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An in-depth review of 

masonry code changes from 

the 2009 to 2012 IBC

and 2008 to 2011 TMSand 2008 to 2011 TMS

as they relate to structural 

design and construction.
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Minimum Requirements for Design and Minimum Requirements for Design and 

Construction of Structural Masonry:Construction of Structural Masonry:

� Code and Commentary:

The IBC References the MSJC 

� Code and Commentary:

TMS 402-11/ACI 530-11/ASCE 5-11

� Specifications and Commentary:

TMS 602-11/ACI 530.1-11/ASCE 6-11 
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� Chapter 14 - Veneer

� Chapter 17 - Special Inspection and 

Testing

� Chapter 18 - Foundations

Masonry Noted in IBC Chapters:

� Chapter 18 - Foundations

� Chapter 21 - Masonry

Design loads are taken from the Minimum 

Design Loads for Buildings and Other 

Structures (ASCE 7-10) or the IBC.
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Overview of Some Major Changes In 

The 2011 MSJC 

1. No 1/3 Increase in Stress Under ASD 

for Wind or Seismic Loading

2. ASD Stress Increases

3. Deep Beam Provisions

4. Direct Design Handbook

5. Appendix B – Masonry Infill    
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New Terms

INFILL

Masonry constructed in the plane and 

bounded by a structural frame 

(Appendix B).

BOUNDING FRAME

Column, beams, and/or slabs surrounding 

a masonry infill and providing structural 

support (Appendix B).
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New Terms

BEAMS

1. Design requirements for masonry 

beams shall apply to masonry lintels 

(TMS 402-11, 1.13).(TMS 402-11, 1.13).

2. Length of bearing for beams on the 

supports shall be a minimum of 4 

inches in the direction of the span 

(TMS 402-11, 1.13.1.3).
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New Terms
DEEP BEAM

A beam with an effective span-to-depth ratio 

(ℓeff /dv) less than 3 for a continuous span 

and less than 2 for a simple span (1.13.2)
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1.13.2  Deep Beams

1. Effective span length (ℓeff) shall be the 

center-to-center distance between 

supports or 1.15 times the clear 

span, whichever is smaller (1.13.2.1).span, whichever is smaller (1.13.2.1).

2. Internal lever arm (z) is the distance 

between the compressive and tensile 

forces (1.13.2.2).
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1.13.2.2  Deep Beams

Simply Supported Beams: Simply Supported Beams: 

(1) When 1 ≤ ℓeff /dv < 2

z = 0.2 (ℓeff + 2 dv) Eq. 1Eq. 1--2a2a

(2) When ℓeff /dv < 1

z = 0. 6 ℓeff Eq. 1Eq. 1--2b2b
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1.13.2.2  Deep Beams

Continuous Spans:Continuous Spans:

(1) When 1 ≤ ℓeff /dv < 3

z = 0.2 (ℓeff + 1.5 dv) Eq. 1Eq. 1--3a3a

(2) When ℓeff /dv < 1

z = 0. 5 ℓeff Eq. 1Eq. 1--3b3b
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1.13.2.3  Deep Beams

Flexural Reinforcement:Flexural Reinforcement:

Distributed horizontal flexural 

reinforcement in tension zone for one-

half of d with a maximum spacing of half of dv with a maximum spacing of 

one-fifth dv or 16 inches.  Horizontal 

flexural reinforcement shall be anchored 

at face of supports.
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1.13.2.4  Deep Beams

Minimum Shear Reinforcement:Minimum Shear Reinforcement:

(1) Minimum area of vertical shear 

reinforcement equal to 0.0007 bdv .reinforcement equal to 0.0007 bdv .

(2) Horizontal shear reinforcement shall 

have an area equal or greater than 

one half the area of the vertical shear 

reinforcement.                               
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1.13.2.4  Deep Beams

Minimum Shear Reinforcement:Minimum Shear Reinforcement:

(3) Maximum spacing of shear 

reinforcement shall not exceed one-reinforcement shall not exceed one-

fifth dv or 16 inches.
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1.13.2.5  Deep Beams

Total Reinforcement:Total Reinforcement:

The sum of cross-sectional areas of

horizontal and vertical reinforcementhorizontal and vertical reinforcement

shall be at least 0.001 times bdv  gross

cross-sectional area.
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1.14.1.1  Columns

Dimensional Limits:Dimensional Limits:

(a) The distance between lateral supports 

of a column shall not exceed 99 times of a column shall not exceed 99 times 

least radius of gyration, r.

(b) Minimum side dimension 8 inches.
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1.15  Pilasters

1. Masonry shall be running bond.

2. Walls shall be anchored by steel 

connectors grouted into the wall 

at a maximum spacing of 48 at a maximum spacing of 48 

inches.

