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Masonry

* Clay Masonry
» Concrete Masonry
* Autoclaved Aerated Concrete (AAC)
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Clay Brick

 Molded
or
* Extruded

+ Cored — adds stability, strength
cored < 25% > hollow
» Fired (2000° F)

H ” n . .
« Sijzes — use 3/8” mortar bed 3/8" Mortar Joint Between Bricks (Most Common)
BRICK SPECIFIED SIZE NOMINAL VERTICAL
H H'H H TYPE Dbl s COURSE
+ Six ways to position in wall: (INCHES) DXHXL
Standard 35/8x21/4x8 Not modular 3 courses = 8"
| Modular 35/8x%x21/4x75/8 4x22/3x8 3 courses = 8"
Norman 35/8x21/4x115/8 4x22/3x12 3 courses = 8"
Roman 35/8x15/8x115/8 4x2x12 1course = 2"
) Jumbo 35/8x23/4x8 4x3x8 1course = 3"
SOLDIER SAILOR
Economy 35/8x35/8x75/8 4x4x8 1 course =4"
Engineer 35/8x213/16 x75/8 4x31/5x8 S courses = 16"
STRETCHER King 23/4x25/8x95/8 Not modular S courses = 16"
HEADER
| Queen 23/4x23/4x75/8 Not modular S courses = 16"
Utility 35/8x35/8x115/8 4x4x12 1course =4"
ROWLOCK STRETCHER ROWLOCK
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Clay Brick ——

running bond
—
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FIGURE 4.2. Ordinary positions for bricks. 7 stack bond
University of Michigan, TCAUP Structures || Slide 3 of 46

Cavity Walls

\U\(T[J c

Vertical reinforcement
in collar joint

Vertical reinforcement
in grouted cavity

Horizontal Horizontal
reinforcement reinforcement
in mortar in cavity
bed joints
(a) Reinforcement in Joints (b) Reinforcement in Cavity
Joint P
reinforcement P
Metal ties
(W

Cavity
2-4 in.
(50-100 mm)
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Concrete Masonry Units (CMU) wall construction

——

& Buwild Weth,

TONCRETE MASNRY

PF# 52754 00:00:21:08

www . Per
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Concrete Masonry Units (CMU)

+ wall sections

CONCRETE BLoCK WALL SECTIONS 5'23
solid unt top covrse

L;la:‘{:n UWSM_ through wall Hashing —l ;V);’f;:"d w2 “,,w,,,;_,_a
block parapet

stesl Jost covdition —

floor or rost system— ' waod joist Hoor
wood Joist . system——

I _ root syste
L ,r gl unit m—l

" : —solid header
4" (foz. ) rin, Digaring vnit
=53
r standard Jhets 5 ea——— —
g 2o — o
sl

*sce 421 steel znchor Iake 2 —é.,
) straps every Anchored with <8
2qpare ends availzble 4th joist Ve'é(1» ) _ —_
tor ceiling aryh:ztlm 2 21(78) oy bolbe extending
S minimom bearing~ down 2 covrses
6"'? unie or J) solid units > s0lid vnts or —
conbinuave bond beam 2 nder prete—" O EENEHIGE Void ¢
under josts : beam 3
S R
% £ X XN

These wall sections sre not ntended to be complete. They exclude Hoor, wall, 2vd celling hnshes, trm, cte,
They sttempt to illustrate how variovs Hloor 2nd roof systems 2re svr(aréaé l’/ 3 concrete blook ldgarmg wall
The sbove-grade will 15 liberally 2n extension of the concrebe block doundstion wall system, Note that bhe
edges of Hoor and root plancs sre not visivie from bhe exborior except st the top of the concrete lock

walF. All verbizal dimensions shovld be modviar, especially 15 the block 1o left exposed 25 the wall Finish
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Concrete Masonry Units (CMU)

REINFORCED CONCRETE BLOcK WALLS 5-21

continvovs remborced
bovd beam wth bars
lapped 2t corners

corners, wall g
Intersections, and
wall spenings

rewntorced Gy
vertically dawn ’ ]
to tookings horizontal
q reinforcement w
N ‘ mortar joints
4
: steel stiaps to tie
N Intersecting kear‘mj walle
\‘ >
NL-
reintorced i
concrete Faa’amg {

REINFORCED CONCRETE BlLocK WALLS

When concrebe Yok walls are sibected bo lotersl forces ouch 28 cavsed by wind, carth pressure below
grade, and earthquakes, they m3y be remborced 2s llvstrated above.
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Concrete Masonry Units
(CMU)

1.9.1 Standard Concrete Masonry Unit (CMU) Stretchers and Unit Coring

* Cast (molds)

* Dried ED D% D G Eg%%é"g"gﬁié

* Autoclaved
N
/

face shells

TUXELRYT \

} 7 A )
webs cells or cores flared straight
shell taper

s ‘ = A

i) two-core and three-core concrete block
c

4x&x16 bxdx 16 &x&x 16 1o0x&x16 12x8x 16

———

nominal dimensions
thickness x height x length

concrete block

FIGURE 5.1. Forms of CMUs for unreinforced construction.
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Concrete Masonry Units
(CMU)

