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CHAPTER 1
| NTRODUCTI ON

1-1. Purpose. This manual prescribes criteria and furnishes gui dance for
t he
structural design of reinforced masonry in buil dings.

1-2. Scope. The requirenents for reinforced masonry in this manual wl|
be

used for the design of masonry elenents of buildings to be constructed
in all

seismc zones. In addition to the requirenents in this manual, masonry
bui | di ngs constructed in seismc zones 1 through 4, will be designed in
accordance wth TM 5-809- 10/ NAVFAC P- 355/ AFM 88-3, Chapter 13. In areas
of

conflict, the reinforcing and detailing requirenents of TM 5-809-

10/ NAVFAC P-

355/ AFM 88-3, Chapter 13 supersedes the requirenents in this manual. The
requi renments contained herein are limted to buildings not nore than

ni ne

stories of 120 feet in height. For masonry design requirenents for
taller

bui | di ngs, CEMP-ET will be consulted. In overseas construction, where

| ocal

mat eri als of grades other than those specified herein are used, the
desi gn

met hods, details and other requirenments of this manual will be nodified
as

applicable. Unreinforced masonry construction is permtted only for
nonstructural partitions in seismc zone 0. For these partitions, the
unrei nforced masonry design criteria given in ACl 530 wll be used,
however,

the m ni num rei nforcenent around openi ngs given herein nust be
satisfied.

When eval uating existing reinforced masonry in buildings in seismc zone
0,

this manual will be used. \When eval uating existing unreinforced masonry
in

buildings in seismc zone 0, ACl 530 will be used. Al new masonry
bui I di ngs

wi || be designed as reinforced masonry in accordance wth the

requi renents of

this manual . Applicable building codes, and exceptions thereto, are

not ed

herein. The structural design is based on the working stress nethod.
Tabl es,

figures and design exanples are presented as design aids for convenience
in

t he design of brick and concrete masonry buil di ngs.

1-3. References. Appendix A contains a list of references used in this



manual .



CHAPTER 2
QUALI TY ASSURANCE | N MASONRY

2-1. Introduction. This chapter provides guidance for quality assurance
in

masonry. Quality assurance in masonry starts with the design engineer’s
preparation of the plans and specifications. These docunents mnust
contain

adequate information for the contractor to construct a quality masonry
product. In addition, the field quality assurance staff nust have the
support

of engineering during the construction period to assure that the design
intent is being acconplished. The design engi neer nust recognize that
engi neering support is required on a continual basis fromthe onset of
t he

design through the conpletion of construction. Masonry is a field-
assenbl ed

product that requires exacting construction control in order to ensure
satisfactory performance. To achieve a high quality product, al

partici pants

in the design/construction process nust know their role and nust
conmuni cat e

their needs to the other participants. To this end; guidance is provided
herein for contract draw ngs, shop drawi ngs, instructions to the field,
and

site visits.

2-2. Design/construction process overview. The design process begins
with

conmuni cation anong the nenbers of the design team including the
architect,

and the structural, nechanical and electrical engineers, to plan the
| ayout

of the masonry features of the building. Careful planning to achieve
nmodul ar

di rensions in masonry walls, both the total wall dinensions and the
si zes and

| ocati ons of openings (including the |ocation and sizing of |arge
openi ngs

for ducts and utilities), to elimnate excessive masonry unit cutting is
a

very inportant step in the process. The concept of nodul ar coordi nation
in

masonry is an attenpt to increase productivity and reduce costs in
construc-

tion by adoption of coordinated masonry units and masonry panel sizes
whi ch

are as standardi zed as is practical. A 4-inch nodul e has been w dely
accepted

by producers of building materials. However, for reinforced concrete
masonry



unit (CMJ) walls, establishing an 8-inch nodule will elimnate or
greatly

reduce the field cutting of masonry units and will allow a standardi zed
8-

inch pattern of reinforcing placenment. Thus, for conveni ence and
econony, an

8-inch nodul e should be used in structural CMJ walls and wyt hes whenever
possi ble. Once the layout is devel oped, the contract plans nust show
sufficient details to adequately comunicate to the contractor and the
field

qual ity assurance staff the intent of the designer.Wen detailing of the
masonry is not conpleted on the contract drawings, it is very inportant
to

conplete this detailing process on the shop (detail) draw ngs, which

t hen

becone extensions of design. To achieve an understandi ng anong al
partici-

pants in the process and to provide the contractor and the quality
assurance

staff all needed information, it is nost inportant that the shop

drawi ngs be

approved prior to commenci ng masonry construction. Al though all materi al
and

execution itens in the contract docunents are inportant, it is nost
hel pf ul

to the field quality assurance staff that the designer indicate those
few

itens which can be ternmed "critical" to the achi evenent of the intent of
t he

design. This can best be done with "Instructions to the Field", which
are not

a part of, but which supplenent the construction contract docunments. The
| ast

maj or itemin the design/construction process, and the item nost often
m ssing fromthe process, is the designer visits to the field during
peri ods

critical to masonry construction. These visits can be an educati onal
experience for both the designer and field personnel. Aside fromthe
obvi ous

benefit of direct communication on site, it has been shown that site
visits

can open a |line of comunication between field and office personnel.
Thi s

devel ops the necessary contacts for effective comrmunication should

probl ens

arise during construction.

2-3. Role of design engineers. The major itens in the design engineer’s
role
in the design/construction process are the foll ow ng:

a. Approaches to masonry design/detailing The designers will use the



masonry details that have been devel oped for Corps-w de application as
t he

basis for devel opment of contract documents. These masonry details wll
be

nodi fi ed and suppl enented as needed to fit the project requirenents.
Sever a

approaches concerning the |Ievel of conpleteness of contract draw ng
detailing

can be used by designers.

(1) One approach is to show typical details, tables of
rei nf orcenent,
and other mnimal information on the contract draw ngs. This approach
requires that the masonry detailing be conpleted on the shop (detail)
drawi ngs, thus the shop drawi ngs becone a very inportant and critical
ext en-
sion of design. It is therefore very inportant that the structural
desi gn
engi neer not only provide a very careful and conplete review of the
masonry
details provided on the shop draw ngs--but nust
al so make certain that the shop drawing details are coordinated with al
architectural and nmechani cal needs. O particular concerns is assurance
t hat
nmechani cal openi ngs which penetrate structural masonry walls are
i ncl uded.
Wth this detailing approach, constructing masonry walls w thout
approved
shop drawi ngs can | ead to nunerous construction problens.

(2) Another detailing approach is to provide greater anmounts of
masonry
detailing, including nunerous section cuts and typical wall elevations.
Thi s

is an internmedi ate approach that would still require a very carefu
revi ew of

the shop drawi ngs by the designer; since, as described above, the shop
drawi ngs woul d still be a very inportant extension of design.

(3) On the opposite extrene to the first approach above, the
structural
desi gner may provide essentially every masonry detail; including al
masonry
wal | elevations with every rebar, every masonry unit, and all masonry
openi ngs i ncluding every nechani cal opening; on the contract draw ngs.
Al t hough showi ng every detail of every structural and nonstructural
masonry
wal | and partition is clearly excessive, the nore conplete the
devel opnent of
details of the contract draw ngs, the higher the assurance that shop
dr awi ngs
are done correctly and thus the nore expedi ent the approval should be.



b. M ninmumcontract drawing details requirenents. The extent of
detailing
needed on the contract drawings is different for every building. The
| evel of
devel opnment of masonry contract draw ngs versus reliance on shop draw ng
details is a matter of efficiency and nust be based on the judgenent of
t he
design office. In nost situations, providing masonry wall el evations
whi ch
show all wall openings, including ducts and piping, provides the
gr eat est
assurance for elimnating conflicts during construction. Whatever
detailing
approach is used, conplete designs that give a clear understandi ng of
t he
nost critical features of construction is inperative to assure a quality
constructed product. In all cases, the shop drawi ngs nust be approved by
a
structural engineer. Although the |evel of masonry detailing needed is
different for every building, there are mninmumcontract drawi ng details
t hat
are required for all masonry construction. Therefore, the contract
dr awi ngs
for all masonry construction should contain mnimum masonry details as
foll ows- -

(1) Typical details for piers, colums and pilasters and their
| ocati on.
It nust be clear how the typical details are to be applied to al
required
| ocations for these el enents.

(2) Concrete masonry unit control joint (CJ) and brick expansion
j oi nt
(BEJ) details. Both plan and el evation views.are nornmally needed to
clearly
| ocate and di mensi on, throughout the structure, all CJ's and BEJ's.

(3) Details of horizontal and sloping tops of walls. Include
control
joints, beam pocket openings and nethod of anchorage for the roof system
as
appl i cabl e.

(4) Typical details of reinforcenent around openings. It nust be
cl ear
how the typical details are to be applied at all openings.

(5) Details showi ng continuity of structural bond beans. Particul ar
attention nust be given to achieving continuity in stepped structural
bond



beans at the tops of sloping walls. Sloping continuous bond beans have a
hi gher assurance of satisfactory performance.

(6) Details showi ng internedi ate bond beans and how continuity is
provi ded when it is interrupted by openi ngs and corners.

(7) Details of mechanical openings that may have a significant
structural inpact.

c. Instructions to the field. Oten, the best way to provide the
field
gqual ity assurance personnel the information they need to identify the
critical masonry construction features, details, etc.; which nust be
pr esent
to carry out the intent of the designer; is with instructions to the
field.
Masonry construction includes a wide variety of materials including
bri ck,
CMJ, nortar, grout, flashing, reinforcing steel, joint reinforcenent, CJ
keys, BEJ materials, anchor bolts, etc.; all of which are assenbled by a
mason to formwalls, colums, piers, and pilasters. Al though any or al
of
these itens may be contained in the contract docunents for a masonry
buil ding, and thus all are inportant, the quality assurance program does
not
al l ow for continuous observation by Corps field personnel. Instructions
to
the field, which identify those itens that are nost critical to
constructing
quality masonry, will allow the field quality assurance personnel to
maxi m ze
the limted inspection time available. The follow ng itens, which
represent
areas that have caused significant problens on a repetitive basis, are
not
all inclusive, however, should be identified as critical itens in al
"Instructions to the Field" lists:

(1) Mortar proportions nust be in accordance with the contract.
Strength, resistance to water pernmeance, protection of reinforcenent and
durability are derived by the proper m xture.

(2) Gout slunp nust be in the range specified, usually 8-10
i nches, and
nust be nmechanically vibrated as specified to assure conplete filling of
cells. Mortar or concrete nust not be used in lieu of grout.

(3) Reinforcing steel nust be properly positioned and held in place
for
grouting and nechani cal



vi bration. Lap | engths nust be as required by the contract draw ngs.
Unapproved interruptions of reinforcing steel for openings nust not be
al l oned. The structural engineer should be contacted when conflicts
ari se.

(4) Air spaces in anchored veneer walls nust be kept free of
excessi ve
nortar droppings. This will allow water that passes through the outer
masonry
wythe to proceed downward in the air space to reach the flashing and
exit
t hrough the weephol es.

(5) Brick expansion joints, both vertical and horizontal, nust be
??gé of all material, including nortar, and then sealed with backer rods
2gglant. Conpressible material that is installed in the expansion joint
Iﬁ;dpurpose of keeping nortar out of the joint, etc., should not be
used.

(6) Masonry bonding at the corners is required. This detail is
needed to
provi de adequate |l ateral support to corners of walls during and after
construction.

(7) Joint reinforcenent nmust be the type specified, usually the
| adder
type, and nust be properly placed. One longitudinal wire will be
installed in
each nortar bed. This normally requires two |ongitudinal wres per
concrete
masonry unit (CMJ) wythe and one | ongitudinal wire per brick wthe.
Truss
type joint reinforcenent should not be used. Factory fabricated
i ntersections
and corners are required. Longitudinal wires should be properly | ocated
Wi thin nortar beds to provide needed corrosion protection.

(8) Insulation panels used in cavity wall construction nust be in
cl ose
contact at all panel edges and nmust be tightly adhered to the backup
wythe to
achi eve the assuned U val ue.

(9) Flashing nust be installed so that cells to be grouted are not
bl ocked. Thus, flashing that is identified as "thru-wall" should not
ext end
further into the masonry backup wthe than the first nortar bed. Joints
in



fl ashing nust be | apped and seal ed. Properly sealed joints are
especially

critical in wall systenms with steel stud backup. Partial panel |ength
flashing for lintels, etc., should be turned up to formdans at the
ends.

(10) Ceram c glazed and prefaced masonry units should be set |evel
and
true so that the glazed and prefaced facing will present true planes and
surfaces free of offsets or other distortions.

- (11) Masonry unit protection. Tops of masonry that are exposed to
gslgnoma while being stored and in partially constructed walls, nust be
covered Wi th nonstaini ng wat erproof covering or nenbrane when work is
g?;glgss. Covering nust extend a m ninumof 2 feet down on each side and
Egld securely in place. The covering should allow air nmovenent so that
;ngnry can reach anbi ent noisture equilibrium

(12) OGher itens critical to the specific project should al so be
i ncl uded, such as, prismtesting of high strength masonry, etc.

d. Site visits. The final step in the design/construction process to
achieve quality masonry construction is site visits by the designer. The
pur -
poses of these visits by the designer are:

(1) To see that the design intent is being reflected in the
construction.

(2) To facilitate discussion between the construction field office
personnel and the designer on special features of the design and
critical
construction itens.

(3) To provide feedback on construction problem areas and to
devel op
desi gn i nprovenents.

(4) To open the lines of conmunication between the designer and
field
personnel so that problens and concerns will be nore freely di scussed.
Al'though it is recognized that the degree of engineering support during
construction is under continual tine and cost constraints, the need and
val ue
of site visits by the designer has been clearly established in published
gui dance. Every effort to inplenment a programof site visits during
critical



phases of masonry construction should be nmade. The designer shoul d not
make

field visits only in response to field problens. Note that the

"I nstructions

to the Field" given above provide an excellent short checklist both for
t he

field quality assurance staff and for the designer during routine field
visits to masonry construction.



CHAPTER 3
MATERI ALS, PROPERTI ES, STANDARD TESTS AND EFFLORESCENCE

3-1. Introduction. This chapter is an overview of the nature, properties
and

standard tests of the materials which are used for masonry construction.
The

material presented in this chapter is primarily concerned with the
properties

of clay and concrete masonry units which affect structural design. A

di scussi on of the causes, nethods of prevention and nethods of cleaning
of

effl orescence is also included.

3-2. Clay masonry units.

a. Ingredients. Clay masonry units primarily consists of clay, shale
or
simlar naturally occurring earthy substances, water and additives. Most
cl ays are conposed mainly of silica and alum na of extrenely snall
particle
size formed by deconposition of rocks.

b. Manufacturing processes. The majority of the solid and hol |l ow cl ay
masonry units currently used in the U S. are produced by the "stiff-nud"
process, also known as the "wire-cut" process. The basic conmponents of
t he
process are--preparation of the clay or clays; mxing with water, and
additives if any; extrusion through a die as a continuous ri bbon;
cutting the
clay ribbon into discrete units using steel wire; and controlled firing
in
which the units are heated to the early stage of incipient
vitrification
Vitrification occurs when a material changes to a gl assy substance by
heat
and fusion. Peak tenperatures attained during the firing sequence are in
t he
2000- degree Fahrenheit range. Solid clay units, as defined bel ow, may
al so be
manuf act ured by nol di ng processes, for exanple, the soft nud and dry
press.

Subsequent to nolding, the units are dried and fired as in the w re-cut
process.

c. Size and shape. Cay masonry units are available in a wide variety
of
shapes, sizes and coring patterns, several of which are illustrated in
figure



3-1. Figures 3-1a through 3-1e represent clay units defined as solid,

t hat

is, the net area is 75 percent or nore of the gross area. Figure 3-1f
illustrates a hollow unit. The width, W of solid clay units normally
ranges

from3 inches to 4 inches, the height, H from2-1/4 inches to 4 inches
and

the length, L, from7-5/8 inches to 11-5/8 inches, although |arger units
have

been produced. Hollow clay units whose net area is |ess than 75 percent
of

the gross area, as shown in figures 3-1f have been produced in a
relatively

smal | nunber of sizes and core configurations. The shape shown has a

| ength

equal to 11-5/8 inches and a height equal to 3-5/8 inches. Wdths of 3-
5/ 8

i nches, 5-5/8 inches and 7-5/8 inches are al so avail abl e.

d. Visual properties. The color of clay masonry units by the chem cal
conposition, surface treatnent, burning intensity, and nethods of
bur ni ng
control. These factors also affect the strength of units. The choi ce of
col or
for aesthetic purposes

[retrieve Figure 3-1. Typical Masonry Units]

thus may influence structural performance. Various types of surface
texturing, which is formed by steel wire cutting parallel to the

di rection of

extrusion, may be created on the face surfaces of clay units. Surface
texture

is a factor influencing bond strength between the clay units and the
nortar

or grout.

e. Material properties. Material properties of clay masonry units
whi ch
can affect their structural performance include: durability, initial
rate of
absorption, conpressive strength, flexural strength, and expansion
potenti al .

(1) Durability. Durability primarily refers to the ability of a

masonry
unit to withstand environnental conditions, such as freeze-thaw acti on.
d ay

masonry units have been classified in ASTM C 62, C 216, and C 652
accordi ng

to their weather resistant capacities into the follow ng grades: Severe



Weat heri ng, SW Moderate Weathering, MAN and No Wat hering, NW
Durability,

or weat her resistance classification, is evaluated in terns of
conpressive

strength and water absorption as presented in table 3-1.

Tabl e 3-1. Durability[1]

3 Minimum Comprehensive Strength 3 Maximum([2] Water
Absorption by 3

3 (Brick Flatwise) Psi Gross Area® 5 hour Boiling
percent 3 Maximum[3] Saturation Coefficient

Designation® Average of 2 Individual 3 Average of 3
Individual 3 Average of 3 Individual

8 5Bricks 3 8 5Bricks 3
8 5Bricks 3

sSw 3 3000 3 2500 3 170 3
2000 3 0.78 3 0.80

MW 3 2500 3 2200 3 220 3
250 3 0.88 3 0.90

Nw[4] ¢ 1500 3 1250 3 NoLimit 3 No
Limit 3 NoLimit 3 No Limit

[1] Summarized from ASTM C 62, C 216 and C 652

[2] Initially immersed for 24 hours in cold water. Five hour absorption
equals the amount of water absorbed after

immersion in boiling water for five hours expressed as a percentage of
the weight of the dry unit.

[3] Saturation coefficient is the ratio of absorption after 24 hours in
cold water to the absorption after 5 hours
in boiling water.

[4] Applies only to a class of masonry units covered by ASTM C 62.

(2) Initial rate of absorption. Clay masonry units have a tendency
to
draw water from mortar or grout with which they are in contact due to a
capillary mechanism caused by small pores in the units. This phenomenon
is
termed the initial rate of absorption, IRA, or suction and has been
linked to
structural characteristics of masonry such as the bond between mortar
and the
unit. The quality of bond between mortar and masonry unit is a function
of



properties of each. However, for many often used nortar m xes an | RA
val ue in

the 10-25 grans per 30 square inches per m nute range has been observed
to be

nost desirable. Absorption test procedures can be found in ASTM C 67

(3) Conpressive strength. Conpressive strength of clay nmasonry
units is
measured by | oading specinens to failure in a direction consistent with
t he
direction of service |oading in accordance ASTM C 67. Conpressive
strength of
units provides a basis for assum ng the conpressive strength of the
masonry
assenbl age.

(4) Flexural strength. Flexural strength, or nodul us of rupture,
determ ned in accordance with ASTM C 67, is basically a nmeasure of the
tensile strength of a masonry unit. It is somewhat correlated to unit
conpressi ve strength.

(5) Expansion potential. Cay masonry units imredi ately after
manuf acture are extrenely dry and expand due to absorption of noisture
from
t he at nosphere. The magnitude of the initial expansion depends on the
characteristics of the unit materials, the firing tenperature and the
anbi ent
noi sture conditions. The initial expansion is irreversible. Additional,
but
smal |, anmpbunts of contraction or expansion due to tenporary variations
in
masonry noi sture content may occur. Clay unit masonry is also subject to
expansion and contraction due to tenperature variations.

3-3. Concrete masonry units. Concrete masonry units are nade from

I'i ght wei ght

or normal wei ght aggregates, or both, to obtain three classes of masonry
units; normal weight, nmedium weight, and |ightweight. The structural
requirements of ASTM C 90 are the sanme for all classes. Nornmal weight
units

are generally used where |ightweight aggregate is not readily avail able
and

the cost of obtaining the |ightweight aggregate does not offset the
advant ages of |ightweight units. The advantages of |ightweight units

i ncl ude

ease of handling and hauling, increased productivity, reduced dead

| oads,

i nproved resistance to thermal flow, inproved absorption of transmtted
sound, and higher fire resistance. One di sadvantage of |ightweight units
s

that they are nore porous. This nakes themnore difficult to paint or
seal as



required for interior and exterior exposure.

a. Ingredients. Concrete masonry units primarily consist of portland
cenent or bl ended cenment, aggregate and water. Hydrated |ine and/or
pozzol ans
as well as air entraining agents nmay be used.

O her ingredients that have been established as suitable for use in
concrete
such as coloring pignments, ground silica, etc., my al so be used.

b. Manufacturing process. Concrete masonry units are cast using no
sl unp
concrete. The m xture is placed into nolds and vi brated under pressure
for a
specified tine to obtain conpaction. Hi gher strength units can be
obt ai ned by
subjecting the material to |onger vibration and conpaction periods. The
units
are renoved fromthe nolds and may be cured under nornmal atnospheric
conditions, or by autoclaving (steam curing).

c. Size and shape. Concrete masonry units are available in a wde
vari ety
of sizes and shapes as shown in figure 3-2. They may be classified as
hol | ow
or solid.

(1) Asolid unit is defined in ASTM C 90 as having a net area not
Lﬁ;i 76 percent of the gross area. A type of unit known as concrete
EE:Lg!n%STM C 55, is available which is conpletely solid. Solid units
?;Sically 7-5/8 inches high and are available in several |engths and
2%22?Z£e bricks are normally 3-5/8 inches wide, 2-1/4 inches high and 7-
?gghes or 15-5/8 inches |ong.

(2) Ahollowunit is defined in ASTM C 90 as having face shell and
rﬁPcknesses whi ch conformto the requirenents listed in Table 2 of the C
g?andard. Most hol | ow concrete masonry units range from50 to 70 percent
?Le gross area, depending on such factors as: unit width, wall (face
;Eglkeb) t hi ckness, and core shape. Hollow units are typically 15-5/8
:gﬁg?seither 7-5/8 inches or 3-5/8 inches high; and 7-5/8 inches, 5-5/8



inches, or 3-5/8 inches wide. Nom nal widths up to 16 inches are also
avai l abl e in many areas. The walls of npbst hollow concrete units taper
or are

flared and thicker on one bed surface of the unit than the other to
enabl e

rel ease fromthe nold during production. Hence, the net concrete cross-
sectional area may be greater on the top of the unit than the bottom
For

structural reasons, ASTM C 90 stipulates mninumwall thickness for

| oad-

bearing concrete nmasonry units.

d. Visual properties. Color other than the normal concrete gray may
be
obtained for concrete units by adding pignents into the mx at the tine
of
manuf acture or by painting after installation. A variety of surface
effects
are possible including snooth face, rough (split) face, and fl uted,
ri bbed,
recessed, angular and curved faces, sone of which may affect cross-
secti onal
area cal cul ati ons.

e. Classifications. Concrete masonry units are classified according
to
noi sture content requirenments. The two types of noisture controlled
units
are:

(1) Type I, Moisture-Controlled Units, which nust conformto the
appropriate ASTM noi sture content requirenents.

(2) Type I'l, Nonnoisture-Controlled Units, which have no noisture
control requirenents.

f. Material properties. The material properties of
[retrieve Figure 3-2. Exanples of concrete masonry units]

concrete units which can affect the structural performance of installed
masonry include: absorption; noisture content; shrinkage potenti al;

t enper at ure expansi on/ contraction; conpressive strength; and fl exural
strengt h.

(1) Absorption. Absorption of a concrete masonry unit, determ ned
in
accordance with ASTM C 140 is the total anobunt of water, expressed in
pounds
per cubic foot, that a dry unit will absorb and is sonewhat related to
density.



(2) Mdisture content. Mdisture content is expressed as a percent of
t he
total water absorption possible for a given concrete masonry unit.
D nmen-
si onal changes of concrete nmasonry due to changes in unit noisture
cont ent
can have serious effects upon the structure dependi ng upon the nature of
t he
boundary conditions and size of a given nmasonry el enent. The npbst common
effect is shrinkage cracking due to a | oss of noisture. Misture loss is
affected by the humdity of the air surrounding a particul ar masonry
el enent .
Moi sture conditions, and thus cracking potential, may be significantly
different for interior and exterior elenents.

(3) Shrinkage potential. Shrinkage potential characteristics of a
gi ven
unit, determ ned according to ASTM C 426, depend upon the nethod of
manuf acture and the materials. The linear shrinkage potential val ues
given in
the appropriate ASTM s represent an attenpt to equalize drying shrinkage
for
units of different shrinkage potential considering differences in
hum dity
condi tions.

(4) Tenperature expansion/contraction. As is the case for nost
mat erials, concrete nmasonry expands and contracts with tenperature
changes.

(5) Conpressive strength. The conpressive strength of concrete
masonry
units is established in accordance with ASTM C 140. This test is a
measur e of
unit quality. The conpressive strength of the masonry units, along with
t he
nortar strength, provide the basis for assum ng the conpressive strength
of
t he masonry assenbl age. Factors which affect conpressive strength
i ncl ude:
wat er-cenment ratio, degree of conpaction, and cenent content. M ninum
conpressive strength requirenents are presented in the appropriate
ASTM s for
t he various kinds of units.

(6) Flexural strength. Flexural strength, nodulus of rupture, is
basically a neasure of the tensile strength of a masonry unit and is
somewhat
correlated to the unit conpressive strength.

3-4. Mortar. Mrtar, ASTMC 270, is a mxture of cenentitious material s,



aggregate and water. Mrtar serves to bond masonry units together to
forma

conposite structural material. As such, nortar is a factor in the
conpressi ve, sheer, and flexural strengths of the masonry assenbl age. In
addition, nortar conpensates for dinensional and surface variations of
masonry units, resists water and air penetration through masonry, and
bonds

to netal ties, anchors, and joint reinforcenent so that they perform
integrally with the masonry units.

a. Cenentitious materials. Cenentitious materials used are portland
cenent, ASTM C 150; or portland blast furnace cenent, ASTM C 595; and
lime,

ASTM C 207; or masonry cenment, ASTM C 91. Masonry cenent has limted

applications. Mortar made wth portland cenent, |ine, aggregate (sand)
and

water is preferred since all constituents are well defined. Wiile both
types

of nortar have simlar attributes and requirenents, the discussion
her ei n

applies specifically to nortar made with portland cenent, |ine, and
aggregate. In general, it may not be possible to specify a nortar, which
will

be optimal for both workability and strength. A nortar which is workable
with

the masonry units being used under site environmental conditions wll
usual I'y

result in a masonry assenbl age with acceptable strength and good quality
j oi nts.

b. Aggregate (sand). Well-graded sand, ASTM C 144, with a uniform
distribution of particle sizes is necessary to produce a workable nortar
which is dense and strong in the hardened state. Sand on the finer side
of
the permtted gradation range will produce a nore workable nortar than a
nortar made with coarser sand. However, the nortar with finer sand
requires
nore water to be workable and is therefore weaker. The particles of
manuf act ured sand are sharp and singular and tend to produce a |ess
wor kabl e
nortar than that made with natural sand of rounded particles. Mre water
may
be required to obtain adequate workability of nortar nade with
manuf act ur ed
sand than that made with natural sand, resulting in a |ower strength due
to
t he hi gher water-cenent ratio.

c. Mortar proportions. According to ASTM C 270, nortar may be
specified
either in terns of proportions (by volunme of portland cenent, hydrated
i e,



and aggregate) or in ternms of properties (required conpressive
strength). The

proportion nmethod is the only nethod all owed by the guide specification.
I t

shoul d be noted that nortar conform ng to the proportion specifications
of

ASTM C 270 may have conpressive strength far in excess of the m ni num
val ues

prescribed for the property nethod.

d. Mortar types. The four types of nortar given in ASTM C 270 are; in
order of descending strength; M S, N, and 0. Generally as strength
i ncreases, workability decreases. Since a good nortar

nmust have a conbination of strength and workability, the nortars on the
extrenes (Mand O should not be used. Although S and N are allowed in
t he

gui de specifications, Type S exhibits the best overall qualities of
strength

and workability and normally should be specified.

e. Water retentivity. Mirtar exposed to air tends to | ose water by
evaporation. Mrtar in contact with masonry units tends to | ose water to
t he
units because of the suction of the units. Retentivity is the nortar
property
associated with resistance to such water |oss and resultant | oss of
wor kability. Lime in nortar inproves the water retentivity and
wor kabi lity.

Ideal ly, retentivity of a nortar should be conpatible with the suction
of the

units used and environnental conditions, such as, tenperature and

hum dity,

so that adequate workability is maintained. Water content of nortar
shoul d be

as high as possible consistent with proper workability and suction of

t he

masonry units to nmaxim ze bond of the nortar to units. Water retentivity
i's

nmeasured by met hods described in ASTM C 91. Units wth high suction
require

the use of nortar with high retentivity to prevent excess and rapid

wat er

| oss and reduced workability. It is noted in ASTM C 67, in the case of
cl ay-

unit masonry, that nortar which has stiffened due to water |oss because
of

suction results in poor bond and water perneable joints. It is suggested
in

ASTM C 67 that clay masonry units with initial rates of absorption in
excess



of 30 grams per mnute per 30 square inches be wetted prior to placing
to

reduce suction. If wetting is done, care should be taken to ensure
uniformty.

f. Flow Flow determ ned by nethods of ASTM C 109 is a rough
measur enent
of workability, but is not a test anmenable to construction sites. No
general ly accepted procedure has been devel oped for field neasurenent of
wor kability; the mason is the best judge.

g. Factors affecting nortar conpressive strength. Mrtar conpressive
strength, typically measured by uni axial conpression of 2 inch cubes in
accordance with ASTM C 109 is a neasure of relative nortar quality.
Because
of several factors, such as, state of stress, water content, and
di mensi ons,
the conpressive strength of a nortar cube is not directly related to
conpressive strength of nortar in a masonry joint. The basic factors
whi ch
af fect uni axi al cube conpressive strength, however, are essentially
t hose
whi ch affect nortar performance in masonry, such as, proportions of
portl and
cenent, hydrated |linme and sand, water content, adm xtures, air content,
m xing tinme, and sand characteristics. The proportions are critical
factors
af fecting cube conpressive strength. The variation in nortar cube

strength

due to m x proportions is illustrated in figure 3-3. The circl ed val ues
for

sand and linme illustrates a typical Type S mx of 1 part cenent, 1/2
part

lime and 4-1/2 parts sand. The figure indicates that the expected cube
strength is approxi mtely 3700 pounds per square inch, using these
proportions. The band between the two sloping straight lines reflects
t he

range of proportions as prescribed in ASTM C 270.

h. Factors affecting nortar to unit bond. Because nortar not only
seal s
masonry agai nst wi nd and water penetration, but also binds masonry units
toget her, strength and bond of nortar are essential to well-constructed
masonry. Two forns of bond strength are inportant for structural
pur poses,
tensil e bond strength and shear bond strength. Tensile bond is required
to
resist forces perpendicular to a nortar-unit joint while sheer bond is
required to resist forces parallel to such joints. The factors which
aff ect
bond are basically common to both with the exception of the influence of
conpressi on on shear bond. Factors affecting bond strength include:



(1) Mortar properties.

(a) Cenent content. Other factors equal, greatest bond strength
IS
associated wth high cenent content.

(b) Retentivity. Bond strength is enhanced if high retentivity
nortar
is used wth high-suction units and | ow absorpti on.

(c) Flow. Bond is enhanced by using the nmaxi rum water content
consi stent with good workability considering unit properties and envi -
ronment al conditions.

(d) Air content. Bond decreases with increasing air content.
(2) Masonry unit properties.

(a) Surface texture. Mortar flows into voids, cracks, and
fissures
and forns a nmechanical attachnment to the surface of the unit.

(b) Suction. For a given nortar, bond strength decreases as unit
suction increases. This is perhaps due to the rapid |loss of water to the
uni t
on which nortar is placed. The nortar becones | ess workable and bond
becones
| ess reliable.

(3) Workmanship factors.

(a) Tinme. The tine | apse between spreading nortar on a unit and
placing a unit upon that nortar should be mnimzed to reduce the
effects of
water | oss fromnortar due to suction of the unit on which it is placed.

(b) Movenent. Myvenent of units after placing can reduce, if not
break, bond between nortar and unit.

(c) Pressure and tapping Units nust be placed on nortar with
sufficient downward pressure,

possi bly augnented by tapping, to force the nortar into intinmate contact
with
the unit surface.

[retrieve Figure 3-3. Strength of nortar (psi) versus constituent
proportions]

i. Construction factors effecting nortar. Proper mxing is essential
to



obtain a uniformdistribution of materials and the desired workability
and

strength properties. Retenpering, that is, adding water to nortar to
restore

wor kability as permtted by ASTM C 270 shoul d be enployed with extrene
caution because the water-cenent ratio may be altered with attendant

| oss of

strengt h.

3-5. Gout. Gout, ASTMC 476, is a mxture of cenmentitious materials
:ggregate to which sufficient water has been added to permt the grout
igagfly poured into masonry grout spaces w thout segregation of the
materials. Gout is placed in the cavities forned by the masonry units.
L;nds to the masonry units and to steel reinforcenent, ties, and anchors
;8rn1a uni fi ed conposite structure.

a. Gout type and materials. Gout is identified as fine or coarse
dependi ng on the maxi num size of the aggregate used. Fine or coarse
gr out
shoul d be used in accordance with the gui de specification.

b. Gout strength. Gout will have a m ni mum conpressi ve strength of
2000
pounds per square inch as neasured by a uniaxial conpressive test in
accordance with ASTM C 1019.

c. Requirenents during construction. Masonry units and grout interact
in
the sane manner as unit-nortar interaction, that is, water is drawn from
t he
grout into the masonry by suction. The final grout strength is a
function of
wat er content after suction.

(1) Mxing grout. Because of better control, grout should be
bat ched and
mxed in transit-mx trucks.

(2) Placing grout. Grout may be poured or punped into grout spaces.
Proper placenent of grout requires that it be sufficiently fluid to be

pourable and to conpletely fill the grout space. The suction of the
masonry

units, IRA in the case of clay masonry units, will influence the anount
of

water required in grout. H gher water content is required if masonry
units

have a high rate of absorption (suction) to reduce the tendency of grout
to



adhere to the sides of the grout space while it is being poured and thus
constrict the space. The converse is true if the units have | ow suction.
A

grouting adm xture may be useful in retarding water | oss fromgrout. The
wat er content nmay be | ower for |arge grout spaces (4-inch |east

di nension), than for small grout spaces (2-inch or smaller |east

di mensi on).

Sl unp, as neasured by the standard 12 inch truncated cone test, is
typically

from8 inches to 10 i nches, depending upon the fluidity required.

(3) Consolidating grout. Consolidation is essential to obtaining
gr out
i n-place without voids or debonding due to shrinkage. Poor consolidation
may
cause reduced masonry conpressive strength and poor bond of grout to
masonry
unit. Mechanical vibration is greatly superior to puddling and should be
used
for consolidating all grout pours greater than one masonry course in
hei ght .
Consol i dation should be done by vibrating soon after grout placenent and
by
re-vibrating when the excess water has been absorbed fromthe grout by
t he
masonry units. Mechanical vibration nust be done before the grout has
stiffened to prevent a void in the grout caused by the vibrator.

3-6. Reinforcement. Masonry is reinforced with steel bars or joint
reinforcenent. Joint reinforcenent, placed in nortar beds, is unique to
masonry and is primarily used to resist internal forces due to shrinkage
or

t hermal | y-i nduced novenent.

3-7. Standard tests.

a. Conpression. The conpressive strengths of masonry assenbl ages nmay
be
established by testing snmall masonry assenbl ages referred to as
"prisms", in
accordance wth ASTM E 447. To establish the conpressive strength of a
gi ven
unit-nortar assenblage, a mninmumof three prisns nust be tested. Prisns
may
be constructed in stack-bond or in a bonding arrangenent which sinul ates
t he
bondi ng pattern to be used in the structure, except no structural
reinforcenent is used in the prisns. Masonry prisns should be
construct ed
with the sane materials, joint thickness, and workmanship used in the



structure.

b. Shear. In reinforced masonry, shear |oads may be carried either by
t he
masonry or, if the masonry is not adequate, by the reinforcing steel.
Masonry
is an assenbl age of discrete units and nortar, so when the shear force
is
carried by the masonry, two fornms of shear strength exist. These
strengt hs
are diagonal tension strength and sliding shear strength along the
nortar
joint. The standard tests used to determ ne the shear strength in
masonry are
as follows:

(1) Di agonal tension tests.

(a) The standard di agonal tension test; presented in ASTM E 519,
D agonal Tension (Shear) in Masonry Assenbl ages; establishes the
di agona
tensi on of masonry panels by | oading 4-foot by 4-foot panels in
conpr essi on
al ong one diagonal. Failure occurs in tension perpendicular to the
di agonal
The val ue of the conpression |load, P, at failure is converted to an
equivalent shear stress, SUs¢, by

0.707P
SUs¢, = (eq 3-
1)
A
Where:

A = The average of the gross areas (solid-unit masonry) or net areas
(hollow unit masonry) of the two contiguous upper sides of the specimen.

(b) The racking test described in ASTM E 72 (Section 14) has
been
used to measure diagonal tensile strength of eight foot by eight foot
wall
specimens. However, hold-down forces induced by the test fixture
complicate
the state of stress.

(2) Sliding shear strength. The sliding shear strength is the
strength
in bond between the mortar and the units which resists relative movement
of
adjacent units in a direction parallel to the mortar joint between them.
In



case of shear walls, where shear is normally considered to be a

hori zont al

force parallel to the bed joints, sufficient bond between nortar and
units

nmust exist in order for diagonal tension strength to be devel oped.

O herw se

failure occurs in step-w se fashion along a diagonal in the plane of the

wall. It has been shown experinentally that joint shear strength is
i ncreased

by conpression across the joint. Results obtained by testing snal
speci nens

under controlled conditions reflect a friction coefficient of
approxi mately
1.0.

c. Flexure test. The standard test to establish flexural strength in
masonry is given in ASTM E 518, which provides requirenments for
materi al s,
speci men preparation and configuration, testing, and cal cul ations. The
t est
establ i shes flexural tensile bond strength in a direction perpendicul ar
to
the bed joint by third-point or uniformloading of stack-bond specinens.
Extreme care is required in handling flexural bond test specinens.

Fl exur al

tensile bond strength may al so be determ ned by the "bond wench" test.
The

test is based upon "prying off" one masonry unit at a time froma nulti-
uni t

stack-bond prism (or beam. Flexural tensile stress is calcul ated based
upon

an assunption of a linear flexural stress distribution across the unit
wi dt h.

Equations provided in ASTM C 1072 account for the effects of conpression
due

to the load and its eccentricity. The test apparatus is detailed in the
standard. Whereas flexural beamtests provide one data point, that is

t he

beans fail at one joint, the bond wench nethod provides as nany data
poi nts

as there are joints in the specinens.

(1) The flexural capacity of unreinforced masonry walls depends
ei t her
upon the tensile bond between units, as shown in figure 3-4a, or upon
t he
shear-bond of overl apping units dependi ng on

the direction of flexure and type of construction as depicted in figure
3- 4b.

Fl exure whi ch induces shear-bond stresses between overlapping units may
be



limted by shear bond strength or by flexural tensile unit strength.

(2) The flexural capacity of reinforced masonry is essentially
[imted
by masonry conpressive strength or by tensile strength of the
rei nforcenent.
Conpression reinforcenent can add to flexural strength in beans,
particularly
if it is confined. Vertical reinforcenment in shear walls is used to
provi de
tensile strength for in-plane and out-of-plane reversible nonment.
Fai l ure of
sl ender shear walls in in-plane flexure is characterized by progressive
damage to the masonry at the conpression face followed by buckling of
t he
unconfined vertical reinforcenent. Confinenment of vertical reinforcenent
in
shear walls retards progressive danmage and increases ductility.

(3) Tests of prisnms and short walls under eccentric conpression
i ndi cate
that at failure the maxi num conpressive stress, due to conbi ned bendi ng
and
conpression, calculated on the assunption of |inear elastic behavior,
exceeds
ultimate uni axi al conpressive stress, by a factor on the order of 4/3.

d. Modulus of elasticity. The modulus of elasticity of masonry, EUmyg,,
may
be obtained by instrumenting compression specimens, prisms, in
accordance
with ASTM E 111 . Experimental evidence indicates that moduli obtained
from
tests of flat-end prisms corresponds well to moduli of full-scale walls.
Although the true stress-strain relationship of masonry is non-linear
(basically a parabolic curve), in many applications it is possible that
dead
load stress is sufficient to achieve the initial stiffening represented
by
the lower portion of the curve of figure 3-5, thus justifying use of the
inner portion which is often approximately linear. The design methods in
this
manual assumes EUmy; is linear and is assumed to change linearly with the
compressive strength of masonry, fUmg,, as follows:

EUm¢, = 1000 fUmg¢, </ = 3,000,000 psi (eq 3-
2)

3-8. Efflorescence. Efflorescence is a fine, white, powdery deposit of
water-

soluble salts on the surface of masonry or in the pores of masonry. The
most



common salts are sulfate and carbonate conpounds of sodium potassium
cal cium magnesi um and al um num al t hough ot hers exi st.

a. Effect. The primary effect or objection is the appearance of
ef fl orescence on the surface of masonry, both clay and concrete. It can
be a
serious visual defect. However, under certain conditions, salts
deposi ted
bel ow the surface of a masonry unit can cause cracking and spalling due
to
forces generated by salt crystallization. This can further degrade
appearance, but has the nore serious effect of reduced structural
properti es.

b. Source. The main source of salts is the portland cenent used in
nortar
and grout. O her sources can include the masonry units, sand used in
nortar
and grout, and the water. Hydrated |linme used in nortar does not
general ly
contribute to efflorescence.

c. Cause. Water-soluble salts are brought to the surface of masonry
in
solutions of water and deposited there by evaporation. The salts
sol uti on may
m grate across the surfaces of the units or through the pore structure
of the
masonry units. Therefore, the conditions which |ead to effl orescence
are:

(1) A source of soluble salts nust be present.

(2) A source of water to dissolve the salts nust be avail abl e.

(3) The water nust be in contact with the salts for a sufficient
time to
di ssolve themand carry the solution to the masonry unit surface and
into the
pores of the units.

d. Control. Because the salts nust be in solution

[retrieve Figure 3-4. Masonry wall flexure]

[retrieve Figure 3-5. Masonry stress-strain curve]

to cause efflorescence, the obvious solution is to prevent the intrusion
of

water. This is difficult during construction because of the water
present in



nortar and grout. During construction, partially conpleted masonry

el enent s

and all on site masonry materials should be protected to mnimze water
intrusion fromrain, snow or other sources.

e. Design Details. The nost critical itemin preventing efflorescence
s
provi di ng good nmasonry details that will prevent water penetration into
t he
conpl eted masonry construction. The design and details of the structure,
of
whi ch the masonry conponents are a part, should be such that water
exposur e
and penetration of the masonry will be m ninmal. Overhangi ng eaves,
cappi ng of
wal I s, copings, sealants, flashing, and tooling of nortar joints are
exanples. Equally inportant is the maintenance of these features.

f. Cleaning. Efflorescence occurring during or just after
construction may
di sappear with normal weathering. If not, the foll ow ng cl eani ng net hods
may
be done in ascending order--doing the | east necessary to achieve the
desired
result.