3. Design for shear at interfaces 

(1.9.4.2.2 – 1.9.4.2.4).
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1.17.1  Anchor Bolts

Placement for anchor bolts at top of grout

cells and bond beams and in drilled holes

in the face shells.

Grout surround is no longer required for a

bolt through a CMU face-shell.
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1.18.3.2.3.1  Minimum 

Reinforcement Requirements

Vertical and horizontal reinforcement 

adjacent to openings smaller than 16 

inches need not be provided unless inches need not be provided unless 

distributed reinforcement is interrupted.
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1.18.3.2.6  Special Reinforced 

Masonry Shear Walls

1.18.3.2.6(d)1.18.3.2.6(d)

Hooked Hooked Reinforcing Steel Reinforcing Steel Requirements:Requirements:

TMS402-11 Special Reinforced Masonry 
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TMS402-11 Special Reinforced Masonry 
Shear Walls require that the shear 
reinforcement be anchored around vertical 
reinforcement with a standard hook.  

Section 1.18.4.4.2.3 requires that standard 
hooked bar anchorage is to either be a 135 
degree or 180 degree hook.



Hooked Reinforcing Steel Requirements: 

The Masonry Society InterpretationThe Masonry Society Interpretation

� Hooked bar anchorage is only required 

when shear steel is required with equation 

2-25 when designing shear walls with 

working stress design. 

� When designing shear walls using ultimate 

strength design with equation 3-20.

� If shear reinforcement is not required by 

the design equation, hooked shear 

reinforcement is not required and straight 

bars may be utilized.
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Hooked Bar Anchorage Requirements

Horizontal Reinforcing at Horizontal Reinforcing at 

End of WallEnd of Wall
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1.18.3.2.12  Special Reinforced 

Prestressed Masonry Shear Walls

d. Dead load axial forces shall include the 

effect prestress force Aps fse

e. Design shear strength criteria
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Table 1.19.2 

Level B Quality Assurance

25

Reprinted with the permission of TMS



Table 1.19.3

Level C Quality Assurance
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1.20.2.1  Construction

Embedded Conduits, Pipes, and Sleeves:Embedded Conduits, Pipes, and Sleeves:

Conduits, pipes and sleeves shall not be 

considered to be structural replacements considered to be structural replacements 

for the displaced masonry.  The masonry 

design shall consider the structural effects 

of this displaced masonry.
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Table 1.20.1

Grout Space Requirements
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2.1.6  Bearing Stress

Bearing stresses on masonry shall not 
exceed 0.33 f’m 
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Confinement 

reinforcement 

of No. 3 or 

larger placed 

2.1.7.7.1.2  and 3.3.3.4 (b)

Lap Splices

larger placed 

within the lap 

8 inches or 

less from each 

end allows the 

lap length to 

be reduced by 

the factor ξ.
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2.1.7.7.1.2  and 3.3.3.4 (b)

Lap Splices

The maximum clear 

space between fully 

developed transverse 

bar and lapped bar bar and lapped bar 

shall be 1.5 inches 

in grouted masonry. 

The reduced lap 

splice length shall 

not be less than 

36db.
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2.1.7.7.1.2  and 3.3.3.4 (b)

Lap Splices

Equation 2Equation 2--1313

ξ = 1.0 – (2.3 Asc /(db)
2.5)

Where: 2.3 Asc/(db)
2.5  ≤ 1.0Where: 2.3 Asc/(db)
2.5  ≤ 1.0

Asc is the area of transverse bars at

the end of the lap splice and shall

have a maximum value of 0.35 in2.
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Table 2.2.3.2
Allowable Flexural Tensile Stresses for Clay 

and Masonry, psi
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2.3.2  Design Assumptions

a) Strain compatibility exists between 

the reinforcement, grout, and 

masonry.

b) Strains in reinforcement and b) Strains in reinforcement and 

masonry are directly proportional to 

the distances from the neutral axis.
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2008 TMS (Service ASD)
TMS 402-08/ACI 530-08/ASCE 5-08

�
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�

Minimum Shear Area Required for Steel 

Resisting All Shear Force
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�

2011 TMS (Service ASD)
TMS 402-11/ACI 530-11/ASCE 5-11
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�
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Ans



Try #3 reinf:  Av = 0.11 in 2

s req’d = (0.5)(0.11 in2)(32,000 psi)(38”) = 9.08”         
(7.625”)(38”)(25.43 psi) 

s req’d = 9” ˂ d/2 = 19” or 48”

(1.13.2.4) Min steel:

0.0007bdv = 0.0007(7.65”)(40”) = 0.213 in 2/FT   ˂ Av/s = 

0.3in2/ft   OK

Use #4 at 8” o.c. – stirrups
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2008 TMS (Ultimate Strength)
TMS 402-08/ACI 530-08/ASCE 5-08

Given:  Flexural Member

Vu = 24,000 lbs (near end)

Mu = 96,000 ft lbs  (mid-span)

b    = 7.625”

f’m = 1,500 psi

d     = 38”

40

d     = 38”

h     =  40” = dv

Vn = Vnm + Vns (eq. 3-19)

Mu / Vudv                 approaches greater than 1.0 at mid-span 

Use   Mu / Vudv  = 1.0



�
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Determine Vns req’d:

Vn = Vnm + Vns (eq. 3-19)

Vu / Ø = Vnm + Vns 24,000# - 26,578# =  Vns req’d  = 3,422#

Vns req’d  = 3,422# Vns req’d  = 0.5 (Av/s)Fydv (eq. 3-23)  
s req’d  = (0.5)(0.11 in2)(60,000 psi)(40”) / 3422# = 38.5” 

s req’d  =  38” o.c. ↖ try #3 stirrups

0.8

s req’d  =  38” o.c. ↖ try #3 stirrups

Max spacing        dv/2 or 48”           20” o.c. max

Min steel         0.0007bdv = 

0.0007(7.625”)(40”) = 0.213 in2 / ft          controls

Av /S = 0.3 in2/=  ˃ 0.213 in2/ft OK

Use #4 stirrups at 8” o.c.         
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�

2011 TMS (Ultimate Strength)
TMS 402-11/ACI 530-11/ASCE 5-11
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�
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Vns req’d = 0.5( Av/s)fydv (eq. 3-24)

s req’d = (0.5)(0.11 in2)(60,000 psi)(40”)/3,422# = 38.5”                    

s req’d = 38”o.c. 

Max spacing = h/2 = 20” or 48”  (sec. 3.3.4.2.3)        20” o.c. max

Min reinf          0.0007bd  = 0.0007(7.625”)(40”) = 0.213 in2/ft  

controls

Section {(1.13.2.4)/(3.3.4.2.3)}

Av/S = 0.3 in2/ft  ˃ 0.213 in2/ft  OK

Use #4 stirrup  at 8” o.c.           
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�

Example Screenwall Verification

TMS 402-08
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�

(12”)(3.81”)

{2/[(0.92248)(0.2325)]} 
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(12”)(3.81”) 2

{2/[(0.92248)(0.2325)]} 

(0.032508) (12”)(3.81”) 2



�

Example Screenwall Verification

TMS 402-11

48



2.3.2  Design Assumptions

c) Stress is linearly proportional to the 

strain.

d) Stresses remain in the elastic 

range.range.

e) Masonry in tension does not 

contribute to axial and flexural 

strength.
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Steel Reinforcement

Allowable Stresses 

1. Grade 60 reinforcement:  32,000 psi 

(2.3.3.1)

2. Joint reinforcement shall not exceed 2. Joint reinforcement shall not exceed 

30,000 psi (2.3.3.2)

3. The compressive resistance of steel 

reinforcement shall be neglected unless 

tied.                                                     
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2.3.4.2.2  Allowable Forces 

and Stresses 

The compressive stress in masonry due to

flexure or flexure in combination with

axial load shall not exceed 0.45 f’m. 

52

Design axial loads shall be assumed to act 

with a minimum eccentricity of 0.1 times 

side dimension.

2.3.4.3  Columns 



2.3.6  Shear

Shear stress in masonry shall be

determined by: 

f v = V/Anv Eq. 2Eq. 2--2424 (2.3.6.1.1)

fv shall be less than allowable shear 

stress:

Fv = Fvm + Fvs Eq. 2Eq. 2--2525 (2.3.6.1.2)
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2.3.6.1.2  Shear

�

Fv shall not exceed the following:
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2.3.6.1.3  Shear

�
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2.3.6.1.4  Shear

�
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2.3.6.1.5  Shear

Allowable shear stress by steel

reinforcement, Fvs:

Fvs = 0.5 (AvFs d/Ans) Eq. 2Eq. 2--3030

Shear reinforcement shall be provided

where fv exceeds Fvm 2.3.6.22.3.6.2
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3.1.7  Nominal Bearing Strength

The nominal bearing strength of

Masonry shall be computed at 0.8 f’m
multiplied by the bearing area, Abr.

58

Reprinted with the permission of TMS



3.3.5.5  Deflections

The modulus of rupture, fr, for the

cracking moment of a wall shall come from

Table 3.1.8.2 and the neutral axis for the

cracking moment on inertia (I ) shall becracking moment on inertia (Icr) shall be

per Section 3.3.2.  