12 .
DE<MIN_ e MiN

N
I"MIN-_ 2 1

* Geometric Properties
* NCMA TEK 14-1B

I
* Radius of gyration, r = \/Z

8-inch (203-mm) Single Wythe Walls, 1'/; in. (32 mm) Face Shells (standard)
Horizontal Section Properties (Masonry Spanning Vertically)

Grout Mortar Net cross-sectional properties*
Unit spacing (in.) bedding |4, (in%/ft) 1, (in*/ft) S, (in/ft)
Hollow No grout Face shell 30.0 308.7 "781.0
Hollow No grout Full 415 334.0 87.6
100% solid/solidly grouted “Full 91.5 4433 116.3
\ Hollow lg‘ Face shell _622 _378__9 993
Hollow 24 Face shell 51.3 355.3 932
Hollow ng Face shell 46.0 343.7 90.1
Hollow 40 Face shell 42.8 336.7 88.3
Hollow 48 Face shell 40.7 332.0 87.1
Hollow 72 Face shell 37.1 3243 85.0
Hollow 96 Face shell 353 320.4 84.0
Hollow 120 Face shell 343 318.0 834
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Concrete Masonry Units
(CMU)

+ Reinforcing

| Joint Reinforcing

ENT RPN

Truss Type Ladder Type
’4_._5 Horizontal reinforcement required for masonry not laid in running bond of 0.000284, ,
placed at a maxim,ijm spacing of 48 in. 0.c. in horizontal mortar joints or in bond beams'.g‘
W1.7 wire 0.00028(7.625)(16) = 0.034in>  Use 9 gage (W1.7) at 16 in. o.c.
dia. = 0.147 in — e L = —
= in2 -
area =0.017in | Rebar Positioners

2x wire = 0.034 in?

Placed in mortar joints Placed in cells

Concrete Masonry Units 8
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Concrete Masonry Construction

University of Michigan, TCAUP Structures ||

Slide 11 of 46

Mortar Types

Types M, S, N, O

The following mortar designations took effect in the mid-1950’s:
M a S o N w O r K

) . . —_— —

strongest weakest

Table 2-3. Guide to the Selection of Mortar Type*

Relative Parts by Volume

Mortar type
Location Building segment Recommended | Alternative
e —_—
Exterior, above il:_ade Load-bearing walls ~} N SorM
Non-load-bearing walls (6 NorsS
Parapet walls N S
Exterior, at or below Foundation walls, St M or Nt
grade retaining walls, manholes, ==
sewers, pavements, walks,
and patios
Interior Load-bearing walls —N SorM
L] Non-load-bearing partitions — 0 N

*Adapted from ASTM C270. This table does not provide for specialized mortar uses, such as chimney,
reinforced masonry, and acid-resistant mortars.

**Type O mortar is recommended for use where the masonry is unlikely to be frozen when saturated
or unlikely to be subjected to high winds or other significant laterd oaﬁs. ype N or S mortar should
be used in other cases.

tMasonry exposed to weather in a nominally horizontal surface is extremely vulnerable to weathering.
Mortar for such masonry should be selected with due caution.

Note: For tuckpointing mortar, see ““Tuckpointing,” Chapter 9.

University of Michigan, TCAUP Structures ||

mortar Portland lime sand
_type cement — —
M 1 3L
S 1 4%,
| :
o 1 9

sum should equal 1/3 of sand volume
(assuming that sand has void ratio of 1 in 3)
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Mortar Types

Type M, S, N, O

Slump is higher than cast concrete
based on workability

Cover units with
absorptive paper
towelling

Grout test prism,
3;— x 3'5 x7in.

Tape

3% x 3L x §-in:
wood pallet
(nonabsorptive)

Front block removed for clarity

Mold with four 8 x 8 x 16-in. blocks

Concrete Mortar Grout
Fig. 2-29. ASTM C1019 method of using masonry units Fig. 2-27. Slump test comparison of concrete, mortar,
to form a prism for compression-testing of masonry grout. and masonry grout.
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Masonry Strength

Masonry strength, fm, based on unit strength, fu, and mortar type

-~

g |
Clay Masonry Concrete Masonry
wahtLt
: " ) ~
Reqmre:f gg‘yA&e:sgsrr;%r;?:'{:sﬁtre?gth For f :n rea Required Net Area Compressive Strength fm
u NETA : :
1u Corpressive of Concrete Masonry Units (psi) fu gg:n %?; :sl}?,z
When Used With When Used With Strength of When Used With When Used With Strength of
Type M or S Mortar | Type N Mortar Masonry (psi) Type MorS Mortar |  Type N Mortar Masonry (psi)
:].,700 2,100 1,000 . 1,250 1,300 1,000
3,350 4,150 1,500 1,900 2,150 1,500
4,950 6,200 2,000
2,800 3,050 2,000
6,600 8,250 2,500
8,250 10,300 3,000 3,750 4,050 2,500
9,900 — 3,500 4,800 5,250 3,000
=900 - 4000 (From International Building Code 2000 and Masonry Stan-

(From Masonry Standards Joint Committee Specifications for zgdss;g'g/tfg g:_ng;tTe&SS %%c;fggyons for Masonry Structures,
Masonry Structures, ACI 5630.1/ASCE 6/TMS 602-99) .
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Constructive Properties