(1) Dry brushing may renove nost effl orescence.

(2) I'n warm dry weat her washing may be used, but it should be
realized
t hat washing requires the use of water which may bring nore salts to the
surf ace.

(3) Chemical cleaners are available such as a 1:12 nuriatic acid
solution. Use requires presoaking to limt the depth of penetration of
t he
sol ution and thorough washing afterwards to renove all traces of the
sol uti on.

(4) Sandbl asting has been used but is not recomended because of
its
damagi ng effect on nortar and unit surfaces.



CHAPTER 4
DESI GN FOR CRACK CONTRCL

4-1. Introduction. This chapter provides criteria and nethods to control
cracking in concrete and brick masonry walls, conposite walls, and
anchor ed

veneer wthes. Normally, cracking in masonry results from shrinkage in
concrete masonry unit construction and expansion in brick masonry unit
construction. Uncontrolled cracking is a significant problemin the
masonry

i ndustry. Cracking is controlled by proper placenent of joints, proper
mat eri al selection, and by steel reinforcenent, or a conbination

t her eof .

Al t hough the cracking of masonry is not normally a structural design
consideration, the locations of joints placed in masonry walls to
control

cracking can affect the structural performance of the wall. The crack
control

criteria contained herein is based on |ocations where environnental
changes

(tenperature and noi sture fluctuations) are |arge. Wen supported by
successful local practice; the designer nmay deviate fromthe joint

| ocati ons,

mat eri al selections, and reinforcenent criteria contained in this
manual .

Locations and details of control joints, bond beans, brick expansion

joints,
and structural expansion joints will be shown on the contract draw ngs
on

both plan and el evation vi ews.

4-2. Concrete to masonry walls. Cracking of concrete masonry walls is
general |y caused by shrinkage due to noisture loss in the units. Methods
used

to control cracking in concrete masonry structures are materials
specifications to limt the drying shrinkage potential, control joints
(QJ's)

to accommobdat e novenent, and reinforcenent to control crack size and

| ocati on.

a. Material specifications. The type of unit to be used in al
construction wll be ASTM C 90, nvoisture controlled, type I, units. Type
I
units, which have no noisture control, wll not be used. The ASTM C 90
standard provides limts on noisture content for noisture controlled
units
depending on linear shrinkage potential and average annual relative
hum dity
at the place where the units will be installed. For exanple, in an area
wher e



t he average annual relative humdity is 50 to 75 percent and the |inear
shrinkage potential of the unit is 0.03 percent, the units should be
delivered to the site with a nmaxi mum noi sture content of 40 percent.
Units

with a linear shrinkage potential of 0.045 to 0.065 percent, delivered
to the

sane site, should have a maxi mum noi sture content of 30 percent. The
pur pose

of this part of the standard is to limt the shrinkage of the unit in

t he

wall to a level sufficient to control cracking. Masonry units delivered
and

stored at the site should be protected fromrain and snow, which would
i ncrease their noisture content.

b. Control joints. To control shrinkage cracking, control joints
shoul d be
pl aced and spaced to divide walls or wthes into a series of rectangul ar
panel s. Control joints should al so be placed in areas of high stress
concentration where cracking is nost likely to occur. Normal spacing and
desirable locations for control joints are noted in table 4-1. Control
joints
shoul d not be | ocated at openings due to construction and performance
probl ens and m ni num rei nforcenent requirenents. For structural walls,
t he
m ni mum rei nforcenment around openings is given in chapter 5. For non-
structural partitions, the m nimumreinforcenent around openings wll
consi st
of one No. 4 bar at each side and at the top and bottom of each openi ng.
Rei nforcing bars will extend 24 inches beyond the edge of the opening.

Tabl e 4-1. Recommended control joint spacing ([a]

VERTICAL 3 3
SPACING OF 3 3
JOINT 3 MAXIMUM RATIO 3

REINFORCEMENT 3 OF PANEL 3 MAXIMUM
WITH 2-#9 3 LENGTHTO 3 SPACING OF CON-
WIRES[b] 3 WALL HEIGHT 3 TROL JOINTS[d]

(IN) 3 (LIH)[c] 3 (FT)
Nonele] 3 2 3 18
16 3 3 3 24
8 3 4 3 30

[a] Based on moisture-controlled, type I, concrete masonry in
intermediate

humidity conditions (ASTM C 90). The designer should adjust the control
joint



spacing for |local conditions. The recommended spacing may be increased 6
f eet
in humd climtes and decreased 6 feet in arid clinmates.

[b] Joint reinforcement will be cold-drawn deformed wire with a m ni num
9
gauge | ongitudinal wire size.

[c] L is the horizontal distance between control joints. His generally
t he
vertical distance between structural supports.

[d] The spacing will be reduced approxi mately 50% near masonry bonded
corners

or other simlar conditions where one end of the masonry panel is
restrai ned.

[e] Not recommended for walls exposed to view where control of cracking
IS
i nportant.

Reconmended control joint |ocations
a. At regular intervals as noted in table above.

b. At changes in wall height or thickness. (This does not include at
pilasters.)

c. Near wall intersections in "L", "T", and "U' shaped buil di ngs at
approxi mately 50% of the spacing required above.

d. At other points of stress concentration.

e. At control joints in foundation walls and in floors that support
masonry wal | s.

(1) A keyway or interlock will be provided across control joints as
ﬁeans of transferring lateral shear |oads perpendicular to the plane of
;gfl. Transfer of bendi ng nonents or diagonal tension across control
Lg;agys or interlocks should not be assuned. Control joints should be
weat herti ght.

(2) Control joints in concrete masonry unit walls wll be
conti nuous and
vertical. Control joint details nust provide an uninterrupted weak pl ane
for



the full height of the wall, including internmedi ate bond beans and
masonry

foundation walls. However, reinforcing steel in structural bond beans
nust be

continuous through control joints. Control joints need not extend into
rei nforced concrete foundation walls.

(3) Control joints divide walls into panels which are separate
structural elements. Hence, |ocations of control joints effect the
rel ative
rigidity of wall panels and, in turn, the distribution of |ateral
(seismc or
wi nd) forces and the resulting unit stresses. Therefore, adding,
el i mnating
or relocating control joints, where the lateral |oad resisting systemis
sensitive to control joint location, will not be permtted once the
structural design is conplete.

(4) The control joint location criteria above applies to all walls
exposed to view where control of cracking is inmportant. For walls not
exposed
to view, a control joint spacing of four tines the diaphragmto
di aphragm
hei ght or 100 feet, whichever is |ess, may be used.

c. Joint Reinforcenment. Joint reinforcenent distributes |ocal
t enperature
and shrinkage stresses and allows a greater control joint spacing to be
used.
Joint reinforcenent spacing as it relates to control joint spacing is
provided in table 4-1. It is recommended that all walls exposed to view,
where control of cracking is inportant, have joint reinforcenent spaced
not
nore than 16 inches on center. Joint reinforcenment will be term nated at
control joints.

d. Control joint detailing Control joints are either flush, raked, or
raked and seal ed depending on specific requirements as given in the
gui de
speci fications.

4-3. Brick walls. Cracking in brick masonry generally results froma
conbi nati on of expansion due to noisture absorption by the brick and

t her mal

expansion of the brick wall. Detailing of brick masonry nust allow for
bot h

hori zontal and vertical expansion of the wall or wthe panels. Crack
control

in brick walls is acconplished with brick expansion joints (BEJ' s). The
al  owance for expansion and the criteria to establish joint spacing

gi ven

herein may be adjusted when climatic conditions warrant.



a. Brick expansion. The total unrestrai ned expansi on of
masonry
walls, WUx¢,, may be estimated from the following formula:

WUx¢, = [[epsilon]UA¢, + [epsilon]UT¢, ([DELTA] T)](L) (eq 4-
1)

= [0.0003 + 0.000004 ([DELTAIT)](L)
Where:

[epsilon]UA¢, = The coefficient for volume change due to moisture
expansion.
It will be assumed equal to 0.0003 times the wall length.

[epsilon]UT¢, = The thermal coefficient of expansion for clay or shale
brick.

It will be assumed equal to 0.000004 per unit length per degree
Fahrenheit.

[DELTA] T = The maximum temperature differential expected during the
life of

the structure, degrees Fahrenheit. [DELTA] T should not be assumed less
than

100.

L = The length of wall between expansion joints, inches.

b. Vertical expansion joints. Crack control for horizontal expansion
in
brick is mainly accomplished by the proper placement of continuous
vertical
BEJ's. BEJ's should be placed and spaced to divide a wall into a series
of
rectangular panels to control cracking. Since the backer rod and sealant
used
for sealing vertical BEJ's are assumed to be only 50% compressible, the
computed total expansion value, WUx¢,, must be multiplied by two to
obtain the
required joint width. The maximum vertical BEJ spacing for various
expansion
joint widths, based on [DELTA] T = 100 deg. F, along with desired joint
locations of vertical BEJ's are listed in table 4-2. BEJ's in parapet
walls
will be at one half the spacing of the supporting walls below. Vertical
BEJ's
do not transfer bending moment or shear and must occur at locations
where no
load transfer is required.

Table 4-2. Maximum spacing of Vertical expansion joints in

clay brick



brick walls, [DELTA] T= 100 deg. F

EXP.JT. 3 3 MAX. SPACING
WIDTH (IN) 3 W_x (IN) 3 OFBEJs[a] (FT)

)8 3116 @ 22

12 = 14 = 30

34 38 3 44
1(MAX) 3 12 3 60

[a] Provide expansion joints at 6 to 10 feet from corners.
Recommended vertical BEJ locations

a. At regular intervals as noted in table above.

b. At changes in wall height or thickness.

c. Near wall intersections in "L", "T", and "U" shaped buildings at
approximately six to ten feet from corners.

d. At other points of stress concentration.

e. At edges of openings.

c. Horizontal expansion joints. Crack control for vertical movement
in
brick walls is accomplished

with horizontal BEJ's. The minimum horizontal joint width will be 3/8

inch.

This minimum joint width will accommodate movement for most buildings in
normal situations. Designers should be aware of building effects, such

as,

elastic shortening and creep. These effects may require a greater joint
width. Recommended horizontal BEJ joint locations are:

(1) Under shelf angles and lintels which are supported by back up
wythes.

(2) At each floor level to multi-story buildings.

(3) At points of stress concentration due to vertical movement
restraint.

d. Reinforcement. BEJ locations and spacing are not adjusted when
joint
reinforcement is used. However, joint reinforcement is recommended as it
will
provide greater resistance to cracking due to environmental conditions.



e. Joint detailing. Expansion joints are sealed wi th backer rod and
nortar
colored sealant. Joints as small as 3/8 inch nmay be used if
architectura
considerations dictate. The joints nust be kept clear of all materi al
ot her
than the backer rod and seal ant. Foam rubber fillers are not permtted
in
brick expansion joints.

4-4. Anchored veneers. Anchored brick and concrete masonry unit veneers
nmust

be isolated on three sides fromthe back-up wthe. Since the veneer is

i solated fromthe back-up wthe, concrete masonry unit control joints or
brick expansion joints in the veneer need not aline with the joints in

t he

back-up wyt he.

a. Brick masonry anchored veneer. Joint spacing and | ocations and
ot her
requi renents are as described in paragraph 4-3 and table 4-2.

b. Concrete masonry anchored veneer. It is recomended that al
concrete
masonry anchored veneer contain joint reinforcenent at not nore than 16
i nches on center. Control joint spacing and | ocations will be according
to
par agraph 4-2 and table 4-1, except that control joints at openings
shoul d be
simlar to brick veneer. Control joint details will be simlar to brick
veneer, i.e., both vertical and horizontal joints will normally be 3/8-
i nch
wi de and closure will be with a backer rod and seal ant.

4-5. Conposite walls. Where both wthes of the conposite wall are
concrete

masonry, the designer will apply the prescribed crack control procedures
for

concrete masonry to each wythe. \Were brick and concrete masonry units
are

used together in conposite type walls, control joints and expansion
joints

nmust extend through the full thickness of the wall wherever either one
IS

required. Brick expansion joints also serve the requirenents of contro
joints but control joints do not serve as expansion joints.

4-6. lsolation of nonstructural partitions. Wien a masonry wall is not a
part

of the lateral or vertical load resisting systemit will be isolated.

I solation joints will be provided between the partition and the frane,



structural walls, or roof, etc., to prevent |oading the partition,

4-7. Shelf angles. Masonry walls and veneers in nultistory buildings or
in

buil dings with a | arge nunber of openings are often supported on shelf
angl es

at intervals of one or two story levels. The shelf angle will be secured
agai nst rotation and agai nst deflections over 1/16-inch. A 1/2 inch
space

bet ween the ends of shelf angles will be provided to allow for therma
expansi on. Shelf angles wll be mtered and nmade continuous at the
corners of

t he bui |l di ng.

4-8. O her than running bond masonry. In addition to the requirenents in
t he

previ ous paragraphs, all walls or wthes placed in other than running
bond

wi Il have a mininmum area of horizontal reinforcenent. The m ni num
reinforcenent will be 0.0007 tinmes the vertical cross sectional area of
t he

wal | . Rei nforcenent may be placed in bed joints or in bond beans or

bot h.



CHAPTER 5
GENERAL CRI TERI A FOR RElI NFORCED NMASONRY

5-1. Introduction. This chapter provides the general criteria for the
desi gn

of reinforced masonry using the working stress design nethod. Generally,
a

runni ng bond masonry pattern is the basis of the design and reinforcing
requi renents contai ned herein. Running bond is the strongest bond
pattern and

wi |l be used unless a stacked bond pattern is essential to the
architectura

treatnment of the building. Additional design and detailing requirenents
for

stacked bond rmasonry are contai ned herein.

5-2. Working stress assunptions. The assunptions for the working stress
design of reinforced masonry are the sane as the assunptions used in the
wor ki ng stress design of reinforced concrete.

a. Basic assunptions. The basic assunptions are as foll ows:
(1) Plane sections remain plane after bending.

(2) Stress is proportional to strain which is proportional to the
di stance fromthe neutral axis.

(3) The nodulus of elasticity is constant throughout the nmenber in
t he
wor ki ng | oad range.

(4) Masonry does not resist tension forces.

(5) Reinforcement is conpletely bonded so that the strain in the
masonry
and the strain in the reinforcenent are the sane at the |ocation of the
rei nforcenent.

(6) External and internal nmonments and forces are in equilibrium
(7) The shearing forces are assunmed uniformy distributed over the
Cross
section.
b. Mdular ratio. As per the basic assunptions above, the strain in
masonry, [epsilon]Umg¢, at a given load is equal to the strain in the
reinforcing steel, [epsilon]Us;¢,, at the same location.

fUmg, fUsq¢,



[epsilon]Um¢, = = [epsilon]Us¢, = (eq 5-
1)
EUmg, EUs¢,

Where:

fUm¢, = The stress in the masonry, psi.

fUs¢, = The stress in the steel, psi.

EUm¢, = The modulus of elasticity of masonry, psi.
EUs¢, = The modulus of elasticity of steel, psi.

The modular ratio, n, is given by the following equation.

EUs¢
n=__ (eq 5-

2) )
EUm¢

The relationship between fUs¢, and fUmyg, is then,

EUs¢,
fUs¢ = n(fUm¢) = (flUmg) (eq 5-
3)
EUm¢,

c. Transformed sections. When a masonry member is subjected to
bending,
the masonry above the neutral axis of the cross section is in
compression.
The masonry below the neutral axis is assumed cracked. The transformed
section consists of the area of masonry above the neutral axis and n
times
the reinforcing steel area below the neutral axis. The transformed area
of
steel in tension, AUtransg,, is--

AUtransg, = (n)(AUs¢) (eq 5-
4)

When the reinforcement and surrounding masonry is in compression, such
asa
column with a concentric axial load, AUtransg, is one of the following--

(1) For long term loading conditions;

AUtrans¢, = (2n - 1)AUs;¢, (eq 5-
5)

(2) For other than long term loading conditions;

AUtrans¢, = (n - 1)AUs¢, (eq 5-
6)



Using n - 1 or 2n - 1, rather than n, accounts for the area of masonry
in
conpressi on being occupi ed by the actual steel area.

5-3. Structural properties. The structural properties of hollow concrete
masonry units provided in this nmanual are based on the m ni num

di mensi ons

given in ASTM C 90. These properties may al so be assuned for hol | ow
brick

masonry with the same mnimumdi nensions. a Unit types. It is
recomended

t hat open-end units, as shown in figure 5-1, be used in all masonry
construction. The open-end unit shown in figure 5-1 neets the

requi renents of

ASTM C 90. The use of open-end units allows placenent of the verti cal
reinforcing steel with a m ni mum nunber of splices--thus

[retrieve Figure 5-1. Open end unit 8 in X8 in X 16 in.]

vertical reinforcenent can usually be continuous between supports. The
vertical alignment of webs in open-end units provide |arge open cells
t hat

can be easily grouted. The grouted open-end cells provide good | oad
transfer

and allow for conplete grouting of lintels and beans. Masonry units with
t hree webs often have concave ends which makes it difficult to fully
grout a

wal | . Therefore, when three web units are used in lintels, nmasonry
beans, and

fully grouted walls, grouting at each course level is required.

b. Section properties of reinforced masonry.

(1) Assuned concrete masonry unit dinmensions. As a general rule,

t he
di nrensions for hollow CMJ may be assuned as shown in figure 5-2 and
given in

table 5-1. These values will vary with unit type, geographic |ocation,
and

manuf act urer; however; they are consi dered conservative--thus were used
in

the design calculations in this nmanual

Tabl e 5-1. Assuned di nensions of hollow concrete nmasonry units and
associ at ed di nensi ons, inches.

CMU NOMINAL 3 CMU DESIGN 3 FACE SHELL 3WEB THICK. 3 3

3



THICK. 3 THICK. 3THICK. (TUs¢)? (tUw¢) 2 (dUl¢)3 (dU2¢)
3 (bUwg)
3

3 3 3 3

3

6 3 558 3 1 31 32813 --
37-1/2

8 3 758 3 1-1/4 =31 33.81 3531
37-1/2

10 3 958 3 1-3/8 3 1-1/8 3 4.81 3 7.06
37-1/2

12 3 11-58 3 1-1/2 3 1-1/8 3 5.81 % 8.81
37-1/2

(2) Equivalent wall thickness. The equivalent thickness for
masonry
walls with hollow units and varying grouted cell spacings will be as
shown in
table 5-2.

Table 5-2. Equivalent wall thickness for computing compression and
shear

stress parallel to the wall for hollow concrete masonry units,
inches.[1]

SPACING OF 3 NOMINAL WALL THICKNESS
GROUTED CELLS S,
inches 3 6 3 8 3 10 3 12

Fully Grouted 8 562 3 762 3®* 962 3 11.62

16 3 370 3 490 3® 598 3 7.04
24 3 313 3 410 3 491 3 570
32 3 285 3% 370 3 437 3 502
s 40 268 3 346 3 405 3 462
48 3 257 3% 330 ® 383 3 435
56 3 249 3 319 3 367 3 416

w

64 242 3 310 ¥ 356 3 401




Tabl e 5-2. Equivalent wall thickness for conputing conpression and shear
stress parallel to the wall for hollow concrete masonry units,
i nches. [ 1]

--Conti nued
SPACING OF 3 NOMINAL WALL THICKNESS
GROUTED CELLS S,
inches 3 6 3 8 3 10 3 12
72 3 238 3 303 3 347 3 390

No Grout 3 200 3 250 3 275 3 3.00

[1] Based on face shells plus one 7-1/2 inch wide web per "S" spacing.
See figure 5-2a.

[retrieve Figure 5-2. Assumed dimensions and effective areas of hollow
masonry]

(3) Effective area. The effective area of hollow masonry used in design
vary and are generally dependent upon the thickness of the face shells
and

the cross-webs, the width of grouted core, and the type of mortar
bedding

used in construction. Since contractors may use standard two-hole (plain
or

concave ends) or open-end concrete masonry units, and since exact
configuration may vary between manufacturers, the precise effective area
will

be unknown at the time of design. The assumed effective areas for
different

loading conditions will be as illustrated in figure 5-2. Effective areas

for

masonry walls loaded in compression or in shear parallel to the wall are
given in table 5-3. The effective area will be adjusted to reflect loss

of

area resulting from the use of reglets, flashing, slipjoints, and raked
mortar joints.

Table 5-3. Area effective in axial compression and in in-plane shear,
AlUe;
inA2U/ft.[1]

SPACING OF @ NOMINAL WALL THICKNESS
GROUTED CELLS S, ) )
A A A A




inches 3 6 3 8 3 10 =3 12

A A A
Fully Grouted 3 68 3 92 3 116 3 140
16 3 44 3 59 3 72 8 85
24 3 38 3 49 3 69 3 68
32 3 34 3 4 3 52 3 60
40 3 32 3 42 3 48 8 55
48 3 31 3 40 3 46 3 52
56 3 30 3 38 3 44 3 50
64 8 29 3 37 3 43 3 48
72 3 28 3 36 3 42 3 47
No Grout 3 24 3 30 3® 33 3 36
A A A

[1] Based on face shells plus one 7-1/2 inch wide web per "S" spacing.
See
figure 5-2a.

_ (4) Effective width of flexural compression block. The effective
\c,)\:‘lctjltﬁg flexural compression stress block of reinforced masonry placed in
?l?r:zing and stacked bond patterns will be as illustrated in figure 5-2.
-(Ia-pf:ctive width will not exceed the spacing of the reinforcement, S.

(5) Cracking moment and gross moment of inertia. The cracking
moment )
strength of a wall, MUcr¢, will be determined as follows:

21Ug¢ fUr¢,
MUcr¢, = (Ib-in) (eq 5-
7)
t

Where:

fUr¢, = the modulus of rupture for calculating deflection equal to
2.5[SQRT]f'Umy¢, 21Ug¢ /t is the section modulus, psi.

t = The actual thickness of the wall, inches.

IUg¢, = The gross moment of inertia of the wall, inA4U.,
The cracking moment strength along with the gross moment of inertia,
1;3 clJi_’sted in table 5-4 for various wall thicknesses and reinforcing
spacing.



Table 5-4. Goss nonent of inertia and cracking nonent strength for
various widths of CMJ walls [1] Type S nortar,
fUm¢ = 1350 psi.

NOMINAL WALL THICKNESS

A A A
A
WIDTH 3 6 3 8 3
10 3 12
A A A A A
A A A
b[2] in 3 1Ug¢, inA4U 3 MUcry ft-Ib 3 IUg¢, inA4U 3 MUcry;, ft-lb 3
IUg¢, inA4U 3 MUcry, ft-Ib 3 1Ug¢, inA4U 3 MUcry, ft-Ib
A A A A A
A A A
48 3 - 38 - 3 1319 3 2648 3
2470 3 3929 3 4119 3 5424
40 3 - 3 -- 3 1113 3 2235 3
2092 3 3328 3 3499 3 4608
32 3 377 3 1027 3 907 3 1822 s
1714 3 2727 3 2879 3 3792
24 3 290 3 791 3 702 3 1409 3
1337 3 2126 3 2260 3 2976
16 3 204 3 554 3 496 3 995 3
959 3 1525 3 1640 3 2160
8 3% 119 3 323 3 296 3 HK93 3
594 3 946 3 1047 3 1379
A A A A A

A A A
[1] Based on face shells plus one 7-1/2 inch wide web per "S" spacing.
See figure 5-2a.

[2] "b" is assumed to be "S". It is limited to 6 times the nominal wall
thickness, but not more than 48 inches.
See figure 5-2b.

(6) Design aids. Section properties of reinforced masonry with
type S
and N mortars are given in appendix B, tables B-1 through B-14.

c. Weight of masonry. The design examples and tables included in this
manual are based on normal-weight hollow masonry units. Normal-weight
units
are assumed to have an oven-dry weight of

concrete of 145 pounds per cubic foot. Weights of lighter-weight units
may be

obtained by direct proportion to the lighter weight of concrete being
used.



Tabl e 5-5 gives the weight of concrete masonry unit walls.

Table 5-5. Weight of CMU walls[1], WU2¢,, pounds per square foot.

A
SPACING OF 3 NOMINAL WALL THICKNESS
GROUTED CELLS, S,
A A A A
inches 3 6 3 8 3 10 3
12
A A A
Fully Grouted 3 68 3 92 3 116 3
140
16 3 58 3 75 3 92 3
111
24 3 53 3 69 3 85 3
102
32 3 51 3 65 3 78 3
93
40 3 50 3 62 3 75 3
89
48 3 .49 3 60 3 72 3
85
56 3. .48 3 58 3 70 3
83
64 3 47 3 57 3 69 3
81
72 3 46 3 56 3 68 3
80
No Grout 3 .43 3 50 3 59 3
69

A A A

[1] Based on normal-weight units having a concrete weight of 145 pounds
per

cubic foot. An average amount has been added into those values to
include

the weight on bond beams and reinforcing.

Table 5-6 gives the average weights, gross and net areas of concrete
masonry units.

Table 5-6. Gross areas, net areas and average weights of concrete
masonry units [1].

-

A A

>

>

s 3 3 LIGHT-WEIGHT 3
3 GROSS AREA OF UNIT2 NET AREA OF UNIT® AGGREGATE [2]®
SAND-GRAVEL



THICKNESS (in) 3 (inA2U) 3  (inA2U) 3 (lbs/unit)
SAGGREGATE[2] (Ibs/uAnit) A A

4 3 57 3 37 8 15 3

20
6 3 88 3 50 8 23 3
33
8 3 119 3 57 8 28 3
38
12 3 182 3 83 8 40 3
56

[1] The values given in this table are average values. Actual values
will

vary with type of unit and manufacturer. However, these table values
will

normally be sufficient for estimating purposes.

[2] Light-weight units are assumed to have a concrete weight of 105 pcf
and
sand-gravel units a concrete weight of 145 pcf.

[retrieve Figure 5-3. Working stress flexural design assumptions for
rectangular sections]

(1) Design coefficients. In the design of reinforced rectangular
sections,

the first step is to locate the neutral axis. This can be accomplished

by

determining the coefficient, k, which is the ratio of the depth of the
compressive stress block to the total depth from the compression face to
the

reinforcing steel, d. k is derived by equating the moment of the
transformed

steel area about the centroidal axis of the cross section to the moment
of

the compression area about the centroidal axis as follows:

kd

U kd _¢ ]
b(kd)*___ *=nAUs;, (d - kd)
A2 U

Rearranging;

b(kd)A2U )
-nAUs¢(d - kd) =0
2



The steel ratio, p, is determ ned by:
p = AUs¢/bd (eq 5-8)
Substituting pbd for AUs¢,;

b(kd)A2U
- npbd(d - kd) = 0
2

Dividing through by bdA2U;

kA2U
-pn(1-k)=0
2

From which;
12
k=[(npA2U +2np] -np (eq 5-9)

The coefficient j, which is the ratio of the distance between the
resultant
compressive force and the centroid of the tensile force to the distance
d, is
determined by--

k

3

j=1- (eq 5-10)

The balanced steel ratio in the working stress design method, pUe;, is
defined

as the reinforcing ratio where the steel and the masonry reach their
maximum

allowable stresses for the same applied moment. PUe, is determined by
the

equation 5-11 as follows:

n
pUes= _ - (eq 5-11)
2(FUs¢/FUM¢)[N + (FUs¢/FUmME)]

Where:

FUs¢, = The allowable tensile stress in the reinforcing steel, psi.
FUm¢, = The allowable flexural compressive stress in the masonry, psi.
(2) Computed working stresses. The working stresses for the steel

and
the masonry are computed as follows:



(a) If p < pUe¢, the steel stress, fUs¢, will reach its
allowable
stress before the masonry and equation 5-12 will control.

M
fUs¢, = (psi) (eq 5-12)
AUs¢jd

(b) If p > pUe¢,, the masonry stress, fm, will reach its
allowable
stress before the steel and equation 5-13 will control.

2™
fUmg =__ (psi) (eq 5-13)
kibdA2U

Where:

M = The moment, inch-kips.

b = The width of the member effective in compression as shown in
figure 5-
2b, inches.

(3) Resisting moments.

(a) The resisting moment for the reinforcement, MUrs¢,, can be
determined by substituting the allowable steel stress, FUsg,, for the
computed
steel stress in equation 5-12 and solving for the moment.

~ FUs¢AUs¢jd
MUrs¢, = (ft-Ib) (eq 5-14)
12

(b) The resisting moment for masonry, MUrmg¢,, can be determined
by
substituting the allowable masonry stress, FUmy, for the computed masonry
stress in equation 5-13 and solving for the moment.

FUm(;kjt;dAZU
MUrm¢, = (ft-1b) (eq 5-15)
2(12)

b. Flexural design T-sections. The coefficients and cross section
geometry
used in the derivation of the flexural design equations for T-sections
are
illustrated in figure 5-4.

() Design coefficients. In the design of reinforced T-sections, as in
the



de_sign of rectangul ar sections, the first step is to |locate the neutral
2)5“ \7v| th rectangul ar sections, this can be acconplished by determ ning
_E:cr)]eefﬁcient kUT¢. kUT¢ is derived by assuming that the compressive force

Itrrlle flange, C, is equal to the tension force in the reinforcement. The

contribution of the portion of the web in compression is small and can

2gglected, therefore if;

T [approximately] C

Then, U ¢
32 kUT¢d - tUsg, 3
pbdfUs¢, = fUmg, 8 3 ptUs¢, (eq 5-16)
3 2kUT¢d 3
A U
Where:

tUs¢, = The thickness of the face shell of the unit, inches. From the
strain compatibility relationship it can be determined that;

) n
kUT¢, = _ _
n + (fUs¢/fUmg)

Rearranging the equation and solving for f{Umg, yields:
) kUT¢

fUm¢ = (fUs¢) _

n(l - kUTg)

Substituting this equation for f{Umy¢, into equation 5-16 yields;

~np + 1/2(tUs¢ /d)A2U
kUT¢ = _ (eq 5-17)
np + (tUs¢/d)

The coefficient, jUT¢, can be determined by the relationship,
jUT¢d=d-z

Where:

z = The distance from the extreme compressive fiber to the center of
compression (or the center of gravity of the trapezoid shown in figure
5-4)
and is determined as follows:

u_ U ¢
33kUT¢d - 2tUs¢, 33 tUsg, 3
=3 33 3

32kUT¢d-tUsg, 33 3 3



A UA U

From the above equations jUT¢, can be determined by:

 6-6(tUs¢/d) + 2(tUs¢/d)A2U + (tUs¢/d)A3U [1/(2pn)]
juUT¢ =

6 - 3(tUs¢/d)

The resisting moments of the steel and masonry are equal to the product
of

the moment arm, jUT¢d, and the tension or compression force,
respectively,

therefore:

[retrieve Figure 5-4. Working stress flexural design assumptions for T-

sections]
FUs¢AUs¢jUTed
MUrs¢, = (ft-Ib) (eq 5-19)
12
And,
FUm¢ (btUs¢)jUTed U tUse ¢
MUrmg, = 31- 3 (ft-Ib)  (eq 5-20)
12 A_ 2kUT¢d U

c. Design for axial compression.

(1) When determining the capacity of a masonry wall element in
compression, the compression reinforcement in the element will be
neglected
since its contribution is not significant. Only tied compression
reinforcement, such as in a column or pilaster will be considered
effective.

The axial stress in a masonry wall, fUag¢,, is found as follows:

P
fUa¢ = (psi) (eq 5-21)

AUey¢,
Where:
P =The axial load, Ibs.
AUe¢, = The area of the element effective in compression as shown in
figure o
5-2a and obtained from table 5-3, inA2U.

(2) The design of columns in axial compression is given in chapter
9.

d. Design for shear.

(eq 5-18)



(1) For shear design in masonry walls subjected to out-of-plane
| oadi ng, )
the shear stress in a masonry element, fUvg¢,, is found as follows:

\/
fOv¢, = (eq 5-22)
bUw¢,d

Where:

V  =The shear load, Ibs.

bUw¢, = The width of the masonry element effective in resisting out-
of-
plane shear as shown in figure 5-2c and given in table 5-1, inches.

d = The depth of the masonry element effective in resisting the
shear
is shown in figure 5-2c and given in table 5-1, inches. For one bar per
cell,
d = dU1¢, and for two bars per cell, d = dU2¢..

(2) For shear design in masonry walls subject to in-plane loading
(shear
walls) the shear stress in a masonry element is found as follows:

\Y
fUv¢ = (eq 5-23)
AUey¢,

Where:

V  =The shear load, Ibs.

AUe¢, = The area masonry element effective in resisting in-plane shear
as
shown in figure 5-2a and obtained from table 5-3, inches.

5-5. Allowable working stresses. The allowable working stresses for
masonry,

FUm¢,, (CMU and brick) are given in table 5-7. These allowables are based
on

the masonry compressive strength, fUm¢,, which either have been assumed
or

have been determined from prism tests. The assumed f'Um¢, values, 1500
psi for

solid units and 1350 psi for hollow units, are for type M and type S

mortars. )

If type N mortar is used, f'Um¢, will be assumed to be 1000 psi for all

units.

The assumed fUmg, values are reasonable and conservative in that they
arein

the range 1/3 to 3/4 of the prism strength. If the designer needs to use
higher masonry strengths than the assumed values, prism tests may be
required. Generally reinforced masonry will be designed and detailed in



conformance wth the assuned val ues given in table 5-7.

A~ -

U A A

~

A é
3  TYPE OF STRESS 3  SOLID UNITS 3 HOLLOW UNITS[2]
3~SOLID AND HOLLOW UNITS 3
A A A

A
3 For Grades of Materials 3 fUm¢ = 1,500 psi[3] 3 fUm¢, = 1,350
psi[3] 3 fUmy¢, 3

3 Specified[4]

A A A

3 3 Building Brick: 3 Concrete Masonry

3 For materials where 3

3 3 ASTM C62, 3 Units: ASTM C90,

3 ultimate compressive 3

3 ) 3 Grade MW or SW 3 Type 1

3 stress (fUmg,) is 3

3 3 3

3 established by 3

8 3 Facing Brick: % Glazed Structural

3 approved prism tests, 3

3 3 ASTM C216, 3 Facing Units:

3 but not to exceed 8

3 3 Grade MW or SW 3 ASTM C126 Type |

3 3,500 psi. 3

3 3 3

3 3

3 3 Concrete Building 3 Hollow Brick Unit:

3 3

3 3 Brick: ASTM C55 3 ASTM C652 Grade

3 3

3 3 Typel 3 MW or SW

3 3

3 3 3

3 3

3 3 Concrete Masonry 3

3 But Not 8

3 3 Units: ASTM C90 3

3 U ¢ 3

3 3 Type 1 3

3 3 To Exceed 3 3

A A A
A A A~

3 COMPRESSION: 3 3

3 3 3 3

3 Axial Walls, FUay, 3 Equation 5-24 3 Equation 5-24
3 3 Equation5-24 3 3
3 Axial Columns,FUa;, 3 Equation 9-1 3 Equation 9-1
8 3 Equation9-1 3 3



3 Flexural, FUbg, 3 500 3 450

$1/3 fUmg, 900 3

3 SHEAR 3 3

3 3

8 No Shear Steel:[5] 3 39 3 37

3 1.0[SQRTIf'Um¢, 50 3

8 Full Shear Steel:[6] 3 8

3 3

3 Flexural Members 3 117 3 111

3 3.0[SQRTI]f'Ume, 120 3

8 Shear Walls 3 Equations 7-1 3 Equations 7-1

3 Equations 7-1 thru 7-4 3

3 3 thru7-4 3 thru 7-4

3 3

3 MODULUS: 8 3

3 3

3 Elasticity 3 1,500,000 @ 1,350,000

31000fUme, 3,000,000 3

3 Rigidity 8 600,000 3 540,000

3 400fUm¢, 1,200,000 3

3 BEARING: 3 3

3 3

3 On Full Area 3 375 3 338

3 25fUm;, 900 3

3 On 1/3 or less of Area[7]® 450 3 405

3 .30fUmg, 1,050 3

A A A
A U

[1] All allowable stresses will be increased one-third when wind or
seismic

forces are included, provided the required section or area computed on
this

basis is not less than that required without wind or seismic forces.

[2] Stresses will be based on the net section. Figure 5-3 applies.

[3] Where prism tests are not performed these values of fUm¢, may be
assumed

for types M and S mortar when the units comply with the applicable ASTM
standard. If type N mortar is used f'Umy¢, will be assumed to be 1000 psi
for

all units.

[4] Minimum compressive strength at 28 days for grout and mortar will be
as

follows: Grout = 2000 psi, Type S mortar = 1800 psi, Type M mortar =
2500

psi and Type N mortar = 750 psi.

[5] Web reinforcement will be provided to carry the entire shear in
excess of



20 psi whenever there is required negative reinforcenent and for a
di st ance
of one-sixteenth the clear span beyond the point of inflection.

[ 6] Reinforcenent nust be capable of taking the entire shear.

[7] This increase will be permtted only when the edges of the | oaded
32?oaded area is a mninmmof one-fourth of the parallel side dinension
?Le | oaded area. The all owabl e bearing stress on a reasonably concentric
giggter than one-third but less than the full area will be interpol ated
bet ween the val ues gi ven.

Table 5-7. Al owabl e working stresses in reinforced masonry[1].
The stresses in the reinforcing steel will not exceed the val ues shown
in
tabl e 5-8.

Tabl e 5-8. All owabl e working stresses for Grade 60 reinforcing bars.

TYPE OF STRESS PSI
Tensile 24, 000
Conpr essi ve 24, 000

The allowable axial stress, FUa¢,, can be determined as follows:
FUa¢ = 0. 20fUm¢ R (eq 5-24)
Where:
R = The stress reduction factor for the wall based on the height to

thickness
ratio as follows:

U_ 3¢
3 U 12h ¢ 3
R=31-3 3 3 (eq 5-25)
3 A _40Uten U 3
A U

Where:

h = The clear height of the wall, feet.
tUn¢, = The nominal thickness of the wall, inches.



The stress reduction factor limts the axial stress on the wall so that
buckling will not occur. Wen analyzing the top or bottomof a wall,
wher e

buckling is not a concern, the stress reduction factor should not be
used.

5-6. Basic reinforcenent requirenents. The design of steel reinforcing
bars
wi || be based on the working stress allowables given in table 5-8.

a. Mninmum bar size. The mnimum bar size will be No. 4.

b. Maxi num bar sizes. The nost commonly used, and preferred,
rei nforcing
steel bar sizes in CMJ walls are Nos. 4, 5 and 6. \Wen the design
requires
the use of larger bars, the bar size will not exceed No. 6 bars in 6-
inch CMJ
walls, No. 7 bars in 8-inch CMJ walls and No. 8 bars in 10-inch and 12-
i nch
CMJ wal I's. This provides reasonabl e steel ratios, reasonable splice
| engt hs,
and better distribution of reinforcenent. The maxi mum bar size in
masonry
col ums should be No. 9.

c. Maximum fl exural reinforcenment. There is no maxi mum fl exura
reinforcenent limt in the working stress design nethod, however there
is a
practical maximum It is not efficient to use a steel ratio, p, that is
greater than the balanced-stress steel ratio, pUe¢,. Examining the
elastic
theory shows that reinforcing steel added to a masonry element with p >
pUe¢
provides less than one half the added strength the same amount of steel
added
to the member with p < pUe¢, provides. Although using p > pUe;, is not
efficient use of the reinforcement, in some instances it may be more
economical from a total wall cost standpoint to increase the
reinforcement in
lieu of increasing the wall thickness. Thus, the decision to use more
than
balanced steel becomes an economic one and should be decided on a case
by
case basis.

(1) Table 5-9 lists values of pUe¢, k and j for varying values of
fumg,.

Table 5-9. Balanced reinforcing steel ratio along with k and j for fully



grouted CMU in running bond. fUy¢, = 60,000 psi.

- ~

A A A
fUm¢ 3 pUes 3 k 3 |

A A A
1350 3 0.0027 3 0.287 3 0.904
1500 3 0.0030 3 0.287 3 0.904
2000 3 0.0040 3 0.287 3 0.904
2500 3 0.0050 3 0.287 3 0.904

A A A

(2) Table 5-10 may be used by designers to determine the bar size
and
spacing that will achieve a near balanced-stress ratio for varying wall
thicknesses with one bar per cell. The table also provides the depth to
the
reinforcement, d; the balance-stress steel ratio, pUe¢,; the actual steel
ratio, p, and the actual depth of the compression stress block, kd;
using the
respective bar size and spacing.

Table 5-10. Balanced reinforcing steel, one bar per cell, fully grouted
CMU
walls[1] in running bond. See figure 5-2 for maximum effective width.
fUm¢, = )

1350 psi, fUy¢, = 60,000 psi.

A A A A A
CMU THICK.[2]> d 3 pUe¢ 32 Reinf. = pUe¢, 3Actual p 3Actual k
3Actual kd
3 3 3 3 3 3
A A A A A
6 3 2.81 30.00273 #4 @ 24" 30.0030 2 0.300 3
0.84"
3 3 3 #5 @ 40"[3]20.0028 3 0.292 3
0.82"
A A A A A
8 3 3.81 30.00273 #4 @ 24" 30.0022 3 0.264 3
1.01"
s 3 3 #5@32" 30.0025 ® 0.278 3
1.06"
3 3 3 #6 @ 48" 30.0024 3 0.274 3
1.04"
A A A A A

10 3481 30.0027° #4 @ 16" 30.0026 ® 0.283 3
1.36"
3 3 3 #5 @ 24" 30.0027 3 0.287 3
1.38"



3 3 3 #6 @ 32" 30.0029 2 0.296 3
1.42"
3 3 3 #7 @ 48" 30.0026 3 0.283 3

A A A A

1.36"

12 3 5.81 30.0027° #4 @ 16" 30.0022 ® 0.253 3
1.47"
3 3 3 #5 @ 24" 30.0027 3 0.287 3

1.67"

3 3 3 #6 @ 32" 30.0024 3 0.274 3
1.59"

3 3 3 #7 @ 40" 30.0026 3 0.283 3
1.64"

3 3 3 #8 @ 48" 30.0028 3 0.292 3
1.70"

A A A A

[1] When the walls are partially grouted, the design section will
sometimes
be a T-beam, however, the difference is usually not significant.

[2] Masonry unit thicknesses are nominal.
[3] Note that this spacing exceeds the maximum effective width of six

times
the nominal wall thickness given in figure 5-2b.

(3) Table 5-11 provides similar information to that given in table
5-10
for CMU with two bars per cell.



Tabl e 5-11. Bal anced reinforcing steel, two bars per cell, fully grouted
cMJ
walls [1] fUmy¢, = 1350 psi, fUy¢, = 60,000 psi

A A A A A A
CMU THICK.[2]* d 3 pUe¢ 3Reinf. = pUe¢ 3Actual p 3Actual k
SActual kd
3 3 3 3 3 3
A A A A A A
8 °53130.00273 #4@ 16" ® 0.00243 0.274 3
1.45"
3 3 3 #5 @ 24" 3 0.0024:3 0.274 3
1.45"
3 3 3 #6 @ 32" 3 0.0026°3 0.283 3
1.50"
3 3 3 #7 @ 40" 3 0.0028°3 0.292 3
1.55"
A A A A A A
10 3 7.06 30.00273% #4 @ 16" 2 0.0018°3 0.242 3
1.71"
3 3 3 #5 @ 16" 3 0.0027 3 0.287 3
2.03"
3 3 3 #6 @ 24" 3 0.0026°2 0.283 3
2.00"
3 3 3 #7 @ 32" 3 0.0027 3 0.287 3
2.03"
3 3 3 #8 @ 40" 3 0.0028°3 0.292 3
2.06"
A A A A A A
12 3 8.81 30.00273% #5 @ 16" 3 0.0022°3 0.264 3
2.33"
3 3 3 #6 @ 24" 3 0.0021°3 0.259 3
2.28"
3 3 3 #7 @ 24" 3 0.0028°3 0.292 3
2.57"
3 3 3 #8 @ 32" 3 0.0028°3 0.292 3
257" ' , , , , ,
A A A A A A

[1] When the walls are partially grouted, the design section will be a
T-beam, however, the difference is usually not significant.

