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REFERENCE MATERIALS
▪ TMS 402-16 Building Code Requirements for Masonry Structures
▪ Reinforced Masonry Design by Concrete Masonry Association of
California and Nevada
▪ Strength Design of Masonry by The Masonry Society
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DEFINITIONS
▪ Walls: A member, usually vertical, used to enclose or separate spaces or
uses.
▪ Note: The definition only addresses architectural functions and not
geometry or structural requirements.
▪ Typically, a member resisting only compression is a column.
▪ Typically, a member resisting significant lateral forces is a wall.
▪ Walls, load-bearing: Wall supporting vertical loads greater than 200
lb/ft in addition to its own weight.

3

LOAD COMBINATIONS
▪ TMS 402 refers to the legally adopted building code for applicable loads
and load combinations.
▪ Unlike lintels which primarily resist bending loads and columns that
primarily resist axial loads, walls are typically governed by Load
Combinations 5 and 7:
1.
2.
3.
4.
5.
6.
7.

1.4D
1.2D + 1.6L + 0.5(Lr or S or R)
1.2D + 1.6(Lr or S or R) + (L or 0.5W)
1.2D + 1.0W + L + 0.5(Lr or S or R)
0.9D + 1.0W
1.2D + Ev + Eh + L + 0.2S
0.9D – Ev + Eh
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MATERIAL PROPERTIES
▪ Poll Question 1: What is minimum specified compressive strength of
masonry (f’m) when using the Unit Strength method and Type S mortar?
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WALL TYPES
▪ Poll Question 2: What is the maximum spacing in TMS 402/602 for
vertical reinforcement in CMU construction?
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WALL TYPES
▪ There are two types of masonry walls:
▪ Unreinforced Walls
▪ Reinforcement is neglected in design even if it is present.
▪ The masonry assembly resists any net tension on the section.

▪ Reinforced Walls
▪ Tensile capacity of the masonry is neglected in design.
▪ Reinforcement resists any net tension on the section.

▪ Until the 1990s, most masonry construction in Michigan was
unreinforced.
▪ Unreinforced masonry lacks ductility required in higher seismic areas.
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SEISMIC DESIGN CATEGORY
▪ To understand ductility requirements, Section 11.6 of ASCE 7-16
provides a method to determine the Seismic Design Category based on
a short-period acceleration parameter (SDS) and a 1-s period
acceleration parameter (SD1).
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SEISMIC DESIGN CATEGORY
▪ To assign a SDC, we first determine the mapped seismic parameters for
the 0.2-s and 1-s spectral response accelerations:
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SEISMIC DESIGN CATEGORY
▪ In Michigan, since we are not geographically located near a major fault,
we have low accelerations. The highest response acceleration is found
near St. Joseph, MI.

S1 = 0.06 near
St. Joseph, MI

Ss = 0.10 near
St. Joseph, MI
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SEISMIC DESIGN CATEGORY
▪ These values are then modified based upon site class and soil
conditions.

Fa = 1.6 for Site Class D
Fv = 2.4 for Site Class D

SMS = (1.6)(0.10) = 0.160
SM1 = (2.4)(0.06) = 0.144
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SEISMIC DESIGN CATEGORY
▪ Using these modified parameters, we can then calculate our design
acceleration parameters.

SDS = (0.160)(2/3) = 0.107
SD1 = (0.144)(2/3) = 0.096
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SEISMIC DESIGN CATEGORY
▪ Lastly, we assign a Seismic Design Category

SDS = (0.160)(2/3) = 0.107
SD1 = (0.144)(2/3) = 0.096
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SEISMIC DESIGN CATEGORY
▪ Most of the lower peninsula in Michigan is in SDC B, and the upper part of
Michigan is in SDC A.
▪ Risk Category IV buildings may be in SDC C depending on geographical location.
▪ For SDC B, we are permitted to design either unreinforced or reinforced masonry
structures.
▪ It is critical to identify whether the wall is participating (shear wall) or nonparticipating.
▪ Note: If a wall is non-participating, it is essential that it not be connected to the building in
such a way that shear can be transferred into the wall (i.e. partition walls).
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SEISMIC DESIGN CATEGORY
▪ In SDC B and higher, it is necessary to assign a shear wall type for
participating walls.
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SEISMIC DESIGN CATEGORY
▪ Ordinary Plain and Detailed Plain Walls must be designed as
unreinforced masonry, even if reinforcing is included.
▪ Ordinary Plain Walls do not have any reinforcement requirements.
▪ Detailed Plain Walls have detailing requirements that are identical to those of
Ordinary Reinforced Masonry Shear Walls.
▪ Even though the reinforcement is required to be there, you cannot use it in analysis!
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SEISMIC DESIGN CATEGORY
▪ Ordinary Reinforced Masonry Shear Walls must be designed as
reinforced masonry and are permitted in SDC A, B, and C up to 160 feet
in height.

Design of Reinforced
Masonry Structures
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SEISMIC DESIGN CATEGORY
▪ Special Reinforced Masonry Shear Walls must be designed as reinforced
masonry and are permitted in SDC A, B, C, and D+ up to 160 feet in
height.