The effects of axial load shall be permitted

when calculating Icr.
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3.3.5.5  Deflections

The cracked moment of inertia for a

wall, partially or fully grouted, and the

neutral axis is in the face shell:

bc 3As +

As fy + Pu

0.64 f’m b Eq. 3Eq. 3--3232
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c =

Icr = n
Pu tsp

f y   2d

(d - c )2 + 
bc 3

3

Eq. Eq. 33--3131



Chapter 4 
Prestressed Masonry

1. Determination of d for lateral 

unrestrained prestressing tendons 

(4.4.3.5.3).

Ratio of a/d shall not exceed 0.38 2. Ratio of a/d shall not exceed 0.38 

(4.4.3.6).

3. New equation for fps for walls laterally 

restrained or lateral unrestrained 

unbonded prestressing tendons      

(Eq. 4-3).
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Typical Anchorage and Coupling 

Devices for Prestressed Masonry
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Chapter 6 Veneer
Prescriptive Requirements for Anchored 

Masonry Veneer

1. Anchored masonry veneer shall not be 

used in areas where the strength level 

velocity pressure, qz, exceed 40 psf velocity pressure, qz, exceed 40 psf 

(6.2.2.1).

2. Minimum attachment of anchor to 

steel framing at least a #10 corrosion-

resistant screw (6.2.2.7.2).
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Chapter 6 Veneer
Prescriptive Requirements for Anchored 

Masonry Veneer

3. Minimum attachment of anchor to 

wood backing at least a 8d ring-shank 

corrosion-resistant nail or a #10 corrosion-resistant nail or a #10 

corrosion-resistant screw in seismic 

design Category D.  (6.2.2.10.2.3)
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Requirements in Areas of High 

Winds (6.2.2.11)

Requirements in areas where the strength

level velocity pressure, qz, exceeds 40 psfz

but does not exceed 55 psf and the

building’s mean roof height is less than

or equal to 60 feet.
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Chapter 7
Glass Unit Masonry 

1. Figure 7.2-1 factored design wind 

pressure for glass unit masonry. 

(7.2.1)

2. Limits on thin units to 32 psf.  (7.2.2)

3. Factored wind pressure does not 

exceed 16 psf. (7.2.3.1)

4. Factored wind pressure exceed 16 psf. 

(7.2.3.2)
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Chapter 8
Strength Design Of Autoclaved Aerated 

Concrete Masonry 

1. Reinforcement strength (8.1.8.6)

2. Nominal bearing strength (8.1.9.1)

3. Corbels (8.1.10)

4. Maximum usable strain (8.3.3.5)

5. Nominal sliding shear strength 

(8.3.4.1.2)
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All New Appendix B

Design of Masonry Infill 
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Overview of Changes to 2012 IBC
Direct Design (2101.2.7)

Masonry designed by

the direct design

method shall comply

with the provisionswith the provisions

of TMS 403-10.
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2103.5  Architectural Cast Stone 

Architectural

cast stone

shall conform

to theto the

requirements

of ASTM

C1364.
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Quality Assurance

� Unit Strength Method (2105.2.2.1)

Tables 2105.2.2.1.1 and 2105.2.2.1.2 at 

Level B Quality AssuranceLevel B Quality Assurance

� Prism Test Method  (2105.2.2.2)
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Allowable Stress Design

Lap splices per Section 2107.2.1 in lieu of

MSJC Section 2.1.8.7.1.1.

Minimum length of lap splices forMinimum length of lap splices for

reinforcing bars in tension or

compression, ld.

ld = 0.002 db fs

Not less than 40 bar diameters.

72



� Adobe Construction (2109.3)

� Unstabilized Adobe (2109.3.1)

� Stabilized Adobe (2109.3.2)

IBC Chapter 2109.3 

Code Additions

� Stabilized Adobe (2109.3.2)

� Detailed Requirements (2109.3.4)

� Number of Stories (2109.3.4.1)

� Mortar (2109.3.4.2)
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Masonry Heaters (2112)

� Seismic Reinforcing (2112.4)

Masonry Chimneys (2113)
� Seismic Reinforcing (2113.3)� Seismic Reinforcing (2113.3)

� Seismic Anchorage (2113.4)
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MSJC Specifications 

and Commentary

Many of the items that have changed in

the MSJC Code have also changed in the

Specifications and Commentary.Specifications and Commentary.
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Dates for three sessions: Oct. 11, 16, 18, 2012

Time: 4-6:30 pm Pacific Time

Continuing Education Credit (up to 7.5 PDH) available

For more information contact NWCMA at www.nwcma.org  or 

(425) 697-5298



Questions and answers.Questions and answers.