[2] Masonry unit thicknesses are nominal.




(4) Tables 5-9, 5-10 and 5-11 are applicable to partially and fully
grouted CMJ wal l's, as stated. In partially grouted CMJ walls, when the
stress
block falls below the face shell, that is, when kd > tUs¢, (given in

table

5-1), the tables do not apply. With kd > tUs¢,, the design will be based
on

the T-section design method contained herein. In most cases, when one
bar is

used per cell, the stress block falls within the face shell and when two
bars

are used per cell, the stress block falls outside the face shell.
However,

for CMU with Pm = 1350 psi, the difference between a T-section beam
design

and a rectangular section beam design is usually so insignificant that a
rectangular beam design will suffice. When providing two bars per cell,
the

vertical bars will be placed outside the horizontal reinforcement.
Details

will be provided on the drawings showing this relationship so that the
depth

to reinforcement assumed in design will be provided during construction.
The

details should also provide adequate space to allow grout to be placed
and

vibrated.

d. Minimum reinforcement. All masonry exterior, bearing and shear
walls
(structural walls) will be reinforced as provided below. There are no
minimum
reinforcement requirements for nonstructural partitions except around
openings as given in chapter 4. In seismic zones 1 through 4, the
minimum
reinforcement requirements given in TM 5-809-10/NAVFAC P-355/AFM 88-3,
Chapter 13 must also be satisfied.

(1) One vertical reinforcing bar will be provided continuously from
support to support at each wall corner, at each side of each opening, at
each
side of control joints, at ends of walls, and elsewhere in the wall
panels at
a maximum spacing of six feet. This minimum reinforcement will be the
same
size as the minimum vertical reinforcement provided for flexural
stresses.

(2) Horizontal reinforcement will be provided continuously at floor
and



roof levels and at the tops of walls. Horizontal reinforcement will also
be

provi ded above and bel ow openi ngs. These bars will extend a m ni num of
40 bar

di anmeters, but not |ess than 24 inches, past the edges of the opening.
For

masonry laid in running bond, the m ninum hori zontal reinforcenent
shoul d be

one No. 4 bar per bond beam For masonry laid in other than running
bond,

such as stacked bond, the mninmum area of horizontal reinforcenent

pl aced in

hori zontal joints or in bond beans, which are spaced not nore than 48

i nches

on center, wll be 0.0007 tinmes the vertical cross sectional area of the

wall. Lintel units will not be used in lieu of bond beamunits, since
lintel

units do not allow passage of the vertical reinforcenent. If the wall is
founded on a concrete foundation wall, the required reinforcenent at the

floor level may be provided in the top of the foundation wall.

e. Splices of reinforcenent. The |l ength of tension and conpression
| ap
splices will be 48db, where db is the dianeter of the bar. Al other
requi renents for the devel opnent and splices of reinforcenment will be in
accordance wth ACI 530/ ASCE 5.

5-7. Connections between elements. G eat care nust be taken to properly
design and detail connections between the vertical resisting el enents
(rmasonry shear walls) and the horizontal resisting elenments (di aphragns)
of

the building so that all elenents act together to provide an integral
structural system A positive neans of connection will be provided to
transfer the di aphragm shear forces into the

shear walls. I n designing connections or ties, it is necessary to trace
t he

forces through their |oad paths and al so to nake every connection al ong
each

pat h adequate and consistent with the basic assunptions and distribution
of

forces. Because joints and connections directly affect the integrity of
t he

structure, their design and fabrication nust be adequate for the
functions

intended. In designing and detailing, it nust be recognized that the

| at er al

forces are not static, as assuned for conveni ence, but dynamic and to a
gr eat

extent unpredictable. Because of this, it is inportant to provide the
m ni mum

connections required bel ow even when they are not specifically required
for



design loading. In seismc zones 1 through 4 the m ni mum connecti on
requi renents given in TM 5-809- 10/ NAVFAC P- 355/ AFM 88- 3, Chapter 13 nust
al so

be satisfied. Wien the design forces on joints and connecti ons between
|ateral force resisting elenents are due to wind, the mninumcriteria
gi ven

in TM 5-809- 2/ AFM 88-3, Chapter 2, will be foll owed.

a. Forces to be considered Forces to be considered in the design of
joints
and connections are gravity |oads; tenporary erection |oads;
differenti al

settlenent; horizontal |oads normal to the wall; horizontal | oads
parallel to
the wall; and creep, shrinkage, and thernmal forces; separately or

combi ned as

applicable. Bond beans at roof or floor diaphragmlevels nust have the
rei nforcenent continuous through control joints to resist the tensile
and

conpressive chord stresses induced by the di aphragm beam action. The
connections between the di aphragm and chord (bond beam) nenbers nust be
capable of resisting the stresses induced by external | oadings.

b. Joints and connections. Joints and connections nmay be nmade by
wel di ng
steel reinforcenent to structural steel nenbers, by bolting, by dowels,
by
transfer of tensile or conpressive stresses by bond of reinforcing bars,
or
by use of key-type devices. The transfer of shear may be acconplished by
using reinforcing steel extended as dowels coupled with cast-in-place
concrete placed between roughened concrete interfaces or by nechani cal
devi ces such as enbedded plates or shapes. The entire shear | oading
shoul d be
transferred through one type of device, even though a conbination of
devi ces
may be available at the joint or support being considered. Maxinmum
spaci ng of
dowel s or bolts, for |load transfer between elenents, will not exceed
f our
feet. Al significant conbinations of |oadings will be considered, and
t he
joints and connections will be designed for forces consistent with al
reasonabl e conbi nati ons of | oadings as given in TM 5-809- 1/ AFM 88- 3,
Chapt er
1. Details of the connections will be based on rational analysis in
accordance wth established principles of mechanics.

c. Allowabl e tension and shear on bolts. The all owabl e | oads for
pl at e,
headed, and bent bar anchor bolts enbedded in nmasonry will be determ ned
in



accordance with the criteria in ACI 530/ ASCE 6. Tables 5-12, 5-13 and 5-
14
wer e devel oped using that criteria.

Table 5-12. Allowable tension in bolts, BUag,, in pounds, based on the
compressive strength of masonry.
A

3 1Ub¢[1] or 1Ube¢[2], inches[3] X
A A A A A A

>
>

fUm¢ psi®2 3 33 4 36 37 3 83 9 310
A A A A A A A A

1350 3230 3 5203 9203 20803 28303 36903 467035770
1500 3240 3 5503 9703 21903 29803 3890 3 4930 2 6080
2000 3280 ® 6303 11203 25303 34403 45003 5690 27024
2500 3310 ® 7103 12603 28303 38503 50303 6360 2 7850
3000 3340 3 7703 13803 31003 42203 551032 6970 28600
A A A A A A A A

[1] 1Uby, is the embedment length of the bolt, as shown in figure 5-5. It
shall not be less than 4 bolt diameters.

[2] 1Ube is the edge distance, as shown in figure 5-5.

[3] When the spacing between bolts is less than two times 1Uby¢,, the
allowable

loads will be reduced in accordance with the requirements in ACI
530/ASCE 6.

When 1Ubey, is less than 1Ubg, or the distance to an ungrouted cell, the
allowable loads will be reduced in accordance with the requirements in
ACI

530/ASCE 6.

[retrieve Figure 5-5. Effective embedment, 1Ub¢,, and edge distance,
1Ube¢]



Table 5-13. Allowable tension in bolts, BUag,, in pounds, based on a

steel
yield strength of 36,000 psi.

BOLT DIAMETER, inches

A A A A
58 3 34 3 7/8 3 1 3 1-1/8

A A A A
2210 3 3180 3 4330 3 5650 3 7160 ]

A A A A

Table 5-14. Allowable shear, BUv¢[1], in pounds, based on the listed

value of fUmy¢, and a steel yield strength of 36,000 psi.

A

3 BOLT DIAMETER, inches

-~ - ~

A A A A

A

fUmg¢ psi® 5/8 3 3/4 3 7/8 3 1 3 1-1/8

A A A A
1350 3 1330 ® 1730 3 1870 3 2000 3 2120
1500 3 1330 ® 1780 3 1920 ® 2050 3 2180
2000 * 1330 ® 1910 ® 2060 3 2200 * 2330
2500 * 1330 ® 1910 ® 2180 3 2330 3 2470
3000 3 1330 ® 1910 3 2280 3 2440 3 2580
A A A A

[1] This table is based on an edge distance of 12 bolt diameters or

more.

Where the edge distance is less than 12 bolt diameters the value of BUay,

will

be reduced by linear interpolation to zero at an edge distance of 1-1/2

inch.

All bolts will be grouted in place with a minimum of 1 inch of grout

between
the bolt and the masonry.

d. Cautionary notes for designers and detailers. Avoid connection and
joint details which would result in stress concentrations that might

result

in spalling or splitting of face shells at contact surfaces. To avoid

stress



concentrations, |iberal chanfers, adequate reinforcenent, and bearing
pads

shoul d be used. Avoid direct bearing of heavy concentrated | oads on face
shells of concrete masonry units. Avoid welding to any enbedded net al
itens

whi ch m ght cause spalling of the adjacent masonry, in particular where
t he

expansion of the heated netal is restrained by masonry. All bolts and
dowel s

whi ch are enbedded in masonry will be grouted solidly in place with not
| ess

t han one inch of grout between the bolt or dowel and the masonry.
Expansi on

anchors shoul d not be used in the connection between major structural

el ements, including the connection of the horizontal elenents

(di aphragns) to

the vertical elements (shear walls). At tops of piers and col ums,
verti cal

bolts wll be set inside the horizontal ties. Wen steel beans are
connect ed

to masonry, the connection will allow for the thermal expansion and
contraction of the beam The construction case, where a w de range of
tenperatures can be expected if the beans are directly exposed to the
heat of

the sun, will be considered when determ ning the tenperature
differential.



CHAPTER 6
REI NFORCED MASONRY WALLS

6-1. Introduction. This chapter covers the design of reinforced nmasonry
wal | s

by the working stress nethod for |ateral out-of-plane | oads and axi al

| oads.

The design of reinforced masonry walls for in-plane |ateral |oads (shear
wal I s) and axial l|oads is covered in chapter 7. General design criteria,
section properties, and all owabl e stresses used but not contained herein
are

covered in chapter 5.

6- 2. Design | oadi ngs.

a. Lateral loads. Lateral out-of-plane |oads on masonry walls are
determ ned fromw nd forces as given in TM 5-809- 1/ AFM 88-3, Chapter 1
or
fromseismc forces as given in TM 5-809- 10/ NAVFAC P- 355/ AFM 88- 3,

Chapt er
13.

b. Axial |oads. Vertical in-plane conpression or tension |oads on
masonry
wal | s are determ ned fromdead, live, snow, and wind uplift forces as
gi ven

in TM 5-809- 1/ AFM 88-3, Chapter 1
6-3. Structural behavior.

a. Lateral |oads. Most masonry walls are designed to span vertically
and
transfer the lateral loads to the roof, floor or foundation. Normally,
t he
wal | s are designed as sinple beans spanning between structural supports.
Si npl e beam action is assunmed even though reinforcenent, which is needed
to
control horizontal flexural cracking at the floor levels or to provide
connectivity, may be present and will provide at |east partial
continuity.
Under certain circunstances, such as when a systemof pilasters is
present,
the masonry walls may be designed to span horizontally between pilasters
which in turn span vertically to transfer the lateral |oads to the
hori zont al
structural support elenents above and below. b. Axial |oads. Loads enter
t he
wal | fromroofs, floors, or beans and are transferred axially to the
foundation. When the resultant axial force is tension fromw nd uplift



| oadi ngs, nortar tension will not be used to resist these uplift forces.
| nst ead, adequate reinforcenent will be provided to anchor the top of
wal

bond beamto the remainder of the wall and on down to the foundation. I|f
t he

resultant of the vertical |oads which are applied to the wall at any
level is

not at the center of the wall; that is, it is not concentric; due

al | owance

wi |l be nmade for the effects of eccentric |oading. This includes any
noment s

that are due to eccentric |loading as well as any additional nonents
caused by

the rotation of floor or roof elenents that frame into the wall.

(1) Uniformloads. Uniformloads enter the wall as |ine |oads,
stressing
the wall uniformly along its |ength.

(2) Concentrated | oads. Wen concentrated | oads are not supported
by
structural elenents, such as pilasters, they may be distributed over a
| ength
of wall equal to the width of bearing plus four tinmes the wall
t hi ckness, but
not to exceed the center to center distance between concentrated | oads.
Concentrated |l oads will not be distributed across control joints.

c. Conbi ned | oads. The conbi ned effects of |ateral and axi al | oads

may be

assunmed to act according to the straight-line interaction equations
given in

this chapter or may be conbi ned by ot her nethods which are based on
accepted

principles of mechanics.

6-4. Wall design equations. The equations in this paragraph may be used
Iﬁ; design of walls subjected to bending and axial |oads. Lateral (w nd
g;isnic) |l oading will be applied inward and outward on all exterior
ggiLsihe condition where the nmonment due to wi nd | oading and the nonent
gg?afoload eccentricity are additive and the condition where they are
ggzitive are shown on figures 6-1 and 6-2, respectively.

a. Bending equations. The horizontal reaction at the bottom of the
wal
due to the combined effects of eccentric and lateral loads is "RUa¢," and
IS



deternm ned as foll ows:

) wh Pe
RUa¢ = +/- (Ib/ft of wall) (eq 6-

1)
2 12h

Where:

P = The axial load, pounds per foot of wall length.

e = the distance from the centerline of the wall to the load P,
inches.

h = The height of the wall, feet.

w = The lateral load on the wall, psf.

Note: The " + /- " in equation 6-1 refers to the two conditions; (1)
where

the eccentric and lateral loads are additive, and (2) where the
eccentric and

lateral loads are not additive. Both conditions will occur on all
exterior

walls.

[retrieve Figures 6-1 and 6-2. Wall loading, moment, and deflection
diagrams]

The moment at a distance "x" feet from the bottom of the wall is "MUx¢,"
and
is determined as follows:

) wxA2U
MUx¢, = RUa¢x - (Ib-ft) (eq 6-2)
2

If RUag, in equation 6-2 for the additive condition is replaced with its
equivalent from equation 6-1, equation 6-2 becomes:

~ Pex  whx whA2U
MUxe, = " : (Ib-ft/ft) (eq 6-3)
12h 2 2

This MUx¢, equation can then be simplified to:

- U_Pe wh-x) _¢
MUx¢, = (x) 2 i 3 (Ib-ftfft)  (eq 6-4)
A 12h 2 ~U

When the spacing between reinforcing bars, S, in inches, is included the
equation becomes:



~SxU_ Pe w(h-x) _¢
MUx;, = 3 + 3 (Ib-ft/S) (eq 6-5)
12A_12h 2 U

(1) When w = 0 and P is eccentric, the maximum bending moment
occurs at
the top of the wall where x = h and equation 6-5 becomes:

SPe
MUmax¢, = (Ib-ft/S) (eq 6-6)
(12)(12)

(2) When w > 0, and P is not eccentric, the maximum moment occurs
at
mid-height of the wall where x = h/2 and equation 6-5 becomes:

SwhA2U
MUmax¢, = (Ib-ft/S) (eq 6-7)
(12)(8)

(3) When w > 0, P is eccentric, and the moments due to "w" and "Pe"
are
additive; the location of the maximum moment can be determined by
differentiating the moment equation with respect to x, setting the
equation
equal to zero, and then solving for x. By performing this operation on
equation 6-3, the "Xx" location where the maximum moment occurs can be
determined as follows--

dMUx¢ wh Pe

+ + -wx=0
dx 2 12h
Solving for x;
h Pe
xX=_+_  (ft) (eq 6-8)
12wh

It should be reiterated that this maximum moment condition will occur
only

when the moment due to the eccentricity of the axial loads and the
moment due

to the lateral load are additive. Substituting equation 6-8 into 6-2,

the

maximum moment, per length of wall equal to reinforcing bar spacing, S,
can

be found as follows:

~ S(rUag)A2u
MUmax¢, = (ft-Ibs/S) (eq 6-9)




2w

Equations simlar to 6-3 through 6-9 can be simlarly derived for the

case
when the nonent due to lateral |oading and the nonent due to eccentric

axi al
| oadi ng are not additive.

b. Axial conpression equations. The axial stress at any height, h, in

a
wall is determ ned as foll ows:
u_ ¢
3P +wU2,(h-x) 3
fUa¢, =3 3 (psi) (eq 6-10)
3 AUe¢ 3
A U
Where:

wU2¢, = The weight of the wall, psf. o
AUe¢, = The effective area of the wall, inA2U/ft.

(1) When x = h (top of wall), there is no wall weight and equation
6-10
becomes:

P
fUa¢ = (psi) (eq 6-11)
AUe¢,

(2) When x = 0 (bottom of wall) the entire wall weight is included
and
equation 6-10 becomes:

- P+wU2¢h
fUa¢ = _ (psi) (eq 6-12)
AUe¢,

c. Combined stresses.

(1) In walls subject to combined axial compression and flexural
stresses, the masonry will be designed in accordance with the
interaction
equations as follows--

U ¢ U

_ _ _ _é
3fUa¢ + fUbg, 3 3fUa¢ + MUx¢ 3
3 30R 3 3</=1.00 (eq6-13)

3FUa¢ + FUb¢, 3 3 FUa¢ + MUrmyg, 3
A U A U



Since a 33% overstress is allowed when wind or seismc | oads are
consi dered,
the all owabl e stresses and resisting nonent in equation 6-13 nmay be
i ncreased
by 33% or interaction equation 6-14 may be used.
U_ _é U_ _é
3fUa¢ + fUbe, 3 3fUa¢ + MUx¢, 3
3 30R3 3 </= 133 (eq6-14)
3FUa¢ + FUb¢, 3 3FUa¢ + MUrmg, 3
A U A_ U

(2) In walls subject to combined axial and flexural stress, the
reinforcing steel will be designed using interaction equations as

follows:

u_ &

3 MUx¢, fUag 2

3 - 3</-1.00 (eq 6-15)

3 MUrs¢, FUa¢, 3

A U
Since a 33% overstress is allowed when wind or seismic loads are
considered,
the allowable stress and resisting moment in equation 6-15 may be
increased

by 33% or interaction equation 6-16 may be used.

u_ ¢

3 MUx¢, fUag 2

3 i 3</-1.33 (eq 6-16)
3 MUrs¢, FUa¢, 3

A v

Note that when the reinforcing steel is being checked, the minimum axial
stress, fUa¢,, must be used. Note also that it is conservative to not
consider

axial loading (fUa¢, = 0) when checking the reinforcing steel stress.

d. Shear equations. The shear stress at the bottom of the wall is
determined by the following equation:

~ RUa¢
fUv¢ = (psi) (eq 6-17)

bUw¢,d

Where:

bUw¢, = The width of the masonry element effective in resisting out-
of-
plane shear as given in chapter 5, inches.

d = The depth of the masonry element effective in resisting shear,



given "dU1." for one reinforcing bar per cell and "dU2¢," for two bars
per
cell in chapter 5.

6-5. P-delta effect. The "P-delta effect” is the increase in moment and
deflection resulting from multiplying the mid-height defection of a wall
(due

to lateral and eccentric loadings as discussed above) by the summation
of the

axial load, P, at the top of the wall and the weight of the top half of

the

wall. When the height to nominal thickness ratio of the wall is less

than 24,

the "P-delta effect” is minor and may be neglected. For walls where the
height to nominal thickness ratios is greater than 24, the mid-height
deflection, [DELTA]Us¢,, will be computed as follows:

When MUmid¢, < MUcr¢,;
(5)(MUmid¢)(hAZU)(l44)

[DELTA]Us¢, i (eq 6-18)
(48)(EUm¢)(IUge)

When MUcr¢, < MUmid¢, < MUr¢;

(5)(MUcr¢)(hA2U)(144) (5)(MUmid¢,)(hA2U)(144)
[DELTA]Us¢, i ] i (in) eq 6-18)
(48)(EUm¢)(1Uge) (48)(EUm¢ )(IUcr¢)

Where:

h = The wall height, feet

MUmid¢, = The moment at the mid-height of the panel, including the "P-
Delta
effect”, inch-pounds.

EUm¢, = The modulus of elasticity, psi = 1000f'Um¢,

I‘Ug‘g, = The gross moment of inertia of the wall cross section,
inA4U.

I‘Uc‘r(; = The cracked moment of inertia of the wall cross section,
inA4U

MUcr¢, = The cracking moment strength of the masonry wall, inch-
pounds.

MUrm¢, = The allowable resisting moment of the masonry wall, inch-
pounds.



6-6. Walls with openings. Walls at the edge of openings or between

openi ngs

are required to resist additional tributary axial and | ateral |oads. The
additional tributary axial |oads are due to the weight of masonry above
t he

opening and vertical |oads applied to the tributary masonry above the
opening. The additional tributary l|lateral |oads are the |ateral |oads on
non-

masonry wal |l conmponents (doors, w ndows, etc.) that are laterally
support ed

by the adjacent masonry wall elenents. The tributary |oad area w dth
will be

measured fromthe centerline of the openings. Masonry wall el enents

bet ween

and al ongsi de openings that are subjected to conbined |oading will be
designed in accordance with equations 6-13 through 6-16. Due all owance
wil |

be made for eccentricity.

6-7. Design aids. Appendix B contains design aids that nmay be used in

t he

design of reinforced masonry walls. Tables B-1 through B-14 provide the
properties of wall stiffeners with varying reinforcement (size, spacing
and

nunber of bars per cell), varying wall thickness (6, 8, 10, and 12 inch
nom nal thickness) and two nortar types (S and N). Tables B-15 through
B- 50

provi de reinforcing steel sizes and spacings for varying wall heights,

| ateral |oads, wall thicknesses, axial |loads (with and w thout
eccentricity),

using type S nortar.

6-8. Design exanples. The follow ng design exanples illustrate the
devel opment and use of the design aids in Appendix B.

a. Design exanple 1. This illustrative exanple considers only one
conmbi nation of wind and eccentric axial |oading. Wen performng a
conpl ete
wal | design, all appropriate | oad conbinations nust be consi dered.

(1) Gven--
(a) 12-inch CMJ | oadbearing wal l
(b) vall height (h) =24 ft
(c) Lateral wind load (w) = 25 Ib/ftA2U

(d) Axial load (P) = 1500 Io/ft

(e) Eccentricity (e) = 0.5t, in



_ (f) The nmonents due to lateral wind | oad and to axi al
eccentricity
are additive.
(g) fUm¢, = 1,350 Ib/inA2U
(h) FUm¢, = (0.33)FUm¢ = 450 Ib/inA2U
(i) EUm¢, = 1000f'Umy¢, = 1,350,000 Ib/inA2U
() FUs¢ = 24,000 Ib/inA2U
(k) EUs¢, = 29,000,000 Ib/inA2U
EUs¢ 29,000,000

yn=_ =215
EOm¢ 1,350,000

(2) Problem--

(a) Determine the reinforcing bar size and spacing required to
resist
the given loadings.

(b) Compare the calculated resisting moment values with the
values
for resisting moments given in table B-4.

_ (c) Compare the reinforcing results from the calculated solution
\t,;llléhdirect solution given in table B-47.
(3) Solution. Equations are from chapters 5 and 6.
Flexural Check:
(a) First determine the maximum applied moment that must be
resisted
by the wall.
Horizontal reaction at the bottom of the wall is RUag¢,:
Pe wh

RUa¢ =
12h 2

(1500 Ib/ft)[(0.5)(11.625 in)] + (25 Ib/ftA2U)(24 ft)

(12 in/ft)(24 ) 2

= 30.3 + 300.0 = 330.3 Ib/ft of wall



Locati on where nmaxi nrum nbnent occurs i s

t he
wal | :
wxA2U
MUx¢, = RUag¢x -
2

(25 Ib/ftA2U)(xA20)
= (330.3 Ib)(x) -
2

Differentiating with respect to x;

dMUx¢,
= RUa¢, - wx =330.3-25x=0
dx
Solving for x;
330.3
X = = 13.2 ft from bottom of wall
25

Maximum moment in the wall is MUmaxg,:

' (25 Ib/ftA2U)(13.2 f)A2U
MUmax¢, = (330.31b)(13.2 ft) -

x" distance fromthe bottom of

2

= 4360 - 2178 = 2182 ft-Ib/foot of wall

Assume the reinforcement spacing, S, is 24 inches and determine the

design

maximum moment, Design MUmax¢,, in the wall as follows:

Design MUmax¢, = (2182 ft-Ib)(24 in)/(12 in/ft)

= 4364 ft-Ib/S

(b) Determine the resisting moments n the wall assuming 1-#6 @

24 in.

0.c. Assume the flexural compression area is rectangular and compare to

the
T-section design from table B-4.

Masonry resisting moment is MUrmy¢,
FUm¢ kjbdA2U

MUrmg, =
2(12)

Where:

p = AUs¢/bdU1¢ = (0.44 inA2U)/(24 in)(5.81 in) = 0.0032



np = (21.5)(0.0032) = 0.0688

k =[(np)A2U + 2np]A1/2U - np

k =[(0.0688)A2U + (2)(0.0688)]A1/2U - 0.0688

=[0.00473 + 0.1376]A1/2U - 0.0688 = 0.308

j=1-k/3=1-0.308/3 =0.897
kd =0.308(5.81in) = 1.79 in
Note that kd is greater than the face shell thickness, therefore the
ggtsuigln section would be a T-section. The following will show that the

difference generated by assuming a rectangular section is negligible.

(450 Ib/inA2U)(0.308)(0.897)(24)(5.81 in)A2U
MUrm¢, =

2(12)

= 4,196 ft-Ib/S [approximately] 4,147 ft-Ib/S (table B-
4)

Reinforcing steel resisting moment is MUrsg:
FUs¢AUs¢jd

MUrsg¢, =
12

~ (24,000 Ib/inA2U)(0.44 inA2U)(0.897)(5.81)
MUrs¢, =

12

= 4,586 ft-1b/S [approximately] 4,603 ft-Ib/S (table B-
4)

Note that the difference between the T-section analysis moments from
table

B-4 and the computed rectangular section moments is negligible
(approximately

1%).

(c) To illustrate the derivation of the table values, a T-
section
analysis will be performed.

~np + 1/2(tUs¢/d)A2U
kUT¢ = _
np + (tUs¢/d)




(21.5 x 0.0032) + 1/2(1.5/5.81)A2U

(21.5 x 0.0032) + (1.5/5.81)
=0.312

~ 6-6(tUs¢/d) + 2(tUs¢/d)A2U + (tUs¢/d)(1/2pn)
JUT¢ =

6 - 3(tUs¢/d)

~ 6-[6(1.5/5.81)] + 2(1.5/5.81)A2U
jJUT¢ =

6 - 3(1.5/5.81)

(1.5/5.81)[1/2 x 0.0032 x 21.5)
6 - 3(1.5/5.81)

~ AUs¢FUs¢juTd
MUrsT¢, =
12

) (0.44 inA2U)(24,000 Ib/inA2U)(0.902)(5.81)
MUrsT¢ =

1/2
= 4611 ft-Ibs [approximately] 4603 ft-lbs (table B-4)

~ fUm¢[1 - (tUs¢/2kUTed)](btUs¢ )jUT ¢ d
MUrmT¢, =

12

) 450[1 - 1.5/(2 x 0.312 x 5.81)](24)(1.5)(0.902)(5.81)
MUrmT¢, =

12
= 4147 ft-lbs = 4147 ft-Ibs (table B-4)

Note that since wind loadings are a part of the loading combination, the
resisting moments of the wall cross section may be increased by 33%.
Thus,
the design resisting moments for the masonry and the reinforcing steel,
respectively are:

MUrmT¢, = 1.33(4147 ft-Ib/S) = 5,516 ft-Ib/S

MUrsT¢, = 1.33(4611 ft-Ib/S) = 6,133 ft-Ib/S

Note: The masonry resisting moment controls the design:



MUrmTy¢, = 5,516 ft-Ib/S > MUmax¢, = 4,364 ft-Ib/S
O.K.

Axial Load Check: For the 12-inch CMU wall with reinforcing spaced at 24
inches o.c., the effective area in compression, AUe¢, is 68 inA2U/ft and
the

weight of the wall, WU2;¢,, is 102 Ib/ftA2U.

The axial compressive stress in the wall, fUa¢, is determined as
follows:

P+ (wU2¢)(h - X)

fUa¢, =
AUe¢,
(1500 Ib) + (102 Ib/ftA2U)(24 ft - 13.2 ft)
fUa¢, = = 38.3
Ib/inA2U
68 inA2U

The allowable axial compressive stress in wall is FUa¢,:

u_ _
3 U_12h ¢33
FUa¢ = 0.2fUm¢ 31 -3 33
3 A _40tUng U 3
A U
u_ ¢
3 U (12)(24) ¢33
FUa¢ = (0.2)(1350) 31 - 3 3 3=212.0 Ib/inA2U
3 A (40)(12) U 3
A_ U
fUa¢, = 38.3 Ib/inA2U < FUay¢, = 212.0 Ib/inA2U
O.K.

Combined Load Check: Since the masonry resisting moment controls, only
the

masonry need be checked in the combined stress condition. The unity
equation

will be used. Since wind loadings are a part of the loading combination,
the

allowable axial compressive stress, FUa¢,, may be increased by 33%.

FUa¢, = 1.33(212.0 |b/inAZU) = 282.0 Ib/inA2U
fUa;, MUmaxe,

+ <1.0
FUa; MUr

38.3 Ib/inA2U 4364 ft-lb



+ =014 + 0 79 < 1.00
282.0 Ib/inA2U 5516 ft-Ib
O.K.

Direct solution (table B-47): Using the design parameters given above,;
the 1

- #6 bar spaced at 24 inches o.c. which was determined by the design
calculations; is sufficient reinforcement.

(4) Summary. 1 - #6 bar per cell spaced at 24 inches o.c. is
sufficient.

b. Design example 2. This illustrative example considers only one
combination of wind and eccentric axial loading. When performing a
complete
wall design, all appropriate load combinations must be considered.

(1) Given:

(a) 12-inch CMU wall

(b) Wall height (h) = 19'-4"

(c) Lateral wind load (w) = 22 Ib/ftA2U

(d) Axial load (P) = 650 Ib/ft

(e) Eccentricity (e) = /3

() fUm¢, = 1350 Ib/inA2U

(g) FUs¢, = 24,000 Ib/inA2U
~ (2) Problem. Find the required spacing of #6 bars using the tables
Ia?ppendix B and linear interpolation.

_ (é%) Solution. Interpolating for wall height, axial loading, and
win

loading.

Table B-40; P = 500 Ib/ft, e = t/3

Wall wind, Ib/ftA2U
H(ft) 20 22 25
20 56 52.8 48
19.33 57.1

18 72 65.6 56

Table B-43, P = 1000 Ib/ft, e = t/3



Wall wind, Ib/ftA2U

H(ft) 20 22 25
20 56 49.6 40
19.33 53.3

18 64 60.8 56

SUmax¢, = 57.1 - (57.1 - 53.3)[(650 -- 500)/500] = 56 inches o.c.

(4) Summary. The wall will resist the given loading with #6 bars
spaced
at 56 inches on center.

c. Design example 3. This illustrative example considers only one
combination of wind and eccentric axial loading. When performing a
complete
wall design, all appropriate load combinations must be considered.

(1) Given.
(a) 8-inch CMU wall
(b) Wall height (h) = 16 ft

(c) Wall length (L) = 30 ft

TM 5-809-3/NAVFAC DM-2.9/AFM 88-3, Chap. 3

(d) Lateral wind load (w) = 30 Ib/ftA2U. The wind load is
positive
(inward) on the exterior face of the wall.

(e) Axial load (P) = 300 Ib/ft.

(f) Eccentricity (e) = 1 inch. The axial load is applied on the
interior side of the wall center line causing a condition where the
eccentric
and lateral load moments are not additive.

(g) fUm¢, = 1350 Ib/inA2U

(h) FUs¢, = 24,000 Ib/inA2U
_ (i) As shown in figure 6-3, a 12 feet wide by 14 feet high door
:zcated in the wall panel. One edge of the door is 6 feet 8 inches from

the
wall corner.



(2) Problem Design a stiffener at the door janb that wll resist
t he
applied |l ateral and axial | oads.

(3) Solution. Assune that the edge stiffener resists the wind | oad
between the m ddle of the door and the mddle of the 6 -8" wall panel.
Al so,
assune that the stiffener resists the wall weight and the axial load to
t he
m ddl e of the door plus the wdth of the stiffener.

(a) Determine the wind load, WUL¢,, on the edge stiffener.
WUL¢ =w x LUx¢,

Where:
LUw¢, = The tributary width of the load to the jamb, feet.
, BIZ‘ft + 6.67T 3
WUL¢, = (30 IEs/ftAZZU) 3 g 3 =280 Ib/ft
A U

(b) Determine the moment resulting from the eccentricity of the
axial
load, MUeccy,.

MUecc¢, = PLUp¢e
Where:

LUP¢, = The distance from the edge of the stiffener to the center
line
of the door, feet.

(300 Ibs/ft)(1.33 ft + 6 ft)(1 in)
MUecc¢, = = 183 ft-Ibs
12 in/ft

(c) Determine the distance, x, from the bottom of the wall to
where
the maximum moment in the edge stiffener occurs.

h PLUP¢e
X=_ __
2 WUL¢h

16 ft 183 ft-lbs

X = =7.96 ft

2 (280 D16 )



(d) Determine the maximum moment in the edge stiffener, MUmax¢,
as
follows:
[retrieve Figure 6-3. Example 3 wall elevation]

) wUL¢xA2U
MUmax¢, = RUa¢Xx -
2

Where:

RUa¢, = The reaction at the bottom of the wall, pounds.

WULch PLUPGe  (280Ib/ft)(16f) (183ft-Ibs)

= =2229 b
2 h 2 16
U_ <
' 3 280)(7.96)A2U 3
MUmax¢, = (2229)(7.96) - 3 3 = 8872 ft=Ibs
3 2 3
A 0

(e) Determine the axial load stress on the edge stiffener, fUag..
Assume the lintel over the door is fully grouted from the top of the
opening
to the top of the wall.

- WUB¢(h - x)LUs¢ + RUL,
fUa¢, =

LUs¢t
Where:
WU3;¢, = The weight of the stiffener, Ibs/ft.
LUs¢, = The width of the stiffener, feet.
t = The thickness of the stiffener, inches.

RL = The lintel rgaction, Ib§.
= (P)(Lp) + (WU2¢)(d)(LUL:/2)

Where:
wU2¢, = The weight of masonry above the opening, psf.
d = The height of the lintel, feet.

LUL¢, = The length of the lintel, feet.



RUL¢ = (300 Ib/ft x 7.33 ft) + (92 Ib/ftA2U)(2 ft)(12 ft/2)
= 3303 Ibs

(140 Ibs/ft)(16 ft - 7.96 ft)(1.3 ft) + 3303 Ibs
fUa¢, =

(2.3 ft)(12 in/ft)(11.62 in)
= 26.3 Ibs/inA2U
() Determine the allowable axial stress, FUac,

U_ 3 ¢
3 U 12h ¢ 3
FUa¢ = 0.20fUm¢, 31-3 8 3
3 A 40t U 3
A v
U_ 3 ¢
3 U_(12)(16) _¢ ®
=(0.20)(135031 -3 3 3= 253 |bs/inA2U
3 A (40)(12) U
A_ U
(g) Rearrange the interaction equation and determine the
required
resisting moment, Required MUr..

MUmax¢,
Required MUr¢, _ _
1.33 - (fUa¢/FUag)

8872 ft-lbs

1.33 - [(26.3 Ibs/inA2U)/(253 Ibs/inA2U)]
= 7236 ft-lbs

From table B-7 two 8 inch wide 12 inch deep stiffeners with 2 - #6 bars
furnish a resisting moment, Furnished MUr¢,, as follows:

Furnished MUr¢, = 2(3997 ft-Ibs) = 7994 ft-lbs
Furnished MUr¢, = 7994 ft-Ibs > Required MUr¢, = 7236 ft-lbs

O.K.
(h) Check the combined axial and bending stresses as follows:
fUa¢, MUx¢

+
FUa;, MUrmg¢




26. 3 psi 8872 ft-Ibs
+ =0.10 + 1.11 = 1.21 < 1.33
253 psi 7994 ft-1bs

. O K
(4) Summary. A 12 inch by 16 inch wall stiffener with 4 - #6 bars,

as
shown in figure 6-4, will resist the given | oads.

[retrieve Figure 6-4. Section A through wall stiffener]



CHAPTER 7
REI NFORCED MASONRY SHEAR WALLS

7-1. Introduction. This chapter contains design requirenments for

rei nforced

masonry shear walls, not including seismc requirenents. Requirenents
for

shear walls in buildings |ocated in seismc zones 1 through 4 are given
in T™M

5- 809- 10/ NAVFAC P- 355/ AFM 88- 3, Chapter 13, Seism c Design for

Bui | di ngs.

Except as contained herein, design criteria, section properties,

mat eri al

properties, design equations, and allowable stresses are contained in
chapt er

5.

7-2. CGeneral. A masonry shear wall is any masonry wall, external or

i nternal,

which resists externally applied in-plane horizontal forces. A shear
wal | is

a vertical elenent in the building lateral |oad resisting system It
transfers horizontal forces vertically dowward from a di aphragm above
to a

di aphragm or a foundation bel ow. Thus, horizontal wind or seismc forces
are

collected at floor or roof diaphragmlevels and transferred to the
bui I di ng

foundation by the strength and rigidity of the shear walls. A shear wall
may

be consi dered anal ogous to a plate girder cantil evered off the
foundation in

a vertical plane. The wall perfornms the function of a plate girder web
and

the integral vertical reinforcenent at the ends of wall panels, between
control joints, function as the beam flanges. Pilasters or floor

di aphr agns,

if present, function as web stiffeners. Axial, flexural, and shear
forces

nmust be considered in the design of shear walls, including the tensile
and

conpressive axial stresses resulting fromloads tending to overturn the
wal | .

7-3. All owabl e shear stresses. The all owabl e shear stress in a shear
wal | is

dependent upon the magnitude of the ratio of M(Vvd), where Mis the
maxi mum

monment applied to the wall due to the in-plane shear force, V, and d is
t he



effective length of the wall. Therefore, if the shear wall is assumed
;Itxtege top and bottom (a multistory shear wall), M= 1/2hV, and M (Vd)
_becorres h/ 2d, where h is the height of wall. However, if the shear wall
Iazsums\d fixed at the bottomonly, (a single-story cantil evered shear
\galrll\/?1a?1/ld M Vd becones h/d. Figure 7-1 illustrates these conditions.

The al | owabl e shear stress is al so dependent upon whether or not shear
reinforcement is provided. If the calculated shear stress, fUvmg¢,,

exceeds the

allowable shear stress, FUvmg¢,, then shear reinforcement will be

provided. The

shear reinforcement will be designed to carry the entire shear force.

The

following equations illustrate the limitations and requirements of

determining the allowable shear stress in a shear wall.

a. No shear reinforcement provided. The calculated shear stress,

fUvmy,, )
shall not exceed the allowable shear stress, FUvmy;,.
M
If, <1.0
Vvd
Then, )
] 11U M ¢ ) . .
FUvm¢ = _ 34-_ 3(FUm¢)AL/2U (psi) (eq 7-1)
3A Vvd U
But, )
] U M_¢
FUvm¢ </=80-453__ 3 (psi) (eq 7-1a)
A d U
M
If, >/=1.0
Vvd
Then,
FUvmg¢, = 1.0(fUm¢)A1/2U (eq 7-2)
But,
FUvm¢, </ = 35 psi (eq 7-2a)

b. Shear reinforcement provided. When fUvmg¢, exceeds FUvmg¢,, shear
reinforcement will be provided and designed to carry the entire shear
force.

The calculated shear stress in the reinforcement, fUvmyg,, shall not
exceed the )
allowable shear stress, FUvs,.



If, < 1.0
vd
Then,
11U M ¢
FUvs¢e = 34-_ 3(fUm¢)A1/2U(psi) (eq 7-3)
2 A vd_U

[retrieve Figure 7-1. M/Vd ratios for shear walls]

But,
) UM ¢
FUvs¢ </= 120-453 3 (psi) (eq 7-3a)
A vd U
M
f,  >/=1.0
vd
Then,
FUvs¢ = 1.5(f'Um¢)A1/2U(psi) (eq 7-4)
But,
FUvs¢, /=75 psi (eq 7-4a)

The ratio of M/(Vd) will always be taken as a positive number. The
values of

FUvm¢, and FUvs¢, may be increased by a factor of 1.33 when wind or
seismic

loads are considered in the loading combination.

7-4. Design Considerations.

a. Shear Stresses. The calculated shear stress, fUvmyg,, will be
determined
as follows:
\
fUvme = (eq 7-5)
td

Where:

V = The total shear load, pounds.

t = The actual thickness of shear wall section for solid grouted
masonry

or the equivalent thickness of a partially grouted hollow masonry wall,
inches. (See Chapter 5 for the equivalent thicknesses).



d = The actual length of the shear wall elenent, inches. (To be
nor e
exact, the actual wall panel length m nus the tension reinforcenent
cover
di stance may be used).

When the allowable shear stress, FUvmg,, is exceeded, horizontal and
vertical

shear reinforcement must be provided. The horizontal shear steel will be
designed to carry the entire in-plane shear force. The area of shear
reinforcement, AUv¢,, will be determined as follows:

~ VUs¢ o
AUv¢, = (inA2U) (eq 7-6)
FUs¢d

Where:

s = The spacing of the shear reinforcement, inches.
FUs¢ = the allowable tensile stress in the reinforcement, psi.

Horizontal shear reinforcement will be uniformly distributed over the
full

height of the wall. Shear reinforcement will consist of deformed bars,
thus

joint reinforcement that is in the wall to control cracking will not be
considered as shear reinforcement. The vertical spacing of shear
reinforcement will not exceed the lessor of d/2 or 48 inches. Shear
reinforcement will be terminated with a standard hook or will have an
embedment length beyond the vertical reinforcing at the end of the wall
panel. The hook or embedded extension will be turned up, down, or
extended

horizontally. Vertical deformed bar reinforcement that is at least equal
to

one-third AUv¢, will be provided in all walls requiring shear
reinforcement.

This vertical reinforcement will be uniformly distributed and will not
exceed

a spacing of 48 inches.

b. Shear stresses from seismic loadings. When designing shear walls
for
buildings in seismic zones 1 through 4, the increase in the seismic
shear
forces required in TM 5-809-10/NAVFAC P-355/AFM 88-3, Chapter 13 will be
included.

c. Other shear wall stresses.

(1) The axial stresses caused by dead and live loads from roofs and
floors will be considered in design of shear walls.



(2) The flexural stresses caused by noments fromlateral in-plane
shear
force applied to the top of the wall or by the diaphragmw |l also be
consideration in design. This in-plane nonent is Vh for cantil ever shear
walls with fixed ends.

(3) The conbined effects of axial and bending stresses nust be
considered. The unity equation or other nethods using accepted
principl es of
mechanics w Il be used.

7-5. Rigidity.

a. General. The magnitude of the total lateral forces at any story
| evel
depends upon the structural systemas a whole. Also, the proportion of
t he
total horizontal load that is carried by a particular shear wall el enent
IS
based on the rigidity of the wall elenment relative the conbi ned
rigidities of
all the wall elenments on that sane level. The relative rigidities of
shear
wal | elements are inversely proportional to their deflections when
| oaded
with a unit horizontal force. The total deflection at the top of a shear
wal
elenment is the sumof the shear deformation and flexural deflection
(Figure
7-2) plus any additional displacenment that nmay occur due to rotation at
t he
base. For nobst shear walls in ordinary buildings, shear deformation is
t he
maj or contributor to in-plane deflection.

b. Factors affecting rigidity.