Typical Values
Property Clay Masonry Concrete Masonry
Unit strength <, 8000 psi 2000 psi
! 2440 psi 1750 psi
Type N mortar m =iy P
: En . 1.70x10° psi 1.58x10° psi
4 2920 psi 2000 psi
Type M or S mortar Jm s :
- E. 2.05x10° psi 1.80x10° psi
Clay Concrete
Flapeity Masonry Masonry
Modulus of Elasticity, E,, 700/, 900f,,
Shear Modulus, ¢ 0.4E,, 0.4E,,
—7 -7
Coefficient of Creep M 25x—10
psi psi
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Analysis and Design

Empirical approach
based on experience
limits on lateral loading
limits on height
limits on eccentricity
(basically no flexure)
non-reinforced

Rational approach
based on Strength Design (LRFD)

either reinforced or non-reinforced
limited by strength
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Reinforced Masonry Analysis
for axial compression using TMS 402 (2016)
Strength Design (LRFD) — non-reinforced

Rational Approach

Given: geometry, material

Find: axial compressive load capacity, Pn

(Equation 9-11) for h/r < 99
Av§{

1. Determine the masonry strength{f'ny, based .
h
: ol 1=
).8040.804, /7, (1401«]

on unit strength, fu, and mortar type 4 4’ P _

2. Find the net area, Ap;xand Moment of
Inertia, In (see NCMA TEK 14-1B)

3. Calculate r =v7/,

4. Calculate "/,

=

(Equation 9-12) fo

O

b

5. Choose the axial strength equation, Pn:
If 7/ <99 use TMS 402 eq.9-11
If "/, >99 use TMS 402 eq.9-12

6. Calculate gPn where g for axial force = 0.90
7. Check that gPn is greater than Pu. & Lodos

P, =0.80|0.804, 1 [7(;:)

(From Masonry Standards Joint Committee Specifications for
Masonry Structures, ACI 5630.1/ASCE 6/TMS 602-99)

University of Michigan, TCAUP

University of Michigan, TCAUP Structures || Slide 17 of 46
, .
Masonry strength, fm, based on unit strength, fu, and mortar type
Clay Masonry Concrete Masonry
A
. . .}
Requlredf 'ért A’\rﬂea Com%rgsswe $trength FQLQI) Required Net Area Compressive Strength fm
of Clay Masonry Units (psi)  fy G ca of Concrete Masonry Units (psi) f For Net Area
Ompresaive Compressive
When Used With When Used With Strength of When Used With When Used With Strength of
Type M or S Mortar Type N Mortar Masonry (psi) Type M or S Mortar Type N Mortar Mesoncy (sl
1,700 2,100 1,000 1,250 1,300 1,000
3,350 4,150 1,500 1,900 2,150 1,500
4,950 6,200 2,000
2,800 3,050 2,000
6,600 8,250 2,500
8,250 10,300 3,000 31400 4,050 2,500
9,900 — 3,500 4,800 5,250 3,000
- — ——
000 - 4,000 (From International Building Code 2000 and Masonry Stan-

dards Joint Committee Specifications for Masonry Structures,
ACI 530.1/ASCE 6/TMS 602-99)

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

Section Properties of Concrete Masonry Walls N

Rational Approach

CMATEK 14 - 1B

Faceshell bedding, no grout

—

Full bedding, no grout

e '_-—amg _?.-_w.,f...,?g..mv?wv; i
2 5 R B O Of OB OB
0 S, G (. S

SN, Nt ST

e 2
3 g
15

OFELEL

awg Jt S e See

n
7 7
¢
=
7 7
a7
g
‘R
N
7

Partial No
grout with grout
units bond beams

Vertical Cross-Section, Masonry Spanning Horizontally

100% solid uni
:%; 355

EFEE

Horizontal Cross-Section, Masonry Spanning Vertically

Figure 3—Horizontal and Vertical Cross-Sections

University of Michigan, TCAUP

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

Rational Approach

Section Properties of Concrete Masonry Walls NCMA TEK 14 — 1B P‘Z =

Table 3—8-inch (203-mm) Single Wythe Walls, 1"/, in. (32.mm) EacCe Shells (standard)

3a: Horizontal Section Properties (Masonry/S‘ﬁanning/Vertically)

Grout Mortar ¢t cross-sgCtional properties®
Unit spacing (in.) bedding (4, 0in.>/f) (1, in./ft) S, (in./ft)
A Hollow No grout Face shell 30.0 308.7 81.0
%‘ Hollow No grout Full 41.5 334.0 87.6
0% solid/solidly grouted Full 91.5 443.3 116.3
C Hollow 16 o.c, Faceshell | 62.0 378.6 99.3
Hollow 24 Face shell 513 35513 93.2
Hollow 32 Face shell 46.0 343.7 90.1
Hollow 40 Face shell 42 8 336.7 88.3
Hollow 48 Face shell 40.7 332.0 87.1
Hollow 72 Face shell 3.1 324.3 85.0
Hollow 96 - Face shell 353 320.4 84.0
V¥ Hollow 120 « Face shell 343 318.0 83.4
University of Michigan, TCAUP Structures ||

