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Architecture 504
Masonry Structures

Combined Axial and 
Flexure Load - pt1.

• Concentric Axial 
• Flexure Loading
• Interaction

Hans Poelzig
Großes Schauspielhaus

Berlin, 1918-19
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Hans Poelzig’s Berlin Theater
Großes Schauspielhaus
Berlin, 1918-19
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Hans Poelzig’s Berlin Theater
Großes Schauspielhaus
Berlin, 1918-19

Saltzburg Theater
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Concentric Axial Compression
9.3.4.1 Nominal strength

9.3.4.1.1 Nominal axial and flexural strength
Section 4.3.3  Radius of gyration
use ravg because it relates to stiffness

similar to Euler Equation (𝐸௠ = 900𝑓௠ᇱ ) for CMU

𝑃௡ = 0.80 0.80𝑓௠ᇱ (𝐴௡−𝐴௦௧) + 𝑓௬𝐴௦௧ 1 − ௛ଵସ଴௥ ଶ
for ௛௥ ≤ 99

𝑃௡ = 0.80[0.80𝑓௠ᇱ (𝐴௡−𝐴௦௧) + 𝑓௬𝐴௦௧] ଻଴௥௛ ଶ
for ௛௥ > 99𝜙 = 0.9 𝐴௦௧ = area of laterally tied steel

𝑃௘௨௟௘௥ = 𝜋ଶ𝐸𝐼ℎଶ = 𝜋ଶ𝐸𝐴௡𝑟ଶℎଶ = 𝜋ଶ(900𝑓௠ᇱ )𝐴௡𝑟ଶℎଶ = 𝐴௡𝑓௠ᇱ 94.2 𝑟ℎ ଶ

eq. 9-15

eq. 9-16

Euler Equation above is for CMU with Em = 900f’m
for clay  (𝐸௠ = 700𝑓௠ᇱ ), the term is 83.1𝑟 ℎ⁄ ଶ
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Concentric Axial Compression

Buckling curve (similar to Euler)
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Concentric Axial Compression
Radius of Gyration

see NCMA TEK 14-01B for tabulated values

ravg = Iavg/Aavg
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Interaction Diagram

• Assume strain/stress distribution
• Compute forces in masonry and steel
• Sum forces to get axial force
• Sum moment about centerline to get bending moment
• Key points

• Pure axial load
• Pure bending
• Balanced
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Concentric Axial Compression
Example – 8 in. CMU bearing wall   f’m = 2000 psi
- Find capacity

Pure Axial Compression – no Moment
Steel not tied by 5.3.1.4
NCMA TEK 14-1B  Section Properties of Concrete  

Masonry Walls𝑟𝑎𝑣𝑔 = 2.66 in.  𝐴௡ = 40.7in.2/ft 𝐼௡ = 332.0 in.4/ft  
Ast = 0.2in2/4ft = 0.05 in2/ft
Find h/r = 144”/2.66” = 54.1 < 99
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TMS 402 Chapter 9

9.1.4 Strength-reduction factors, ø
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Concentric Axial Compression
Example – 8 in. CMU bearing wall   f’m = 2000 psi
- Find capacity

Pure Axial Compression – no Moment
Steel not tied by 5.3.1.4
NCMA TEK 14-1B  Section Properties of Concrete 
Masonry Walls𝑟 = 2.66 in.  𝐴௡ = 40.7in.2/ft 𝐼௡ = 332.0 in.4/ft  
Ast = 0.05 in2/ft
Find h/r = 144”/2.66” = 54.1 < 99𝑃௡ = 0.80 0.80𝑓௠ᇱ (𝐴௡−𝐴௦௧) + 𝑓௬𝐴௦௧ 1 − ௛ଵସ଴௥ ଶ

      = 0.80 0.80(2.0𝑘𝑠𝑖)(40.7 ௜௡.మ௙௧ − 0.05) + 60(0.05) 1 − ଵସସଷ଻ଶ.ସ ଶ
      = 54.43 ௞௙௧ 0.85 = 46.29 ௞௙௧

Nominal Axial 
Load, 𝑃௡

𝜙𝑃௡ = 0.9 46.29 ௞௙௧ = 41.66 ௞௙௧Design axial 
load, ϕ𝑃௡
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Interaction Diagram

41.66

University of Michigan, TCAUP                                                                   Masonry                      Slide  12 of 23

