
stress of 0.6(84)=50.4 psi

4.    Use pilasters