Slide 20 of 46




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

8" BLock CMO D\L"("
Example Problem £l = 3000 ps, 5y
- \v)
Given: geometry: 8” block, grouted 24” o.c.
material: fm = 3000 psi 4 : §
Find: check pass/fail for the given loading ‘rvwg
= y
N 24 ol
1. Determine the masonry strength, fm, S
based on unit strength, fu, and mortar i
type. (given fm = 3000 psi) VJ/
Faceshell bedding, partial grout
University of Michigan, TCAUP Structures || Slide 21 of 46
Reinforced Masonry Analysis Rational Approach

for axial compression using TMS 402 (2016)
Strength Design — non-reinforced

2. Find the net area, A,,, and Moment of Inertia, I, (see NCMA TEK 14-1B)

Table 3—8-inch (203-mm) Single Wythe Walls, 1"/, in. (32 mm) Face Shells (standard)

3a: Horizontal Section Properties (Masonry Spanning Vertically)

Grout Mortar Net cross-sectional properties®
Unit spacing (in.) bedding {4,%in.*/ft) m(in.*x’ﬂ) S, (in.%/ft)
Hollow No grout Face shell 30.0 308.7 81.0
Hollow No grout Full 41.5 334.0 87.6
100% solid/solidly grouted Full 91.5 443.3 116.3
Hollow 16 Face shell 2.0 3786 99.3
Hollow @ Face shell @ 93.2
Hollow 32 Face shell 10. 343.7 90.1
Hollow 40 Face shell 42 8 336.7 88.3
Hollow 48 Face shell 40.7 332.0 87.1
Hollow 72 Face shell 37.1 324.3 85.0
Hollow 96 Face shell 353 320.4 84.0
Hollow 120 Face shell 343 318.0 83.4
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Reinforced Masonry Analysis Rational Approach
for axial compression using TMS 402 (2016)
Strength Design — non-reinforced

”"
3. Calculate r=v1/, Te 14- 18 8" Siae wyrve
HowLowd BLock — GRouTe24"a.c, - FACE S HELL MorTAL,

A, = 13w I,= 355,34 (neTy

4. Calculate h/r ro= {;{— z %53—3 =z /952 ”
1z’
/r‘ T a5y 7_3_——75’ S0 Rl
5. 0@7 axial strength equation, Pn: (Bquation 6-11) e
If {1/, < 99 use TMS 402 eq.9-11 s
if B/, >99 use TMS 402 eq.9- 12W ®Y
r q- P, =0.8010.804, f,, 1—( )
22 {1408
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Reinforced Masonry Analysis Rational Approach
for axial compression using TMS 402 (2016)
Strength Design — non-reinforced (Equation 9-11)

B 2
P, = O.SO{O.SOA,, £ [1 - (14(») H

Pa= 0808 Anfh (I- (Mor>z>J
6. Calculate gPn .
where g for axial force = 0.90 0.8 [o g (6’1 ;G’?( (144 >7_)J

lHo(I
P = 06[123 1z -0,7223] = 4/

¢ P s oﬁ: (+14) = ¢4 %
—(fr KLE g, KLF
= 1,2(28Y +1.¢ (20 = 61 %

7. Check that gPn is greater than Pu. o
Fo = 62% < 6% =dla o ok
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Lateral Force Resistance

Stability requires at least 2 points of
intersection.

£

Force is more evenly resisted with
centroid of walls in the kern of slab VX /
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Empirical Approach COMMENTARY

Table CC-A.1.1 — Checklist for use of Appendix A — Empirical Design of Masonry

TM S 402- 1 6 Ta b " CC A 1 " 1 1. Risk Category IV structures, or portions thereof, are not permitted to be designed using Appendix A.

IS

Ch eCkI iSt for u Se Of em pi ri Cal 5 Partitions are not permitted to be designed using Appendix A. S

d e Si g n 3. Use of empirical design is limited based on Seismic Design Category, as described in the following table.
Seismic Design Category Participating Walls Non-Participating Walls, except
R TR 23 partition walls
A Allowed by Appendix A Allowed by Appendix A
g & Famid by
i B : Not Allowed Allowed by Appendix A
PP
7
C Not Allowed With prescriptive reinforcement per
743.1'
D, E,and F Not Allowed )& Not Allowed X
! Lap splices are required to be designed and detailed in accord with the requirements of Chapters 8 or 9.

4. Use of empirical design is limited based on wind speed at the project site, as-described in Code A.1.2.3 and

Code Table A.1.1. T e O et
\(L-:}(I\S S: If wind uplift on roofs result in net tension, empirical design is not permitted (A.8.3.1).
6. Loads used in the design of masonry must be listed on the design drawings (1.2.1b). P
7. Details of anchorage to structural frames must be included in the design drawings (1.2.1e). —
8. The design is required to include provisions for volume change (1.2.1h). The design drawings are required to
include the locations and sizing of expansion, control, and isolation joints.
9. If walls are connected to structural frames, the connections and walls are required to be designed to resist the

interconnecting forces and to accommodate deflections (4.4).
T3

This provision requires a lateral load and uplift analysis for exterior walls that receive wind load and are

P e s
T Thickness, T supported by of are supporting T Tfame of roofing system.