(1) Control joints are conplete structural separations that break
t he
shear wall into elenents. The el enents nust be considered as isol ated
structural nenbers during shear wall rigidity anal yses. The

[retrieve Figure 7-2. Shear wall deformation]

nunber and | ocation of control joints within the total length of a wall
may

significantly affect elenent rigidities, especially flexural

def ormati on.



(2) Openings for doors, w ndows, etc., reduce the rigidity of shear
wal
el enments. If openings are significantly large or are significantly |arge
in
nunber, they should be considered in rigidity anal yses as given in
par agr aph
7-7.

(3) A shear wall elenment which is structurally integral at its end
with
a shear wall that is normal to the elenent, formng an "L" or "T" in-
pl an
shape, is called a corner element. The rigidity of a corner elenent is
greater than that of a straight elenent. The anount of increase in
rigidity
is difficult to quantify but may be taken into account enpirically when
rigidity anal yses are done using the nethod given in this chapter.

(4) Since shear walls are by nature, very rigid, rotation of the
foundation can greatly influence the overall rigidity of a wall.
However, the
rotational influence on relative rigidities of walls for purposes of
hori zontal force distribution may not be as significant. Considering the
conplexities of soil behavior, a quantitative evaluation of the
f oundat i on
rotation is generally not practical, but a qualitative eval uati on,
recogni zing the limtations and using good judgnent, should be a design
consideration. It is usually assuned either that the foundation soil is
unyi el ding or that the soil pressure varies linearly under the wall when
t he
wal | is subjected to overturning. These may not always be realistic
assunptions, but are generally adequate for obtaining the relative
rigidities
required for design purposes.

7-6. Distribution of Forces to Shear \Wall s.

a. General. The distribution of |lateral forces by different types of
di aphragns i s discussed in TM 5-809- 10/ NAVFAC P- 355/ AFM 88-3, Chap. 13,
Sei sm c Design For Buildings. A brief description is provided herein.

b. Translational shears. The distribution of |lateral story |evel
shears
froma diaphragmto the vertical resisting elements (in this case,
masonry
wal | s acting as shear walls) is dependent upon the relative stiffness of
t he
di aphragm and the shear walls. A rigid diaphragmis assuned to
di stribute
hori zontal forces to the masonry shear walls in direct proportion to the
relative rigidities of the shear walls. Under symetrical |oading, a
rigid



di aphragm wi || cause all vertical shear wall elenents to deflect equally
with

the result being that each element wll resist the same proportion of

| at er al

force as the proportion of rigidity that elenment provides to the total
rigidity of all the elenents in the sane |evel and direction. Flexible
di aphragns, on the other hand, are considered to be less rigid than
shear

walls and will distribute the lateral forces to the wall elenents in a
manner

anal ogous to a continuous beamw thout regard to the rigidity of the
wal l's. A

fl exi bl e di aphragmis considered incapable of resisting torsional
rotationa

nmonments (see bel ow).

c. Rotational shears. In a rigid diaphragm when the center of
gravity of
the lateral forces fails to coincide with the center of rigidity of the
supporting shear wall elenents, a torsional nonent will be generated
wi t hin
the rigid diaphragm Provisions will be made to account for this
t or si onal
noment in accordance with TM 5-809- 10/ NAVFAC P- 355/ AFM 88- 3, Chap. 13,
Sei sm ¢ Desi gn For Buil dings.

d. Maxi mum shear wall deflection. Roof and floor diaphragnms, nust be
capable of transmtting horizontal shear forces to the shear walls
wi t hout
exceeding a deflection that which woul d damage the vertical el enents.
The
maxi mum al | owabl e deflection for horizontal diaphragns in buildings
utilizing
masonry shear walls will be as follows:
hA2UfUb¢,
Deflection = (eq 7-7)
0.01EUm¢t

Where:
FUb¢, = The allowable flexural compressive stress in masonry, psi.
= (0.33)f'Umy,
EUm¢, = The modulus of elasticity of masonry, psi.
= (1000)f'Umy¢, for CMU

t = The effective thickness of the wall, inches. This equation
is



nei ther exact nor technically correct. However, its primary function is
to

force the designer to think about Iimting the deflection of the

di aphragm to

a value that wll not adversely affect, architecturally, the conpleted
wal | .

7-7. Effects of Openings in Shear Walls. The effects of openings on the
ability of shear walls to resist lateral forces nust be considered. If

openings are very small, their effect on the overall state of stress in
a

shear wall will be mnor. Large openings will have a nore pronounced
effect.

When the openings in a

shear wall becone so large that the resulting wall approaches an
assenbl y

simlar to arigid frame or a series of elenents |inked by connecting
beans,

the wall will be analyzed accordingly. It is common for openings to
occur in

regul arly spaced vertical rows (or piers) throughout the height of the
wal

wi th the connections between the wall sections within the el enent being
provi ded by either connecting beans (or spandrels) which forma part of
t he

wal |, or floor slabs, or a conbination of both. If the openings do not
line

up vertically and/or horizontally, the conplexity of the analysis is
greatly

increased. In nost cases, a rigorous analysis of a wall with openings is
not

requi red. When designing a wall w th openings, the deformations nust be
visualized in order to establish sonme approxi mate nethod to anal yze the
stress distribution of the wall. Figure 7-3 gives a visual description
of

such deformations. The major points that nust be considered are; the

| engt heni ng and shortening of the extrenme sides (boundaries) due to deep
beam

action, the stress concentration at the corner junctions of the

hori zont al

and vertical conponents between openings, and the shear and di agonal

t ensi on

in both the horizontal and vertical conponents.

a. Relative rigidities of piers and spandrels. The ease of analysis
for
walls with openings is greatly dependent upon the relative rigidities of
t he
piers and spandrels, as well as the general geonetry of the buil ding.
Fi gure



7-4 shows two extrene exanples of relative rigidities of exterior walls
of a

building. In figure 7-4(a) the piers are very rigid relative to the
spandrels. Assuming a rigid base, the shear walls act as vertical
cantilevers. Wien a lateral force is applied, the spandrels act as
struts

with end nonments--thus the flexural deformation of the struts nust be
conpatible with the deformation of the cantilever piers. It is
relatively

sinple to determne the forces on the cantilever piers by ignoring the
deformation characteristics of the spandrels. The spandrels are then
desi gned

to be conpatible with the pier deformations. In figure 7-4(b), the piers
are

flexible relative to the spandrels. In this case, the spandrels are
assuned

to be infinitely rigid and the piers are analyzed as fixed-end col ums.
The

spandrels are then designed for the forces induced by the colums. The
calculations of relative rigidities for both cases showm in figure 7-4
can be

aided by the use of the wall deflection charts given later in this
chapter.

For cases of relative spandrel and pier rigidities other than those
shown,

the anal ysis and desi gn becones nore conpl ex.

b. Methods of Analysis. As stated above, approxi mate net hods of
anal yzi ng
wal l's with openings are generally acceptable. A common nethod of
det er m ni ng
the relative rigidity of a shear wall with openings is given in the
desi gn
exanple in this chapter. For the extrene cases shown in figure 7-4, the
procedure is straight-forward. For other cases, a variation of
assunptions
may be used to determine the nost critica

[retrieve Figure 7-3. Deformation of shear walls w th openings]
[retrieve Figure 7-4. Relative rigidities of piers and spandrel s]

| oads on various elenents, thus resulting in a conservative design. In
sone

cases a few additional reinforcing bars, at little additional cost, can
greatly increase the strength of shear walls with openings. However,
when t he

rei nforcenent requirenents or the resulting stresses of this approach
appear

excessively large, a rigorous analysis may be justified.



7-8. Shear Wall Rigidity Analysis. The rigidity of a shear wall el enent
is

inversely proportional to its deflection, thus rigidity has units of
ki ps per

inch. The relative rigidity of a wall elenent is usually obtained by
inverting the deflection caused by a unit horizontal |oad. The
paranmeters in

the rigidity equations for shear wall elenments are: the dinensions of
hei ght,

| ength, and thickness; the nodul us of

elasticity, EUm¢,; the modulus of rigidity or shear modulus, EUv¢,; and
the
fixity conditions of support of the wall element at top and bottom.

a. Wall Deflections. When a horizontal shear force is applied at the
top
of a masonry wall or pier element, it will produce a deflection. This
deflection is the sum of the deflection due to flexure plus the
deformation
due to shear.

[retrieve Equations 7-8, 7-9 and 7-10]

In the case of a solid wall with no openings, the computations of
deflection

are quite simple. However, where the shear wall has openings for doors,
windows, etc., the computations for deflection and rigidity are much
more

complex. Since an exact analysis which considers angular rotation of
elements, rib shortening, etc., is not necessary, several short cut
approximate methods, involving more or less valid assumptions, have been
developed. Any simplified method of determining shear wall rigidity can
give

inconsistent or unsatisfactory results; therefore, a conservative
approach

and judgment must be used.

b. Wall deflection charts. The recommended approximate method of
determining deflections and rigidities of shear wall elements, including
walls with openings is the wall deflection charts given in figure 7-5.

The

charts are based upon equations 7-8 and 7-9. When openings are present,
a

solid wall is assumed and subtractions and additions of the rigidities

of
pier increments are done to determine the relative rigidity of the
panel. By

substituting "tdA3U/12" for "I", "td" for "A", and "0.4EUm¢," for "EUv¢"
equations 7-8 and 7-9 can be simplified to equations 7-11 and 7-12,
respectively, as follows:



[retrieve Equations 7-11 and 7-12]

Since only relative rigidity values are required, any value could be
used for

EUm¢,, and t as long as walls with differing moduli of elasticity and
thickness are not being compared. V could also be arbitrary, as long as
itis

consistently used throughout the comparative process. The charts in
figure 7-

5 are based on values of; V = 1,000,000 pounds, EUm¢, = 1,350,000 psi,
andt=

12 inches. Using these values, equations 7-11 and 7-12 can be simplified
to

equations 7-13 and 7-14, respectively, as follows:

[retrieve Equations 7-13 and 7-14]

The thickness value used assumes a solid 12" thick masonry wall which is
not

equal to the actual standard masonry unit thickness of 11.62" but

suffices

for the purposes of these equations. Curves 2 and 4

of figure 7-5 provide a graphical solution for equations 7-13 (for fixed
ended rectangular piers) and 7-14 (for cantilever rectangular piers),
respectively. When walls of different moduli of elasticity, EUm¢, are
being

compared, the deflection values shall be multiplied by the ratio of 1.35
X

10A6U/EUm¢,. When walls of different actual thicknesses or equivalent
thicknesses, t, are being compared, the deflection values shall be

multiplied

by the ratio of 12/t. In corner pier curves (1 and 3) the corner pier
moment

of inertia, |, is assumed to be 1.5 times that of the rectangular pier.
The

equations for the corner piers are derived by the procedure given above
(using equation 7-8 and 7-9) except that (1.5)I is substituted for | in
the

bending term of the equations, and the correction factor of 1.2 in the
shear

term of the equations is replaced by 1.0, since the section can no
longer be

considered rectangular. These substitutions result in equations 7-15
(fora

fixed ended corner pier) and equation 7-16 (for a cantilever corner
pier) as

follows:

[retrieve Equations 7-15 and 7-16]



For other values of I, the flexural portion of the deflection curves
woul d be

proportional. The deflections shown on the charts are reasonably
accur at e.

The formulas witten on the curves can be used to check the results.
However,

the charts will give no better results than the assunptions nmade in the
shear

wal | analysis. For instance, the point of contraflexure of a vertical

pi er

may not be in the center of the pier height. In sone cases the point of
contrafl exure may be sel ected by judgnent and an interpol ati on made

bet ween

the cantilever and fixed conditions.

7-9. Design exanples. The follow ng design exanples illustrate the
pr ocedur e
for determning the rigidity of a shear wall section with one opening
and
give the conplete design of a shear wall with two openings.
a. Design exanple 1.
(1) Gven:

(a) 12-inch normal weight CMJ

(b) Vall height (h) = 12 feet

(c) wall length (d) 20 feet

(d) Reinforcenment = #5 bars @ 24" o.c.
(e) Type S nortar is used wth:
fUm¢, = 1350 psi
EUm¢, = 1000fUmg¢, = 1,350,000 psi
EUv¢ = 0.4EUm¢, = 540,000 psi.
() There is a 4-feet by 4-feet window opening centered in wall.

(2) Problem. Determine the rigidity of the wall.

(3) Solution. The procedure involves determining the rigidities or
stiffnesses of each segment within the shear wall element. The method is
based on the deflection charts of figure 7-5. In this method; the
deflection
of the solid wall is determined, the deflection of the horizontal strip

of
the wall containing all the openings is deducted from the solid wall



defl ection, and then the deflections of the piers within this opening
strip
are added to this nodified wall deflection to obtain the total
defl ection of
the actual wall w th openings. The reciprocal of this deflection val ue
beconmes the relative rigidity of that wall. Note that the foll ow ng
sol ution
is carried out, in sonme instances, to four significant figures. This was
done
for cal cul ati on purposes and does not inply that the deflections would
actually be accurate to the degree of precision since the procedure used
IS
only approximate with sinplified assunptions made.

(a) A solid wall containing ABCD with no openings is assuned

fixed at
the bottomonly (use rectangul ar pier cantilever curve #4 fromfigure 7-

5).
Note that the equivalent wall thickness for 12-inch CMJ with grouted
cells @

24" o.c. fromtable 5-2 is 5.7 inches.

h 12
Solid wall: _ = ___ = 10.60
d 20
) 12"
[DELTA]USolid¢, = 0.1644 x = 0.3461"
5.7"
] 1 1
kUSolid¢, = = = 2.89 (Stiffness of solid
wall)

[DELTA]USolid¢, 0.3461
[retrieve Figure 7-5a. Wall deflection chart]
[retrieve Figure 7-5b. Wall deflection chart]
[retrieve Figure. 7-6 Design example 1 wall elevation]

(b) The deflection of the solid middle 4'-0" strip containing B
%ngeSermined assuming it is a fixed pier (use rectangular pier fixed
curve
#2 from figure 7-5) as follows:

[retrieve Equation]
(c) The individual deflections of piers B and C are determined

assuming fixed top and bottom (use rectangular pier fixed curve #2 from
figure 7-5) as follows:



[retrieve Equations]

(4) Summary. The design exanple solution provided above illustrates
iggomrended procedure for determning the relative rigidity of a masonry
s_hear wal | element. Note that the relative rigidity of this wall elenent
\(,)Mntehopeni ng i s about 93%of the solid wall elenment rigidity. Thus, it
ggzclbﬁded t hat the opening has not significantly reduced the rigidity of
tsﬂgar wal | .

b. Design exanple 2.
(1) Gven:

(a) 8-inch normal weight CMJ

(b) Vall height (h) = 12 feet

(c) wall length (d) 20 feet

(d) I'n-plane shear force fromw nd | oading (V) = 10 ki ps
(e) Axial loads (Concentrically applied):

Dead | oad 300 pounds per foot

600 pounds per foot

Li ve | oad
(f) Reinforcenent:
#5 bars @ 24" o.c.
fUy¢, = 60,000 psi
EUs¢ = 29,000,000 psi
(g) Modular ratio (n) = EUs¢/EUmg, = 21.5
(h) Equivalent wall thickness = 4.1 inches (table 5-2).
(i) Type S mortar is used with:
fUm¢, = 1350 psi
EUm¢, = 1000fUmg, 1,350,000 psi

EUv¢ = 0.4EUm¢, = 540,000 psi.



(j) There is a door and a wi ndow opening as shown in figure 7-7.

(2) Problem Design the given shear wall to withstand the shear and
axi al forces applied.

(3) Solution. The design procedure involves determning the
rigidities
of each segnent (pier) within the shear wall. The nethod used is based
on the
deflection charts of figure 7-5. The horizontal |oading is then
proportioned
to each segnent based on its rigidity relative to the other segnents,
with
| onger and shorter segnents receiving the greater |oad. Each wall
segnent
wi |l then be analyzed by checking the flexural, axial, and shear
stresses.

(a) The first step in designing the shear wall is to determ ne
t he
relative rigidities or stiffnesses of the shear wall segments. The
nmet hod
used in determning the relative rigidities is simlar to the procedure
foll owed in design exanple 1.

A solid wall containing ABCDE with no openings is assunmed fixed at the
bott om

only. The deflection and rigidity are determ ned (use rectangul ar pier
cantil ever curve #4 fromfigure 7-5) as foll ows:

[retrieve Equations]

The deflection of the solid bottomstrip, 7.33 feet high, containing
BCDE i s

determ ned (use rectangul ar pier cantilever curve #4 fromfigure 7-5) as
fol | ows:

[retrieve Figure 7-7. Design exanple wall elevation]

[retrieve Equation]

The conbi ned deflection of piers B, C, D, and E are determ ned fromthe
summation of their own individual rigidities (use rectangular pier fixed
curve #2 fromfigure 7-5) as foll ows:

[retrieve Equations]

The total shear wall deflection and stiffness can now be found as
foll ows:

[retrieve Equation]



(b) The next step in the design is to determ ne the force
distribution to the individual piers B, C, and D. This can be done by
dividing the stiffness of the individual piers by the summtion of
stiffnesses of all the piers as foll ows:

[retrieve Equation]

Thus 7.6% of the total in-plane shear force on the wall wll be resisted
by

Pier B and 92.4% of the force will be resisted by piers C and D. The

92. 4%

will be distributed to piers Cand Din proportion to their relative
rigidities as follows:

kUC¢; 0.794

Pier C: = = 0.26 X .924 = .24 = 24%
kUCD¢, 3.072
kUD¢ 2.278

Pier D: = =0.74 x .924 = .684 = 68.4%
kUCD¢, 3.072

Therefore, 24% of the total shear force on the wall will be distributed
to
Pier C; 68.4% to Pier D; and 7.6% to Pier B.

(c) Now that the distribution of in-plane shear forces to each
pier
is known, the design of the piers can now be accomplished. The design of
each
pier will begin by checking the shear and flexural stresses due to in-
plane
wind loads. Axial stresses due to dead and live loads will also be
checked.
The flexural and axial stresses will then be combined using the unity
equation. For loading combinations that include wind loads, the
allowable
stresses will be increased 33%.

Pier B design. The design for out-of-plane wind loadings (not part of
this

example) require that all cells be reinforced and fully grouted, thus
the

cross section of the pier is 2'-8" by 7.62" with #5 bars in each cell.
When

checking in-plane shear stresses, the assumed length of the pier, dUBvg,,
will

be the actual pier length or 2'-8". When checking in-plane flexural
stresses, )

the assumed effective depth of the beam section, dUBb¢,, will be the
actual



l ength I ess the 8-inch distance fromthe centroid of the two end bars to
te::de of the pier; therefore dUBb¢, = 2'-0".
Shear Check
Lateral force, VUBy,, to Pier B = 7.6% of 10k
VUB, = 0.076 x 10k = 760 Ibs.
Shear stress in pier B, fUvB¢, is determined as follows:
VUB¢ 760 Ibs.

fUvB¢, = = = 3.1 psi
tdUBv¢, 7.62" X 32"

The allowable shear stress assuming no shear reinforcement, FUvmg,, will
be

determined by equation 7-2 as follows (assume pier fixed top and
bottom):

M h 7.33 X 12",
] = = =1.38>1.0
VdUBv¢, 2dUBv¢ 2 X 32"

Therefore;

FUvmg¢, = 1.0(fUm¢)A1/2U = (1350)A1/2U = 36.7 psi.
But shall not exceed 35 psi; thus FUvmg, = 35 psi.

fUvB¢, = 3.1 psi < FUvmg, = 35 psi x 1.33 = 46.5 psi;
Therefore, no shear reinforcement is required.

Flexural Check. Both flexural compression and tension must be
considered.

Flexural compressive stress in Pier B, f{UbB¢,, is determined as

follows:
) 2M
fUbB¢, = _
bdUbB¢A2Ujk
Where:
UvB¢h 760 Ib x 7.33' x 12"/t
M= = = 33,440 in-lb
2 2

b=7.62"



AUs¢, = 0.62 inA2U (2 =#5's)

AUs;  0.62 inA2U

p = 0.00344

bdUBb¢, 7.62" X 24"
np = 21.5 (0.0034) = 0.073; thus k = 0.316 and j = 0.895
2 x 33,440

fUbB¢, = = 53.9 psi
7.62(24)2(0.895)(0.316)

Allowable flexural compressive stress in Pier B, FUbg,, is determined as
follows:

FUb¢, = 0.33fUm¢, x 1.33 = 0.33(1350) X 1.33 = 600 psi
fUbB¢, = 53.9 psi < fUb¢, = 600 psi
O.K.
Flexural tensile stress in Pier B, fUsBy¢,, is determined as follows:
M 33,440

fUsB¢, =

= _ = = 2511 psi
AUs¢jdUBb¢,  (0.62)(0.895)(24)

Allowable flexural tensile stress in Pier B, FUs¢, is determined as
follows:

FUs¢ = 24,000 x 1.33 = 32,000 psi (Grade 60 steel)
fUsB¢, = 2511 psi < FUs¢, = 32,000 psi
O.K.

Axial Load Check. Since the maximum moment occurs at the top or the
bottom of

the pier and the axial load is maximum at the bottom of the pier, the
axial

load will be determined at the bottom of the pier. The fully grouted
weight

of the wall, wU2¢,, is 92 psf.

Axial load at the bottom of Pier B, P, is determined as follows:
PUTOTAL¢, = PUDL¢, + PULL¢, + Wall wt. to bottom of Pier B
PUTOTAL¢, = [(300 Ib/ft) + (600 Ib/ft)] (4.33 ft)

+ 92psf [(7.33)(2.67") + (4.67')(4.33"]
= 3900 + 3611 = 7561 Ibs.



Axial stress due to axial load in Pier B, FUay,, is determined as
follows:

P 7561lbs.
fUaB¢ = = =31.0 psi
A 7.62"x 32"

Allowable axial stress in Pier B, FUa¢,, is determined as
follows:

FUa¢ = (0.2 fUm¢)R

Where:

R = The stress reduction factor.
Since buckling is not a concern at the bottom of the pier, R will be
omitted
and including wind loading:

FUa¢, = 0.2 fUmg¢, x 1.33
= 0.2 (1350) x 1.33 = 360 psi

fUaBy¢, 31.0 psi < FUa¢, = 360 psi

O.K.

Axial stress on Pier B due to the overturning moment of the entire wall
panel, fUoB¢, is determined as follows:

[retrieve Equations]

Combined Load Check. The combined effects of flexural, axial, and
overturning
on pier B can be evaluated using the unity equation as follows:

fUbB¢, fUaB¢ fUoBg¢
+ + </=1.0
fUb¢ FUa¢;  FUa¢

539 31.0 27.9
+ + =0.25<1.0
600 360 360

O.K.

Pier C design. The design for out-of-plane wind loadings (not part of
this

example) require that all cells be reinforced and fully grouted, thus
the



cross section of the pier is 3 -4" by 7.62" with 5 bars in each cell.
VWhen

checking in-plane shear stresses, the assumed length of the pier, dUCvy,,

will

be the actual pier length or 3'-4". When checking in-plane flexural

stresses,

the assumed effective depth of the beam section,

[retrieve Table 7-1. Centroid and moment of inertia of net wall section]
will be the actual length less the 8-inch distance from the centroid of
t\r/]v% end bars to the end of the pier; so dUcBy, = 2'-8".
Shear Load

Lateral force, VUc¢, to Pier C = 24% of 10k

VUc¢ = 0.24 x 10k = 2400 Ibs.
Shear stress in pier C, fUvCy¢, is determined as follows:
VUc¢ 2400 Ibs

fOvCe¢, = = = 7.9 psi
tdUCv¢, 7.62" x 40"

The allowable shear stress, FUvmyg,, will be determined by equation 7-1 as
follows (assume pier fixed top and bottom):

M h  4.67' x 12"/,

- = =0.70< 1.0
VdUCv¢ 2dUCve 2 x 40"
Therefore;
LU Mg S
FOvme = _ 24- _ 2(fUm¢)AL/20
3A vd U
1 N ~
= [4-0.70] (1350)A1/2U = 40.4 psi
3

But shall not exceed: 80 - 45[M/(VdUCv¢ )]
FUvm¢, = 80 - 45(0.70) = 48.5 psi; thus FUvmy¢, = 40.4 psi
fUvc¢, = 7.9 psi < FUvm¢, = 40.4 psi x 1.33 = 53.7 psi

Therefore; no shear reinforcement is required.



Fl exural Check. Both flexural conpression and tension mnust
consi der ed.

Flexural compressive stress in Pier C, fUbC¢,, is determined as
follows:

2M
f=
bdUCb¢A2Ujk

Where:
VUC¢h  2400Ib x 4.67 x 12"/t
M = = = 67,248 in-Ib
2 2
b=7.62"

AUs¢, = 0.62 inA2U (2 = #5's)

AUs¢; 0.62inA2U
p=__ = = 0.0025
bdUCb¢, 7.62" X 32"

np = 21.5(0.0025) = 0.054; thus k = 0.28 and j = 0.907

) 2 X 67,248
fUbc¢, = =676.9 psi
7.62(32)2(0.907)(0.28)

fUbc¢, = 67.9 psi < FUbg, = 600 psi

O.K.

Flexural tensile stress in Pier C, fUsC¢,, is determined as follows:
M 67,248

fUsC¢ = = = 3737 psi
AUsgjd  (0.62)(0.907)(32)

fUsC¢, = 3737 psi < FUs¢, = 32,000 psi
O.K.

Axial Load Check. Since the maximum moment occurs at the top or the
bottom of

the pier and the axial load is maximum at the bottom of the pier, the
axial

load will be determined at the bottom of the pier. The fully grouted
weight

of the wall, wU2¢,, is 92psf.

Axial load at the bottom of Pier C = P (Ibs.)

be



PUTOTAL¢, = PUDL¢, + PULL¢, + Wall wt. to bottom of Pier C

PUTOTAL¢, = [(300 Ib/ft) + (600 Ib/ft)] (7.0 ft)
+ 92 psf[(4.67')(3.33") + (4.67)(7.0')]
= 6300 + 4438 = 10,738 Ibs.

Axial stress due to axial load in Pier C, fUaC¢, determined as
follows:

P 10,738 1bs
fUaC¢ =_ = 35.2 psi
A 7.62"x 40"

Allowable axial stress in Pier C, FUayg,, is determined as follows:
FUa¢ = (0.2 fUm¢)R
Where:
R = The stress reduction factor.
Since buckling is not a concern at the bottom of the pier, R will be
omitted
and including wind loading:
FUa¢ = 0.2 fUm¢, X 1.33
= 0.2 (1350) x 1.33 = 360 psi
fUaC¢ = 35.2 psi < FUa¢, = 360 psi
O.K.
Axial stress in Pier C due to the overturning moment of the entire
;V:rlllel, fUoC¢,, is determined as follows:
[retrieve Equation]
120,000 ft-Ib. x 1.60 ft

fUoC¢, = _ - = 5.6 psi
237.42 ftA4U x 144 inA2UftA2U

fUoC¢ =5 6 psi < FUa¢, = 360 psi
O.K.
Combined Load Check. The combined effects of flexural, axial, and

overturning
of pier C can be evaluated using the unity equation as follows:



67.9 35.2 5.6
+ + =0.23 <10
600 360 360

O K

Pier D design. The pier is reinforced with #5 bars at 24 inches o.c., so
t he

equi valent solid wall thickness is 4.1". The cross section of the pier
is 6 -

8" by 4.1" and the area assuned effective in shear parallel to the wall
face,

AUeff¢, is 49.0 inA2U/ft. The design of pier D will follow the same

procedure

as previously shown for piers B and C except for the conditions stated

herein. The resulting design stress values are as follows:

Shear Load.
Lateral force to Pier D, VUDy,, is 68.4% of 10k:
VUD¢, = 0.684 x 10k = 6840 Ibs.
Shear stress in pier D, fUvDg¢,, is determined as follows:
VUD,, 6840 Ibs.

fOvDe, = = = 20.9 psi
AUeffs, 49 inA2U/ft X 6.67 ft

The allowable shear stress, FUvmyg,, will be determined by equation 7-1 as
follows (assume pier fixed top and bottom):

M h  4.67' x 12"/ft

] = ) = =0.35<1.0
vVduDV¢, 2dUDv¢, 2x80
Therefore;
1 u ™M ¢ ] o
FOvme =_ 34-_ 3(fUm¢)AL/20
3A Vvd U
1 ~ ~
= [4-0.35] (1350)A1/2U = 44.7 psi
3

But shall not exceed: 80 - 45 [M/(VdUCv¢)]
FUvmy¢, = 80 - 45(0.35) = 64.3 psi; thus FUvmy¢, = 44.7 psi

fUvD¢, = 20.9 psi < FUvmg, = 44.7psi x 1.33 = 59.5 psi



Therefore, no shear reinforcenent is required.
Fl exural Check:

Flexural compressive stress in Pier D, fUbDy,, is determined as
follows:

2™
fUbD¢ = _
bdUDb¢ A2Ujk

Where:

vUD¢h 6840Ib x 4.67' x 12"/ft
M = = = 191,657 in-lb
2 2

b=4.1"d=80"-8"=72"
AUs¢, = 0.62 inA2U (2 - #5's)

AUs; 0.62inA2U

p= =0.0021

bd 4.1"x 72"
np = 21.5(0.0021) = 0.05; thus k = 0.27 and j = 0.91
2 x 191,657

fUbD¢, = = 73.4 psi
4.1(72)2(0.91)(0.27)

fUbD¢, = 73.4 psi < fUb¢, = 600 psi
O.K.

Flexural tensile stress in Pier D, fUsDy¢,, is determined as follows:
M 191,657

fUsD¢, = = = 4718 psi
AUs¢jd (0.62)(0.91)(72)

fUsD¢, = 4718 psi < FUs¢, = 32,000 psi

O.K.

Axial Load Check: The weight of the wall, grouted at 24 inches on
center,

wU2¢, is 69 pst.

Axial load at the bottom of Pier D, P, is determined as follows:

PUTOTALc, = [(300 Ib/ft) + 600Ib/ft)] (8.67 ft)
+ 69 psf [(4.67")(6.67") + (4.67") (8.67")]



= 7803 + 4943 = 12,746 | bs.

Axial stress due to axial load in Pier D, fUaDy,, is determined as
follows:

P 12746 lbs.
fUaD¢ = = =38.9 psi
A 4.1"x80"

fUaD¢, = 38.9 psi < FUa¢, = 360 psi (See Pier B for FUay)
O.K. o

Axial stress in Pier D stress due to the overturning of the entire
wall
panel, flUoDy¢,, is determined as follows: (See Pier B design):

~ MUo¢CUD¢, 120,000 ft-Ib. x 7.40 ft
fUoDy¢, = =

- =_ - = 26.0 psi
IlUng, 237.42 ftA4U x 144 inA2U/ftA2U

fUoD¢, = 26.0 psi < FUa¢, = 360 psi
O.K.
Combined Load Check: (Use the unity equation, see Pier B design.)
73.4 389 26.0

+ + =0.30<1.0
600 360 360

O.K.

(4) Summary. The design example solution provided above has
shown
that the assumed wall section is adequate to withstand the applied axial
and
in-plane shear loads.



CHAPTER 8
LI NTELS

8-1. Introduction. Alintel is a horizontal beam supporting | oads over
an

opening. This chapter covers the design of reinforced masonry lintels.
Rei nforced masonry lintels nust have all cores and other voids solidly
grouted. Precast reinforced concrete or structural steel lintels will be
designed in accordance with ACI 318 and the AI SC Steel Construction
Manual ,

respectively, except the deflection limts contained in this chapter

will be

followed. Torsion is not covered in this chapter. Were torsion is a
maj or

consi deration, the designer should consider precast reinforced concrete
lintels with closed |oop stirrups. The principles of this chapter nay be
used

for designing beans of reinforced masonry that are not lintels. Except
as

cont ai ned herein, design criteria, section properties, materi al
properties,

desi gn equations, and all owabl e stresses are contained in chapter 5.

8-2. Loading. In addition to its own weight, a lintel may carry

di stributed

| oads from above, both fromthe wall weight and fromfloor or roof
fram ng

The lintel may al so carry concentrated | oads fromthe fram ng nenbers
above.

a. Distributed | oads. The shape of the |oading diagramfor the
di stri buted
| oads to the lintel depends upon whether arching action of the masonry
above
t he openi ng can be assuned. \Wen arching action occurs, the lintel
supports
only the masonry that is contained within a triangle having sides which
begin
at the ends of the lintel and sl ope upward and i nward 45 degrees from
t he
hori zontal to converge at an apex above the center of the lintel. See
figure
8-1 for an illustration of this triangular lintel |oading distribution.
When
the lintel deflects into the opening over which it spans, the masonry
above
the triangle will arch over the lintel and be supported by the nore
rigid
wal |'s on either side of the opening. For the arch to be stable, both
ends of



t he opening nust have sufficient horizontal restraint to provide the
confining thrust necessary to support it laterally. Therefore, arching
action

shoul d not be considered where the end of the arch and the lintel are
near a

wal | corner, near a control or building expansion joint, or in stacked
bond

wal I s. When arching action can be assuned, the lintel will be designed
to

carry its own weight plus the weight of masonry within the triangle
above.

Where uniform floor or roof |oads are applied to the wall above the apex
of

the triangle, it will be assunmed that arching action will carry these

| oads

around the opening and not load the lintel. Wen uniformfloor or roof

| oads

are applied bel ow the apex of the triangle, arching action cannot take
pl ace

and these loads will be carried downward and applied uniformy on the
lintel.

Al so, when a uniformfloor or roof |load is applied below the apex of the
triangle, it will be assumed that all of the weight of the masonry above
t he

lintel is uniformy supported by the lintel.

b. Concentrated | oads. Concentrated | oads from beans, girders, or
trusses
framng into the masonry wall above an opening will be distributed
downwar d
fromthe apex of a triangle which is located at the point of |oad
application. The sides of this triangle nake an angle of 60 degrees with
t he
horizontal. The load is transferred as a uniform| oad over the base of
t he
triangle. This uniformload may extend over only a portion of the
lintel. See

figure 8-1 for an illustration of the distribution of concentrated | oads
on

lintels.

8-3. Allowabl e deflection. For all lintels, the total deflection will be

limted to L/600, not to exceed 0.3 inches.
8-4. Masonry lintel deflections.

a. Deflection paraneters. Wen calculating lintel deflections the
foll owi ng paraneters will be used.

(1) Span length. The assuned span for deflection calculations wll
be



t he di stance between the centers of supports, illustrated as di nension
n Lll On
figure 8-1.

(2) Monent of Inertia. The nonent of inertia for deflections wll
be the )
effective moment of inertia, IUe¢,, which will be determined as follows:

IUe¢, = (MUcr¢./MUmax¢, )A3UIUge, + [1 - (MUcr¢./MUmax¢,)A3U] IUcr¢, (inA4U) (eq
8-1)

Where:

MUmax¢, = The maximum moment in the member at the design load level,
inch-pounds.

MUcr¢, = The moment that causes flexural cracking of the lintel
section,
given in equation 8-2, inch-pounds.
~ fUr¢10g¢
MUcrg¢, = (eq 8-
2)
YUt
[retrieve Figure 8-1. Triangular and concentrated loadings on lintels]
Where:
fUr¢, = The modulus of rupture, which is provided in chapter 5.
YUt¢, = The distance from the compression face to the neutral axis
of the
lintel, inches.
IUg¢, = The moment of inertia of the uncracked lintel cross section
about o
the centroid, inA4U.
) b(hA3U)
lUg¢ =
12

b = The actual width of the lintel, inches.
h = The total depth of the lintel, in.

IUcr¢, = The moment of inertia of the cracked section of the lintel,
inA4U.

b(kd)A3U



IUcr¢, = + nAUs¢ (d - kd)A2U(inA4U) (eq 8-

Values of IUcr¢, for most masonry lintels are provided in the tables in
appendix B. For continuous members, the effective moment of inertia may
be

taken as the average of values obtained from equation 8-1 for the

critical )

positive and negative moment sections. IUe¢, will not be assumed greater
the

IUge,.
[retrieve Equation 8-4]

8-5. Bearings pressure at lintel reaction. The minimum bearing length
will be
eight inches. The minimum bearing area, AUbrg¢,, will be:

AUbrg¢, = 8b (inA2U) (eq 8-
5)

Fully grouted cores are required below the lintel bearing area. It is

reasonable to assume a triangular stress distribution when determining

the

maximum bearing stress, fUbrg¢, When this assumption is made, the maximum
bearing stress occurs at the face of the support and is determined by

the

following equation:

. (2)(RUbrg;)
fUbrge, = _ (psi)
AUbrgg¢,

Where:
RUbrg¢, = The end reaction of the lintel, Ibs.

The maximum bearing stress will not exceed the allowable bearing stress,
which is given in chapter 5. If the lintel is restrained against

rotation at

the support, a uniform stress distribution will be assumed.

8-6. Lateral support. When the tops of lintels are at the tops of walls

or

when the provisions of this chapter are used to design concrete masonry
beams

other than lintels, the compression face of the lintel or beam must be
given

lateral support. The clear distance between points of lateral support of
the



conpr ess! on face will not exceed 32 tines the |least width of the
conpr essi on
face.
3-7. Design aids. Appendi x C provides design tables to aid the designer
hgsigning masonry lintels.
8-8. Design exanpl es.
a. Design exanple 1.
(1) Gven.
(a) 8-inch CWU nonl oadbeari ng wal |
(b) wall height = 12 feet
(c) fUm¢, = 1350 psi
(d) FUm¢, = 1/3fUmy¢, = 450 psi
(e) EUmg¢, - 1000f'Umy, - 1,350,000 psi
() Type S mortar
(9) Reinforcement
fUy¢, = 60,000 psi
FUs¢ = 24,000 psi
EUs¢ = 29,000,000 psi
EUs¢ 29,000,000

(hyn=_ = =215
EOmg 1,350,000

(i) A door opening 3'-4" wide by 7'-4" high is located in the
wall as
shown in figure 8-2.

(2) Problem. Design the lintel over the door.

(3) Solution. Due to the location of the lintel within the wall
panel,
the confining end thrust necessary to provide arching action may be
assumed.
Therefore, the lintel must support its own weight plus the weight of the
triangle of masonry above the door and below the arch. Assume an 8-inch
by 8-
inch CMU lintel.



Fl exural Check

(a) Determine the maximum moment due to the loading, MUmax¢,, as
follows:

] wLA2U w'LA3U
MUmax¢, = +
8 24

[retrieve Figure 8-2. Example 1 wall elevation]
[retrieve Figure 8-3. Example 1 lintel cross section]
Where:

w = The lintel weight = 62 Ib/ft

w' = The unit weight of the masonry triangle (assume no reinforced
filled cells) = 50 psf

~ (62)(4.0)A2U (50)(4.0)A3U
MUmax¢, = + = 257 ft-Ib
8 24

(b) Determine the area of reinforcement, AUsby¢,, required to
provide a ]
balanced steel ratio, pUey,.
AUsb¢, = (pUe¢)(b)(d)
Where:
PUe¢ = 0.0027 (See table 5-9)
b = The lintel width = 7.62 in
d = The effective depth of lintel = 4.62 in
AUsb¢, = 0.0027(7.62)(4.62) = 0.095 inA2U
(c) The minimum reinforcement required above any wall opening is
1-#4
bar, AUs¢, = 0.20 inA2U.
AUs¢ = 0.20 inA2U > AUsb¢, = 0.095 inA2U; therefore; the design
section
(shown in figure 8-3) is over-reinforced and the compressive stress in

masonry will control over the tensile stress in the reinforcement.

(d) The masonry resisting moment, MUrmg¢,, is determined as
follows:



) FUm¢ kjbdA2U
MUrm¢, = ft-Ib
2(12)

Where:
k =[ (np)A2U + 2np JA1/2U - np

And;
AUsq, 0.20
p= = =0 00568
bd 7.62x4.62

So;

k = [(21.5 x 0.00568)A2U + 2(21.5 x 0.00568)]A1/2U
- (21.5 x 0.00568) = 0.387

j=1-k/3=1-(0.387/3)=0.871
~(450)(0.387)(0.871)(7.62)(4.62)A2U

MUrmg, =1028 ft-lb
2(12 in/ft)

MUmax¢, = 257 ft-lb < MUrm¢, = 1028 ft-Ib
.. . Flexure
O.K.
Deflection Check
(a) Determine the moment that causes flexural cracking of the
lintel
section, MUcr¢,, as follows:
~ fUr¢lUge
MUcr¢ = ft-Ib
YUt
Where:
fUr¢, = 2.5[SQRT]f'Um¢, = 2.5[SQRT]1350 psi = 91.8 psi
IUg¢, = (7.62)(7.62)A3U/12 = 281 inA4U
YUt¢, = 7.62/2 =3.81in
(91.8)(281)

MUcr¢, = = 564 ft-Ib
3.81(12 in/ft)

Since MUcr¢, > MUmax¢,; the lintel is not cracked, therefore 1Ugg, is
used in



lieu of IUeg,.
[retrieve Equation]
Shear Check

(a) Determine the shear loading, V, as follows:

wL W
V= +
2 2
Where:

W = The weight of the triangular shaped wall segment, Ibs.
= (50psf)(4.0ft)(2.0ft)/2 = 200 Ibs

(62)(4.0) 200

V= + =224 1b
2 2
_ (b) Determine the shear stress in the lintel due to loading,
fUv¢, as
follows:

~ VUmax,, 224
fUv¢ = = = 6.36 psi
bd (7.62)(4.62)

(c) Determine the allowable shear stress, FUv¢,, as follows:

FUv¢, = 1.0[SQRTI]f'Umg¢, = (1.0)[SQRT]1350 psi = 36.7 psi

FUv¢, = 36.7 psi > fUv¢, = 6.36 psi

... Shear

O.K.
Bearing Check

(a) Determine the maximum bearing stress, fUbrg(max)¢,, assuming
a
triangular stress distribution as follows:

) VUmax¢,
fUbrg(max)¢, =
AUDbrgg,

Where:

AUbrg¢, = The bearing area of the lintel, inA2U



=8inx 7.62in = 61 inA2U

) 2(224)
fUbrg¢ (max) = = 7.3 psi
61
(b) Determine the allowable bearing stress, FUbrge¢,, as follows:
FUbrg¢, = 0 25(f'Umyg,)
= 0.25(1350) psi = 338 psi

FUbrg¢, = 338 psi > fUbrg(max)¢, = 7.3 psi

Bearing O.K
8-5
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(4) Summary: The 8-inch x 8-inch CMJ |intel
bar is
sufficient.
b. Design exanple 2.
(1) Gven.
(a) 8-inch CWU | oadbearing wall
(b) vall height = 14 ft
(c) Uniform dead load (WUDL¢,) = 100 plf
(d) Uniform live load (WULL¢,) = 250 plf
(e) Concentrated live load (P') = 5000 Ibs
(f) fFUm¢, = 1350 psi
(9) FUm¢, = 1/3fUmy¢, = 450 psi
(h) EUm¢, = 1000f'Um¢, = 1,350,000 psi
(i) Type S mortar
() Reinforcement:
fUy¢ = 60,000 psi
FUs¢ = 24,000 psi
EUs¢, = 29,000,000 psi
EUs¢, 29,000,000

(Kn=_ = =215
EUm¢, 1,350,000

(I) A door 12 ft wide by 10 ft high is located in the wall as
shown
in figure 8-4.

(m) Assume the wall above the lintel is reinforced vertically at

32
in 0.Cc.

(n) There is a continuous 8 inch bond beam at the top of the
wall.

reinforced with 1-#4



(o) The concentrated live load, P, is located 7 ft to the right
of
the centerline of door.