Design of Reinforced
Masonry Structures
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UNREINFORCED MASONRY
▪ Unreinforced masonry design assumed the structure to be linear elastic,
even at ultimate strength.
▪ Almost all unreinforced masonry is ungrouted, unless for increased fire
resistance rating or bearing.
▪ The strength reduction factors for unreinforced masonry are given as
follows:
▪ φ = 0.60 for bearing
▪ φ = 0.60 for combinations of flexure and axial
▪ φ = 0.80 for shear
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UNREINFORCED MASONRY
▪ TMS 402 includes provisions for axial compression, flexural tension, and
shear.
▪ Axial tension is not permitted with unreinforced masonry.
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UNREINFORCED MASONRY
▪ Nominal flexural tension strength is based upon the direction of the
stress and mortar type and presented in Table 9.1.9.2.
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UNREINFORCED MASONRY
▪ Slender walls (h/r > 45) require the first order-moment to be increased
by a moment magnification factor to obtain a factored design moment.
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UNREINFORCED MASONRY
▪ Almost all unreinforced masonry, whether loaded in-plane or out-ofplane, is controlled by flexural tension. We can quickly check with this
equation:

Pu = factored axial load
An = net area
Mu = factored moment
Sn = net section modulus
φ = strength-reduction factor (0.6)
fr = modulus of rupture
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UNREINFORCED MASONRY
▪ Section properties can be found in NCMA TEK 14-1B and are
summarized below:
Nominal Wall Thickness (in)

Section Property
4

6

8

10

12

Ungrouted
Net Area (in2/ft)

18.0

24.0

30.0

30.0

30.0

Net Section Modulus (in3/ft)

21.0

46.3

81.0

110.1

139.6

Net Moment of Inertia (in4/ft)
Radius of gyration (in)

38.0
1.35

130.3
2.08

308.7
2.84

530.0
3.55

811.2
4.28

Net Area (in2/ft)

43.5

67.5

91.5

115.5

139.5

Net Section Modulus (in3/ft)

26.3

63.3

116.3

185.3

270.3

Net Moment of Inertia (in4/ft)
Radius of gyration (in)

47.6
1.05

178.0
1.62

443.3
2.20

891.7
2.78

1571.0
3.36

Fully Grouted
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UNREINFORCED MASONRY
▪ CMU wall weights can be found in NCMA TEK 14-13B:
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UNREINFORCED MASONRY
▪ CMU wall weights can be found in NCMA TEK 14-13B:
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UNREINFORCED MASONRY
▪ Poll Question 3: What is the maximum interior 8-inch wall height you
can build with Type N masonry cement mortar?
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UNREINFORCED MASONRY
▪ We can quickly check a 12’-8” tall, 8-inch normal weight ungrouted wall
with Type N masonry cement mortar:
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29

30
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REINFORCED MASONRY
▪ Reinforced masonry design assumes the structure to be cracked.
▪ In low seismic areas, most reinforced masonry walls are partially
grouted.
▪ In higher seismic areas, most reinforced masonry walls are fully
grouted.
▪ The strength reduction factors for reinforced masonry are given as
follows:
▪ φ = 0.90 for combinations of flexure and axial
▪ φ = 0.80 for shear and shear friction

31

REINFORCED MASONRY
▪ Most 8-inch walls are singly-reinforced with the reinforcement centered
in the wall (Effective depth (d) = tsp/2):

▪ Most 12-inch walls are double-reinforced to maximize the effective
depth (Be careful if you specify rebar positioners!):
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REINFORCED MASONRY
▪ The maximum effective compression width per bar is included in TMS
402 Section 5.1.2.
▪ Note: This is NOT the maximum bar spacing, though it is often misinterpreted as
such. Remember back to the seismic requirements!

▪ For masonry not laid in running bond and having bond beams spaced
not more than 48-inches and masonry laid in running bond, the width
of the compression area is the minimum of:
▪ Center-to-center bar spacing
▪ 6 multiplied by the nominal wall thickness
▪ 72-inches
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REINFORCED MASONRY
▪ For non-bearing walls, the only axial load is due to self-weight
▪ Note: Typically, we can conservatively ignore self weight for reinforced masonry and design
for pure flexure. If the rectangular stress block is contained in the face shell, then we can
design as a solid section.

▪ To determine the required reinforcement, we can quickly:
▪ Calculate design moment (Mu)
▪ Solve for the depth of the stress block (a):
2
0.8

▪ If a is less than tfs, then it can be designed as a solid section and we can solve for steel area:
,

:

0.8
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REINFORCED MASONRY
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REINFORCED MASONRY
▪ Poll Question 4: What is the required spacing of a #6 bar in a partially
grouted 12’-0” tall, 8” CMU wall with a design wind speed of 115mph?

Wall Height
10' - 0"
12' - 0"
14' - 0"
16' - 0"
18' - 0"
20' - 0"

8" CMU Partial Grout With Bars Centered – Reinforcement Spacing
2000 psi
2500 psi
3000 psi
#5
#6
#7
#5
#6
#7
#5
#6
#7
120
120
120
120
120
120
120
120
120
112
120
120
112
120
120
112
120
120
88
120
120
88
120
120
88
120
120
64
96
120
64
96
120
64
96
120
56
72
104
56
80
104
56
80
104
40
64
88
48
64
88
48
64
88
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REINFORCED MASONRY
▪ Most walls are not flexure only and have axial load applied, and so interaction
diagrams must be developed.
▪ TMS 402 does require second order effects to be included, as well.
▪ TMS 402 contains maximum reinforcement provisions in Strength Design
intended to promote ductility.
▪ All of these items can be discussed through MIM’s out-of-plane spreadsheet
which will soon be available on our website for engineers to use.
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CONCLUSIONS
▪ Use an appropriate specified masonry
compressive strength; remember that
2000 psi is the minimum per ASTM C90.
This affects more than rebar spacing!

YEAH, IF WE COULD JUST QUIT
SPECIFYING 48” ON CENTER

▪ Stop pretending we’re designing in
Northridge, CA! Consider unreinforced,
ungrouted CMU walls for interior
demising walls and corridors.
▪ There is no magic to 6t, stop using 48”
as a cure all! In many cases, with
modest wall heights we can achieve
rebar spacings of 120” on center.

THAT’D BE GREAT!
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QUESTIONS?
phil@masonryinfo.org
www.masonryinfo.org
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