10. Masonryid in running bond (for example, stack bond masonry) is required to have horizontal
S —— ————

reinforcement (4.5). —
T3
11. | A project quality assurance plan is required (3.1) with minimum requirements given in TMS 602 Tables 3 and
3 4 for Quallfyﬁssurance Cevel 1.
Wiy lq WIS > 12. | The resultant of gravity loads must be determined and assured to be located within certain limitations for walls
Permitted area for ¥ — —
Width, W . axial load resutant and piers (A.1.2.1). m— T
13. | Ensure compliance of the design with prescriptive floor, roof, and wall-to-structural framing anchorage
Figure CC-A.1-1 - Area for gravity loads applied to foundation piers | Tequirements, as welTas other anchorage requirgments {A.8.3 and A8
14. Izgg_N,mnn@not permitted for foundagion walls (A.6.3.1(g)).
TMS 402 - 2016 15. | Design shear wall lengths, spacings, and orientations to meet the requirements (Code A3 /
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Empirical Approach

Wind limitations:
Basic wind speed <115 mph
(see TMS 402-16 Tab. A.1.1)

101(45)

103(46)
4

Location V(mph) V(m/s)
Guam 195 (87)
Virgin Islands 165 (74)
American Samoa 160 (72)
Hawaii See Figure 26.5-2B

FIGURE 26.5-1B (Continued). Basic Wind Speeds for Risk Category Il Buildings and Other Structures

ASCE 7 — 2016 basic wind speeds for risk cat. Il

Seismic limitations:

Can generally be used for Seismic
Design Category (SDC) A_.B.._QLQ
or on@if part of the seismic
lateral force resisting system.

Explanation

Seismic Design
Category

>2apoom

Seismic zones A -E

University of Michigan, TCAUP Structures || Slide 27 of 46
Height limits by wind speed and application
N ——
Table A.1.1 Limitations based on building height and basic wind speed
Basic Wind Speed,@zmps)'
——— v~ | Overlls Over 120
inti ullding Less than or | (51) and less | (54) and less
Element Description .
P Height, ft (m) | “ggqual to 115 than or than or OVér6125
(51) " ] equal to-120 | equal to 125
(54) (56)
Masonry elements that are part of ; Not
the lateral-force-resisting system 8 () End.icse /‘ Pormitiod Permitted
Over 180 (55) Pl Not Permitted
5 ; Over 60 (18) and
Interior masonry loadbearing less than or equal | Permitted v Not Permitted
elements that are not part of the to 180 (55)
lateral-force-resisting system in Over 35 (1) and
buildings other than enclosed as ; ;
less than or equal Perngitted v Not Pefmitted
defined by ASCE 7 t0 60 (18)
'35 (11)andless [ = Permitted Not Permitted
Over(180 (55) x Not Permitted
) : Sl over60(18yand | - ot P
Exterior masonry elements that are . | |egs than or equal | ~ Permitted ; Not Permitted
not part of the lateral-force-resisting to 180 (55) ~
system Over 35 (11) and P2
less than or equal Pernpitted Not Permitted
to 60 (18)
Exterior masonry elements 35(11) and less _4/ Permitted Not Permitted
" Basic wind speed as given in ASCE 7
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Empirical Design of Masonry

TEK 14-8B (also TMS 402 — Tab. A.5.1)

International Building Code (IBC) Limitations:

1. Lateral support requirements

2. Location of gravity load (in middle 1/3 of wall)

3. Maximum unreinforced spans

Construction (unreinforced)

Table 2—Wall Lateral Support Requirements (ref. 1)

Maximum wall length-to
thickness or height-to
thickness ratio®

1A

Bearing walls
Solid units or solid grouted

1l
4)4;

All others 18
Nonbearing walls

Exterior - 18

Interior - - 36
Cantilever walls®

Solid -~ 6

Hollow 4
Parapets (8-in. (203-mm) thick min.)? 3

Ratios are determined using nominal dimensions. For multi-
wythe walls where wythes are bonded by masonry headers.
the thickness is the nominal wall thickness. When multiwythe
walls are bonded by metal wall ties, the thickness is taken
as the sum of the wythe thicknesses. Note that Reference 6
includes modified requirements for walls with openings.
The ratios are maximum height-to-thickness ratios and do
not limit wall length.

Table 3—Maximum Unreinforced Wall Spans, ft (mn)*
=177

Wall thickness. in. (mm) 6 (152) @zos) 10 (254) 12 (305)
Bearing walls d

Solid or solid grouted 10 (3.0)® 13.3 (4.1) 16.6 (5.1) 20 (6.1)
All other 9278 12(3.7) 15(4.5) 18(5.5)
Nonbearing walls ’

Exterior 927 12(3.7) 15(@4.5) 18(5.5)
Interior 18 (5.5) 24(7.3) 30(9.1) 36(11)
Cantilever Walls® -

Solid 3(09) 4(12) 5(1.5) 6(1.8)
Hollow 2(0.6) 2.6(0.8) 3.3(1.0) 4(12)
Parapets € 1.5(05) 2(0.6) 25(08) 3(0.9)

A Note that Ref. 6 includes modified requirements for walls
with openings.

B Unreinforced 6-in. (152-mm) thick bearing walls are limited
to one story in height.