Moment only (no axial load)
Example – 8 in. CMU bearing wall  - Find capacity
NCMA TEK 14-1B  Section Properties of Concrete 
Masonry Walls𝑟 = 2.66 in.  𝐴௡ = 40.7in.2/ft 𝐼௡ = 332.0 in.4/ft

Nominal 
moment, 𝑀௡

Design moment, ϕ𝑀௡

Check to make sure stress 
block is in face shell

𝐴௦ for #4 𝐴௦ = ଴.ଶ଴௜௡.మସ଼௜௡. ଵଶ௜௡.௙௧ = 0.05 ௜௡.మ௙௧

𝑀௡ = 𝐴௦𝑓௬ 𝑑 − ௔ଶ        = 0.05 ௜௡.మ௙௧ 60𝑘𝑠𝑖 3.81𝑖𝑛.−଴.ଵହ଺௜௡ଶ         = 3.0 3.73 = 11.19 ௞·௜௡௙௧ = 0.934 ௞·௙௧௙௧
𝜙𝑀௡ = 0.9 0.924 ௞·௙௧௙௧ = 0.840 ௞·௙௧௙௧

𝑎 = ஺ೞ௙೤଴.଼௕௙೘ᇲ = ଴.଴ହ೔೙.మ೑೟ ଺଴௞௦௜଴.଼ ଵଶ೔೙.೑೟ ଶ.଴௞௦௜ = 0.156𝑖𝑛.
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Interaction Diagram
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Balanced
Example – 8 in. CMU bearing wall  

c a
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Balanced   Example – 8 in. CMU bearing wall  

Compressive 
force,  𝐶௠

Tension 
force,  𝑇 𝑇 = 𝑓௬𝐴௦ = 60𝑘𝑠𝑖 0.05 ௜௡.మ௙௧ = 3.0 ௞௙௧

𝐶௠,௪௘௕ =   𝐶2 = 0.8 𝑓ᇱ𝑚 𝑘𝑠𝑖 𝑎 𝑖𝑛.−𝑡𝑓𝑖𝑛. 𝑏𝑤 𝑖𝑛.𝑓𝑡𝐶௠,௪௘௕ = 0.8 2.0𝑘𝑠𝑖 1.67𝑖𝑛.−1.25𝑖𝑛. 2.0 𝑖𝑛.𝑓𝑡 = 1.34 𝑘𝑓𝑡

𝐶௠,௙௔௖௘ ௦௛௘௟௟ =  𝐶1 = 0.8 𝑓ᇱ𝑚 𝑘𝑠𝑖 𝑡𝑓 𝑖𝑛. 12 𝑖𝑛.𝑓𝑡𝐶௠,௙௔௖௘ ௦௛௘௟௟ = 0.8 2.0𝑘𝑠𝑖 1.25𝑖𝑛. 12 ௜௡.௙௧ = 24 ௞௙௧
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Balanced   Example – 8 in. CMU bearing wall  

Design 
force, 𝜙𝑃௡

Design moment,  𝜙𝑀௡

𝜙𝑃௡ =  0.9 𝐶1 + 𝐶2 − 𝑇𝜙𝑃௡ = 0.9 24.0 + 1.34 − 3.0 ௞௙௧ = 20.1 ௞௙௧
𝜙𝑀௡ = 0.9 𝐶1 𝑑 − 𝑡𝑓2 + 𝐶2 𝑑 − 𝑡𝑓 − 𝑎 − 𝑡𝑓2𝜙𝑀௡ = 0.9 ቂ24.0 ௞௙௧ 3.81 − ଵ.ଶହଶ 𝑖𝑛./(12) + 1.34 ௞௙௧ ቀ3.81 − 1.25 −ଵ.଺଻ିଵ.ଶହଶ ቁ 𝑖𝑛./(12)ቃ  = 5.97 ௞·௙௧௙௧
𝜙𝑃௡ = 20.1 ௞௙௧                𝜙𝑀௡ = 5.97 ௞·௙௧௙௧
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Interaction Diagram
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Below Balanced
Example – 8 in. CMU bearing wall  

a
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Interaction Diagram
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Above Balanced
Example – 8 in. CMU bearing wall  

a
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Interaction Diagram
Example – 8 in. CMU bearing wall  
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Interaction Diagram
Example – 8 in. CMU bearing wall  
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Interaction Diagram 
Solid vs. Partial Grout