(2) Problem Design the lintel to support the given dead and |ive
| oadi ngs.

(3) Solution. Since the loading is applied below the apex of the
triangle (see figures 8-1 and 8-4), arching action cannot be assuned.
The
lintel nust be designed for the full applied dead and |ive | oading
above.

Lintel Depth Determ nation
(a) The lintel depth will be determ ned so that shear
r ei nf or cenent
is not required. To establish the dead |oading, assunme a lintel depth of
24
i nches.
(b) The lintel | oadings are as foll ows:

[retrieve Figure 8-4. Exanple 2 wall elevation]
Design dead load is "w'. Unit weights of 8-inch wall are; solidly
grouted, 92
psf; and grouted at 32 inches on center, 65 psf.

W = WUDL¢, + 2Uling, + WUwallg,
Where:

WUIlin¢, = the weight of the lintel, Ibs/ft

= (92 psf)(2.00 ft) = 184 plf
WUwall¢, = (92 psf)(0.67 ft) + (65 psf)(1.33 ft)
= 62 plf + 86 plf = 148 plf

w =100 + 184 + 148 = 432 plf
Design uniform live load is WULL,,.

WULL¢, = 250 plf

Uniform distribution of the concentrated live load on the lintel,

wUp¢, is
determined as follows: (See figure 8-1 for an explanation of the terms

used
in this distribution.)



) P’ P 5000
wUp¢, = = = = 2165 plf
2h'tan [alpha] 1.155h" 1.155(2.0)

And;
a = (h'tan [alpha] + 0.5L - 0 x")
=(0.577h' + 0.5L - X
=[(0.577 x 2.0) + 0.5(12.67) - 7.0)]
=0.49 ft
(c) Determine the shear loading, V, as follows:
wULL¢L +wL + wUpga(2L - a)

V =
2 2 2L

Where:
L = The design span length of the lintel, feet.
=12.00 ft + 0.67 ft = 12.67 ft

(250)(12.67) + (432)(12.67)

V =
2 2
(2165)(0.49)[(2 x 12.67) - 0.49)]
+ = 5361 Ibs
2(12.67)

(d) Minimum lintel depth without shear reinforcement, dUreqdy,,
is
determined as follows:

) \%
dUreqd¢, =
FUv¢ (b)

Where:

FUv¢, = The allowable shear stress, psi.

= 1.0[SQRT]f'Um¢, = [SQRT]1350 Ib/inA2U = 37 Ib/inA2U

b = the actual lintel width, in.

=7.62in



) 5361
dUreqd¢, = =19.01in
(37)(7.62)

For a 24 inch deep lintel, the actual effective beam depth, dUact¢,, is
20.62
inches.

dUact¢, = 20.62 in > dUreqd¢, = 19.01 in
... 24-Inch Lintel Depth
O.K.
Flexural Check

(a) Determine the maximum moment due to loading, MUmax¢,, as
follows:

wULL¢,L WUDL¢LA2U wUp¢aA2U

MUmax¢, = + +
8 8 4
(250)(12.67)A2U (432)(12.67)A2U (2165)(0.49)A2U
= + +
8 8 4

= 13,814 ft-Ib

(b) Determine the area of reinforcement, AUsbg¢,, required to
provide a ]
balanced steel ratio, pUey,.

AUsb¢, = (pUe¢)(b)(d)
Where:

pUe¢ = 0.0027 (See table 5-9)

b = The lintel width = 7.62 inches

d = The effective depth of lintel = 20.62 inches
AUsb¢, = 0.0027(7.62)(20.62) = 0.424 inA2U

(c) The minimum reinforcing steel required above any wall
opening is o
1-#4 bar, AUs¢, = 0.20 inA2U.

AUs¢, = 0.20 inA2U < AUsb¢, = 0.424 inA2U

Try 2-#4 bars (AUs¢, = 0.40 inA2U) as shown in figure 8-5.



(d) The masonry resisting moment, MUrmg¢,, is determined as
follows:

) FUm¢ kjbdA2U
MUrm¢, =
2(12)

Where:
k =[ (np)A2U + 2np JA1/2U - np
And:
AUs;  0.40

= = 0.0025
bd (7.62)(20.62)

k =[(21.5 x 0.0025)A2U + 2(21.5 x 0.0025) JA1/2U - (21.5 x
0.0025)

=0.28
Jj=1-k/3=1-(0.28/3) = 0.906

) (450)(0.28)(0.906)(7.62)(20.62)A2U
MUrm¢, =

2(12 in/ft)

MUrm¢, = 15,411 ft-Io > MUmax¢, = 13,814 ft-Ib
O.K.

(e) The reinforcing steel resisting moment, MUrs¢,, is determined
as
follows:

~ FUs¢AUs¢jd
MUrs¢, =
12

(24,000)(0.4)(0.906)(20.62)
= = 14,945 ft-Ib

12in/ft
MUrs¢, = 14,945 ft-lb > MUmax¢, = 13,814 ft-Ib
... Flexure
O.K.
[retrieve Figure 8-5. Example 2 lintel cross section]

8-8
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Note: Steel governed the design. Also, note MUrm¢, and MUrs¢, could have
?;k%?] from appendix C, table C-9.
Deflection Check
_ (a) Determine the moment that causes flexural cracking of the
Islgt:et:on, MUcr¢,, as follows:
~ fUrel0ge
MUcr¢, =
YUt
Where:
fUr¢, = 2.54[SQRT]f'Um¢, = 2.5[SQRT]1350 Ib/inA2U = 91.8 Ib/inA2U
IUg¢, = (7.62)(23.62)A3U/12 = 8368 inA4U
YUt¢ =23.62/2 =11.81in
(91.8)(8368)

MUcr¢, = = 5420 ft-b
(11.81)(12 in/f)

Since MUcr¢, < MUmax¢; the lintel is cracked, therefore the effective
moment of inertia, IUe¢,, must be computed as follows:

IUe¢, = (MUcr¢./MUmax¢ )A3UIUg¢, + [1 - (MUcr¢/MUmaxg,) ] IUcre,
Where:
IUcr¢, = The moment of inertia of the cracked section, inA4U
) b(kd)A3U ) o
IUcr¢, :3 + nAUs¢ (d - kd)A2U inA4U

7.62(0.28 x 20.62)A3U
= + 21.5(0.4)[20.62 -

(0.28)(20.62)]A20
3

= 2384 inA4U

Note. IUcr¢, could be taken from table C-9.



U 5420 ¢3 U U 5420 ¢3 ¢
Ue¢, =3 3(8368)+31-3 3 3(2348) =
2745
A 13,814 U A A 13814 U U

[retrieve Equation]

Since the line of action of the concentrated load is located off the
lintel

span and the vertical height of the distribution triangle is only 2
feet, the

effects of the concentrated load on the centerline deflection is
negligible

and will be ignored.

[retrieve Equation]
[retrieve Equation]
Bearing Check. )
(a) Determine the maximum bearing stress, fUbrg(max)¢,, assuming
a
triangular stress distribution as follows:
) VUmax¢,
fUbrg(max)¢, =
AUDbrgg,
Where:
AUbrg¢, = 8inx 7.62 in = 61 inA2U
) 2(5361) o
fUbrg(max)¢, = =176 Ib/inA2U
61

(b) Determine the allowable bearing stress, FUbrge¢,, as follows:

FUbrge = 0.25(FUm¢) = 0.25(1350 Ib/inA2U) = 337 Ib/inA2U

FUbrg¢, = 337 Ib/inA2U > fUbrg(max)¢, = 176 Ib/inA2U
... Bearing
O.K.

(4) Summary. The 8-inch x 24-inch CMU lintel reinforced with 2-#4
bars
is sufficient.

c. Design example 3.



(1) Gven.
(a) 8-inch CWU | oadbearing wall
(b) Vall height = 12 ft
(c) wall panel length = 30 ft
(d) Uniform roof live load (WULL¢,) = 600 lb/ft
(e) Uniform roof dead load (WUDL¢) = 160 Ib/ft
() Type S mortar
(g) fUm¢, = 1350 psi
(h) FUm¢, = 1/3fUmy¢, = 450 psi
(i) EUm¢, = 1000fUmy¢, = 1,350,000 psi
() Reinforcement:
fUy¢ = 60,000 psi
FUs¢ = 24,000 psi
EUs¢ = 29,000,000
EUs¢ 29,000,000

Kn=_ = =215
EOmg 1,350,000

(I) Two doors, 12-feet wide by 10-feet high, are located in
the
wall as shown in figure 8-6.

(2) Problem. Design the lintel over the doors.

(3) Solution. The three masonry courses above the opening will
be
solidly grouted and used as the lintel. The masonry lintel will be
analyzed
as a braced frame member. The ACI 318 moment and shear coefficients will
be
used to determine the approximate design moments and shears. Flexure
Check.
The masonry frames meet all of the requirements of ACI 318 which allows
the
use of the approximate method. Determine the maximum moment envelope
using
the ACI 318 moment coefficients.



(a) Determne the maxi mum negative noment at the face of the
interior support, MUsi¢,, as follows:

~ WuUtot¢ LA2U
MUsi¢, =
9
Where:
WUtot¢, = w + wUDL¢, + wULL,

And;
w = The lintel weight, Ib/ft

= (92 psf)(2 ft) = 184 Ib/ft
wUtot¢, = 184 + 150 + 600 = 934 plf
[retrieve Figure 8-6. Example 3 wall elevation]

~(934)(12 f)A20
MUsi¢, = 14,944 ft-Ib

(b) Determine the maximum negative moment at the interior face
of the )
exterior support, MUse¢,, as follows:

- wUL¢A2U  (934)(12)A2U
MUse¢, = = = 8,406 ft-lIb
16 16

(c) Determine the maximum positive moment, MUsmyg,, as follows:

~ WULGA2U  (934)(12)A2U
MUsmg¢, = = = 9,607 ft-Ib
14 14

Note. The maximum negative moment at the face of the interior support,
MUsig,
= 14,944 ft-b, governs the flexural design.

(d) Determine the area of reinforcement, AUsbg¢,, required to
provide a ]
balanced steel ratio, pUey,.

AUsb¢, = (pUe¢)(b)(d)
Where:

pUe¢ = 0.0027 (See table 5-9)



b The lintel width = 7.62 in

d

The effective depth of lintel = 20.62 in
AUsb¢, = 0.0027(7.62)(20.62) = 0.424 inA2U

(e) The minimum reinforcing steel required above any wall
opening is o o ) o
1-#4 bar, AUs¢, = 0.20 inA2U. AUs¢, = 0.20 inA2U < AUsb¢, = 0.424 inA2U

Try 2-#4 bars (AUs¢, = 0.40 inA2U) as shown in figure 8-7.

(f) Obtain the masonry resisting moment, MUrm¢,, and the
reinforcing )
steel resisting moment, MUrs¢,, from table C-9:

MUrmg, = 15,448 ft-Ib
MUrs¢, = 14,954 ft-lb
Note. The reinforcing moment, MUrsg¢,, governs the design.

MUrs¢, = 14,954 ft-Ib > MUsi¢, = 14,944 ft-Ib
... Flexure
O.K.

(9) The steel reinforcement detailing should be as described
below
and shown in figure 8-6. Since the reinforcement in the top of wall bond
beam
is required to be continuous, as a diaphragm chord, bar cutoffs
locations
need not be considered. Frame action must be maintained at the corners,
SO
corner bars will be used.

[retrieve Figure 8-7. Example 3 cross section]
Deflection Check.

(a) The effective moment of inertia, IUe¢,, is determined as
follows:

IUe¢, = (MUcr¢./MUmax¢)A3UIUge, + [1 - (MUcr¢./MUmax¢,)A3U]IUcry,

Where:
~ fUr¢lUge,
MUcrg, =
YUt

And;



fUr¢ = 2.5[SQRTIfUm¢, + 2.5[SQRT]1350 Ib/inA2U = 91.8 Ib/inA2U
IUg¢, = (7.62)(23.62)A3U/12 = 8368 inA4U
YUt¢ =23.62/2 =11.811n

(91.8)(8368)

MUcr¢, = = 5420 ft-Ib
11.81(12 in/ff)

IUcr¢, = The moment of inertia of the cracked section, inA4U
IUcr¢, = 2,393 inA4U (From table C-9)

MUmax¢, = The maximum applied moment, ft-Ib. (Use the average of
the
maximum negative moment, MUsi¢,, and the maximum positive moment, MUsig,,
in
computing IUe,.

14944 + 9607

MUmax¢, = = 12276 ft-Ib
2
- U_ 5420 ¢3 U U 5420 ¢3 ¢ o
IUec =3 __ 3(8368)+31-3 _ 3 3(2383) = 2889 inA4U
A 12276 U A A 12276 U U

IUe¢, = 2899 inA4U < IUg¢, = 8368 inA4U; Therefore use 1Ue¢, in the
deflection equations.

[retrieve Equation]

Note. This equation was derived using the conjugate beam method and is
the

general expression for the elastic mid-span deflection for a uniformly
loaded

span with unequal end moments. The shear and moment diagrams for the
load

case that produces maximum dead load deflection are shown in figure 8-8.

Where:
MUsmy¢, = The positive moment at mid-span, ft-Ib
w(0.049L)A2U

= MUmaxg, - = 0.377 WLA2U
2

And;

MUmax¢, = The maximum positive moment in the span, ft-lb



wLA2U w(0.451L)A2U

=- - = 0.0389 wLA20
16 2
, (0.049L)A20Uw o
MUsm¢, = 0.038wLA2U - =0.0377 wLA2U
2

= 0.0377(33)(12)A2U(12 in/ft) = 21,758 in-lb

1
MUse¢ = (334)(12)A2U(12 in/ft) = 36,072 in-lb
16

1
MUsi¢, = (334)(12)A2U(12 in/ft) = 64,064 in-lb
9

U_ _¢
3 5(12)A2U(144 inA2U/ftA20) 3
[DELTA]Uml¢, = (3) 3 3

3 48(1,350,000)(2899) 3
A U

U_ 1 i

x321,758 - (36,072 + 64,062) 3 =
0.018in
A 10 U

[retrieve Figure 8-8. Dead load shear and moment diagrams]
[retrieve Equation]
Note. The shear and moment diagrams for the load case that produces
maximum
live load deflection are shown in figure 8-9.
Where:
(0.451L)A2Uw (0.049L)A2U

MUsmyg, = - 0.03wLA2U + -
2 2

= 0.072wLA2U = 0.071(600)(12 ft)A2U(12 in/ft)
= 73,613 in-Ib

Note. MUmax¢, was assumed to be located at the same point on the beam as
determined from the dead load analysis. This is an approximate method of



determ ning the shear and nonent diagrans, and is reasonably accurate.
The

desi gner may decide to nake anot her reasonabl e assunption or use a nore
accurate nmethod of analysis, but the difference in the results will be
smal | .

[retrieve Equati on]
[retrieve Figure 8-9. Live |oad shear and nonent diagrans]
Shear Check.
(a) Determine the shear stress in the lintel, f{Uv¢,, using the
?rfzar coefficients as follows:
Vv
fUv¢ =

bd

The shear stress at the face of the first interior support, fUvl¢, is
determined as follows:

- VU1,
fUvle =
bd
Where:
VU1¢, = The shear force at the first interior support, Ib
= 1.15wL/2 = 1.15(934)(12)/2 = 6445 Ib
vU1,, 6445

fUvle = = = 41.02 Ib/inA2U
bd (7.62)(20.62)

The shear stress at the face of the exterior support, fUv2¢,, is
determined as

follows:
Where: )
'A% 22
fuv2¢ =
bd

VU2¢, = The shear force at the exterior support, Ib
= wL/2 = (934)(12)/2 = 5604 Ibs

) vU2¢ 5604 o
fuv2¢ = = = 35.7 Ib/inA2U




bd (7.62)(20.62)
Note. The shear stress at the first interior support governs the design.
So; fUv¢, = fUvl¢ = 41.02 Ib/inA2U
(b) Determine the allowable shear stress, FUvg,, as follows:
FUv¢, = 1.0[SQRTI]f'Um¢, = [SQRT]1350 Ib/inA2U = 36.7 Ib/inA2U

fUv¢, = 41.02 psi > FUv, = 36.7 psi; Therefore, shear reinforcement is
required in the beam at the interior support. Since fUv¢, > 20 psi and
there

is required negative reinforcement, web reinforcement must be provided
to

carry the entire shear for a distance of one-sixteenth the clear span
beyond

the point of inflection. The allowable shear load based on 20 psi,
VUallowg,,

Is:

VUallow¢, = (20)(7.62)(20.62) = 3142 Ib
[retrieve Figure 8-10. Location of web reinforcement in lintel]

VU2¢ = 5604 Ib > VUallow¢, = 3142 Ib; Therefore, web reinforcement is
required
at both ends of the span.

(c) The area of the shear reinforcement required, AUv¢,, is
determined
as follows:

~ VUL:s
AUv¢ =
FUs¢d
Where:
FUs¢, = The allowable stress in the steel, psi
= 24,000 psi
s = The spacing of the shear reinforcement, in inches. The
spacing
of shear reinforcement should not exceed d/2 nor 24 inches. The maximum
spacing, SUmax¢,, of the shear reinforcement is:

SUmax¢, = d/2 = 20.62 in/2 = 10.31 in

Use s = 8 in (modular in reinforcement CMU)



) (6445 1b)(8 in)
AUv¢ =
(24,000 psi)(20.62) in

=0.104 inA2U

Use 1-#3 bar (AUv¢, = 0.11 inA2U), with web reinforcement provided
starting
at 4 inches from the face of the support, spaced at 8 inches on center,
to
the first 8-inch module beyond the inflection point plus one-sixteenth
of the
span as shown on figure 8-10.

(d) When all of the shear is resisted by the reinforcement the
maximum allowable shearing stress, Max FUv¢,, must be checked as follows:

Max FUv¢, = 3[SQRT]f'Umy¢, not to exceed 120 psi
= 3[SQRT]1350 Ib/inA2U = 110 Ib/inA2U < 120 Ib/inA2U
Use Max FUv¢, = 110 Ib/inA2U

fUv¢, = 41.02 Ib/inA2U < Max FUv¢, = 110 Ib/inA2U
... Shear
O.K.

(e) Since the top of the lintel is the top of the wall, the top
face
compression region of the lintel must be given lateral support. The
maximum )
distance between points of lateral support, 1Uc¢,, is determined as
follows:

1Uc¢ = 32(b) = 32(7.62) = 244 in = 20.33 ft

(4) Summary. The 8-inch by 24-inch CMU lintel with 2-#4 bars top
and
bottom and 1-#3 @ 8" o.c. shear reinforcement located as shown in figure
8-10
is sufficient. The top of the lintel must be laterally supported at a
maximum
spacing of 20 feet.



CHAPTER 9
COLUMNS AND PI LASTERS

9-1. Introduction. This chapter covers the design of reinforced masonry
colums and pilasters. These structural elenents are defined by their
sectional configurations and heights. A masonry colum is a verti cal
conpressi on nenber whose hei ght exceeds three tines its thickness and
whose

width is less than one and one-half tinmes its thickness. Figure 9-1
shows an

i sol ated CMJ col um supported by a spread footing. A masonry pilaster is
a

vertical nmenber of uniformcross section built as an integral part of a
wal

whi ch may serve as either a vertical beamor a colum or both. A

pi | aster

projects fromone or both faces of an unreinforced wall and usually
proj ects

in areinforced wall. Figure 9-2 shows details of a typical reinforced
cwJ

pilaster. Pilasters are designed simlar to colums except that
pilasters are

|aterally supported in the direction of the wall, while colums are
typically

unsupported in both directions. CGeneral design criteria, section
properties,

and al | owabl e stresses used but not contained herein are covered in
chapt er

5.

9-2. M ninmumrequirenents.

a. Limting dinmensions. The | east nom nal dinmension of a masonry
col um or
pilaster will be 12 inches, except that 8 inches m ni num may be used
provi ded
the axial stress is not nore than one-half the all owabl e axial stress.

b. Vertical reinforcenent. The vertical reinforcenent will not be
| ess
than 0.005AUg¢, nor more than 0.04AUg¢,, where AUgy;, is the gross area of
the
column or pilaster in square inches. A minimum of four No. 4 bars will
be
used. Bar lap splice lengths will be sufficient to transfer the design
loads
in the reinforcement, but not less than 48 bar diameters.

c. Lateral ties. All longitudinal bars for columns or pilasters will
be



encl osed by lateral ties. The mninumlateral tie size will be #2 bars
for #7

or smaller vertical reinforcement and #3 bars for |arger vertical
reinforcenent. The ties will be spaced not nore than 16 bar dianeters,
48 tie

di aneters, or the

[retrieve Figure 9-1. Isolated concrete masonry col umm]

[retrieve Figure 9-2. Concrete masonry pilaster with continuous bond
bean

| east nom nal dinension of the colum or pilaster. Lateral ties will be
in

contact with the vertical steel and not in the horizontal masonry bed

j oi nts.

Ties will be arranged such that every corner and alternate |ongitudinal
bar

will be laterally supported by the corner of a lateral tie with an

i ncl uded

angl e of not nore than 135 degrees or by a hook at the end of the tie.
Bar s

whi ch are unsupported by lateral ties will be spaced no further than 6
i nches

froma laterally supported bar. Hooks at the end of ties will turn a

m ni mum

of 135 degrees plus an extension of at |east 6 |ongitudinal bar

di aneters,

but not less than 4 inches at the free end of the tie. Lateral ties
shal | be

pl aced not |less than 1-1/2 inches nor nore than 3 inches fromthe top of
t he

colum. Additional ties of three #3 bars shall be placed within the top
5

i nches of the columm or pilaster.

9-3. Loadings. Colums and pilasters nust withstand all applied verti cal
(axial) loads and in sone instances, exterior pilasters (or colums when
| ocated between | arge doors, etc.) must also withstand | ateral w nd or
sei sm c | oads.

a. Axial loads. Vertical (axial) loads usually result from
concentrat ed
reactions inposed by beans, girders, or trusses which support dead and
live
| oads frombuilding floor or roof systens and rest on the col umm or
pi |l aster.
I n addi tion, bending stresses in the colum or pilaster will result when
t he
axial loads are not applied at the centroid of the colum or pilaster.
The



resulting bending nonent will be the axial load, "P", multiplied by the
eccentrically of the load with respect to the centroid, "e".

b. Lateral (wind) |oads. Pilasters are in fact vertical wall
stiffeners

and will, due to this stiffness, attract lateral wind or seismc | oads
from
t he adj acent wall panels. Wen the adjacent wall is designed and

detailed to

span horizontally between pilasters, it nust be assuned that the

pi | aster

will carry the entire lateral |oad. However, when the wall panels
contain a

significant anount of vertical reinforcenent as well as horizontal bond
beans, |ateral |oads on the panels will be carried both vertically by
t he

wal | panel to the supporting roof or floor systens above and bel ow and
hori zontally by the pilasters. The proportion of the lateral |oad
transferred

in each direction will depend upon the fixity or restraint at the panel
edges, the horizontal to vertical span ratio, and the distribution of

t he

applied |l oads. Curves are available in NCVA TEK No. 24 which provide
coefficients that approximate the proportion of wi nd | oads on wall
panel s

that are transferred horizontally to the pilasters.

c. Conbi ned axial and bending Masonry colums and pilasters wll be
designed for the conbined effects of axial conpressive (or tensile)
stresses
and flexural stresses. Al appropriate |oad conbinations

wi |l be investigated. Wen the entire colum or pilaster cross sectional
area

is in conpression; i.e., the axial conpressive stress is greater than

t he

bending tensile stress; the entire cross section remains in conpression
and

the section properties will be based upon what is ternmed the "uncracked
section”. This condition occurs when the virtual eccentricity, eUvg,, is

less

than or equal to 1/6 of the thickness, t, of the member. eUvy, is defined

as

the ratio of the moment, M, to the axial load, P. Figure 9-3 shows the

uncracked section with three loading conditions where eUvg, is less than

or

equal to t/6. When the flexural tensile stresses exceed the axial

compressive

stresses (eUvg¢, exceeds t/6) and the edge of the compressive stress block

is

at or outside the location of the reinforcing steel, the stress

distribution



is as shown in figure 9-4a. This condition, where the section is cracked
but

the reinforcing steel is not in tension, is not a consideration when the
unity equation (equation 9-8) is used for design of conbined stresses.
It is,

however, a point used in the devel opnment of the interaction diagramfor
a

masonry pilaster or colum. Wen the flexural tensile stresses exceed

t he

axi al conpressive stresses, a portion of the cross section is cracked
and the

design cross sectional properties are based upon a reinforced nmasonry
"cracked section"” as shown in figure 9-4(b). Since it is assuned that

t he

masonry will not resist tension, the reinforcenment nust resist al
tensile

forces. The design will be governed by the conpressive stresses (axi al
and

flexural) developed within the masonry section or by the flexural
tensile

stresses developed in the reinforcenment. The conbi ned | oading effects
will be

considered in the design by using the basic unity interaction equation
gi ven

later in this chapter

d. Reaction |location. Special consideration will be given to the
effects
created by the type and connection conditions of the nmenbers (beans,
gi rders,
trusses, etc.) supported by the masonry columm or pilaster. If these
menbers
are not restrained against rotation, the resulting reaction will tend to
nove
toward the edge of the support, increasing the eccentricity of the
reaction.
When a beam supported on a bearing plate is subject to rotation under
| oadi ng, the vertical resultant reaction will be assuned at the third
poi nt
of the bearing plate, as shown in figure 9-5(a). Wen a supported nenber
di splays very little rotation, due to its stiffness or continuity with
ot her
supported nenbers, the load will be nore uniformly distributed over the
length of the plate, and the resulting reaction may be assuned to act at
t he
center of the bearing plate, as shown in figure 9-5(b).

[retrieve Figure 9-3. Uncracked section]
[retrieve Figure 9-4. Cracked section]

9-4. Ceneral behavior. The behavior of colums and pil asters under axi al



| oadi ng i s dependent upon the cross sectional capacity of the col um
materials and the lateral stability of the colum. Figure 9-6
illustrates

this relationship between capacity and stability. In very short colums
crushing failure occurs as the result of the | oad exceeding the ultinmate
material strength and stability does not becone a design consideration.
For

nost columms, inelastic deformation of the materials occurs on sone
portion

of the columm cross section before general columm buckling occurs.
Nonet hel ess, the all owabl e conpressive stresses used during for design
of the

cross section are reduced to account for potential instability of the
col um.

For long sl ender colums, elastic buckling failure will occur before any
mat eri al reaches the yield state.

a. Effective height. The assuned behavi or of columms and pilasters is
a
function of the slenderness of the nenber. The sl enderness is expressed
as
the ratio of the effective height, h', to the radius of gyration, r. h
IS
the product of the clear height of the colum, h, and the factor, K
whi ch
considers the effects of colum end restraint and whether or not |ateral
defl ection (sidesway) occurs at the top of the colum. Values of K are
provided in table 9-1. Since pilasters act as stiffening elenents within
a

wal |, they can be considered laterally supported in the direction
parallel to

t he plane of the wall. However, slenderness effects nust be considered
in the

direction perpendicular to the plane of the wall, and the design for

t hat

direction will be based on the effective wall height.

[retrieve Figures 9-5 and 9-6. Reaction |ocations of beans and trusses
and

Load carrying capacities of colums vs.
Kh/r]

9-5. Design procedures.

a. Axial conpressive stress. In the design of masonry colums and
pilasters, the compressive stress, fUa¢,, is determined as follows:

P
fUa¢, = (psi) (eq 9-
1)
AUe¢,



Wher e
P = The applied axial |oad, IDbs.
AUe¢, = The effective transformed area of the column (or
pilaster) o
based on actual cross sectional dimensions, inA2U.
[retrieve Table 9-1. K factors for columns and pilasters]
AU3¢, = [bt + (n - 1)AUs¢]

b = The actual width of the column or pilaster, inches.

t = The least actual thickness of the column or pilaster,
inches.

n = Modular ratio.
= EUs¢/EUmg,
EUs¢, = The modulus of elasticity of the reinforcing steel, psi.
EUs¢ = 29,000,000 psi.
EUm¢, = The modulus of elasticity of the masonry, psi.
EUm¢, = 1000f'Umy¢, for CMU.
fUm¢, = The compressive strength of masonry, psi.
AUs¢, = The cross-sectional area of reinforcing steel, inA2U.
b. Allowable axial compressive stress. The allowable axial
compressive )
stress for masonry columns and pilasters, FUag¢,, is as follows:
FUa¢, = [0 18fUmg¢, + 0.65(pUg¢ )(FUsce)IR] (psi) (eq 9-
2)
Where:
pUg¢ = The ratio of the cross-sectional area of the
reinforcement to
the gross area of the masonry section based on actual dimensions.
PUg¢, - AUs¢/AUg¢,
AUg¢ = The gross area of masonry section based on actual
dimensions,
inA2U.

FUsc¢, = Allowable compressive stress in steel, psi.



= 0.4fUy¢,

R = The stress reduction factor

U h ¢3
R=1-3 3
A_40tUn¢ U

tUn¢, = Least nominal thickness of column or pilaster, inches.

Note. FUa¢, may be increased by a factor of 1.33 when wind or seismic
loads
are considered.

In equation 9-2, the "0.18f'Um¢," is the allowable axial compressive
stress

provided by the masonry and the "0.65pUg¢ FUsc¢" is the allowable
compressive

stress added to the section by the vertical reinforcement. The

third term, R, reduced the stress to the point where buckling will not
occur.

R also accounts for the increase in moment due to lateral deflection or
the

P-Delta effect.

c. Flexural compressive stress. The computed flexural compressive
stress,
fUb¢, is computed as follows:

For an uncracked section (fUa¢, </ = fUbg¢);

2™
fUb¢, = (psi) (eq 9-3)

btA2U
Where:
M = The computed bending moment, inch-Ibs.
For a cracked section (FUa¢, < fUb¢);
2™
fUbe=_ _ (psi) (eq 9-4)
bdA2Ujk
Where:
d = The effective depth of the flexural section measured from

the
extreme compression fiber to the centroid of the tension reinforcement,



i nches.

k
dept h, d.

The ratio of the depth of the conpressive stress to the

The ratio of the di stance between the centroid of the

]
f | exural
conpressive forces and the centroid of the tensile forces to the depth,
d.

j =1 - ki3.

d. Allowable flexural conpressive stress. The allowabl e flexural
compressive stress for masonry columns and pilasters, FUbg,, is
determined as
follows:

FUb¢, = 0.33fUmy¢, (psi) (eq 9-5)
If fUm¢, = 1,350 psi; Then FUb¢, = 0.33(1,350) = 450 psi

Note. FUb¢, may be increased by a factor of 1.33 when wind or seismic
loads
are considered.

e. Flexural tensile stress. When tension reinforcing is required, the
steel tensile stress, fUs¢,, will be determined as follows:

M
fUs¢, = _ (psi) (eq 9-6)
(AUst¢)(j)(d)

Where:

AUst¢, = The cross sectional area of the reinforcing steel that is
considered
in tension only, psi.

f. Allowable flexural tensile stress. The allowable tensile stress in

reinforcing steel, FUs¢,, when the yield strength of the reinforcement is
equal to or greater than 60,000 psi is:

FUs¢ = 24,000 (psi) (eq 9-7)
Note. FUs¢, may be increased by a factor of 1.33 when wind or seismic
loads
are considered.

g. Combined loading. Members subjected to combined axial and flexural
stresses will be designed by the basic interaction equation as follows:

fUa¢ fUb¢



) o+ </ =1.0
FUa¢ FUbg

Note. When FUa¢, and FUbg, are increased by 1.33 for wind or seismic
loads, the

resulting design will be not less than the design determined using dead
and

live loads only. Load interaction methods based on accepted principles
of

mechanics may be used in lieu of equation 9-8.

h. Design considerations. The design of masonry columns or pilasters
will
consider the maximum loading conditions at the top of the member; at (or
near) mid-height of the member, where the maximum bending will usually
occur;
and at the bottom of the member. Normally, masonry columns or pilasters
will
be given lateral support at the top by roof or floor system members and
will
be connected to the foundation below with reinforcing dowel bars. For
this
condition, the conservative assumption is made that the tops and bottoms
of
the members are simple supports. When other support or fixity conditions
exist, calculations will be based on established principles of
mechanics. At
the top of a column or pilaster, a combination of the axial load, P, the
eccentric moment, Pe, and any other loads and moments present will be
considered. When determining FUay, at the top of the member, the load
reduction factor need not be considered. At (or near) the mid-height of
a
column or pilaster, a combination of axial load, P, the eccentric
moment,
approximately Pe/2, the lateral load moment, and any other loads and
moments
present will be considered. At mid-height, the P-Delta effect is at its
maximum, thus FUa¢, will be reduced by the load reduction factor, R.
Since
some value of lateral loads and lateral load moments will generally act
in
either direction on the member, the maximum combination of axial load,
eccentric moment at the mid-height, moments created by lateral loads
acting
in either direction will be considered.

9-6. Design Example. The following design example illustrates a
procedure for

designing reinforced masonry pilasters. The design of reinforced masonry
columns is very similar and will follow the same procedure except that
stability in both directions must be considered in column design.

(eq 9-8)



a. Gven.
(1) Truss end reaction (P) = 40 kips
(2) Eccentricity (e) = 2 inches.
(3) Height of pilasters (h) = 16 feet
(4) Spacing of pilasters = 25 feet
(5) Lateral wind load on wall (w) = 20 psf
(6) The wind | oading, w, acts both i nward and outward.
(7) Masonry:
Type S nortar
fUm¢, = 1350 psi
FUm¢ = 0.33fUmg¢, = 450 psi
EUm¢, = 1000f'Um¢, = 1,350,000 psi
(8) Reinforcement:
fUy¢ = 60,000 psi
FUs¢ = 24,000 psi
EUs¢, = 29,000,000 psi
EUs;, 29,000,000

©n=_ = =215
EOm¢ 1,350,000

b. Problem. Determine the pilaster size and vertical reinforcement.

c. Solution. The pilaster must be designed to resist the given
eccentric
axial load in combination with the lateral wind load. The design must be
checked at the top and at the mid-height of the pilaster to determine
the
critical section. The design procedure is to select an economical
pilaster
cross section and check the selected section for the required loading
conditions.

(1) Assumptions.



(a) The wall spans horizontally between pilasters and all

| at er al
| oading on the wall is transferred to the pilasters.

(b) The pilasters are pinned at top and bottom

(c) The initial pilaster cross section wll be 16 inches by 16
i nches

with 6-#9 vertical bars as shown in figure 9-7.
(2) Check the m ninum and maxi mum rei nforcenent requirenents.
AUs¢, = The area of reinforcement, inA2U
= 6(1.00 inA2U) = 6.00 inA2U
AUg¢, = The gross area of the pilaster, inA2U
= bt
Where:
b = The actual width of the pilaster = 15.62 in.
t = The actual thickness of the pilaster = 15.62 in.
AUge¢ = (15.62 in)(15.62 in) = 244 inA2U
[retrieve Figure 9-7. Trial section]

(a) The minimum reinforcement, AUsMIN¢,, is determined as
follows:

AUsMIN¢, = 0.005AUg¢, = (0.005)(244) = 1.22 inA2U

AUs¢ = 6.00 in > AUSMINg, = 1.22 inA2U

O.K.
(b) The maximum reinforcement, AUSMAX¢,, is determined as
follows: ) o
AUSMAX¢, = 0.04AUg¢, = (0.04)(244) = 9.76 inA2U
AUs¢, = 6.00 inA2U < AUSMAX¢, = 9.76 inA2U
O.K.

(3) Check the assumed pilaster for the given loadings at the top.

(a) The eccentric moment at the top, MUeccTy,, is determined as
follows:



MUeccT¢, = Pe = 40(2) = 80 in-kips

(b) The axial compressive stress, fUag¢,, is determined as
follows:

P P
fUa¢ = = _
AUe¢ [bt+ (n-1)AUs¢]

40 k (1000 Ib/k)
= 109

[244 inA2U + (21.5 - 1)6.00 inA2U]

(c) The allowable compressive stress, FUag,, is determined as
follows:

FUa¢, = [0.18fUmg¢, + 0.65 pUg¢ FUsc¢ R
Where:

pUg¢ = AUs¢/AUgc,

= (6.00 inA2U)/(244 inA2U) = 0.0246

R = The stress reduction factor. (Note. R is one at top of
pilaster
since stability is not a consideration.)

FUa¢, = [0.18(1350) + 0.65(0.0246)(24,000)]1.0 = 627 psi

fUa¢, = 109 psi < FUag, = 627 psi
O.K.

(d) The flexural compressive stress, fUb¢, is determined as
follows
(Note: Assume a cracked section):

~ 2MUeccTy,
fUb¢ = _
bdA2Ujk

Where:

d=15.62in-35in=12.12in;used =12 in.

AUsT¢, = The area of the reinforcement that is in tension, which
is 3-
#9 bars.

AUsT,, = 3(1.00 inA2U = 3.00 inA2U



p = AUsT¢/bd = 3.00 inA2U/(15.62 in x 12 in) = 0.016
np = 21.5(0.016) = 0.344

U_ ¢ 12
k=32np + (np)A2U3 -np

A _u

_ _¢li2

2(0.344) + (0.344)A2U 3 - 0.344 = 0.554
A U

w &

J=1-k/3=1-(0.554/3) = 0.815

~2(80 in-kips)(1000 Ib/kips)
fUb¢= _ =158 psi
(15.62 in)(12 in)A2U(0.815)(0.554)

fUb¢, 158 psi < FUm¢, = 450 psi
O.K.

(e) Check combined axial and bending compressive stresses using
the
unity equation. When checking for flexural compression, the unity
equation
(equation 9-8) becomes:

fUa¢ FUbg
+ <1.0
FUa; FUmg
109 158
+ =0.17+0.35=0.48<1.0
627 450

O.K.

(4) Check the assumed pilaster for the given loadings at mid-
height.

(a) The eccentric moment at mid-height, MUeccM¢,, is determined
as
follows:

MUeccM¢, = Pe/2 = 40(2)/2 = 40 in-kips
(b) The wind loading moment at mid-height, MUwindy,, is

determined as
follows:



) (w)(h)A2U
MUwind¢, =
8

(20 psf)(25 ft) 16 f)A2U (12 in/ft)
= = 192 in-kips

8 (1000 Ibs/kip)

(c) The total moment at mid-height, MUtot¢,, is determined as
follows:

MUtot¢, = 40 + 192 = 232 in-kips

(d) The axial compressive stress, fUag,, is determined as follows
(Note: The weight of the top half of the pilaster is added to P):

P P
fUa¢ = = _
AUe¢ [bt+ (n-1)AUs¢]

Where:

(244 inA2U)(16 ft)(0.150 k/ftA3U)
P=40+ = 42 kips
(2)144 inA2U/ftA2U

) 42 k (1000 Ib/k)
fUa¢, = - - =114 psi
[244 inA2U + (21.5 - 1)6.00 inA2U]

(e) The allowable compressive stress, FUa¢,, is determined as
follows:

FUa¢ = [0.18fUm¢, + 0.65 pUge, FUsce] R
= [0.18(1350) + 0.65(0.0246)(24,000)]R = 627(R) psi

Where:

— ¢
U_ (16 f)(12in/ft) _¢3 @

=31-3 3 3
3 A_ 40(16in) _U 3

A _u

So;

FUa¢, = 627 psi (0.973) = 610 psi



fUa¢, = 114 psi < FUa¢, = 610 psi
O.K.
() The flexural compressive stress, fUbg,, is determined as
follows
(Note: Assume a cracked section):
~ 2MUtot;,
fUb¢g = _
bdA2Ujk
Where:
d=15.62in-35in=12.12in;used =12 in.
AUsT¢, = The area of the reinforcement that is in tension, which
is 3-
#9 bars.
AUsT¢, = 3(1.00 inA2U) = 3.00 inA2U
p = AUsT¢/bd = 3.00 inA2U/(15.62 in x 12 in) = 0.016
np = 21.5(0.016) = 0.344
U_ _el2

k=32np + (np)A2U 3 -np
A_ U

w C

_ 12
32(0 344) + (0.344)A2U 3 - 0.344 = 0.544
A_ U

J=1-k/3=1-(0.554/3) = 0.815

) 2(232 in-kips)(1000 Ib/kips)
fUb¢ = - = 457 psi
(15.62 in)(12 in)A2U(0.815)(0.554)

fUb¢, = 457 psi < FUmg¢, = (450 psi)(1.33) = 600 psi
O.K. -

(g) Check the adequacy of section using only the axial load and
the
moment created by its eccentricity (without the 1/3 increase in
allowable )
stresses for wind loading). The flexural compressive stress, fUb¢,, is
determined as follows (Note. Assume a cracked section):



~ 2MUeccT¢
fUbg =
bdA2Ujk

Where:
MUeccT¢, = Pe/2 = 40(2)/2 = 40 in-kips
2(40 in-kips)(1000 Ib/kips)

fUbe¢, = _ =79 psi
(15.62 in)(12 in)A2U(0.815)(0.554)

fUb¢, = 79 psi < FUm¢, = 450 psi
O.K.

(h) Check combined axial and bending compressive stresses using
the
unity equation. When checking for flexural compression, the unity
equation
(equation 9-8) becomes:

fUa¢ fUbg
i +_ </=1.0
FUa; FUmg¢
114 79
+ =0.19+0.18=0.37<1.0
610 450
O.K.

(i) Check combined axial and bending compressive stresses
(including
wind loading stresses) using the unity equation. When checking for
flexural
compression, the unity equation (equation 9-8) becomes:

fUa¢ fUbg
_ +_ </=1.0
FUa; FUmg¢
Where:

FUa¢ = 610 psi (1.33)= 811 psi
FUmyg, - 450 psi (1.33) = 600 psi
114 457

+ =0.14+0.76=0.90<1.0
811 600




O K

(Jj) Check the tensile stress in the reinforcenent (including
w nd
| oadi ng stresses) using the unity equation.

The tensile stress in the reinforcement, fUs¢,, is determined as
follows:

MUtotg,
fUs¢ =
(AUsT¢)()(d)

(232 in-k)(1000 Ib/k)

= 7907 psi

(3.00 inA2U)(0.815)(12 in)
The allowable tensile stress in the reinforcement, FUs¢,, is:
FUs¢ = 24,000 psi (1.33) = 32,000 psi
fUs¢, = 7907 psi < FUs¢, = 32,000 psi

d. Summary. The nominal 16-inch by 16-inch pilaster with 6-#9
reinforcing bars is adequate.



CHAPTER 10
NONDESTRUCTI VE EVALUATI ON TECHNI QUES

10-1. Introduction. This chapter provides nondestructive eval uation

( NDE)

techni ques for masonry in existing buildings. Techniques for both the
eval uation of the condition of the materials and the determ nation of
mat eri al properties are included.

10- 2. Background. Traditional evaluation nmethods for the condition and
properties of masonry features of buildings have been, in addition to

vi sual

i nspection, destructive testing of specinens renoved fromthe structure.
Destructive nmethods of evaluation are inherently |limted because

speci nmen

removal may be aesthetically and structurally damagi ng. Further, because
of

the potentially structurally destructive nature of these nethods and the
facts that they can be relatively expensive and aesthetically

unpl easant, the

nunber of specinens taken may be limted to a small nunber. Thus,
potentially, the quantity and quality of the resulting data may be poor
and/ or inconsistent.

10-3. NDE net hods. The use of NDE techni ques can provide the structural
engi neer, who is charged with evaluating the structural integrity and
serviceability of the masonry features of an existing structure,

i nval uabl e

i nformati on. NDE net hods can be used in conjunction either with each
ot her or

Wi th destructive nethods. The NDE nmet hods descri bed herein are those
whi ch

offer the greatest potential at the present tine for determning the
| ocation

of flaws within nmasonry nenbers and for assessing masonry materials
properti es.