C For these cases. spans are maximum wall heights.
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, .
Masonry strength, fm, based on unit strength, fu, and mortar type
g | I
Clay Masonry Concrete Masonry
Required Net Area Compressive Strength f’m Reaqui . f’
; X quired Net Area Compressive Strength m
of Clay Masonry Units (psi)  fy gg:nNet Area of Concrete Masonry Units (psi) f For Net Area
Presaive Compressive
When Used With When Used With Strength of When Used With When Used With
Type M or S Mortar Type N Mortar Masonry (psi) Strength of
yp Type M or S Mortar Type N Mortar Masonry (psi)
1,700 2,100 1,000 1,250 1,300 1,000
3,350 . y
2 4450 1,500 1,900 2,150 1,500
4,950 6,200 2,000
2,800 3,050 2,000
6,600 8,250 2,500
8,250 10,300 3,000 =it 4020 900
9,900 — 3,500 4,800 5,250 3,000
=900 - 4000 (From International Building Code 2000 and Masonry Stan-

(From Masonry Standards Joint Committee Specifications for
Masonry Structures, ACI 5630.1/ASCE 6/TMS 602-99)

University of Michigan, TCAUP

Structures Il

dards Joint Committee Specifications for Masonry Structures,
ACI 530.1/ASCE 6/TMS 602-99)
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Empirical Design of Masonry TEK 14-8B (also TMS 402 — Tab. A.4.2)
Allowable compressive stress of concrete masonry:

Solid or solidly grouted walls Hollow unit walls
PO ———) ———0
Table 4—Allowable Compressive Stress for Allowable compressive stresses
Empirical Design of Masonry based on gross cross-sectional
{M area. psi (MPa)?
Allowable compressive stresses Gross area compressive TypeMor S Type N
based on gross cross-sectional strength of unit. psi (MPa) mortar mortar
area. psi (MPa)* —— B — " o ;
: Masonr' S W : N

Gross area compressive TypeMorS. Type N ??5?36[0:1{.‘??;?)0(1:}9} (;)?.m R A R

strength of unit. psi (MPa) mortar mortar Hollow loadbearing CMU. 7 < 8 in. (203 mm)P:

TP s o o _ iz v 3 2.000 (14) or greater 140 (0.97) 120 (0.83)

ggi:g Z‘;(:Clse(:llgi‘mfl outed Masonry (refs. 1, 6): 1.500 (10) 115 (0.79) 100 (0.69)
8.000 (55) or greater 350 (2.41) 300 (2.07) 1509 (69) s it gf (0.48)
4.500 (31) 225 (1.55) 200 (1.38) 1009 5 SSOHORD): ., 0088
2.500 (17) 160 (1.10) 140 (0.97) Hollow loadbearing CMU. 8§ in. < /< 12 in. (203 to 305 mm)P:
‘1-300 (IO) 115 (0:79) 100 (0:65) 2.000 (14) or greater 125 (0.86) 110 (0.76)

Grouted concrete masonry: 1,500 (10) 105 (0.72) 90 (0.62)
4.500 (31) or greater 225 (1.55) 200 (1.38) 1,000 (6.9) 65 (049) 60 (0.41)
2.500 (17) 160 (1.10) 140 (0.97) 700 (4.8) 55(0.38)  50(0.35)
1.500 (10) 115 (0.79) 100 (0.69) Hollow loadbearing CMU. 7> 12 in (305 mm)®:

Solid concrete masonry units: 2.000 (14) or greater 115 (0.79) 100 (0.69)
3.000 (21) or greater 225 (1.55) 200 (1.38) 1,500 (10) 95 (0.66) 85 (0.59)
2.000 (14) 160 (1.10) 140 (0.97) 1.000 (6.9) 60 (0.41) 55(0.38)
1.200 (8.3) 115 (0.79) 100 (0.69) 700 (4.8) _ 50 (0.35)  45(0.31)

Hollow walls (noncomposite masonry bonded®): Hollow \\'alls (noncomposite masonry bonded®):

Solid units: < 8in. (203 mm)P 75 (0.52) 70 (0.48)
2.500 (17) or greater 160 (1.10) 140 (0.97) 8 <7< 121in (203 to 305 mm)P 70 (0.48) 65 (0.45)
1.500 (10) 115 (0.79) 100 (0.69) > 12 in (305 m.m)° 60 (0.41) 55(0.38)
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Empirical Concrete Masonry
Procedure using TMS 402 - 2016

Given: location, geometry, material
Find: strength (load capacity)

1. Check axial loading — must be within
middle 1/3 .~

2. Check seismic category to be A, B, or S o el "";ﬂle
C, oronly A if part of the seismic +~ i (Note: t=h+t)
lateral force resisting system.

3. Check wind speed (ASCE-7 2016) ~

Simple span deflection

compare with Tab. A.1.1 i o g ) 7
4. Check minimum thickness. .~ ;

1 story = 6" min. 2 story = 8" min. ;
5. Check lateral support (vertical or
“horizontal) tables 2 and 3 TEK 14-8B /
or TMS 402 — Tab. A.5.1
6. Determine allowable compressive
stress from table 4 TEK 14-8B

or TMS 402 — Tab. A.4j/
7. Allowable load = (stress]) (gross area) P=FxA,

(not LRFD so no 7 factors)
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RN 227222
9 9
317878\

-F’, Simple span deflection
wt




Empirical Design Example

Given:

8” hollow non-reinforced CMU wall

interior wall, Ann Arbor, Mich.

DL = 150 psf

~Find: >
LL capacity

Checks:

Axially loaded :
loaded within middle 1/3 (kern)

Seismic Category:

B, or C, oronly A if part of the

seismic lateral force resisting
system

Wind:

v
v

v/

less that 115 mph (ASCE 7 - 2016)

University of Michigan, TCAUP

Structures Il

|
12 {(VL-— 150 KF H
Y i
. z® , 28! )I
Ao Argor_
1{0 = loeo et
e ' & " HoreoweMu
S MerpA
5"
1 — e—?/E,J

.Avg = 625 112 =905 %

Axiar Loinne,

For.. Aun Arsor :
svc+ A

-,

v’

Yo LeAv 107 mes < 115 ‘/
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Wind and Seismic Limits

Wind for Ann Arbor — 107 mph
SCD for Ann Arbor - Zones A

Selsmic Design
% Category

”
LN
f g SR
oo/ 1
\ < i J
| Y <
/ o) o\
y
E
>®*n0oo0o0™
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Structures Il

103(46)
el

Location V(mph) V(m/s)
Guam 195 (87)
Virgin Islands 165 (74)
American Samoa 160 (72)
Hawaii See Figure 26.5-2B

101(45)

1soEn)  16002)
— 1700

=

FIGURE 26.5-1B (Continued). Basic Wind Speeds for Risk Category Il Buildings and Other Structures
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MAx Hequt 127 § BL=150 <F
Empirical Design Example  nay, sosr [ :
. At Argor
Checks: J £ - tovo o
H/E (TA&(‘E 2> [a’ 2" HoroweMo
. ) 120" L=15 < 18 v T S MorpaR
Maximum height — Table A.1.1 & l "
° i =
yvmd_ speed =1 O? mph R .
* interior, loadbearing TARLE 3 2 100< 12" )3 1625 x12 =N 5%
* h<35ft
Table A.1.1 Limitations based on building height and basic wind speed
lo “" Basic Wind Speed, mph (mps)'
Buildi Over 115 Over 120
inti uilding Less than 51) and less | (54) and less
Element Description Height, ft (m) | - ;f‘sa ] tzl ( t)han o ( t)han o Over 125
(51) fj equal to-120 | equal to 125 (56)
f (4 (56)
Masonry elements that are part of v : Not
the lateral-force-resisting system 35 (11) and less Fenmited Permitted
Over 180 (55) Not Permitted
Interior masonry loadbearing Over 6U(16)and
i Not Permitted
Tléments that are not part of the lesst(:hla gloo(rszglual Repitted QLTSRS
lateral-force-resisting system in Over 35 (1) and
brillingssatfier tham chclossais less than or equal Pernjitted Not Permitted
defined by ASCE 7 10 60 (18)
135 (11) and Tess Permitted Not Permitted
Over 180/(55) Not Permitted
: Over60 (18)and | - : T
Exterior masonry elements that are | jess than or equal | ~ Permitted Not Permitted
not part of the lateral- force—res1stmg to 180 (55) -
system Over 35 (11) and
less than or equal Pernitted Not Permitted
t0 60 (18)
Exterior masonry elements 35 (11) and less Permitted Not Permitted
Basic wind speed as given in ASCE 7 !
University of Michigan Structures Il Slide 35 of 46
Empirical Design Example
MAx HpauT 12" #@: 150 75F
e ) do! v e PN
i Aow Argor
Checks: J { - tovo
H/e (hoe 2 - o S o0
,;o =15<18 v Sibiesp s
Minimum bracing — table 2 l -l 15"

MAx. UDNRELINF, HaadT

Maximum unreinforced height - table 3

./

TAZLE 3 = 10'< 12"

_z

).3 = 1425 112 29057

4

IConstruction (unreinforced)

Table 2—Wall Lateral Support Requirements (ref. 1)

Maximum w.
thickness or height-to
thickness ratio®

all length-to

Table 3—Maximum Unreinforced Wall Spans, ft (in)*

2 (E03)

Wall thickness. in. (mm) 6 (15 (254) 12 (305)

Bearing walls

~———.—-_. ~
Solid units or solid grouted
All others

University of Michigan, TCAUP

20

Nonbéaring walls
Exterior 18
Interior 36
Cantilever walls®
Solid 6
Hollow 4
Parapets (8-in. (203-mm) thick min.)? 3

v

Structures Il

Rearing walls

Solid or solid grouted 10 (3.0)® 13.3 (4.1) 16.6 (5.1) 20(6.1)
Allother| — 3 92. 7)3@ 7) 15(4.5) 18(5.5)
Nonbearing walls

Exterior 92.7) 12(3.7) 15(4.5) 18 (5.5)
Interior 18(5.5) 24(7.3) 30(9.1) 36(l1)
Cantilever Walls®

Solid 3(09) 412 5(.5) 6(1.8)
Hollow 2(0.6) 2.6(0.8) 3.3(1.0) 4(1L.2)
Parapets 1.5(0.5) 2(0.6) 2.5(0.8) 3(0.9)

A Note that Ref. 6 includes modified requirements for walls
with openings.
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Empirical Design Example
Find allowable stress — table 4