10-4. Application of Conbined Techni ques. Conbi ned NDE techniques. It is
apparent that, of the nethods described here, no single technique wll
be

sufficient for "conplete" nondestructive eval uation of masonry, where

t he

term "conpl ete” means conprehensive eval uation of both condition and

quality.
The nechanical tests, such as the flatjack, and in-place shear test,
provi de

data directly related to quality, and perhaps indirectly a neasure of
condition. Conversely, inpact and stress wave techni ques eval uate

condi tion

and indirectly neasure quality. Furthernore, the results fromthe latter



techni ques are often difficult to interpret in the absence of

i nformation

about the state of stress that can be provided by the flatjack test. At
t he

present tinme, therefore, the scenario for utilization of NDE techniques
calls

for use of two or nore conplinentary techni ques for nost eval uation

st udi es.

Each techni que nust be used to its best advantage in conbination with
ot hers

to devel op a body of evidence upon which conclusions and deci si ons may
be

made regarding existing conditions and rehabilitation neasures required
for

masonry structures. Table 10-1 Iists each NDE technique along the top
and

gives the desired information along the left side, which are grouped
under

t he headi ngs of material properties and condition. A sinple matrix of
dots

i ndi cates which techniques are useful for neasuring each of the desired
quantities. Afilled dot indicates the technique is useful while an
unfilled

dot indicates that the technique is useful, but may be affected by
condi tions

such as | oading and crack distributions in the walls. Thus, the

t echni ques

with unfilled dots should be used in tandemw th others to strengthen

t he

reliability of the results

10-5. NDE Tests.

a. Schm dt Hammer. The Schm dt Hammer test is the quickest, sinplest,
?ggst expensi ve nmethod for NDE of solid clay unit, i.e., brick masonry.
ﬁiomn in figure 10-1, studies show a reasonably good correl ation between
iggound nunber and the conpressive strength of clay brick nmasonry.

The Schm dt Hammer is nost ideally suited to the nmeasurenent of materi al
uniformty over |large areas of a structure. It nust be acconpanied by a
l[imted nunber of destructive tests to calibrate the results if an
i ndi cation
of the actual masonry strength is required. The sinplicity of the test
is
offset by its limted utility. Its use is suggested only for
determ nati on of
the uniformty of properties over a |large area of a structure.
(1) Equi pnent. The Schm dt Hammer is a conpact, |ightweight
i nstrumnent



that provides a neasure of relative material surface hardness. It has
been

used extensively in the testing of concrete and rock. The hanmer

consi sts of

a spring | oaded plunger which, when rel eased, strikes a surface and
causes a

mass Wi thin the hanmmer to rebound. The magnitude of the rebound is

i ndi cat ed

on a scale at the "rebound nunber”. This nunber gives an indication of
surface hardness which can be correlated to the strength or condition of
t he

material. For the evaluation of solid clay (brick) masonry units, the
hanmer

is pressed against the center of the vertical surface of an individual
brick

in a wall. The rebound nunber is

[retrieve Table 10-1. Use of NDE net hods]

a function of the brick hardness and the nortar in which the brick is
enbedded. Test hammers are available in four basic varieties; Type L,
Type N,

Type M and Type P; which are distinguished primarily by their inpact
energy.

The type N hammer has a tendency to crush the brick unit material under
t he

tip, particularly for older, lightly burned units. For this reason, a
type L

hanmer with | ower inpact energy is recommended to prevent damage to the
masonry units.

(2) Use. The application of the Schm dt Hanmer to concrete testing
IS
governed by ASTM C 805. There is no standard at this tine for the use of
t he
Schm dt Hamrer on masonry materials. An experinmental procedure has been
adopted for testing masonry structures which is based upon the
I nt ernati ona
Soci ety for Rock Mechanics (I SRM suggested nethod for determ ning
Schmi dt
rebound hardness. Wiile | aboratory tests have shown that a relationships
may
exi st between rebound nunber and masonry conpressive strength under
controlled conditions, the general applicability of such a relationship
has
not been verified. Therefore, due to the wide variations in predicted
strength, it is not recormmended that the Schm dt Hanmer be used for
di rect
predi ction of conpressive strength, but only for evaluation of materi al
uniformty. The correlation to nmasonry conpressive strength is useful
primarily for determ ning the expected relative change in conpressive
strength between locations with different rebound nunbers.



b. Flatjack nmethods. The flatjack test is being recognized as a
power f ul
tool for NDE of the structural properties of masonry. ASTM standards are
currently being established for the application of flatjack testing to
t he
eval uation of unreinforced solid clay unit (brick) masonry. The test has
been
successfully applied to cut stone masonry. Under the proper conditions,
flatjacks can provide information on the in-situ state of stress at
virtually
any point in a masonry structure. The test provides a neasure of the
deformability of the masonry materials and in sone cases, a direct
nmeasur e of
masonry conpressive strength. No other NDE test method offers direct
physi cal
measurenent of material and structural properties wthout any reliance
on
enpirical correlations. The two main types of flatjack tests; the in-
situ
stress or single-flat jack test and the in-situ deformability or two-
flatjack
test; are described in the follow ng paragraphs:

[retrieve Figure 10-1. Prism conpressive strength vs. rebound nunber]

(1) In-situ stress test. Evaluation of the in-situ conpressive
stress is
a sinple process of stress relief induced by the renoval of a portion of
a
nortar bed joint followed by restoration of the original state of stress
by
pressurizing a flatjack inserted in the slot created by the renoval of
t he
nortar. When the nortar is renoved froma horizontal joint, the rel ease
of
the stress across the joint causes the slot to close by a small anount.
The
magni tude of this deformation is nmeasured using a renovabl e dial gauge
between two or nore points |ocated symmetrically on either side of the
sl ot .
A flatjack is then inserted in the slot and pressurized until the
ori gi nal
position of the neasuring points is restored. At this point the pressure
in
the flatjack, nodified by two constants to account for the flatjack
stiffness
and the area of the slot, is assunmed equivalent to the original vertical
conpressive stress in the masonry. The technique is useful for verifying
anal ytical nodels or for determning stress distributions in masonry
wal | s
when conditions of |oading or displacenent are unknown or difficult to



gquantify. Typical test results, as shown in figure 10-2, are a plot of
masonry deformati ons around a slot for various |evels of internal
flatjack

pressure. Past results show that the in-situ stress test is able to
estimte

the actual state of masonry conpressive stress to within 10%to 15%

(2) In-situ deformability test. The deformation properties of
masonry
may be evaluated by inserting two parallel flatjacks, one directly above
t he
ot her separated by several courses of masonry, and pressurizing them
equal ly,
t hus i nposing a conpressive |oad on the intervening masonry. The
def or mati ons
of the masonry between the flatjacks are then neasured for several
i ncrements
of load. The results are used to calculate the masonry deformability
nodul us.
| f sonme damage to the masonry is acceptable, the masonry may be | oaded
to
failure to determ ne the maxi num strength. This technique is useful when
an
estimate of material deformability or strength is needed for stress
anal ysi s
or deflection calculations. Test results in the formof a cyclic stress-
strain curve along with the test setup are shown in figure 10-3. This
in-situ
deformability test provides a reasonably accurate neasure of masonry
conpr es-
sive nodulus, typically overestimating the masonry stiffness by
approxi mately
10%

(3) Equipnent. A flatjack is a thin steel bladder that is
pressuri zed
with oil to apply a uniformstress over the plan area of the flatjack.
I n
masonry structures, flatjacks are inserted in slots cut in nortar bed
j oi nts.
Fl atj acks may be made in many shapes and sizes. Flatjacks with curved
edges
are designed to fit in a slot cut by a circular masonry saw and
rect angul ar
j acks are used

[retrieve Figure 10-2. Masonry deformations around flatjack slot during
in-situ stress test]

where nortar nust be renoved by hand or with a drill. Sem circular jacks
are



suitable for in-situ stress measurenment but are not suitable for

def ormati on

measurenents in the two-flatjack test. Instead, rectangular or sem -
rectangul ar flatjacks with a |length equal to or greater than that of two
masonry units should be used. An accurate, renovable dial gauge is
needed for

nmeasur enent of displacenents or, in the case of the two-flatjack test,
el ectroni c deformati on neasuring devices may be used. O her equi pnent
required for the flatjack test includes a dianond-bl aded masonry saw or
a

hand drill to formthe slot at the chosen |ocation, a hydraulic punp,
fl exi bl e high pressure hoses, and a calibrated pressure gauge.

(4) Application. Flatjack tests are anong the nost useful and
informative NDE tests avail able for determ ning masonry structural
properties. Unlike other NDE tests, the flatjack test provides a direct
physi cal neasurenent of the engineering material characteristics needed
for
structural analysis and evaluation. It does not rely upon correlation to
| aboratory tests. The in-situ stress test provides a direct neasure of
t he
vertical stress at a point in a structure--thus gives an indication of
t he
factor of safety of the structure in terns of conpressive failure. The
measurenent of in-situ stress also provides a gauge of the accuracy of
structural analyses in predicting the effects of gravity |oads. The in-
situ
deformability test yields a direct neasure of the conpressi on nodul us
whi ch
can be used for calculation of deflections, or for use during structural
analysis. It may al so be possible, in certain cases, to estinmate masonry
conpressive strength froman in-situ deformability test. The flatjack
tests
are not strictly NDE tests, since they do require the renoval of a
portion of
a nortar joint. However, this damage is easily repaired by sinply
repoi nting
nortar into the slot, leaving no visible trace of the test. The flatjack

[retrieve Figure 10-3. Stress-strain curve obtained during in-situ
deformability test]

test may be easily integrated into the structural evaluation process and
provi de data that is conplinentary to other NDE tests. Data concerning

t he

states of stress at various points throughout the structure nmay be very
hel pful in the interpretation of data fromthe in-place shear test and
bot h

ultrasoni ¢ and nmechani cal pul se tests. Data on the elastic nodul us and
strength of masonry obtained fromthe two-flatjack test nay be used for
correlation to Schm dt Hanmer or pul se velocity tests.



C. In-situ shear test. The in-place shear test, often called the push
test, is designed to neasure the in-situ joint shear resistance between
masonry units and nortar joints. It requires the renoval of a single
masonry
unit and a head joint on opposite sides of a test unit. The test unit is
t hen
di spl aced horizontally relative to the surroundi ng masonry using a
hydraul i c
jack and the horizontal force required to cause the first novenent of
t he
test unit is recorded. The test nmay be considered nondestructi ve,
because the
removed unit and nortar joints may be replaced to their forner
appear ance.

(1) Existing test. The test procedure, as described in the nodel
codes,
is not very specific about the details of the test and about the
anal ysi s of
the test data. A nore conplete description of the test is contained in
t he
ABK Met hodol ogy for Mtigation of Seismc Hazards in Existing
Unr ei nf or ced
Masonry Bui |l dings. This shear test is the best currently available for
measuring in-situ bed joint shear strength in existing masonry walls,
however, several unknowns still nust be accounted for by assunptions.
The
assunptions include, the definition of joint failure, the effect of
nor mal
| oad on the neasured shear stress, the magnitude of the nornmal |oad on
t he
tested joint, the contribution of the collar joint, the variability
of the masonry due to workmanship in the original construction, and the
correlation of the results to full-scale wall behavior. Each of these
assunptions may introduce an el enent of inaccuracy into the
determ nati on of
t he avail abl e shear resistance of an existing masonry wall. These
i naccuracies need to be considered if a nore reliable nmethod of
det er m ni ng
the shear strength is to be obtained.

(2) Modified test. A nodified technique for conducting the in-place
shear test has been devel oped whi ch addresses many of these assunptions
and appears to give reliable results. In the nodified test, the verti cal
stress in the wall at the test unit is neasured directly using the
single
flatjack test. The normal stress is then controlled during the shear
test by
fl atj acks above and bel ow t he

test unit. The test is then conducted on the sane joint for several
| evel s of



normal stress, so the friction angle is neasured directly rather than
assunmed. El ectronic deformation neasuring devices are used to nonitor

t he

nmovenent of the unit continuously during the test, thus elimnating
anbiguity

concerning the definition of failure. The influence of the collar joint
may

be estimated based on a collar joint shear test. Only the effect of

wor kmanshi p remains a potential source of error. The test setup for the
nodi fied in-place shear test is shown in figure 10-4. Results fromthis
t est

show the rel ationshi p between increasing normal |oad and the resulting
i ncreasing deflection.

(3) Application. Because the in-place shear test neasures the bed
j oi nt
shear strength directly with a m ninum of damage to the structure, it is
an
essential part of any building evaluation where |lateral |oads influence
t he
bui l di ng design. In sonme seismc regions, the existing test is required
for
sone retrofit designs. The nodified test should be conducted as an
ext ensi on
of a normal series of flatjack tests. The single-flatjack test reveals
t he
in-situ state of normal stress at the test joint, and thus provides
essenti al
data for determining the expected joint shear strength in the area of
t he
test. The two-flatjack test provides half of the required test setup for
t he
nodi fied in-place shear test. At the conpletion of the test, the
engi neer
shoul d know the rel ationship between the expected joint shear strength
and
the normal stress along with the neasured normal stress at the test
| ocati on.
If simlarity of materials throughout the structure can be established
usi ng
a techni que such as the Schm dt Hammer test, the nunber of required in-
pl ace
shear tests can be reduced fromthe nunber determ ned by arbitrary
nmet hods,
such as a certain nunber of tests per square foot, etc. It remains only
to
conduct the sinpler single-flatjack test to determ ne the variation of
nor mal
stresses throughout the structure.

d. Utrasonic Pulse. The ultrasonic pulse velocity (UV) technique
uses



el ectroacoustic transducers to pass a high frequency (50,000 Hz) stress
wave

t hrough masonry. This techni que has good potential for evaluation of
masonry

structures and is nost useful for the location of relatively small flaws
in

ot herw se uniform masonry nmaterials. In certain cases, it may be
possible to

obtain an estinmate of masonry conpressive strength fromultrasonic pul se
vel ocity neasurenents. However, very careful interpretation of the
signal is

required along with a neticul ous visual survey in order to interpret the
dat a

properly. It is recommended that pulse velocity techniques be used in
conjunction with other NDE tests such as the flatjack test for

det er m ni ng

the state of stress and deformability in walls and also with destructive
tests to verify the deformability and strength.

(1) Background The ultrasonic pulse velocity technique has only
recently
been applied to masonry. The studies to date have been nostly
expl oratory,
eval uating the feasibility of using the nmethod on masonry structures.
The
techni que has been used effectively for concrete using ASTM C 597 for
quite
sonme time, hence the literature on testing concrete using ultrasonic
pul se
velocity techniques is extensive. The nethod has proven to be reasonably
accurate for predicting concrete conpressive strength using enpirical
rel ati onships that were derived under carefully controlled |aboratory
conditions. However, a multitude of factors

[retrieve Figure 10-4. Setup for nodified in-place shear test]

have been shown to influence ultrasonic neasurenents in concrete;

i ncl udi ng,

anong ot hers; aggregate type and size, noisture content, and the
presence of

rei nforcenent. Cenerally, those factors which can affect conpressive
strength

may al so affect ultrasonic pul se velocity, though not necessarily in

di rect

proportion. Strength predictions can only be justified if a calibration
of

pul se velocity with masonry strength is nade for the specific structure
under

consideration, and then only if the conditions of testing can be
careful ly

controlled. The enpirical relationship between ultrasonic pulse velocity
and



masonry conpressive strength nust, in effect, be established for every
structure evaluated. Because of this limtation, the pulse velocity
method is

generally used only to neasure material uniformty over a | arge area of
a

structure.

(2) Equi pnent. Equi prent needed for ultrasonic investigations
consi sts
of two transducers (transmitter and receiver), transducer |eads, and a
power
unit with digital transit tinme display. A transient wave recorder can
al so be
useful to provide hard copy records of the signals. These records can
t hen be
fed into a portable conputer for nore sophisticated analysis of the
si gnal s.

(3) Experinental procedure. Two types of tests are typically
conduct ed:
(a) Direct (or through-wall) tests in which the sending and receiving
transducers are placed in line with one another on opposite sides of the
t est

wal | ; and (b) Indirect tests in which the transducers are |ocated on the
sane

face of the wall in a vertical or horizontal |ine. These test
configurations

are illustrated in figure 10-5. The sinplest way to utilize ultrasonic
wave

transm ssion data is to sinply record the arrival tine and the

pat hl engt h and

cal cul ate an average velocity for the pulse. The determ nation of

arrival

time is sinplified by the use of a digital readout on the device. If the
digital readout is not used, it is possible to analyze the wave trace to
determne the arrival tinme. Data may then be displayed in any of several
forms including x-y plots of pulse path |Iength versus pulse travel tine,
contour maps of arrival tinme, or contour maps of pul se transm ssion
quality.

(4) Indirect tests. Indirect tests are useful for determ ning the
average velocity through a single outer wthe of masonry, and for

| ocating
flaws in the outer wthes. A distinct flaw, such as a del am nated bed
j oi nt,

wi ||l cause a reduction in the pulse velocity in the vicinity of the
flaw.

Hence, an area of lesser quality material can be expected to have a
sl ower

pul se velocity. Clay brick masonry, if built with weak nortar and | ow
strength units, may attenuate the high frequency



[retrieve Figure 10-5. Typical ultrasonic test configurations]

stress wave to the point where the distance between transducers is very
smal |, such as one foot, and reduce the useful ness of the nethod.

(5) Direct (through-wall) tests. Figure 10-6 shows a three
di nensi onal
surface representing the variation in ultrasonic pulse arrival tine over
t he
area of a masonry wall. The vertical dinmension is the arrival tinme, so
hunps
on the plot indicate areas of relatively long arrival tine and thus
areas of
potential voids. The test wall in figure 10-6 was constructed with known
flaws in the masonry. Wile the exterior wthes of this wall were
construct ed
of uniformaquality, the interior wthe had varying materials and
wor kmanshi p.
In general, the highest quality materials were |ocated in the | ower
cour ses
of the interior wthe, and the quality deteriorated with increasing

hei ght in

the wall. The nost significant flaw was an air space in the upper right
portion of the wall. The |ocation of the air space in the interior wthe
i's

clearly outlined in both the contour and surface plots. The |ess
dramatic

changes in material quality over the height of the wall are apparent as
smal

changes in arrival tine between the top and bottom hal ves of the wall.

(6) Application. While the use of ultrasonic techniques has been
successful for the evaluation of concrete, the nethod is |ess well
suited to
het er ogeneous materials such as masonry. The attenuation of a stress
wave is
related to its wavelength and the size of the largest flaws in its path.
As
the relatively short wavel ength of the ultrasonic pul se passes through
each
nortar joint, the pulse suffers considerable energy loss, resulting in
extrenely rapid signal attenuation. This attenuation inhibits the use of
ultrasonics over all but the shortest pathlengths. Because of the
limtations
of the ultrasonic nmethod applied to nmasonry, |ower frequency sonic
testing (!
to 5 kHz) (a.k.a. "nechanical pulse testing") should be used in NDE
techni ques for masonry structures. e. Mechanical pulse. This nethod,
call ed
"Mechani cal Pul se Vel ocity" testing, involves input of a stress wave
into a
masonry wall by neans of a hammer bl ow, and recording of the subsequent



vibrations with an acceleroneter. This technique, due to its | ow
frequency,

hi gh- anpl i tude, |ong-wavel ength signal, is better suited to the

eval uati on of

masonry than the ultrasonic technique. As with ultrasonic testing, the
gquantity of interest has traditionally been the arrival tinme of the

[retrieve Figure 10-6. Three-di nensional surface representing through-
wal
ultrasonic pulse arrival tine]

pul se, which, in conjunction wth the pathlength, gives a sinple

i ndi cation

of pulse velocity. The pulse velocity can, to various degrees of
accuracy, be

correlated wwth material properties. In addition, sonic techniques can
be

used to locate material flaws, however, the |ong wave | ength that makes
a

soni c pul se appropriate for testing | ong expanses of brick work al so

i ncreases the mninumsize flaw that can be detected.

(1) Equi pnent. The basic equi pnent used for conducting nechani cal
pul se
tests includes a 3 pound nodally tuned hamrer and an accel eroneter.
Unl i ke
the ultrasonic test equipnment, there is no digital readout of travel
time
with this equi pnent, so the signal nust be recorded or displayed on an
external device. A digital transient recorder can be used to record both
t he
hanmer input signal and the accel eroneter output signals. The signals
can
then be saved on floppy disks through a portable conputer. The testing
apparatus is shown in figure 10-7. Alternatively, an oscilloscope nmay be
used
to neasure travel tinme.

(2) Use. Test results for mechanical pulse tests are nuch the sane
as
those for ultrasonic pulse velocity as described previously. The
si nmpl est way
to utilize mechanical wave transm ssion data is to sinply record the
arrival
time and the pathlength and cal cul ate an average velocity for the pul se.
The
recorded data should then be plotted in sone understandable format. Two
di nensi onal contours or three dinensional surface plots are recommended
for
direct tests, and x-y plots are reconmmended for indirect tests. Figure
10-8
plots the pul se path length against the arrival tinme for an indirect



nmechani cal pul se test. The presence of a distinct flaw causes a
noti ceabl e
break in the velocity line.

(3) Application. The nmechani cal pulse technique is best suited to
t he
task of locating flaws and discontinuities such as mssing nortar joints
and
| arge cracks and establishing relative quality of masonry from one
| ocation
to another. Indirect tests are useful for determ ning the average
vel ocity
through a single outer wthe of masonry, and for locating flaws in the
out er
wythes. Direct tests are able to |locate flaws and voids in interior
wyt hes
and collar joints. The nechani cal pul se technique is superior to the
ultrasoni c systemfor

[retrieve Figure 10-7. Mechanical pul se testing apparat us]
[retrieve Figure 10-8. Pulse path length vs. arrival tine]

flaw detection and condition assessnent in nmasonry structures
particularly in

the case of older unreinforced brick masonry. The prinmary difference
bet ween

the two techniques is the anplitude and wavel ength of the input pulse,
bot h

of which are larger for the nechanical pulse tests. The high energy and
| ong

wavel ength of its input wave are not as rapidly attenuated by the
boundari es

between units and nortar that are intrinsic parts of nmasonry
construction.

Because of this, the nmechanical pulse will travel farther through nost
masonry materials than the ultrasonic pulse. In addition, the nechani cal
pul se technique is sensitive enough to detect |arger flaws that are of
interest in a structural evaluation. Thus, for masonry, the nechani cal
pul se

systemis generally preferable to the ultrasonic system Because of
potenti al

difficulties in the interpretation of data, nmechanical pulse tests are
best

conducted in conjunction with flatjack tests, so that the influence of
varying vertical stresses and varying material deformability on the
mechani cal pul se nmeasurenments can be assessed. The single case where the
ultrasonic pulse is preferable to the nechanical pulse is when the
desired

path length is very short and the quality of the masonry is generally
good,



as in through-wall transm ssion tests in grouted concrete masonry. In
this

case, the nmechanical pulse systemis unable to detect the typically
smal

flaws or del am nati ons.

f. Location of reinforcenent and ties. The use of nmagnetic and
resi stance
met hods al |l ows qui ck inspection of masonry construction for the presence
of
steel reinforcenent or ties. These techniques may be useful for quality
control as a neans of verifying conpliance with construction plans, and
provi de reasonabl e results when expected reinforcing bar sizes and
| ocati ons
are known. Mdre difficult is the case of retrofit or renovation
proj ect s,
when it is necessary to not only |locate the reinforcenent, but also
estimte
the size and depth to the bar. Comercially avail abl e equi pnent
typically
utilizes an electromagnetic field generated around a hand-hel d probe to
i ndicate the presence of steel in the masonry. A voltage change occurs
when
the field is inter-

upted by a ferrous material, such as a steel reinforcing bar. The
magni t ude

of the voltage change is proportional to the anount of steel and the

di stance

fromthe steel to the probe. The application of the test is done by
cover

meters used to | ocate the presence of vertical and horizontal

rei nf or cenent,

joint reinforcenment, and netal ties or connectors. The equipnent is
conpact

and portable, allowing the operator to quickly map reinforcing |ocations
and

patterns. Cover neters will, however, locate all steel present, not just
t he

reinforcing bars. Sonme care needs to be taken not to identify netal
ties,

nails, electrical conduit, etc., as reinforcing steel. Wile cover
neters are

able to accurately determ ne the presence of reinforcing steel, sone
interpretation is needed if either the size of the reinforcenent or the
dept h

within the masonry is to be estimated. A weak signal can indicate either
a

small bar close to the surface, or a larger bar |located farther fromthe
probe. Hence, it may be necessary to expose the reinforcenent at trial

| ocations to verify assunptions regarding size and | ocati on.



g. Nucl ear nmethods. Al though not related directly to structural
properties
of materials, the Neutron-Gamma techni que shows great prom se for
certain
aspects of masonry eval uation. The techni que neasures el enent
concentrations
in masonry walls, and thus gives information about noisture content,
presence
of salts, and elenental conposition of the masonry materials. The
t echni que
has been shown to be conplenentary to structural evaluation techniques

by

aiding the interpretation of results fromtests such as the nechani cal
pul se

t echni que.

10-6. Advant ages and di sadvantages of all NDE tests.
a. Schm dt Hammrer test.
(1) Advant ages.

(a) Sinple to use. No special experience is needed to conduct
t he
test.

(b) Establishes uniformty of properties.

(c) Equipnent is inexpensive and is readily available. It is
relatively sinple and i nexpensive to conduct a |arge nunber of tests.
The
equi pnent for the test is readily avail able.

(2) Di sadvant ages.
(a) Evaluates only the local point and | ayer (wthe) of masonry
to
which it is applied.

(b) No direct relationship to strength or deformation
properti es.

(c) Unreliable for the detection of flaws.

(d) Evaluates only the layer (wthe) of masonry to which it is
applied, and is unreliable for detection of flaws or for investigation
?Laccessible masonry wyt hes.

b. Single Flatjack in-situ stress test.

(1) Advant ages.



(a) Can establish the state of conpressive stress, in-situ, with
reasonabl e accuracy.

(b) Inexpensive materials and equi pnent.

(c) Unconplicated to use.

(d) ASTM standards currently being devel oped.
(2) Di sadvant ages.

(a) Somewhat time-consumng to prepare the test, when conpared
to

ot her net hods.

(b) Requires renoval of nortar from masonry bed joint with a saw
or

drill.
(c) Requires repair of the nortar joint after testing.

c. Double Flatjack in-situ deformability test.
(1) Advant ages.
(a) Can establish deformation properties, in-situ, with

r easonabl e
accuracy.

(b) Inexpensive materials and equi pnment.

(c) Unconplicated to use.

(d) ASTM standards currently being devel oped.
(2) Di sadvant ages.

(a) Somewhat time consumng to prepare the test, when conpared
to

ot her net hods.

(b) Requires renoval of nortar from masonry bed joint wwth a saw
or

drill.
(c) Requires repair of the nortar joint after testing.
d. In-place shear test.
(1) Advant ages.

(a) Can establish joint shear strength in-situ.



(b) Equi prent is inexpensive and readily avail abl e.
(c) Unconplicated to use.

(2) Di sadvant ages.
(a) Somewhat time consumng to prepare.
(b) Requires renoval of a masonry unit and a head joint.
(c) Restricted to masonry with [ ow cenent content nortar
(d) Requires unit and nortar replacenent after the test.

(e) State of conpressive stress on the test unit nust be
esti mat ed.

(f) Contribution of the collar joint is unknown.
e. Two Flatjack nodified in-place shear test.
(1) Advant ages.
(a) Can establish the joint shear strength in-situ with
reasonabl e
accuracy.
(b) Permts control of conpressive stress on test unit.
(c) Determnes the Coulonb failure surface for the materi al
(2) Di sadvant ages.
(a) Somewhat time consumng to prepare.
(b) Requires renoval of two masonry units.
(c) Restricted to masonry with | ow cenent-content nortar
(d) Requires unit replacenent after the test.
(e) Contribution of collar joint is unknown.
(f) Requires renoval and replacenent of two nortar joints.
(g) Large anmpbunt of equipnent is required.
f. Utrasonic pulse velocity.

(1) Advant ages.

(a) Sinple to use.



(b) Establishes uniformty of properties.
(c) Can detect flaws, cracks, or voids.
(d) Possible to record trace of stress wave for anal ysis.
(e) Equi pnent readily avail able and only noderately expensive.
(f) Equi prent package is self contained and portable.
(2) Di sadvant ages.

(a) Requires access to both sides of a wall for direct
nmeasur enent s.

(b) Attenuation of signal in older or soft masonry restricts
di st ance
bet ween transducers for indirect and sem -direct use.

(c) Coupling material needed between masonry and transducers,
whi ch
may alter the appearance of the masonry.

(d) Ginding may be required to prepare a rough surface.

(e) No direct correlation with material properties.

g. Mechani cal pul se velocity.
(1) Advant ages.

(a) Reasonably sinple to use.

(b) Establishes uniformty of properties.

(c) Can detect flaws, cracks, and voids.

(d) Possible to record trace of stress wave for |ater analysis.

(e) Equipnent is readily avail able and only noderately
expensi ve.

(f) Capable of testing over long distances in any type of
masonry.

(g) Does not damage the masonry.
(2) Di sadvant ages.

(a) Several pieces of equipnent are involved, not easily
port abl e.



(b) Requires a separate instrunent to record the wave arriva
_(c) No direct correlation between results and materi al
properties.
(d) Analysis of the wave trace can be conpli cat ed.
h. Magneti c net hods.
(1) Advant ages.
(a) Equi pnent is portable and i nexpensive.
(b) Large areas of masonry can be quickly eval uated.
(c) Accurately maps location and orientation or reinforcing
steel in
masonry.
(d) Can be used to locate netal ties and connectors.
(2) Di sadvant ages.
(a) Readings can be anbi guous, requiring operator interpretation
ggstructive tests to verify concl usions.
(b) Msidentification of netal conduit, etc., as reinforcing
steel is

possi bl e.

(c) Accuracy in determ nation of bar size and depth is
guesti onabl e.
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APPENDI X B
DESI GN Al DS FOR REI NFORCED MASONRY WALLS

B-1. Purpose. This appendi x contains design aids that may be used in the
design of reinforced masonry walls. Table B-1 through B-14 provide the
properties of wall stiffeners with varying reinforcenent, wall thickness
and

nortar type. Table B-15 through B-50 provide reinforcing steel spacing
for

varying wall heights, lateral |oads, wall thickness, axial |oad, bar

si ze and

eccentricity. The values in the tables were determ ned using a T-section
anal ysi s when applicabl e.

[retrieve Table B-1. Properties of wall stiffeners with one reinforcing
bar
in each reinforced cell, 6 in CMJ, Type S nortar]

[retrieve Table B-2. Properties of wall stiffeners with one reinforcing
bar
in each reinforced cell, 8 in CMJ, Type S nortar]

[retrieve Table B-3. Properties of wall stiffeners with one reinforcing
bar
in each reinforced cell, 10 in CMJ, Type S nortar]

[retrieve Table B-4. Properties of wall stiffeners with one reinforcing
bar
in each reinforced cell, 12 in CMJ, Type S nortar]

[retrieve Table B-5. Properties of wall stiffeners with two reinforcing
bar s
in each reinforced cell, 8 in CMJ, Type S nortar]

[retrieve Table B-6. Properties of wall stiffeners with two reinforcing
bar s
in each reinforced cell, 10 in CMJ, Type S nortar]

[retrieve Table B-7. Properties of wall stiffeners with two reinforcing
bar s
in each reinforced cell, 12 in CMJ, Type S nortar]

[retrieve Table B-8. Properties of wall stiffeners with one reinforcing
bar
in each reinforced cell, 6 in CMJ, Type N nortar]

[retrieve Table B-9. Properties of wall stiffeners with one reinforcing
bar
in each reinforced cell, 8 in CMJ, Type N nortar]



[retrieve Table B-10. Properties of wall stiffeners with one reinforcing
bar
in each reinforced cell, 10 in CMJ, Type N nortar]

[retrieve Table B-11. Properties of wall stiffeners with one reinforcing
bar
in each reinforced cell, 12 in CMJ, Type N nortar]

[retrieve Table B-12. Properties of wall stiffeners with two reinforcing
bar s
in each reinforced cell, 8 in CMJ, Type N nortar]

[retrieve Table B-13. Properties of wall stiffeners with two reinforcing
bar
in each reinforced cell, 10 in CMJ, Type N nortar]

[retrieve Table B-14. Properties of wall stiffeners with two reinforcing
bar
in each reinforced cell, 12 in CMJ, Type N nortar]

Tabl e B-15. Reinforcenent spacing in inches for 6 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.

wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40

18 6 88 48 32 8 3
5 80 40 16 8 3 6in. CMU
4 64 32 8 3
3 32 16 8 3 P=0 Ib./ft.

17 6 9% 56 40 16 83
5 9% 48 32 16 83 e=0
4 72 40 24 8 3
3 40 16 8 3Type S Mortar

16 6 96 64 48 32 16 8
5 9% 56 40 24 8
4 88 40 24 16 8
3 48 24 16 8

15 6 96 80 48 40 24 16 8
5 9% 72 48 32 16 8
4 96 48 32 24 8 8
3 56 24 16 8 8

14 6 96 88 64 48 32 24 16 8
5 9% 80 56 40 32 16 8
4 9% 56 40 24 16 8 8



3 64 32 16 16 8
13 6 96 96 72 56 40 32 24 16
5 96 96 64 48 40 24 16 8
4 96 72 48 32 24 16 8 8
3 80 40 24 16 8 8
12 6 96 96 88 64 56 40 40 32
5 96 96 80 56 48 40 32 24
4 96 88 56 40 32 24 16 8
3 96 48 32 24 16 16 8 8
11 6 96 96 96 80 64 56 48 40
5 96 96 96 72 56 48 40 32
4 96 96 64 48 40 32 24 24
3 96 56 32 24 16 16 16 8
10 6 96 96 96 96 80 64 56 48
5 96 96 96 88 72 56 48 40
4 96 96 80 64 48 40 32 24
3 96 72 48 32 24 16 16 16
Tabl e B-16. Rei nforcenent spacing in inches for 6 inch CMJ wall with one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . =7 | S e e
Ft . # 5 10 15 20 25 30 35 40
18 72 40 16 8 3
5 64 32 8 3 6in. CMU
4 48 24 8 3
3 24 16 3 P=500 Ib./ft.
17 88 48 32 8 83
5 80 40 24 8 8 e=0
4 64 32 16 8 3
3 32 16 8 3Type S Mortar
16 9% 56 40 24 8 8
5 88 48 32 16 8
4 80 40 24 8
3 40 16 8 8

Table B-16. Reinforcement spacing in inches for 6 inch CMU wall with

one

reinforcing bar in each reinforced cell--Continued.

Wind Load, psf




15 6 96 64 48 32 16 8 8
5 96 56 40 24 16 8
4 88 48 32 16 8
3 48 24 16 8
14 6 96 80 56 40 32 16 8 8
5 96 72 48 32 24 8 8
4 96 56 32 24 16 8
3 64 32 16 8 8
13 6 96 88 64 48 40 32 16 8
5 96 80 56 40 32 24 16 8
4 96 64 40 32 24 16 8
3 72 32 24 16 8 8
12 6 96 96 80 64 48 40 32
24
5 96 96 72 56 40 32 24
16
4 96 80 48 40 32 24 16 8
3 88 40 24 16 16 8 8 8
11 6 96 96 96 72 56 48 40
32
5 96 96 88 64 56 40 40
32
4 96 96 64 48 40 32 24
16
3 96 48 32 24 16 16 8 8
10 6 96 96 96 96 72 64 48
48
5 96 96 96 80 64 56 48
40
4 96 96 80 56 48 40 32
24
3 96 64 40 32 24 16 16
16

Tabl e B-17. Reinforcenent spacing in inches for 6 inch CMJ wal |

reinforcing bar in each reinforced cell.

val | Wnd Load, psf
H . Bar




Ft . # 5 10 15 20 25 30 35
40
18 56 32 8 8 3
5 56 24 8 36 in. CMU
4 40 16 8 3
3 24 8 3 P=500 Ib./ft.
17 72 40 24 8 3
5 64 40 16 8 3 e=t/3
4 56 24 8 3
3 32 16 8 3 Type S Mortar
16 88 48 32 16 8
5 72 48 32 16 8
4 64 32 16 8
3 32 16 8
15 9% 56 40 32 16 8
5 88 48 40 24 8 8
4 72 40 24 16 8
3 40 24 16 8
14 96 64 48 40 24 16 8
5 9% 56 40 32 16 8
4 80 48 32 24 8 8
3 48 24 16 8 8
13 9 80 56 40 32 24 16 8
5 96 72 48 40 32 16 8 8
4 88 56 40 24 16 8
3 56 32 16 16 8 8



Tabl e B-17. Reinforcenent spacing in inches for 6 inch CMJ wall with one

reinforcing bar in each reinforced cell--Continued.
val | Wnd Load psf

H . Bar

Ft . # 5 10 15 20 25 30 35 40

12 6 96 96 72 56 48 40 32 24
5 96 88 64 48 40 32 24 16
4 96 64 48 32 24 24 16 8
3 56 32 24 16 16 8 8

11 6 96 96 88 64 56 48 40 32
5 96 96 72 56 48 40 32 24
4 96 72 56 40 32 24 24 16
3 64 40 24 24 16 16 8 8

10 6 96 96 96 80 64 56 48 40
5 96 96 88 72 56 48 40 32
4 96 88 64 48 40 32 24 24
3 72 48 32 24 24 16 16 8

Tabl e B-18. Reinforcenent spacing in inches for 6 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.

val | Wnd Load psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
A
18 6 56 32 8 8 3
5 48 24 8 36 in. CMU
4 40 16 8 3
3 24 8 3 P=500 Ib./ft.
17 6 64 40 24 8 3
5 64 32 16 8 3e=t/2
4 48 24 8 3
3 24 16 8 3 Type S Mortar )
A

16 6 80 48 32 16 8
5 72 40 24 8 8
4 56 32 16 8
3 32 16 8




15 6 88 56 40 24 16 8
5 80 48 32 16 8 8
4 64 40 24 8 8
3 32 16 8 8

14 6 96 64 48 32 24 16 8
5 88 56 40 32 16 8 8
4 72 40 32 16 8 8
3 40 24 16 8 8

13 6 96 72 56 40 32 24 16 8
5 96 64 48 40 24 16 8 8
4 80 48 32 24 16 8 8
3 48 24 16 16 8

12 6 96 96 64 56 40 32 32 16
5 96 80 56 48 40 32 16 16
4 88 56 40 32 24 16 8 8
3 48 32 24 16 16 8 8

11 6 96 96 80 64 48 40 40 32
5 96 96 72 56 48 40 32 24
4 96 64 48 40 32 24 24 16
3 48 32 24 16 16 16 8 8

10 6 96 96 96 72 64 48 48 40
5 96 96 80 64 56 48 40 32
4 96 72 56 48 40 32 24 24
3 48 40 32 24 16 16 16 8

B-17



Tabl e B-19. Reinforcenent spacing in inches for 6 inch CMJ wal |

wi th one reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
A
18 6 56 24 8 3
5 48 24 8 36 in. CMU
4 40 16 8 3
3 24 8 3 P=1000 Ib./ft.
17 6 72 40 16 8 3
5 72 32 16 8 3e=0
4 56 24 8 3
3 32 16 8 3 Type S Mortar )
A
16 6 88 48 32 16 8
5 80 40 24 8 8
4 64 32 16 8
3 40 16 8
15 6 9 56 40 24 16 8
5 96 48 32 16 8 8
4 80 40 24 8 8
3 48 24 16 8
14 6 96 64 48 32 24 16 8
5 9% 64 40 32 16 8 8
4 96 48 32 16 8 8
3 56 24 16 8 8
13 6 9% 80 56 40 32 24 16 8
5 96 72 48 40 24 16 8 8
4 96 56 40 24 16 8 8
3 64 32 24 16 8 8
12 6 9 96 80 56 48 40 32 24
5 9% 96 72 48 40 32 24 16
4 96 72 48 32 24 24 16 8
3 80 40 24 16 16 8 8
11 6 9% 96 96 72 56 48 40 32
5 96 96 80 64 48 40 32 24
4 96 88 56 40 32 24 24 16
3 96 48 32 24 16 16 8 8
10 6 9% 96 96 88 72 56 48 40
5 9% 96 96 72 64 48 40 40
4 9% 96 72 56 40 32 32 24
3 9% 56 40 32 24 16 16 16



Tabl e B-20. Reinforcenent spacing in inches for 6 inch CMJ wal |
reinforcing bar in each reinforced cell.

wi th one

35

val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30
40
A
18 6 40 16 8 3
5 40 16 8 36 in. CMU
4 24 8 3
3 16 8 3P =1000 Ib./ft.
17 6 56 32 16 8 3
5 48 24 8 3e=0
4 40 16 8 3
3 24 8 3 Type S Mortar )
A
16 6 64 40 24 8 8
5 56 32 16 8
4 48 24 8 8
3 24 16 8

Table B-20. Reinforcement spacing in inches for 6 inch CMU wall with one
reinforcing bar in each reinforced cell--Continued

Wall Wind Load, psf
Ht. Bar
Ft. # 5 10 15 20 25 30 35
40
15 6 72 48 32 16 8 8
5 64 40 24 16 8
4 56 32 16 8
3 32 16 8
14 6 80 56 40 32 16 8 8
5 72 48 32 24 8 8
4 56 40 24 16 8
3 32 16 16 8
13 6 88 64 48 40 24 16 8
8
5 80 56 40 32 16 8 8
4 64 40 32 24 8 8



3 32 24 16 8 8
12 6 96 80 56 48 40 32 24
16
5 88 72 48 40 32 24 16
8
4 64 48 40 32 24 16 8
8
3 32 24 16 16 8 8
11 6 96 88 72 56 48 40 32
24
5 88 80 64 48 40 32 24
16
4 64 56 40 32 24 24 16
8
3 32 32 24 16 16 8 8
8
10 6 96 96 80 64 56 48 40
32
5 88 88 72 56 48 40 32
32
4 64 64 48 40 32 24 24
16
3 32 32 24 24 16 16 8
8
Tabl e B-21. Reinforcenent spacing in inches for 6 inch CMJ wall with one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
A
18 6 40 16 8 3
5 32 8 36in. CMU
4 24 8 3
3 16 8 3 P=1000 Ib./ft.
17 6 48 24 8 8 3
5 40 16 8 3 e=t/2
4 32 16 8 3
3 16 8 3 Type S Mortar )
A
16 6 56 32 16 8
5 48 32 16 8
4 40 24 8
3 16 8 8



15 6 64 40 32 16 8
5 56 40 24 8 8
4 40 24 16 8
3 24 16 8
14 6 64 48 40 24 16 8
5 56 40 32 16 8 8
4 40 32 24 8 8
3 24 16 8 8
13 6 64 56 40 32 24 16 8 8
5 56 48 40 24 16 8 8
4 40 40 24 16 8 8
3 24 16 16 8 8

Tabl e B-21. Reinforcenent spacing in inches for 6 inch CMJ wall with one

reinforcing bar in each reinforced cell--Continued.
wal | W nd Load, psf

H . Bar

Ft. # 5 10 15 20 25 30 35
40

12 6 64 64 56 40 32 24 16
° 5 56 56 48 40 32 16 16
° 4 40 40 32 24 16 8 8
° 3 24 24 16 16 8 8

11 6 64 64 56 48 40 32 32
* 5 56 56 56 40 40 32 24
0 4 40 40 40 32 24 16 16
° 3 24 24 16 16 16 8 8

10 6 64 64 64 56 48 40 40
. 5 56 56 56 48 40 40 32
# 4 40 40 40 32 32 24 24
0 3 24 24 24 16 16 16 8



Tabl e B-22. Reinforcenent spacing in inches for 6 inch CMJ wall with one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 25 30 35
40 A
A
18 6 32 16 8 3
5 32 16 8 36 in. CMU
4 24 8 3
3 16 8 3 P=1500 Ib./ft.
17 6 64 32 16 8 3
5 56 32 8 3e=0
4 40 24 8 3
3 24 8 3 Type S Mortar )
A
16 6 80 40 24 8 8
5 72 40 16 8
4 56 32 8 8
3 32 16 8
15 6 88 48 32 16 8 8
5 88 48 32 16 8
4 72 40 24 8 8
3 40 16 8 8
14 6 9% 64 40 32 16 8
5 9% 56 40 24 16 8
4 88 48 32 16 8
3 48 24 16 8
13 6 96 72 48 40 32 16
8
5 96 64 48 32 24 16
8
4 9% 56 32 24 16 8
3 56 32 16 16 8
12 6 9% 96 72 56 40 32
16
5 9% 96 64 48 40 32
8
4 96 64 48 32 24 16
8
3 72 40 24 16 16 8




11 6 96 96 88 64 48 40 40
32
5 96 96 80 56 48 40 32
24
4 96 80 56 40 32 24 24
16
3 88 48 32 24 16 16 8
8
10 6 96 96 96 80 64 56 48
40
5 96 96 96 72 56 48 40
32
4 96 96 64 48 40 32 24
24
3 96 56 40 24 24 16 16
8
Tabl e B-23. Reinforcenent spacing in inches for 6 inch CMJ wall with one
reinforcing bar in each reinforced cell--Continued
wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
A
18 6 24 8 3
5 24 8 36in. CMU
4 16 8 3
3 8 3 P=1500 Ib./ft.
17 6 40 16 8 3
5 40 16 8 3 e=t/3
4 24 8 3
3 16 8 3 Type S Mortar )
A
16 6 48 32 16 8
5 40 24 8 8
4 32 16 8
3 16 8
15 6 56 40 24 8 8
5 48 32 16 8
4 32 24 8 8
3 16 16 8
14 6 56 40 32 16 8 8
5 48 40 24 16 8
4 32 32 16 8 8
3 16 16 8




13 6 56 48 40 32 16 8 8
5 48 48 32 24 8 8
4 40 32 24 16 8 8
3 16 16 16 8
12 6 56 56 48 40 32 24 16 8
5 56 56 40 32 24 16 8 8
4 40 40 32 24 16 8 8
3 16 16 16 8 8 8
11 6 64 64 56 48 40 32 24 16
5 56 56 48 40 32 24 16 16
4 40 40 32 24 24 16 8 8
3 24 24 16 16 8 8 8
10 6 64 64 64 56 48 40 32 32
5 56 56 56 48 40 32 32 24
4 40 40 40 32 24 24 16 16
3 24 24 24 16 16 8 8 8
Tabl e B-24. Reinforcenent spacing in inches for 6 inch CMJ wall with one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . #W 5 10 15 20 25 30 35 40
A
18 16 8 3
5 8 8 36 in. CMU
4 8 3
3 8 3P=1500 Ib./ft
17 24 16 8 3
5 16 8 3e=t/2
4 16 8 3Type S Mortar
3 8 3
A
16 32 24 8 8
5 24 16 8
4 16 8 8
3 8 8

Table B-24. Reinforcement spacing in inches for 6 inch CMU wall with

one

reinforcing bar in each reinforced cell--Continued.