Find load
P=FAg

Calculate per foot using gross Area
psi (Mpa) psi (Mpa)

Hollow Unit MasonryI(Units Complying With ASTM

C 90-06 or Later) (vef. 6): Type M 0& Type N

|Hollow loadbearing CMU, 7 < 8/in  mortar mortar
2.000 (14) or greater 140 (0.97) 120 (0.83)
1.500 (10) 15.(0.79) 100 (0.69)

- [1.000)(6.9) 0‘52) 70 (0.48)

700 (4.8) 60 (0.41) 55 (0.38)

Hollow loadbearing CMU. 8 in. <7< 12 in. (203 to 305 mm)P:
2.000 (14) or greater 125 (0.86) 110 (0.76)
1.500 (10) 105 (0.72) 90 (0.62)
1.000 (6.9) 65 (0.49) 60 (0.41)
700 (4.8) 55 (0.38) 50 (0.35)

Hollow loadbearing CMU. /= 12 in (305 mm)®:
2.000 (14) or greater 115 (0.79) 100 (0.69)
1.500 (10) 95 (0.66) 85 (0.59)
1.000 (6.9) 60 (0.41) 55 (0.38)
700 (4.8) 50 (0.35) 45 (0.31)

Hollow walls (noncomposite masonry bonded?®): -
< 8in. (203 mm)P 75 (0.52) 70 (0.48)
8 <7< 121n(203 to 305 mm)P 70 (0.48) 65 (0.45)
#>121in (305 m.m)®P 60 (0.41) 55 (0.38)

University of Michigan, TCAUP Structures ||

s ?, ’
127 % = ’fa wF
28 2P i
< » >
Aot Argor
:u = lovo £t
e & " UHoreoweu

S MerpAR
"
J' — e—?%

% = 0625 112 =95

TA6LE 4 torow 8" fo> looo
s

15 (Foz5e2)

L8617

!
TripoRy sTRP = 287

P= FA,

"\

n

P=4862= DL(28) + LL(ZE)
(o™ 140(22) £LURe8)

LL = 95 PSF cdPdaTy
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Clay Tile
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Insulated Clay Tile
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Autoclaved Aeriated Concrete o
(AAC) a

Used predominately in Europe

Developed by Dr. Johan Axel Eriksson in
mid- 1920s in Sweden as “Ytong”
since 1943, Hebel blocks in Germany
Current largest production in China

Lighter weight

Better insulation value

Better fire resistance

Better moisture transmission

Larger blocks for faster erection

Can be shaped on site

Blocks Casting on Mould

A
A 4

--flow chart--

De-molding and Wire Cutting

High Pressure Steam Curing for 12 Hours

|| Eco-Blocks Ready for Sale I
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Autoclaved Aeriated Concrete
(AAC)

Density — 20 to 50 PCF (floats)
Compressive strength — 300 to 900 PSI
Allowable Shear Stress — 8 to 22 PSI

Thermal Resistance - 0.8 to 1.25 R/ IN
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Autoclaved Aeriated Concrete
(AAC) E

Easily shaped on site
Thin mortar bed — 1/8” (1mm to 3mm)

Tools for placement (below)
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Autoclaved Aeriated Concrete
(AAC)

Larger blocks so faster layup — e.g. 8"x8"x24”

Panel layup with onsite crane

University of Michigan, TCAUP Structures ||

Konventionelles Mauerwerk:

" Clay block

32 Steine 2 DF/3 DF fiir 1 m?* Wand;

32 blocks / M2 igimas 240 mm x 113 mm x
94" x4.4”

AAC block Porenbeton-Plansteine:

8 Steine pro 1 m* Wand;
8 bIOCkS / m2 SteinmaB 499 mm x 249 mm x d
19.6"x 9.8”

AAC panel Porenbeton-Planelemente:
1,6 Steine pro 1 m’ Wand;

1.6 panels / M2 giciomas 990 mm x 623 mm x d
39.3" x 24.5”
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Autoclaved Aeriated Concrete
(AAC)

Finish with stucco

Abb. 2.4.4-1

Anbringen der SockelabschluB- und
Eckschutzschiene zur Sicherung der
Mauerwerkskanten

Abb. 2.4.4-2
Auftrag des Grundputzes von Hand

Abb. 2.4.4-4
Verreiben der Putzoberfldche mit Filzbrett
oder Schwammscheibe

Abb. 2.4.4-3
Auftrag der Deckschicht

University of Michigan, TCAUP Structures ||
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Member Types

Compression members based on

e
e
-
-
-
-
P
=
-
P i
—

proportions.
(a) wall
T\@'
(b) Pier
3T<LS6T
I | H
T D
(c) Column
N T — T H/D %3
| L IL
: e B m
A ! AL :] N l: (d) Pedestal
- (b) (c) H/D< 3

FIGURE 4.12. Forms of brick columns.

FIGURE 4.6. Classification of vertical compres-
sion members.
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Member Details
Floor / Column details.
/Floshing
/ Atternate
flashing
Fill in with
masonry between I waterproofed
joists rigid insulation
Dense concrete —Cores filled with
brick, not less grout in course
than two courses : under fioor slab
5 Metal lath
V‘ L
(a) Bar joist floor (b} Soffit block joist floor
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