Wall

Wind Load, psf



Ht . Bar

Ft. # 5 10 15 20 25 30 35

15 6 32 32 16 8 8
5 32 24 8 8
4 24 16 8
3 8 8

14 6 40 40 24 16 8
5 32 32 16 8 8
4 24 24 8 8
3 8 8 8

13 6 40 40 32 24 16 8 8
5 32 32 24 16 8 8
4 24 24 16 8 8
3 8 8 8 8

12 6 40 40 40 32 24 16 8
5 32 32 32 24 16 8 8
4 24 24 24 16 8 8 8
3 16 16 16 8 8

11 6 40 40 40 40 32 24 16
5 32 32 32 32 24 16 16
4 24 24 24 24 16 8 8
3 16 16 16 8 8 8

10 6 40 40 40 40 40 32 32
5 32 32 32 32 32 24 24
4 24 24 24 24 24 16 16
3 16 16 16 16 8 8 8

Tabl e B-25. Reinforcenent spacing in inches for 8 inch CMJ wal |
wi th one
reinforcing bar in each reinforced cell.

wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
40 A
A

23 7 9% 64 40 16 8 3
6 9% 56 32 8 8 38in.CMU
5 88 40 24 8 3
4 56 24 16 3 P=0 Ib./ft.

21 7 9% 88 56 40 16 3



6 96 72 48 24 16 3e=0
5 9% 56 32 16 8 3
72 32 16 8 8 3Type S Mortar

19 7 9% 96 72 56 40 24 8

6 96 88 64 48 32 16 8

5 9% 64 40 32 16 8 8

4 88 40 24 16 8 8

18 7 9% 96 80 64 48 32 16

8

6 9% 96 72 48 40 24 16
8

5 96 72 48 32 24 16 8
8

4 96 48 32 24 16 8 8

17 7 9% 96 96 72 56 48 32

0 6 9% 96 80 56 48 32 24
0 5 9% 88 56 40 32 24 16
° 4 9% 56 32 24 16 16 8
8

16 7 9% 96 96 80 64 56 48
> 6 9% 96 96 72 56 48 32
]2_;1 5 9% 96 64 48 40 32 24

4 9% 64 40 32 24 16 16

Table B-25. Reinforcement spacing in inches for 8 inch CMU wall with one
reinforcing bar in each reinforced cell--Continued.

Wall Wind Load, psf
Ht. Bar

Ft. # 5 10 15 20 25 30 35 40

15 7 9% 9 96 96 72 64 56 48
6 9% 96 96 80 64 48 40 32
5 9% 9 72 56 40 32 32 24
4 9% 72 48 32 24 24 16 16

14 7 9% 9 96 96 88 72 64 56



6 96 96 96 88 72 56 48 48
5 96 96 88 64 48 40 32 32
4 96 88 56 40 32 24 24 16
13 7 96 96 96 96 96 80 72 64
6 96 96 96 96 88 72 56 48
5 96 96 96 72 56 48 40 32
4 96 96 64 48 40 32 24 24
12 7 96 96 96 96 96 88 72 64
6 96 96 96 96 96 80 72 64
5 96 96 96 88 72 56 48 40
4 96 96 80 56 48 40 32 24
11 7 96 96 96 96 96 96 80 72
6 96 96 96 96 96 96 80 72
5 96 96 96 96 88 72 64 56
4 96 96 96 72 56 48 40 32
Tabl e B-26. Reinforcenent spacing in inches for 8 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.
val | Wnd Load psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
A
23 7 9% 56 32 8 8 3
6 9 48 24 8 38in. CMU
5 72 32 16 8 3
4 48 24 8 3 P=500 Ib./ft.
21 7 9% 72 48 32 16 3
6 9% 64 40 24 8 3e=0
5 96 48 32 16 8 3
4 64 32 16 8 3 Type S Mortar )
A
19 7 9% 96 64 48 32 16 8 8
6 9% 80 56 40 24 8 8
5 9% 64 40 24 16 8
4 80 40 24 16 8 8
18 7 9% 96 72 56 48 24 16 8
6 9% 96 64 48 32 16 8 8
5 9 72 48 32 24 16 8
4 9 48 32 16 16 8
17 7 96 96 88 64 48 40 24 16



6 96 96 72 56 40 32 16 8
5 96 80 56 40 32 16 8 8
4 96 56 32 24 16 8 8
16 7 96 96 96 80 64 48 40 24
6 96 96 88 64 48 40 32 16
5 96 96 64 48 32 32 24 16
4 96 64 40 32 24 16 16 8
15 7 96 96 96 88 72 56 48 40
6 96 96 96 72 56 48 40 32
5 96 96 72 56 40 32 32 24
4 96 72 48 32 24 24 16 16
Tabl e B-26. Rei nforcenent spacing in inches for 8 inch CMJ wall with one
reinforcing bar in each reinforced cell--Continued.
val | Wnd Load psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
14 7 96 96 96 96 80 72 56 48
6 96 96 96 88 72 56 48 40
5 96 96 80 64 48 40 32 32
4 96 80 56 40 32 24 24 16
13 7 96 96 96 96 96 80 72 56
6 96 96 96 96 80 64 56 48
5 96 96 96 72 56 48 40 32
4 96 96 64 48 40 32 24 24
12 7 96 96 96 96 96 88 72 64
6 96 96 96 96 96 80 64 56
5 96 96 96 88 64 56 48 40
4 96 96 72 56 40 32 32 24
11 7 96 96 96 96 96 96 80 72
6 96 96 96 96 96 96 80 72
5 96 96 96 96 80 64 56 48
4 96 96 88 64 56 40 40 32
Tabl e B-27. Reinforcenent spacing in inches for 8 inch CMJ wal |
wi th one
reinforcing bar in each reinforced cell.
wal | W nd Load psf



H . Bar
Ft . # 5 10 15 20 25 30 35
A

23 7 9 56 24 8 3

6 80 48 16 8 38in. CMU

5 64 32 16 8 3

4 40 16 8 3 P=500 Ib./ft.
21 7 96 64 48 24 8 3

6 96 56 40 16 8 3e=t/3

5 80 40 24 8 8 3

4 56 24 16 8 3 Type S Mortar )

A

19 7 96 88 64 48 24 16 8

6 96 72 48 40 16 8 8

5 9 56 40 24 16 8

4 64 32 24 16 8
18 7 96 96 64 56 40 24 16 8

6 96 80 56 40 32 16 8 8

5 9 64 40 32 16 8 8

4 72 40 24 16 8 8
17 7 96 96 80 56 48 32 24 16

6 96 96 64 48 40 24 16 8

5 96 72 48 32 24 16 8 8

4 80 48 32 24 16 8 8
16 7 96 96 96 72 56 48 40 24

6 96 96 80 56 48 40 24 16

5 9 80 56 40 32 24 16 8

4 88 48 32 24 24 16 8 8
15 7 96 96 96 80 64 56 48 40

6 96 96 88 72 56 48 40 24

5 96 88 64 48 40 32 24 16

4 96 56 40 32 24 16 16 8
14 7 96 96 96 96 80 64 56 48

6 96 96 96 80 64 56 48 40

6 96 96 72 56 48 40 32 24

4 96 64 48 32 24 24 16 16

Table B-27. Reinforcement spacing in inches for 8 inch CMU wall with one
reinforcing bar in each reinforced cell--Continued.

Wall
Ht.

Bar

Wind Load, psf

40



# 5 10 15 20 25 30 35 40
7 96 96 96 96 88 72 64 56
6 96 96 96 88 72 64 56 48
5 96 96 80 64 48 40 40 32
4 96 72 56 40 32 24 24 16
7 96 96 96 96 96 88 72 64
6 96 96 96 96 88 72 64 56
5 96 96 96 72 64 48 40 40
4 96 88 64 48 40 32 24 24
7 96 96 96 96 96 96 80 72
6 96 96 96 96 96 88 72 64
5 96 96 96 88 72 64 48 48
4 96 96 72 56 48 40 32

Tabl e B-28. Reinforcenent spacing in inches for 8 inch CMJ wall w
one
reinforcing bar in each reinforced cell.

wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
A

23 7 88 48 24 8 3

80 40 16 8 38in. CMU
56 32 8 8 3

40 16 8 3 P=500 Ib./ft.

~OTO

21 7 96 64 48 24 8 3

9% 56 40 16 8 3e=t/2

72 40 24 8 8 3

48 24 16 8 3 Type S Mortar

~OTO

19 7 9 80 56 48 24 16 8
9% 72 48 32 16 8 8
9% 56 32 24 8 8

64 32 24 16 8

OO

18 7 96 88 64 48 40 24 8 8
9% 80 56 40 24 16 8 8
9% 56 40 32 16 8 8

64 40 24 16 8 8

OO

17 7 9% 96 72 56 48 32 16 8
96 88 64 48 40 24 16 8
96 64 48 32 24 16 8 8
72 40 32 24 16 8 8

OO



16 7 96 96 88 72 56 48 32 24
6 96 96 72 56 48 40 24 16
5 96 72 56 40 32 24 16 8
4 80 48 32 24 16 16 8 8
15 7 96 96 96 80 64 56 48 32
6 96 96 88 64 56 48 40 24
5 96 80 56 48 40 32 24 16
4 88 56 40 32 24 16 16 8
14 7 96 96 96 88 72 64 56 48
6 96 96 96 72 64 48 48 40
5 96 96 64 56 40 32 32 24
4 96 56 40 32 24 24 16 16
13 7 96 96 96 96 88 72 64 56
6 96 96 96 88 72 56 48 48
5 96 96 80 56 48 40 32 32
4 96 64 48 40 32 24 24 16

Tabl e B-28. Reinforcenent spacing in inches for 8 inch CMJ wall with one

reinforcing bar in each reinforced cell--Continued.
wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
40
2 7 96 96 96 96 96 80 72
64
6 96 96 96 96 80 72 56
56
5 96 96 88 72 56 48 40
40
4 96 72 56 48 32 32 24
24
11 7 96 96 96 96 96 88 80
64
6 96 96 96 96 96 80 72
64
5 96 96 96 80 64 56 48
40
4 96 88 64 48 40 32 32

24




Tabl e B-29. Reinforcenent spacing in inches for 8 inch CMJ wal |
wi th one
reinforcing bar in each reinforced cell.

wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35

>

23 7 9% 48 16 8 3
6 88 40 16 8 38 in. CMU
5 64 32 8 3
4 40 16 8 3P=1000 Ib./ft.

21 7 96 64 48 24 8 3
6 9% 56 32 16 8 3e=0
5 88 40 24 8 8 3
4 56 24 16 8 3Type S Mortar )
A

19 7 96 88 56 48 24 16 8
6 9% 72 48 32 16 8 8
5 96 56 40 24 16 8
4 72 40 24 16 8

18 7 9 96 64 48 40 24 8 8
6 96 88 56 40 24 16 8 8
5 9% 64 40 32 16 8 8
4 88 40 24 16 8 8

17 7 9% 96 80 56 48 32 16 8
6 9% 96 64 48 40 24 16 8
5 9% 72 48 32 24 16 8 8
4 96 48 32 24 16 8 8

16 7 9% 96 96 72 56 48 40 24
6 9% 96 80 64 48 40 24 16
5 96 88 56 40 32 24 16 8
4 96 56 40 24 24 16 8 8

15 7 9% 96 96 88 64 56 48 40
6 9% 96 96 72 56 48 40 24
5 9% 96 64 48 40 32 24 16
4 9% 64 40 32 24 16 16 8

14 7 9% 96 96 96 80 64 56 48
6 9% 96 96 80 64 56 48 40
5 9% 96 80 56 48 40 32 24
4 96 80 48 40 32 24 16 16

13 7 9% 96 96 96 96 80 64 56
6 9% 96 96 96 80 64 56 48
5 9% 96 96 72 56 48 40 32



4 96 88 56 48 32 24 24 16
12 7 96 96 96 96 96 88 72 64
6 96 96 96 96 88 80 64 56
5 96 96 96 80 64 56 48 40
4 96 96 72 56 40 32 32 24

Tabl e B-29. Reinforcenent spacing in inches for 8 inch CMJ wall with one

reinforcing bar in each reinforced cell--Continued.
wal | W nd Load, psf

H . Bar

Ft . # 5 10 15 20 25 30 35 40

11 7 96 96 96 96 96 96 80 72
6 96 96 96 96 96 88 80 64
5 96 96 96 96 80 64 56 48
4 96 96 88 64 48 40 32 32

Tabl e B-30. Reinforcenent spacing in inches for 8 inch CMJ wall with
one
reinforcing bar in each reinforced cell.

val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
A
23 7 72 40 16 8 3
6 64 32 8 8 38in. CMU
5 48 24 8 3
4 32 16 8 3 P=1000 Ib./ft.

21 7 88 56 32 16 8 3

6 80 48 24 8 8 3e=t/3

5 64 40 16 8 3

4 40 24 8 8 3 Type S Mortar )

A

19 7 96 72 48 32 16 8 8

6 9% 64 40 24 16 8

5 80 48 32 16 8 8

4 48 32 16 8 8
18 7 96 80 56 48 24 6 8 8

1
96 64 48 32 16 8
88 56 32 24 16 8
56 32 24 16 8 8

OO



17 7 96 88 64 48 40 24 16 8
6 96 72 56 40 32 16 8 8
5 96 56 40 32 16 8 8
4 64 40 24 16 16 8
16 7 96 96 80 64 48 40 24 16
6 96 96 64 56 40 32 24 16
5 96 64 48 40 32 24 16 8
4 64 40 32 24 16 16 8 8
15 7 96 96 88 72 56 48 40 32
6 96 96 72 56 48 40 32 24
5 96 72 56 40 32 24 24 16
4 64 48 32 24 24 16 16 8
14 7 96 96 96 80 64 56 48 40
6 96 96 88 64 56 48 40 32
5 96 80 56 48 40 32 24 24
4 64 48 40 32 24 16 16 16
13 7 96 96 96 96 80 64 56 48
6 96 96 96 80 64 56 48 40
5 96 88 64 56 48 40 32 32
4 64 56 40 32 24 24 16 16
12 7 96 96 96 96 88 72 64 56
6 96 96 96 88 72 64 56 48
5 96 96 80 64 48 48 40 32
4 64 64 48 40 32 24 24 24
11 7 96 96 96 96 96 88 72 64
6 96 96 96 96 88 72 64 56
5 96 96 88 72 56 48 48 40
4 64 64 56 48 40 32 24 24

Tabl e B-31. Reinforcenent spacing in inches for 8 inch CMJ wal |
wi th one
reinforcing bar in each reinforced cell.

wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
A
23 7 64 32 8 8 3
6 56 24 8 38in. CMU

5 40 16 8 3
4 24 16 3 P=1000 Ib./ft.




21 7 80 56 32 16 83
6 72 48 24 8 8 3e=t/2
5 56 32 16 8 3 Type S Mortar
4 40 24 8 3
19 7 9 64 48 32 16 8 8
6 88 56 40 24 8 8
5 64 40 24 16 8
4 40 24 16 8 8
18 7 9% 72 56 40 24 16 8 8
6 96 64 48 32 16 8 8
5 64 48 32 24 8 8
4 40 32 16 16 8
17 7 96 80 64 48 32 24 16 8
6 96 72 48 40 24 16 8 8
5 64 48 40 24 16 8 8
4 40 32 24 16 8 8
16 7 9% 96 72 56 48 40 24 16
6 96 80 64 48 40 24 16 8
5 64 56 40 32 24 16 8 8
4 40 40 24 24 16 8 8
15 7 9% 96 80 64 56 48 32 24
6 96 88 64 56 48 40 24 16
5 64 64 48 40 32 24 16 8
4 40 40 32 24 16 16 8 8
14 7 9% 96 88 72 64 56 48 40
6 9% 96 72 64 48 40 40 24
5 72 64 56 40 32 32 24 16
4 40 40 32 24 24 16 16 8
13 7 9% 96 96 80 72 64 56 48
6 9% 96 80 72 56 48 48 40
5 72 72 56 48 40 32 32 24
4 48 48 40 32 24 24 16 16
12 7 9% 96 96 96 80 72 64 56
6 9% 96 96 80 64 56 48 48
5 72 72 64 56 48 40 32 32
4 48 48 40 32 32 24 24 16
11 7 9% 96 96 96 88 80 72 64
6 9% 96 96 88 72 64 56 56
5 72 72 72 64 56 48 40 40
4 48 48 48 40 32 32 24 24




Tabl e B-32. Reinforcenent spacing in inches for 8 inch CMJ wal |

Wi th

one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
A
23 7 80 40 16 8 3
6 72 32 8 8 38 in. CMU
5 56 24 8 3
4 32 16 8 3pP=1500 Ib./ft.
21 7 9% 56 40 16 8 3
6 9% 56 24 8 8 3=0
5 80 40 16 8 3
4 48 24 16 8 3Type S Mortar
19 7 96 80 56 40 16 8 8
6 9% 72 48 24 16 8
5 9% 56 32 16 8 8
4 72 32 24 16 8
18 7 96 88 64 48 32 16 8 8
6 96 80 56 40 24 16 8
5 9% 64 40 24 16 8 8
4 80 40 24 16 8 8
17 7 9% 96 72 56 40 24 16 8
6 96 88 64 48 32 16 8 8
5 96 72 48 32 24 16 8 8
4 88 48 32 24 16 8 8
16 7 9% 96 96 72 56 48 32 24
6 9% 96 80 56 48 40 24 16
5 9% 80 56 40 32 24 16 8
4 96 56 32 24 16 16 8 8
15 7 96 96 96 80 64 56 48 32
6 96 96 88 64 56 48 32 24
5 9% 96 64 48 40 32 24 16
4 9% 64 40 32 24 16 16 8
14 7 9% 96 96 96 72 64 56 48
6 9% 96 96 80 64 48 40 40
5 9% 96 72 56 40 32 32 24
4 9% 72 48 32 24 24 16 16
13 7 96 96 96 96 88 72 64 56
6 9% 96 96 96 72 64 48 48
5 96 96 88 64 48 40 40 32



4 96 88 56 40 32 24 24 16
12 7 96 96 96 96 96 88 72 64
6 96 96 96 96 88 72 64 56
5 96 96 96 80 64 48 40 40
4 96 96 64 48 40 32 24 24
11 7 96 96 96 96 96 96 80 72
6 96 96 96 96 96 88 72 64
5 96 96 96 96 72 64 56 48
4 96 96 80 64 48 40 32 32

Tabl e B-33. Reinforcenent spacing in inches for 8 inch CMJ wal |
wi th one
reinforcing bar in each reinforced cell.

wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
40
23 7 56 24 8 3
6 48 16 8 38in. CMU
5 40 16 8 3
4 24 8 3 P=1500 Ib./ft.

21 7 72 48 24 8 8 3
6 64 40 16 8 3e=t/3
5 48 32 8 8 3
4 32 16 8 3 Type S Mortar

19 7 88 56 48 24 16 8
6 80 48 32 16 8 8
5 56 40 24 16 8
4 40 24 16 8

18 7 9 64 48 32 16 8 8
6 88 56 40 24 16 8 8
5 64 48 32 16 8 8
4 40 24 16 8 8

17 7 9 72 56 48 24 16 8

6 88 64 48 32 24 16 8

5 64 48 32 24 16 8 8
4 40 32 24 16 8 8




16 96 88 72 56 48 32 24
16
88 80 56 48 40 24 16
8
64 56 40 32 24 16 8
8
40 32 24 16 16 8 8
15 96 96 80 64 48 48 32
24
88 80 64 48 40 32 24
16
64 56 48 32 32 24 16
8
40 40 32 24 16 16 8
8
14 96 96 88 72 56 48 48
32
88 88 72 56 48 40 32
24
64 64 48 40 32 32 24
16
40 40 32 24 24 16 16
8
13 96 96 96 80 64 56 48
48
88 88 80 64 56 48 40
32
64 64 56 48 40 32 32
24
40 40 32 32 24 24 16
16
12 96 96 96 88 72 64 56
56
88 88 88 72 64 56 48
40
64 64 64 48 48 40 32
32
40 40 40 32 24 24 24
16
11 96 96 96 96 88 72 64
64
88 88 88 80 72 64 56
48
64 64 64 56 48 48 40
32
40 40 40 40 32 24 24

24



Tabl e B-34. Reinforcenent spacing in inches for 8 inch CMJ wall with one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
23 7 48 16 8 s
6 40 16 8 38in. CMU
5 32 8 3
4 16 8 3P=1500 Ib./ft.
3
21 7 64 40 16 8 3
6 48 32 16 8 3 e=t/2
5 40 24 8 8 3
4 24 16 8 $Type S Mortar
A
19 7 64 56 32 16 8 8
6 56 48 24 16 8
5 40 32 16 8 8
4 24 24 8 8
18 7 64 56 48 24 16 8 8
6 56 48 32 16 8 8
5 40 40 24 16 8 8
4 24 24 16 8 8
17 7 72 64 48 40 24 16 8 8
6 56 56 40 24 16 8 8
5 40 40 32 16 8 8
4 24 24 16 16 8
16 7 72 72 64 48 40 24 16 8
6 56 56 48 40 32 16 8 8
5 40 40 32 32 16 16 8 8
4 24 24 24 16 16 8 8
15 7 72 72 64 56 48 32 24 16
6 56 56 56 48 40 24 16 16
5 40 40 40 32 24 16 16 8
4 24 24 24 16 16 8 8 8
14 7 72 72 72 64 56 48 32 24
6 56 56 56 48 40 40 24 16
5 40 40 40 32 32 24 16 16
4 24 24 24 24 16 16 8 8
13 7 72 72 72 64 56 48 48 40
6 56 56 56 56 48 40 40 24
5 40 40 40 40 32 32 24 16



4 24 24 24 24 24 16 16 8
12 7 72 72 72 72 64 56 56 48
6 64 64 64 64 56 48 40 40
5 40 40 40 40 40 32 32 24
4 24 24 24 24 24 24 16 16
11 7 72 72 72 72 72 64 56 56
6 64 64 64 64 64 56 48 48
5 40 40 40 40 40 40 32 32
4 24 24 24 24 24 24 24 16

Tabl e B-35. Reinforcenent spacing in inches for 8 inch CMJ wal |
wi th one
reinforcing bar in each reinforced cell.

wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
A
23 7 64 32 8 8 3
6 56 24 8 38in. CMU
5 40 16 8 3
4 32 16 8 3 P=2000 Ib./ft.
21 7 9% 56 24 16 83
6 9% 48 24 8 8 3e=0
5 72 32 16 8 3
4 48 24 8 8 3 Type S Mortar
19 7 9% 72 48 32 16 8 8
6 96 64 48 24 8 8
5 9% 48 32 16 8 8
4 64 32 24 8 8
18 7 96 80 56 48 24 16 8 8
6 9% 72 48 32 16 8 8
5 9% 56 40 24 16 8
4 72 40 24 16 8 8
17 7 96 96 64 48 40 24 16 8
6 96 88 56 40 24 16 8 8
5 9% 64 40 32 16 8 8
4 88 40 24 16 16 8
16 7 9 96 88 64 56 40 24 16
6 9% 96 72 56 40 32 24 16
5 96 80 48 40 32 24 16 8
4 96 48 32 24 16 16 8 8




15 7 96 96 96 80 64 48 40 32
6 96 96 88 64 48 40 32 24
5 96 88 64 48 32 32 24 16
4 96 56 40 32 24 16 16 8
14 7 96 96 96 88 72 56 48 40
6 96 96 96 72 56 48 40 32
5 96 96 72 56 40 32 32 24
4 96 72 48 32 24 24 16 16
13 7 96 96 96 96 80 72 56 48
6 96 96 96 88 72 56 48 40
5 96 96 80 64 48 40 32 32
4 96 80 56 40 32 24 24 16
12 7 96 96 96 96 96 80 72 64
6 96 96 96 96 80 72 56 48
5 96 96 96 72 56 48 40 32
4 96 96 64 48 40 32 24 24
11 7 96 96 96 96 96 96 80 72
6 96 96 96 96 96 80 72 64
5 96 96 96 88 72 56 48 40
4 96 96 80 56 48 40 32 24
Tabl e B-36. Reinforcenent spacing in inches for 8 inch CMJ wall with
one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
23 7 48 16 8 3
6 40 8 8 38in. CMU
5 24 8 3
4 16 8 3 P=2000 Ib./ft.
21 7 56 32 16 8 3
6 48 24 8 8 3 e=t/3
5 40 16 8 3
4 24 16 8 3 Type S Mortar
19 7 64 48 32 16 8 8
6 56 48 24 16 8
5 40 32 16 8 8
4 24 24 8 8
18 7 72 56 40 24 16 8 8
6 56 48 32 16 8 8



5 40 40 24 16 8
4 24 24 16 8 8

17 7 72 64 48 32 16 8 8 8
6 56 56 40 24 16 8 8
5 40 40 32 16 8 8
4 24 24 16 8 8

16 7 72 72 56 48 40 24 16 8
6 64 64 48 40 24 16 8 8
5 40 40 32 24 16 16 8 8
4 24 24 24 16 16 8 8

15 7 72 72 64 56 48 32 24 16
6 64 64 56 48 40 24 16 8
5 40 40 40 32 24 16 8 8
4 24 24 24 16 16 8 8 8

14 7 72 72 72 64 48 48 32 24
6 64 64 56 48 40 32 24 16
5 48 48 40 32 32 24 16 16
4 24 24 24 24 16 16 8 8

13 7 72 72 72 64 56 48 48 32
6 64 64 64 56 48 40 32 24
5 48 48 48 40 32 32 24 16
4 32 32 32 24 24 16 16 8

12 7 72 72 72 72 64 56 48 48
6 64 64 64 64 56 48 40 40
5 48 48 48 40 40 32 32 24
4 32 32 32 24 24 24 16 16

11 7 80 80 80 80 72 64 56 56
6 64 64 64 64 64 56 48 48
5 48 48 48 48 40 40 32 32
4 32 32 32 32 24 24 24 16

Tabl e B-37. Reinforcenent spacing in inches for 8 inch CMJ wal |
wi th one
reinforcing bar in each reinforced cell.

wal | W nd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
40
23 7 24 8 8 3

6 16 8 38in. CMU



5 16 8 3
4 8 8 3 P=2000 Ib./ft.
21 40 24 8 8 3
6 24 16 8 3e=t/2
5 24 16 8 3
4 16 8 3 Type S Mortar
19 48 48 24 8 8
6 32 32 16 8 8
5 24 24 16 8
4 16 16 8
18 48 48 32 16 8 8
6 40 40 24 16 8 8
5 24 24 16 8 8
4 16 16 8 8
17 48 48 40 24 16 8 8
6 40 40 32 16 8 8 8
5 24 24 24 16 8 8
4 16 16 16 8 8
16 48 48 48 40 24 16 8
8
6 40 40 40 32 16 16 8
8
5 24 24 24 24 16 8 8
4 16 16 16 16 8 8
15 48 48 48 48 32 24 16
8
6 40 40 40 40 24 16 16
8
5 32 32 32 24 16 16 8
8
4 16 16 16 16 8 8 8
14 48 48 48 48 48 32 24
16
6 40 40 40 40 32 24 16
16
5 32 32 32 32 24 16 16
8
4 16 16 16 16 16 8 8
8
13 48 48 48 48 48 48 32
24
6 40 40 40 40 40 32 24

16



5 32 32 32 32 32 24 16
16
4 16 16 16 16 16 16 8
8
12 7 48 48 48 48 48 48 48
40
6 40 40 40 40 40 40 32
24
5 32 32 32 32 32 24 24
16
4 16 16 16 16 16 16 16
8
11 7 48 48 48 48 48 48 48
48
6 40 40 40 40 40 40 40
40
5 32 32 32 32 32 32 32
24
4 16 16 16 16 16 16 16
16
Tabl e B-38. Reinforcenent spacing in inches for 12 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
33 7 % 56 32 8 8 3
6 88 40 24 8 312 in. CMU
5 56 32 16 8 3
4 40 16 8 3P=0 Ib./ft.
30 7 96 72 48 32 16 3
6 9% 56 32 24 8 3e=0
5 80 40 24 16 8 3
4 48 24 16 8 3Type S Mortar
28 7 96 80 56 40 24 16 8
6 9% 64 40 32 16 8 8
5 96 48 32 16 8 8
4 56 24 16 8 8
26 7 96 96 64 48 40 24 16
6 96 72 48 32 24 16 8
5 96 56 32 24 16 8 8



4 72 32 24 16 8 8
24 7 96 96 80 64 48 40 32 16
6 96 96 64 48 32 32 24 16
5 96 64 40 32 24 16 16 8
4 88 40 24 16 16 8 8 8
22 7 96 96 96 72 56 48 40 32
6 96 96 72 56 40 32 32 24
5 96 80 48 40 32 24 16 16
4 96 48 32 24 16 16 8 8
20 7 96 96 96 96 72 64 48 48
6 96 96 88 64 56 40 40 32
5 96 96 64 48 40 32 24 24
4 96 64 40 32 24 16 16 16
18 7 96 96 96 96 88 72 64 56
6 96 96 96 88 64 56 48 40
5 96 96 80 56 48 40 32 24
4 96 80 48 40 32 24 16 16
16 7 96 96 96 96 96 96 80 72
6 96 96 96 96 88 72 64 56
5 96 96 96 80 64 48 40 40
4 96 96 64 48 40 32 24 24
14 7 96 96 96 96 96 96 96 88
6 96 96 96 96 96 96 80 72
5 96 96 96 96 80 64 56 48
4 96 96 88 64 48 40 32 32
12 7 96 96 96 96 96 96 96 96
6 96 96 96 96 96 96 96 96
5 96 96 96 96 96 96 80 72
4 96 96 96 88 72 56 48 40

Tabl e B-39. Reinforcenent spacing in inches for

12 inch CMJ wal |

wi th one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
Ht Bar
Ft . # 5 10 15 20 25 30 35
40
33 7 9% 48 24 8 8 3
6 80 40 16 8 312 in. CMU
5 56 24 16 8 3



32 16 8 3P=500 Ib./ft.
30 9% 64 40 24 8 3

9% 48 32 16 8 3e=0

72 32 24 8 8 3

48 24 16 8 3Type S Mortar
28 96 80 48 40 24 8 8

9% 64 40 24 16 8 8

88 40 24 16 8 8

56 24 16 8 8
26 96 88 64 48 32 24 8
8

96 72 48 32 24 16 8
8

96 48 32 24 16 8 8

64 32 24 16 8 8
24 9 96 80 56 48 40 24
16

96 88 56 40 32 24 16
16

9% 64 40 32 24 16 16
8

80 40 24 16 16 8 8
8
22 9% 96 96 72 56 48 40
32

9% 96 72 56 40 32 32
24

96 80 48 40 32 24 16
16

96 48 32 24 16 16 8
8
20 9% 96 96 88 72 56 48
40

96 96 88 64 48 40 32
32

9% 96 64 48 32 32 24
24

9% 64 40 32 24 16 16
8
18 9% 96 96 96 88 72 64
56

9% 96 96 80 64 56 48
40

9% 96 80 56 48 40 32

24



16
16 7 96 96 96 96 96 96 80

72
6 96 96 96 96 80 72 56

48
5 96 96 96 72 56 48 40

32
4 96 96 64 48 40 32 24

24
14 7 96 96 96 96 96 96 96

88
6 96 96 96 96 96 88 80

72
5 96 96 96 96 80 64 56

48
4 96 96 88 64 48 40 32

32
12 7 96 96 96 96 96 96 96

96
6 96 96 96 96 96 96 96

96
5 96 96 96 96 96 88 80

64
4 96 96 96 88 72 56 48

40

Tabl e B-40. Reinforcenent spacing in inches for 12 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.

val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
33 7 88 48 24 8 8 3
6 72 32 16 8 312 in. CMU
5 48 24 8 8 3
4 32 16 8 3 P=500 Ib./ft.

30 7 9% 56 40 24 8 3

88 48 32 16 8 3e=t/3

64 32 16 8 8 3

40 24 8 8 3 Type S Mortar

OO

28 7 96 72 48 32 16 8 8
6 9% 56 32 24 16 8



5 72 40 24 16 8 8
4 48 24 16 8 8

26 7 96 80 56 40 32 16 8 8
6 96 64 48 32 24 16 8 8
5 88 48 32 24 16 8 8
4 56 32 16 16 8 8

24 7 96 96 72 56 48 40 24 16
6 96 80 56 40 32 24 16 8
5 96 56 40 24 24 16 8 8
4 64 32 24 16 16 8 8

22 7 96 96 88 64 56 48 40 32
6 96 96 64 48 40 32 24 24
5 96 64 48 32 24 24 16 16
4 80 40 32 24 16 16 8 8

20 7 96 96 96 80 64 56 48 40
6 96 96 80 56 48 40 32 32
5 96 80 56 40 32 24 24 16
4 88 48 32 24 24 16 16 8

18 7 96 96 96 96 80 72 56 48
6 96 96 96 72 56 48 40 40
5 96 96 64 48 40 32 32 24
4 96 64 40 32 24 24 16 16

16 7 96 96 96 96 96 88 72 64
6 96 96 96 96 72 64 56 48
5 96 96 88 64 56 48 40 32
4 96 80 56 40 32 24 24 16

14 7 96 96 96 96 96 96 96 80
6 96 96 96 96 96 80 72 64
5 96 96 96 80 72 56 48 40
4 96 96 72 56 40 40 32 24

12 7 96 96 96 96 96 96 96 96
6 96 96 96 96 96 96 96 88
5 96 96 96 96 88 80 64 56
4 96 96 88 72 56 48 40 40

Tabl e B-41. Reinforcenent spacing in inches for 12 inch CMJ wall wth

one
reinforcing bar in each reinforced cell.

wal | W nd Load psf
H . Bar




Ft . # 5 10 15 20 25 30 35
40 A
A
33 7 80 48 24 8 3
6 64 32 16 8 312 in. CMU
5 48 24 8 8 3
4 32 16 8 3P=500 Ib./ft.
30 7 9% 56 40 24 8 3
6 88 48 32 16 8 3e=t/2
5 56 32 16 8 8 3
4 40 16 8 8 3Type S Mortar
28 7 9% 72 48 32 16 8 8
6 96 56 32 24 16 8
5 72 40 24 16 8 8
4 48 24 16 8 8
26 7 9 80 56 40 32 16 8
8
6 9% 64 40 32 24 16 8
8
5 80 48 32 24 16 8 8
4 56 24 16 16 8 8
24 7 9% 96 72 56 40 32 24
16
6 9% 72 56 40 32 24 16
8
5 96 56 40 24 24 16 8
8
4 64 32 24 16 16 8 8
22 7 9% 96 88 64 56 40 40
32
6 96 88 64 48 40 32 24
24
5 96 64 40 32 24 24 16
16
4 72 40 24 16 16 16 8
8
20 7 9% 96 96 80 64 56 48
40
6 9% 96 72 56 48 40 32
32
6 9% 72 56 40 32 24 24
16
4 80 48 32 24 16 16 16




18 7 96 96 96 96 80 64 56
48

6 96 96 88 72 56 48 40

32
5 96 88 64 48 40 32 32

24
4 88 56 40 32 24 24 16

16
16 7 96 96 96 96 96 80 72

64
6 96 96 96 88 72 64 56

48
5 96 96 80 64 48 40 40

32
4 96 72 48 40 32 24 24

16
14 7 96 96 96 96 96 96 96

80
6 96 96 96 96 88 80 72

64
5 96 96 96 80 64 56 48

40
4 96 80 64 48 40 32 32

24
12 7 96 96 96 96 96 96 96

96
6 96 96 96 96 96 96 88

80
5 96 96 96 96 80 72 64

56
4 96 96 80 64 56 48 40

32

Tabl e B-42. Reinforcenent spacing in inches for 12 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.

wval | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
383 7 88 48 16 8 3
6 72 32 16 8 312 in. CMU
5 48 24 8 8 3
4 32 16 8 3P=1000 Ib./ft.

30 7 9% 56 40 24 8 3



6 9% 48 32 16 8 3e=0
5 64 32 16 8 8 3
4 48 24 16 8 3Type S Mortar
28 7 9% 72 48 32 16 8 8
6 9% 56 40 24 16 8
5 80 40 24 16 8 8
4 56 24 16 8 8
26 7 96 88 56 40 32 16 8 8
6 96 72 48 32 24 16 8 8
5 96 48 32 24 16 8 8
4 64 32 16 16 8 8
24 7 96 96 72 56 48 40 24 16
6 96 88 56 40 32 24 16 8
5 9% 56 40 32 24 16 16 8
4 80 40 24 16 16 8 8 8
22 7 9% 96 96 72 56 48 40 32
6 96 96 72 48 40 32 24 24
5 96 72 48 32 24 24 16 16
4 96 48 32 24 16 16 8 8
20 7 9% 96 96 88 64 56 48 40
6 96 96 88 64 48 40 32 32
5 96 88 56 40 32 24 24 16
4 9 56 40 24 24 16 16 8
18 7 9% 96 96 96 88 72 56 56
6 9% 96 96 80 64 48 40 40
5 9% 96 72 56 40 32 32 24
4 96 72 48 32 24 24 16 16
16 7 9% 96 96 96 96 88 80 64
6 9% 96 96 96 80 64 56 48
5 9% 96 96 72 56 48 40 32
4 96 96 64 48 32 32 24 24
14 7 9% 96 96 96 96 96 96 88
6 9% 96 96 96 96 88 72 64
5 9% 96 96 96 72 64 56 48
4 9% 96 80 64 48 40 32 32
12 7 9% 96 96 96 96 96 96 96
6 9% 96 96 96 96 96 96 88
5 9% 96 96 96 96 88 72 64
4 9% 96 96 88 64 56 48 40




Tabl e B-43. Reinforcenent spacing in inches for 12 inch CMJ wal |
wi th one
reinforcing bar in each reinforced cell.

val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
33 7 72 40 16 8 3
6 56 32 8 8 312 in. CMU
5 40 24 8 3
4 24 16 8 3P=1000 Ib./ft.
30 7 88 56 32 16 8 3
6 72 40 24 8 8 3 e=t/3
5 56 32 16 8 3
4 32 16 8 8 3Type S Mortar

28 7 9% 64 40 32 1
6 88 48 32 24 8
5 64 32 24 16 8
4 40 24 16 8 8

6 8 8
8

26 7 9 72 48 40 24 16 8 8
6 9% 56 40 32 16 8 8
5 72 40 24 16 16 8 8
4 48 24 16 8 8 8

24 7 9 96 64 48 40 32 24 16
6 9 72 48 40 32 24 16 8
5 80 48 32 24 16 16 8 8
4 56 32 24 16 8 8 8

22 7 9 96 80 64 48 40 32 24
6 9% 80 56 48 32 32 24 16
5 9% 56 40 32 24 16 16 8
4 64 32 24 16 16 8 8 8

20 7 9% 96 96 72 56 48 40 40
6 9% 96 72 56 40 40 32 24
5 96 64 48 40 32 24 24 16
4 64 40 32 24 16 16 16 8

18 7 9% 96 96 88 72 64 56 48
6 9% 96 80 64 56 48 40 32
5 9 80 56 48 40 32 24 24
4 72 48 40 32 24 16 16 16

16 7 9% 96 96 96 88 80 64 56
6 96 96 96 80 64 56 48 40
5 9% 96 72 56 48 40 32 32



4 72 56 48 32 32 24 24 16
14 7 96 96 96 96 96 96 88 80
6 96 96 96 96 80 72 64 56
5 96 96 88 72 56 48 40 40
4 72 72 56 48 40 32 24 24
12 7 96 96 96 96 96 96 96 88
6 96 96 96 96 96 96 80 72
5 96 96 96 88 72 64 56 48
4 72 72 64 56 48 40 40 32
Tabl e B-44. Reinforcenent spacing in inches for 12 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
33 7 64 40 16 8 3
6 48 24 8 8 312 in. CMU
5 40 16 8 3
4 24 8 8 3P=1000 Ib./ft.
30 7 80 48 32 16 8 3
6 64 40 24 8 8 3e=t/2
5 48 24 16 8 3
4 32 16 8 8 3Type S Mortar
28 7 9% 56 40 24 16 8 8
6 80 48 32 16 8 8
5 56 32 24 16 8
4 32 16 16 8
26 7 96 64 48 40 24 16 8 8
6 88 56 40 24 16 8 8
5 64 40 24 16 8 8
4 40 24 16 8 8
24 7 96 88 64 48 40 32 16 8
6 96 64 48 32 24 24 16 8
5 72 40 32 24 16 16 8 8
4 48 24 16 16 8 8 8
22 7 9% 96 72 56 48 40 32 24
6 9% 72 56 40 32 32 24 16
5 72 48 40 32 24 16 16 8



4 48 32 24 16 16 8 8 8
20 7 96 96 88 64 56 48 40 40
6 96 80 64 48 40 32 32 24
5 72 56 40 32 24 24 16 16
4 48 40 24 24 16 16 8 8
18 7 96 96 96 80 64 56 48 48
6 96 96 72 56 48 40 40 32
5 72 64 48 40 32 32 24 24
4 48 40 32 24 24 16 16 16
16 7 96 96 96 96 80 72 64 56
6 96 96 88 72 64 56 48 40
5 72 72 64 48 40 40 32 24
4 48 48 40 32 24 24 16 16
14 7 96 96 96 96 96 88 80 72
6 96 96 96 88 72 64 56 48
5 72 72 72 64 56 48 40 32
4 48 48 48 40 32 32 24 24
12 7 96 96 96 96 96 96 96 8
6 96 96 96 96 88 80 72 64
5 72 72 72 72 64 56 48 48
4 48 48 48 48 40 40 32 32

Tabl e B-45. Reinforcenent spacing in inches for

12 inch CMJ wal |

wi th one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 10 15 20 25 30 35
40
33 7 80 40 8 3
6 64 32 16 8 312 in. CMU
5 48 24
4 32 16 3P=1500 Ib./ft.
30 7 96 56 16 8 3
6 88 48 24 16 8 3e=0
5 64 32 16 8 8 3
4 40 16 3Type S Mortar
28 7 9 64 48 32 16 8 8
6 96 56 32 24 8
5 80 40 24 16 8



48 24 16 8 8
26 96 80 56 40 24 16 8
8
96 64 40 32 24 8 8
8
96 48 32 24 16 8 8
64 32 16 16 8 8
24 96 96 72 56 40 32 24
16
96 80 56 40 32 24 16
8
96 56 40 24 24 16 8
8
72 40 24 16 16 8 8
22 96 96 88 64 56 40 40
24
96 96 64 48 40 32 24
16
96 72 48 32 24 24 16
16
88 48 32 24 16 16 8
8
20 96 96 96 80 64 56 48
40
96 96 80 56 48 40 32
32
96 88 56 40 32 24 24
16
96 56 40 24 24 16 16
8
18 96 96 96 96 80 64 56
48
96 96 96 72 56 48 40
40
96 96 72 56 40 32 32
24
96 72 48 32 24 24 16
16
16 96 96 96 96 96 88 72
64
96 96 96 96 80 64 56
48
96 96 96 72 56 48 40
32
96 88 56 48 32 32 24

24



14 7 96 96 96 96 96 96 96
88

6 96 96 96 96 96 88 72

64
5 96 96 96 88 72 64 48

48
4 96 96 80 56 48 40 32

24
12 7 96 96 96 96 96 96 96

96
6 96 96 96 96 96 96 96

88
5 96 96 96 96 96 80 72

64
4 96 96 96 80 64 56 48

40

Tabl e B-46. Reinforcenent spacing in inches for 12 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.

val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
33 7 64 32 8 8 3
6 48 24 8 312 in. CMU
5 32 16 8 3
4 24 8 8 3pP=1500 Ib./ft.

30 7 80 48 24 16 8 3

6 64 32 16 8 8 3e=t/3
5 48 24 16 8 3
4 32 16 8 3Type S Mortar

28 7 88 56 40 24 8 8
72 40 24 16 8 8
48 32 16 8 8

32 16 8 8

OO

26 7 96 64 48 32 16 8 8 8
80 48 32 24 16 8 8

56 32 24 16 8 8

40 24 16 8 8

~OTO

24 7 9 80 56 48 40 24 16 8
9 56 40 32 24 16 8
64 40 32 24 16 16 8

g1 o



4 40 24 16 16 8 8 8
22 7 96 96 72 56 48 40 32 16
6 96 72 48 40 32 24 24 16
5 64 48 32 24 24 16 16 8
4 40 32 24 16 16 8 8 8
20 7 96 96 80 64 56 48 40 32
6 96 80 56 48 40 32 32 24
5 72 56 40 32 24 24 16 16
4 40 32 24 24 16 16 8 8
18 7 96 96 96 80 64 56 48 40
6 96 88 72 56 48 40 32 32
5 72 64 48 40 32 24 24 24
4 48 40 32 24 24 16 16 16
16 7 96 96 96 96 80 72 64 56
6 96 96 80 72 56 48 48 40
5 72 72 56 48 40 32 32 24
4 48 48 40 32 24 24 16 16
14 7 96 96 96 96 96 88 72 72
6 96 96 96 80 72 64 56 48
5 72 72 72 56 48 40 40 32
4 48 48 48 40 32 24 24 24
12 7 96 96 96 96 96 96 96 88
6 96 96 96 96 88 80 72 64
5 72 72 72 72 64 56 48 48
4 48 48 48 48 40 32 32 32
Tabl e B-47. Reinforcenent spacing in inches for 12 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.
wval | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35
40
33 7 56 24 8 8 3
6 40 16 8 312 in. CMU
5 32 16 8 3
4 16 8 3P=1500 Ib./ft.
30 7 64 40 24 8 8 3
6 56 32 16 8 8 3e=t/2
5 40 24 8 8 3
4 24 16 8 3Type S Mortar



28 7 80 48 32 16 8 8
6 64 40 24 16 8
5 40 24 16 8 8
4 24 16 8 8
26 7 80 56 40 32 16 8 8
6 64 48 32 24 16 8 8
5 40 32 24 16 8 8
4 24 16 16 8 8
24 7 88 72 56 40 32 24 16
8
6 64 56 40 32 24 16 8
8
5 48 40 24 24 16 8 8
8
4 24 24 16 16 8 8
22 7 88 80 64 48 40 32 24
16
6 64 56 48 40 32 24 16
16
5 48 40 32 24 24 16 16
8
4 24 24 16 16 16 8 8
8
20 7 88 88 72 56 48 40 40
32
6 64 64 56 40 32 32 24
24
5 48 48 40 32 24 24 16
16
4 32 32 24 16 16 16 8
8
18 7 88 88 80 72 56 48 48
40
6 64 64 64 48 40 40 32
32
5 48 48 40 32 32 24 24
16
4 32 32 24 24 16 16 16
8
16 7 88 88 88 80 72 64 56
48
6 64 64 64 56 48 48 40
32
5 48 48 48 40 32 32 24

24



16
14 7 88 88 88 88 80 72 64

64
6 64 64 64 64 64 56 48

48
5 48 48 48 48 40 40 32

32
4 32 32 32 32 24 24 24

16
12 7 88 88 88 88 88 88 80

72
6 64 64 64 64 64 64 64

56
5 48 48 48 48 48 48 40

40
4 32 32 32 32 32 32 24

24

Tabl e B-48. Reinforcenent spacing in inches for 12 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.

val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
3
33 7 72 40 16 8 3
6 56 32 8 8 312 in. CMU
5 40 24 8 3
4 24 16 8 3P=2000 Ib./ft.
30 7 9% 56 32 16 8 3
6 80 40 24 8 8 <3=0
5 56 32 16 8 3
4 40 16 8 8 3Type S Mortar

28 7 9% 64 40 24 16 8 8
9% 48 32 16 8 8

72 32 24 16 8

48 24 16 8 8

OO

26 7 9 80 56 40 24 16 8 8
9% 64 40 24 16 8 8

88 48 32 16 16 8 8

56 32 16 8 8 8

OO



24 7 96 96 72 48 40 32 24 16
6 96 80 48 40 32 24 16 8
5 96 56 32 24 24 16 8 8
4 72 32 24 16 16 8 8
22 7 96 96 88 64 48 40 32 24
6 96 96 64 48 40 32 24 16
5 96 64 48 32 24 24 16 16
4 88 40 24 24 16 16 8 8
20 7 96 96 96 80 64 48 48 40
6 96 96 80 56 48 40 32 24
5 96 80 56 40 32 24 24 16
4 96 56 32 24 16 16 16 8
18 7 96 96 96 96 80 64 56 48
6 96 96 96 72 56 48 40 32
5 96 96 72 48 40 32 32 24
4 96 64 48 32 24 24 16 16
16 7 96 96 96 96 96 80 72 64
6 96 96 96 96 72 64 56 48
5 96 96 88 64 56 40 40 32
4 96 88 56 40 32 24 24 16
14 7 96 96 96 96 96 96 96 80
6 96 96 96 96 96 80 72 64
5 96 96 96 88 72 56 48 40
4 96 96 80 56 48 40 32 24
12 7 96 96 96 96 96 96 96 96
6 96 96 96 96 96 96 96 88
5 96 96 96 96 96 80 72 56
4 96 96 96 80 64 48 48 40
Tabl e B-49. Reinforcenent spacing in inches for 12 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
33 7 48 24 8 8 3
6 40 16 8 312 in. CMU
5 24 16 8 3
4 16 8 3P=2000 Ib./ft.

30 7

64 40 16 8 83



6 56 32 16 8 3e=t/3
5 40 24 8 8 3
4 24 16 8 3Type S Mortar
28 80 48 32 16 8 8
6 64 40 24 16 8
5 40 24 16 8 8
4 24 16 8 8
26 88 56 40 24 16 8 8
6 64 48 32 24 8 8 8
5 48 32 24 16 8 8
4 32 16 16 8 8
24 88 72 56 40 32 24 16 8
6 64 56 40 32 24 16 8 8
5 48 40 24 24 16 8 8 8
4 32 24 16 16 8 8
22 88 80 64 48 40 32 24 16
6 64 56 48 32 32 24 16 8
5 48 40 32 24 24 16 16 8
4 32 24 16 16 16 8 8 8
20 88 88 72 56 48 40 40 32
6 64 64 56 40 32 32 24 24
5 48 48 40 32 24 24 16 16
4 32 32 24 16 16 16 8 8
18 9% 96 80 72 56 48 48 40
6 72 72 64 48 40 40 32 32
5 48 48 40 32 32 24 24 16
4 32 32 24 24 16 16 16 8
16 9% 96 96 80 72 64 56 48
6 72 72 72 56 48 48 40 32
5 48 48 48 40 32 32 24 24
4 32 32 32 24 24 16 16 16
14 9% 96 96 96 80 72 64 64
6 72 72 72 72 64 56 48 48
5 48 48 48 48 40 40 32 32
4 32 32 32 32 24 24 24 16
12 9% 96 96 96 96 88 80 80
6 72 72 72 T2 72 64 64 56
5 48 48 48 48 48 48 40 40
4 32 32 32 32 32 32 24 24




Tabl e B-50. Reinforcenent spacing in inches for 12 inch CMJ wall wth
one
reinforcing bar in each reinforced cell.
val | Wnd Load, psf
H . Bar
Ft . # 5 10 15 20 25 30 35 40
33 7 48 16 8 3
6 32 16 8 312 in. CMU
5 24 8 8 3
4 16 8 3P=2000 Ib./ft.
30 7 56 32 16 8 8 3
6 40 24 16 8 3e=t/2
5 32 16 8 8 3Type S Mortar
28 7 56 40 24 16 8 8
6 40 32 16 8 8
5 32 24 16 8
4 16 16 8 8
26 7 56 48 40 24 16 8 8
6 40 40 24 16 8 8
5 32 24 16 8 8
4 16 16 8 8
24 7 56 56 48 40 24 16 8 8
6 40 40 32 24 24 16 8 8
5 32 32 24 16 16 8 8
4 16 16 16 8 8 8
22 7 64 64 56 48 40 32 16 16
6 48 48 40 32 24 24 16 8
5 32 32 24 24 16 16 8 8
4 16 16 16 16 8 8 8
20 7 64 64 64 48 40 40 32 24
6 48 48 48 40 32 24 24 16
5 32 32 32 24 24 16 16 8
4 16 16 16 16 16 8 8 8
18 7 64 64 64 56 48 48 40 40
6 48 48 48 40 40 32 32 24
5 32 32 32 32 24 24 16 16
4 16 16 16 16 16 16 8 8
16 7 64 64 64 64 56 56 48 48
6 48 48 48 48 40 40 32 32
5 32 32 32 32 32 24 24 24
4 16 16 16 16 16 16 16 16



14 7 64 64 64 64 64 64 56 56
6 48 48 48 48 48 48 40 40
5 32 32 32 32 32 32 32 24
4 16 16 16 16 16 16 16 16
12 7 64 64 64 64 64 64 64 64
6 48 48 48 48 48 48 48 48
5 32 32 32 32 32 32 32 32
4 16 16 16 16 16 16 16 16




APPENDI X C

LI NTEL DESI GN Al DS

C-1. This appendi x contains tables that can be used in the design of
concrete
masonry lintels.

Table C-1. 6" CMJ lintel 8" deep 1 bar Type S nortar

b =5.62in f'm = 1, 350 psi

d =4.62in Fs = 24,000 psi
Rei nf As kd p lcr M m M s Vv
in2 in i n4 ft-1b ft-1b 1Ib
1- #4 0. 20 2.00 0.0077 44 834 1,581 54

1-#5 0.31 2.33 0.0119 59 944 2,383 3
1-#6 0.44 260 0.0169 71 1,030 3,302 3
1-#7 0.60 2.85 0.0231 84 1,102 4,411 3
1-#8 0.79 3.06 0.0304 95 1,162 5,686 3

Table C-2. 6" CMU lintel 16" deep--1 bar Type S

mortar
b = 5.62in fm = 1,350 psi
d =12.62in Fs = 24,000 psi
Reinf As kd p lcr  Mrm  Mrs \%
in2 in ind ft-lb ft-lb Ib

1-#4 0.20 3.69 0.0028 437 4,433 4,555 2,606
1-#5 031 441 0.0044 610 5,182 6,913 s
1-#6 0.44 5.05 0.0062 783 5,817 9,625 s
1-#7 0.60 5.66 0.0085 965 6,398 12,903 3
1-#8 0.79 6.22 0.0111 1,146 6,911 16,665 3

Table C-3. 6" CMU lintel 24" deep--1 bar Type S mortar

b =5.62in fm = 1,350 psi
d=20.62in Fs = 24,000 psi

Reinf As kd p lcr  Mrm Mrs Vv
in2 in ind  ft-lb ft-lb Ib

1-#4 0.20 490 0.0017 1,282 9,808 7,594 4,258
1-#5 031 591 0.0027 1,828 11,606 11,564 8



1-#6 0.44 6.81 0.0038 2,394 13,176 16,147
1-#7 0.60 7.70 0.0052 3,010 14,654 21,699 8
1-#8 0.79 8.54 0.0068 3,643 15,996 28,081 8

Table C-4. 6" CMU lintel 32" deep--1 bar Type S mortar

b = 5.62in fm = 1,350 psi

d =28.62in Fs = 24,000 psi
Reinf  As kd p lcr  Mrm Mrs Vv

in2 in ind ft-lb ft-lb Ib

1-#4 0.20 5.89 0.0012 2,602 16,557 10,662 5,910
1-#5 031 7.14 0.0019 3,754 19,731 16,270 3
1-#6 0.44 8.27 0.0027 4,974 22,546 22,759 3
1-#7 0.60 9.40 0.0037 6,325 25,240 30,636 3
1-#8 0.79 10.47 0.0049 7,741 27,725 39,706 3

Table C-5. 6" CMU lintel 40" deep--1 bar Type S mortar

b = 5.62in fm = 1,350 psi
d =36.62in Fs = 24,000 psi
Reinf  As kd p lcr  Mrm Mrs Vv
in2 in4  ft-lb  ftlb b
1-#4 0.20 6.76 0.0010 4,409 24,471 13,747 7,562
1-#5 031 8.21 0.0015 6,412 29,300 21,009 3
1-#6 0.44 9.54 0.0021 8,558 33,627 29,426 3
1-#7 0.60 10.88 0.0029 10,966 37,813 39,660 3
1-#8 0.79 12.16 0.0038 13,522 41,715 51,458 3
Table C-6. 6" CMU lintel 48" deep--1 bar Type S mortar
b = 5.62in fm = 1,350 psi
d =44.62in Fs = 24,000 psi
Reinf  As kd p lcr  Mrm Mrs \%
in2 in ind ft-lb ft-lb Ib
1-#4  0.20 7.53 0.0008 6,710 33,415 16,844 9,214
1-#5 0.31 9.17 0.0012 9,813 40,147 25,770 3
1-#6 0.44 10.68 0.0018 13,170 46,225 36,132 3
1-#7 0.60 12.20 0.0024 16,971 52,149 48,744 3
1-#8 0.79 13.67 0.0032 21,041 57,716 63,299 3
Table C-7. 8" CMU lintel 8" deep 2 bars Type S mortar
b =7.62in fm = 1,350 psi



d =4.62 in Fs = 24,000 psi

Rei nf As kd p lcr M m M s Vv
in2 in i n4 ft-lb ft-1b I b
2- #4 0. 40 2.29 0.0114 77 1,263 3,085 1, 293

2-#5 0.62 2.63 0.0176 99 1,408 4,640 3
2-#6 0.88 291 0.0250 118 1,518 6,423 3
2-#7 1.20 3.15 0.0341 135 1,607 8,567 3
2-#8 1.58 3.36 0.0449 150 1,67911,064 3

Table C-8. 8" CMU lintel 16" deep 2 bars Type S

mortar

b = 7.62in fm = 1,350
psi

d =12.62in Fs = 24,000
psi

Reinf  As kd p lcr  Mrm Mrs
\Y
in2 in ind  ft-lb ft-Ib

Ib

2-#4 040 4.33 0.0042 797 6,908 8,943
3,533

2-#5 0.62 5.12 0.0064 1,090 7,984 13,532

2-#6  0.88 5.81 0.0092 1,375 8,871 18,802

2-#7 1.20 6.46 0.0125 1,663 9,657 25,122

2-#8 158 7.05 0.0164 1,943 10,341 32,457

Table C-9. 8" CMU lintel 24" deep--2 bars Type S

mortar

b = 7.62in fm = 1,350
psi

d =20.62in Fs = 24,000
psi

Reinf  As kd p lcr  Mrm Mrs
\Y
in2 in ind  ft-lb ft-Ib

Ib

2-#4 040 5.78 0.0025 2,383 15,448 14,954
5,773



2-#5 0.62 6. 92 0. 0039 3,341 18, 107 22,708
2-#6  0.88 7.93 0.0056 4,311 20,376 31,637
2-#7  1.20 8.90 0.0076 5,331 22,455 42,365

2-#8 158 9.81 0.0101 6,364 24,322 54,824

Table C-10. 8" CMU lintel 32" deep--2 bars Type S

mortar

b = 7.62in fm = 1,350
psi

d =28.62in Fs = 24,000
psi

Reinf  As kd p lcr  Mrm Mrs
\Y
in2 in ind  ft-lb ft-Ib

Ib

2-#4 040 6.99 0.0018 4,888 26,239 21,033
8,013

2-#5 0.62 8.41 0.0028 6,951 31,008 32,014

2-#6  0.88 9.69 0.0040 9,085 35,155 44,686 3

2-#7  1.20 10.94 0.0055 11,383 39,028 59,938 3

2-#8 158 12.12 0.0072 13,762 42,572 77,670 3

Table C-11. 8" CMU lintel 40" deep--2 bars Type S

mortar

b = 7.62in fm = 1,350
psi

d =36.62in Fs = 24,000
psi

Reinf  As kd p lcr  Mrm Mrs \%
in2 in ind  ft-lb ft-Ib
Ib

2-#4 0.40 8.03 0.0014 8,339 38,942 27,155
10,253

2-#5 0.62 9.70 0.0022 11,970 46,273 41,399 3

2-#6 0.88 11.22 0.0032 15,784 52,729 57,866 3

2-#7 1.20 12.72 0.0043 19,952 58,835 77,714 3

2-#8 1.58 14.15 0.0057 24,333 64,493 100,816 3




Table C-12. 8" CMJ lintel 48" deep--2 bars Type S nortar

b = 7.62 in f'm = 1, 350
psi
d =44.62 in Fs = 24,000
psi
Rei nf As kd p lcr M m M s Vv
in2 in i n4 ft-1b ft-1b
I b
2- #4 0. 40 8.97 0. 0012 12,754 53, 336 33, 305
12, 493
2- #5 0.62 10.86  0.0018 18, 433 63, 632 50, 839

2-#6 0.88 12.60 0.0026 24,463 72,784 71,137
2-#7 1.20 14.32 0.0035 31,125 81,517 95,633

2-#8 1.58 15.97 0.0046 38,205 89,685 124,173

Table C-13. 10" CMU lintel 8" deep--2 bar Type S

mortar
b =9.62in fm = 1,350
psi
d =4.62in Fs = 24,000
psi
Reinf  As kd p lcr  Mrm Mrs Vv
in2 in in4  ft-lb ft-Ib Ib

2-#4 040 2.12 0.0090 84 1,494 3,132

1,633
2-#5 0.62 245 0.0140 110 1,681 4,716 s
2-#6  0.88 2.73 0.0198 133 1,826 6,531 s
2-#7 120 297 0.0270 154 1,946 8,710 s
2-#8 158 3.18 0.0356 173 2,044 11,246 8

Table C-14. 10" CMU lintel 16" deep--2 bar Type S

mortar

b = 9.62in fm = 1,350
psi

d =12.62in Fs = 24,000
psi
Reinf As kd p lcr Mrm Mrs

Vv



in2 in i n4 ft-1b ft-1b
I b
2- #4 0. 40 3.94 0.0033 844 8,032 9, 046
4,461
2- #5 .62 4.69 0.0051 1,168 9, 348 13, 712
3
2-#6 0.88 5.35 0.0072 1,490 10,452 19,075
3
2-#7 1.20 5.97 0.0099 1,822 11,447 25,512
3
2-#8 158 6.55 0.0130 2,152 12,325 32,984
3
Table C-15. 10" CMU lintel 24" deep--2 bar Type S
mortar
b= 9.62in fm = 1,350
psi
d =20.62 in Fs = 24,000
psi
Reinf As kd p lcr  Mrm Mrs Vv
in2 in4  ft-Ib ft-Ib
2-#4 040 5.24 0.0020 2,494 17,843 15,098
7,288
2-#5 0.62 6.30 0.0031 3,533 21,038 22,966 3
2-#6 0.88 7.25 0.0044 4,601 23,802 32,038 3
2-#7 120 8.17 0.0060 5,744 26,370 42,953 3
2-#8 158 9.04 0.0080 6,920 28,708 55,637 3
Table C-16. 10" CMU lintel 32" deep--2 bar Type S
mortar
b = 9.62in fm = 1,350
psi
d =28.62in Fs = 24,000
psi
Reinf As kd p lcr Mrm Mrs
\Y
in2 in4 ft-Ib ft-Ib
Ib
2-#4 040 6.31 0.0015 5,082 30,192 21,213
10,116
2-#5 0.62 7.62 0.0023 7,292 35,865 32,337
3
2-#6 0.88 8.82 0.0032 9,611 40,859 45,196

3



2-#7 1.20 9.99 0. 0044 12, 144

2-#8 158 11.11 0.0057 14,804 49,948 78,732

3

45, 578

60, 695

Table C-17. 10" CMU lintel 40" deep--2 bar Type S mortar

b = 9.62in fm = 1,350
psi

d =36.62in Fs = 24,000
psi

Reinf As kd p lcr Mrm Mrs

\Y

in2 in in4 ft-Ib ft-Ib
Ib

2-#4  0.40 7.24 0.0011 8,634 44,695 27,364
12,944

2-#5 0.62 8.78 0.0018 12,493 53,359 41,780

2-#6  0.88 10.19 0.0025 16,598 61,073 58,472

2-#7 1.20 11.58 0.0034 21,142 68,445 78,621

2-#8 158 1293 0.0045 25,980 75,352 102,100

Table C-18. 10" CMU lintel 48" deep--2 bar Type S

mortar

b = 9.62in fm = 1,350
psi

d =44.62in Fs = 24,000
psi

Reinf  As kd p ler Mrm Mrs \%
in2 in ind ft-lb  ft-lb
Ib

2-#4 040 8.08 0.0009 13,164 61,101 33,542
15,771
2-#5 0.62 9.82 0.0014 19,166 73,214 51,271

3

2-#6  0.88 11.42 0.0021 25,612 84,086 71,830

3

2-#7 1.20 13.01 0.0028 32,818 94,562 96,676

3

2-#8 158 14.56 0.0037 40,567 104,458 125,659

3




Table C-19. 12" CWMJ lintel 8" deep--2 bars Type S
nortar
b =11.62 in f'm = 1, 350
psi
d = 4.62in Fs = 24,000
psi
Rei nf As kd p lcr M m M s
Vv
i n2 in i n4 ft-1b ft-1b
I b
2- #4 0. 40 1.98 0.0075 90 1, 706 3,169
1,972
2- #5 0. 62 2.30 0.0115 119 1,934 4,776
3
2-#6 0.88 2,58 0.0164 145 2,112 6,619
3
2-#7 1.20 2.82 0.0224 170 2,263 8,829
3
2-#8 158 3.04 0.0294 194 2,388 11,398
3
Table C-20. 12" CMU lintel 16" deep--2 bar Type S
mortar
b =11.62in fm = 1,350
psi
d =12.62in Fs = 24,000
psi
Reinf  As kd p lcr Mrm Mrs
Vv
in2 in in4 ft-lb  ft-Ib
Ib
2-#4 040 3.64 0.0027 880 9,054 9,124
5,388
2-#5 0.62 435 0.0042 1,230 10,593 13,849
3
2-#6  0.88 498 0.0060 1,582 11,901 19,287
3
2-#7 1.20 5.59 0.0082 1,951 13,094 25,819
3
2-#8 158 6.15 0.0108 2,322 14,160 33,403




Table C-21. 12" CMJ lintel 24" deep--2 bar Type S
nortar
b =11.62 in f'm = 1, 350
psi
d =20.62 in Fs = 24,000

psi
Rei nf As kd p lcr M m M s
Vv

i n2 in i n4 ft-1b ft-1b
I b
2- #4 0. 40 4.83 0.0017 2,579 20, 013 15, 207
8, 804
2- #5 0.62 5.82 0.0026 3,681 23,701 23,162
3
2-#6 0.88 6.72 0.0037 4,828 26,925 32,346
3
2-#7 1.20 7.60 0.0050 6,070 29,950 43,408
3
2-#8 1.58 8.44 0.0066 7,364 32,732 56,273
3

Table C-22. 12" CMU lintel 32" deep--2 bar Type S
mortar
b =11.62in fm = 1,350
psi
d =28.62in Fs = 24,000
psi
Reinf  As kd p lcr Mrm Mrs
Vv
in2 in in4 ft-Ib ft-Ib

Ib
2-#4 040 581 0.0012 5,230 33,768 21,347
12,219
2-#5 062 7.03 0.0019 7,554 40,270 32,581
3
2-#6  0.88 8.16 0.0026 10,018 46,042 45,584
3
2-#7 120 9.27 0.0036 12,737 51,546 61,275
3
2-#8 1.58 10.34 0.0048 15,624 56,688 79,553

Table C-23. 12" CMU lintel 40" deep--2 bar Type S
mortar



b =11.62 in f'm = 1, 350
psi
d = 36.62 in Fs = 24,000
psi
Rei nf As kd p lcr M m M s
Vv
in2 in i n4 ft-1b ft-1b
I b
2- #4 0. 40 6.66 0.0009 8,857 49,894 27,521
15, 635
2- #5 0.62 8.09 0.0015 12,892 59,776 42, 066
3
2-#6 0.88 9.41 0.0021 17,223 68,643 58,931
3
2-#7 1.20 10.72 0.0028 22,064 77,183 79,312
3
2-#8 1.58 11.99 0.0037 27,266 85,248 103,085
3
Table C-24. 12" CMU lintel 48" deep--2 bar Type S
mortar
b =11.62in fm = 1,350
psi
d =44.62in Fs = 24,000
psi
Reinf  As kd p lcr Mrm Mrs
Vv
in2 in ind  ft-lb ft-Ib
Ib
2-#4 040 7.42 0.0008 13,473 68,114 33,718 19,050
2-#5 0.62 9.03 0.0012 19,722 81,882 51,596 3
2-#6  0.88 10.53 0.0017 26,491 94,328 72,353 3
2-#7 120 12.03 0.0023 34,122 106,405 97,468 3
2-#8 158 13.49 0.0030 42,400 117,898 126,794 3
Table C-25. 6" CMU lintel 8" deep--1 bar Type N
mortar
b =5.62in fm = 1,000
psi
d =4.62in Fs = 24,000
psi

Reinf  As kd p lcr Mrm Mrs Vv
in2 in ind  ft-lb ft-Ib Ib



1- #4 0. 20 2.22 0. 0077 54 673 1,551
1-#5 031 256 0.0119 70 754 2,334 3
1-#6 044 2.84 0.0169 83 815 3,232 3
1-#7 060 3.09 0.0231 96 865 4,317 3
1-#8 0.79 3.29 0.0304 107 905 5,566 3

Table C-26. 6" CMU lintel 16" deep--1 bar Type N mortar
b = 5.62in fm = 1,000

psi
d =12.62in Fs = 24,000

psi

Reinf  As kd p lcr  Mrm Mrs \%
in2 in ind  ft-lb ft-lb  Ib

1-#4 0.20 4.18 0.0028 550 3,659 4,491
2,243
1-#5 0.31 4.95 0.0044 756 4,241 6,801

3

1-#6 0.44 5.63 0.0062 958 4,723 9,453

3

1-#7 0.60 6.27 0.0085 1,165 5,156 12,656

3

1-#8 0.79 6.86 0.0111 1,365 5,530 16,329

3

Table C-27. 6" CMU lintel 24" deep--1 bar Type N mortar

b = 5.62in fm = 1,000
psi

d =20.62in Fs = 24,000
psi

Reinf  As kd p lcr  Mrm Mrs
\Y
in2 in ind  ft-lb ft-Ib

Ib

1-#4 0.20 557 0.0017 1,637 8,162 7,505
3,665

1-#5 031 6.68 0.0027 2,305 9,589 11,404

1-#6 044 7.67 0.0038 2,985 10,813 15,896

1-#7 0.60 8.63 0.0052 3,710 11,947 21,329

1-#8 0.79 952 0.0068 4,439 12,959 27,568

821



Table C-28. 6" CMJ lintel 32" deep--1 bar Type N
nortar
b = 5.62in fm = 1,000
psi
d =28.62in Fs = 24,000
pSl
Rei nf As kd p lcr M m M s
\Y
i n2 in i n4 ft-1b ft-1b
I b
1-#4 0. 20 6.72 0.0012 3,350 13, 843 10, 552
5, 086
1-#5 0.31 8.10 0.0019 4,781 16,392 16, 070
3
1-#6  0.44 9.35 0.0027 6,269 18,619 22,442
3
1-#7 0.60 10.58 0.0037 7,891 20,720 30,163
3
1-#8 0.79 11.73 0.0049 9,559 22,630 39,040
3
Table C-29. 6" CMU lintel 40" deep--1 bar Type N
mortar
b = 5.62in fm = 1,000
psi
d =36.62in Fs = 24,000
psi
Reinf  As kd p lcr  Mrm Mrs
\Y
in2 in ind  ft-lb ft-Ib
Ib
1-#4 0.20 7.72 0.0010 5,706 20,524 13,618
6,508
1-#5 0.31 9.34 0.0015 8,217 24,432 20,774
3
1-#6 0.44 10.82 0.0021 10,867 27,889 29,051
3
1-#7 060 12.29 0.0029 13,795 31,190 39,095
3
1-#8 0.79 13.68 0.0038 16,852 34,227 50,656




Table C-30. 6" CMJ lintel 48" deep--1 bar Type N
nortar
b = 5.62in fm = 1,000
psi
d =44.62 in Fs = 24,000
psi
Rei nf As kd p lcr M m M s
Vv
i n2 in i n4 ft-1b ft-1b
I b
1-#4 0. 20 8.62 0.0008 8, 717 28, 089 16, 699
7,930
1-#5 0.31 10.45 0.0012 12,634 33,569 25, 504
3
1-#6  0.44 12.14 0.0018 16,813 38,458 35,703
3
1-#7  0.60 13.82 0.0024 21,479 43,167 48,096
3
1-#8  0.79 15.43 0.0032 26,403 47,539 62,374

3

Table C-31. 8" CMU lintel 8" deep--2 bars Type N mortar

b =7.62in fm = 1,000
psi

d =4.62in Fs = 24,000
psi
Reinf  As kd p lcr  Mrm Mrs
\Y

in2 in ind  ft-lb ft-Ib
Ib
2-#4 0.40 253 0.0114 92 1,010 3,023
1,113
2-#5 0.62 2.87 0.0176 115 1,113 4,542
3
2-#6 0.88 3.14 0.0250 135 1,189 6,287
3
2-#7 1.20 3.37 0.0341 152 1,248 8,389
3
2-#8 1.58 3.56 0.0449 166 1,294 10,845
3
Table C-32. 8" CMU lintel 16" deep 2 bar Type N

mortar

b = 7.62in fm = 1,000

psi



d =12.62 in Fs = 24,000
psi
Rei nf As kd p lcr M m M s Vv
in2 in i n4 ft-1b ft-1b I b
2- #4 0. 40 4.86 0.0042 990 5, 658 8, 800
3, 041
2- #5 0.62 5.71  0.0064 1,331 6,476 13, 289

2-#6 0.88 6.44 0.0092 1,653 7,135 18,435
2-#7 1.20 7.10 0.0125 1,969 7,705 24,608

2-#8 1.58 7.70 0.0164 2,269 8,189 31,773

Table C-33. 8" CMU lintel 24" deep--2 bar Type N

mortar
b = 7.62in fm = 1,000
psi
d =20.62in Fs = 24,000
psi
Reinf  As kd p lcr  Mrm Mrs Vv
in2 in ind ft-lb ft-lb Ib

2-#4 0.40 6.55 0.0025 3,010 12,774 14,750
4,969

2-#5 0.62 7.78 0.0039 4,160 14,848 22,352

2-#6 0.88 8.87 0.0056 5,296 16,583 31,087
2-#7 1.20 9.90 0.0076 6,464 18,142 41,571 3
2-#8 1.58 10.84 0.0101 7,618 19,515 53,738 3

Table C-34. 8" CMU lintel 32" deep 2 bar Type N

mortar

b = 7.62in fm = 1,000
psi

d =28.62in Fs = 24,000
psi
Reinf  As kd p lcr  Mrm Mrs
\Y

in2 in ind  ft-lb ft-Ib

Ib

2-#4  0.40 7.94 0.0018 6,232 21,815 20,780
6,896



2-#5 0.
3

2-#6  0.88

3

2-#7  1.20

3

2-#8  1.58

62 9. 50

10.90 0.0040 11,303 28,815
12.23 0.0055 13,995 31,776

13.49 0.0072 16,724 34,439

0. 0028

8,751
43,979
58,901

76,230

25, 589

31, 562

Table C-35. 8" CMU lintel 40" deep 2 bar Type N mortar

b =7.62in fm = 1,000
psi

d =36.62in Fs = 24,000
psi
Reinf As kd p lcr  Mrm Mrs
\Y

in2 in ind  ft-lb ft-Ib
Ib
2-#4  0.40 9.15 0.0014 10,699 32,495 26,857
8,824
2-#5 0.62 11.00 0.0022 15,183 38,352 40,864
3
2-#6  0.88 12.67 0.0032 19,804 43,431 57,020
3
2-#7 1.20 14.28 0.0043 24,764 48,160 76,461
3
2-#8 1.58 15.82 0.0057 29,880 52,475 99,059
3

Table C-36. 8" CMU lintel 48" deep--2 bar Type N

mortar

b =7.62in fm = 1,000
psi

d =44.62in Fs = 24,000
psi
Reinf  As kd p lcr  Mrm Mrs
\Y

in2 in ind  ft-Ib ft-Ib

Ib
2-#4 0.40 10.23 0.0012 16,438 44,626 32,967
10,752
2-#5 0.62 12.34 0.0018 23,508 52,909 50,227

3



2- #6 0. 88 14.26  0.0026 30, 888
2-#7 1.20 16.13 0.0035 38,906 66,996 94,183

2-#8 1.58 17.92 0.0046 47,281 73,293 122,124

60, 167

70, 165

Table C-37. 10" CMU lintel 8" deep--2 bar Type N

mortar

b =9.62in fm = 1,000
psi

d =4.62in Fs = 24,000
psi
Reinf  As kd p lcr  Mrm Mrs
\Y

in2 in ind  ft-Ib M-Ib

Ib

2-#4 0.40 2.34 0.0090 101 1,202 3,071
1,405

2-#5 0.62 2.69 0.0140 129 1,337 4,618

2-#6 0.88 296 0.0198 153 1,438 6,392

2-#7 1.20 3.20 0.0270 175 1,520 8,526

2-#8 1.58 3.40 0.0356 194 1,585 11,014

Table C-38. 10" CMU lintel 16" deep--2 bar Type N

mortar

b= 9.62in fm = 1,000
psi

d=12.62in Fs = 24,000
psi
Reinf  As kd p lcr  Mrm Mrs
\Y

in2 in ind  ft-Ib ft-Ib

Ib

2-#4 0.40 4.44 0.0033 1,057 6,610 8,912
3,839
2-#5 0.62 5.25 0.0051 1,441 7,624 13,479

2-#6 0.88 5.95 0.0072 1,811 8,455 18,721



2- #7 1.20 6.60 0.0099 2,183

3

2-#8 1.58 7.19 0.0130 2,543 9,822 32,304

3

9, 188

25, 008

Table C-39. 10" CMU lintel 24" deep--2 bar Type N

mortar

b= 9.62in fm = 1,000
psi

d =20.62in Fs = 24,000
psi

Reinf  As kd p lcr  Mrm Mrs
\Y

in2 in ind  ft-lb ft-Ib
Ib

2-#4  0.40 5.95 0.0020 3,172 14,812 14,910
6,273

2-#5  0.62 7.11 0.0031 4,434 17,331 22,631

2-#6  0.88 8.14 0.0044 5,704 19,471 31,517

2-#7  1.20 9.12 0.0060 7,035 21,424 42,191

2-#8 158 10.04 0.0080 8,374 23,170 54,584

Table C 40. 10" CMU lintel 32" deep--2 bar Type N

mortar

b = 9.62in fm = 1,000
psi

d =28.62in Fs = 24,000
psi

Reinf  As kd p lcr Mrm Mrs
\Y
in2 in in4 ft-Ib ft-Ib
Ib

2-#4  0.40 7.19 0.0015 6,519 25,189 20,979
8,707

2-#5  0.62 8.64 0.0023 9,246 29,720 31,917

2-#6  0.88 9.95 0.0032 12,054 33,645 44,533

2-#7  1.20 11.22 0.0044 15,065 37,298 59,712



2- #8 1.58 12. 42 0. 0057 18, 169

40, 628

77,355

Table C-41. 10" CMU lintel 40" deep--2 bar Type N mortar

b= 9.62in fm = 1,000
psi

d=36.62in Fs = 24,000
psi
Reinf As kd p lcr Mrm Mrs
\Y

in2 in in4 ft-Ib ft-Ib
Ib
2-#4  0.40 8.27 0.0011 11,137 37,413 27,091
11,140
2-#5 0.62 9.98 0.0018 15,948 44,391 41,284
3
2-#6 0.88 11.54 0.0025 20,980 50,518 57,683
3
2-#7 1.20 13.06 0.0034 26,460 56,292 77,443
3
2-#8 1.58 14.51 0.0045 32,195 61,626 100,433
3

Table C-42. 10" CMU lintel 48" deep--2 bar Type N

mortar

b =9.62in fm = 1,000
psi

d=44.62in Fs = 24,000
psi
Reinf As kd p lcr  Mrm Mrs \%

in2 in in4  ft-lb ft-Ib
Ib
2-#4  0.40 9.24 0.0009 17,050 51,271 33,233
13,574

2-#5 0.62 11.18 0.0014 24,587 61,087 50,708

3

2-#6 0.88 12.96 0.0021 32,560 69,786 70,928

3

2-#7 1.20 14.71 0.0028 41,339 78,062 95,320

3

2-#8 1.58 16.40 0.0037 50,634 85,779

3

123,728




Table C-43. 12" CMJ lintel 8" deep--2 bars Type N

nortar

b =11.62 in fm = 1,000
psi

d = 4.62 in Fs = 24,000
psi
Rei nf As kd p lcr M m M s Vv

in2 in i n4 ft-1b ft-1b I b

2- #4 0. 40 2.20 0.0075 109 1,379 3,110 1, 698

2-#5 0.62 254 0.0115 141 1,546 4,680 3
2-#6  0.88 2.82 0.0164 170 1,673 6,479 3
2-#7 1.20 3.06 0.0224 196 1,777 8,641 3
2-#8 1.58 3.27 0.0294 219 1,862 11,158 3

Table C-44. 12" CMU lintel 16" deep--2 bar Type N

mortar

b =11.62in fm = 1,000
psi

d =12.62in Fs = 24,000
psi
Reinf  As kd p lcr Mrm Mrs
\Y

in2 in ind  ft-lb ft-Ib

Ib

2-#4 0.40 412 0.0027 1,109 7,478 8,997

4,637

2-#5 0.62 489 0.0042 1,527 8,674 13,627
2-#6 0.88 5.57 0.0060 1,938 9,670 18,946
2-#7 1.20 6.20 0.0082 2,357 10,561 25,327

2-#8 1.58 6.78 0.0108 2,770 11,341 32,733

Table C-45. 12" CMU lintel 24" deep--2 bar Type N

mortar

b =11.62in fm = 1,000
psi

d =20.62in Fs =24,000
psi

Reinf As kd p lcr  Mrm Mrs Vv
in2 in in4 ft-lb  ft-Ib Ib



2-#4 0. 40 5.50 0.0017 3, 296 16, 663

2-#5 0.62 6.59 0.0026 4,648 19,593 22,845 3
2-#6 0.88 7.57 0.0037 6,026 22,111 31,850 3
2-#7 1.20 8.51 0.0050 7,491 24,436 42,676 3
2-#8 1.58 9.40 0.0066 8,985 26,539 55,253 3

15, 031

7,577

Table C-46. 12" CMU lintel 32" deep--2 bar Type N

mortar
b=11.62in fm = 1,000
psi
d=28.62in Fs = 24,000
psi
Reinf As kd p lcr Mrm Mrs
\Y
in2 in ind  ft-lb  ft-lb
Ib

2-#4  0.40 6.63 0.0012 6,738 28,245 21,129
10,517

2-#5 0.62 7.99 0.0019 9,628 33,472 32,186

2-#6  0.88 9.23 0.0026 12,641 38,046 44,957

2-#7 1.20 10.44 0.0036 15,909 42,345 60,339

2-#8 158 11.59 0.0048 19,319 46,305 78,232

Table C-47. 12" CMU lintel 40" deep--2 bar Type N

mortar
b=11.62in fm = 1,000
psi
d =36.62in Fs =24,000
psi
Reinf As kd p lcr  Mrm Mrs \%
in2 in ind ft-lb  ft-lb
Ib

2-#4  0.40 7.61 0.0009 11,469 41,862 27,267
13,456

2-#5 0.62 9.21 0.0015 16,534 49,869 41,602 3

2-#6  0.88 10.68 0.0021 21,890 56,961 58,188

2-#7 120 12.12 0.0028 27,785 63,705 78,196 3

2-#8 158 13.50 0.0037 34,022 69,992 101,497

3




Table C-48. 12" CMJ lintel 48" deep--2 bar Type N

nortar
b =11.62 in f"m = 1,000
psi
d =44.62 in Fs = 24,000
psi
Rei nf As kd p lcr M m M s
Vv
i n2 in i n4 ft-1b ft-1b
I b
2- #4 0. 40 8. 49 0. 0008 17,513 57, 279 33,431
16, 396
2- #5 0.62 10. 31 0. 0012 25, 410 68, 495 51, 069

3

2-#6  0.88 11.97 0.0017 33,848 78,518 71,506

3

2-#7  1.20 13.63 0.0023 43,229 88,131 96,188

3

2-#8  1.58 15.23 0.0030 53,261 97,171 124,962

3
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