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INTRODUCTION

The structural design of buildings requires a variety of
loadsto beaccountedfor: dead andlivel oads, thosefromwind,
earthquake, lateral soil pressure, lateral fluid pressure aswell
as forces induced by temperature changes, creep, shrinkage
and differential movements. Becausemost loadscanact simul-
taneoudly with another, the designer must consider how these
variousloadsinteract onthewall. For example, aconcentrically
applied compressiveaxial |oad can offset tensionduetolateral
load, effectively increasing flexural capacity. Building codes
dictate which load combinations must be considered, and
require that the structure be designed to resist all possible
combinations.

ThedesignaidsinthisTEK cover combinedaxia compres-
sion or axial tension and flexure, as determined using the
strength design provisions of Building Code Require-
ments for Masonry Structures (ref. 3). For concrete ma-
sonry walls, these design provisions are outlined in TEK 14-
4A, Strength Design of Concrete Masonry (ref. 1). Axia
load-bending moment interaction diagrams account for the
interaction between moment and axial load on the design
capacity of awall. ThisTEK showsthe portion of theinterac-
tion diagram that applies to the mgjority of wall designs.
Although negative momentsare not shown, thefiguresmay be
used for these conditions, since reinforcement in the center of
thewall will provide equal strength under either a positive or
negative moment of the same magnitude. Conditions outside
of this area may be determined using Concrete Masonry
Wall Design Software or Concrete Masonry Design Tables
(refs. 4,5). Thereader isreferred to Loadbearing Concrete
Masonry Wall Design (ref. 2) for afull discussionof interac-
tion diagrams.

Figures 1 through 8 apply to fully or partially grouted
reinforced concrete masonry wallswith a specified compres-
sivestrengthf'_of 1,500 psi (10.34 MPa), andamaximumwall
height of 20ft (6.10m), Grade60 (414 M Pa) vertical reinforce-
ment, with reinforcing bars positioned in the center of thewall

andreinforcing bar spacingsfrom8in.to120in. (203t0 3,048
mm). The following discussion applies to ssmply supported
wallsandislimitedtouniformlateral loads. Other support and
|oading conditionsshould comply with applicableengineering
procedures. Each figure appliesto one specific wall thickness
and onereinforcing bar size.

In strength design, two different deflections are calcu-
lated; onefor servicelevel loads (d,) and another for factored
loads(d ). For auniformly loaded smply supported wall , the
resulting bending moment is as follows:
M, =W,h?/8+P,(e/2) +Pd, (Egn. 1)

Intheaboveequation, notationswith"x" arereplaced with
factored or servicelevel values as appropriate. Thefirstterm
ontheright sideof Equation 1 representsthemaximummoment
of auniform load at the mid-height of thewall (normally wind
or earthquakeloads). The second term representsthe moment
induced by eccentrically applied floor or roof loads. Thethird
term is the P-delta effect, which is the moment induced by
vertical axial loadsand lateral deflection of thewall.

DESIGN EXAMPLE

An 8-in. (203-mm) thick, 20 ft (6.10 m) high reinforced
simply supported concretemasonry wall (115 pcf (1,842kg/me))
is to be designed to resist wind load as well as eccentrically
applied axial live and dead loads as depicted in Figure 9. The
designer must determinethereinforcement sizespacedat 24in.
(610 mm) required to resist the applied |oads, listed below.

D =5201b/ft(7.6kN/m),ate=0.75in.(19mm)

L =2501b/ft(3.6kN/m),ate=0.75in.(19mm)

W =20psf (1.0kPa)

Thewall weight at midheight for 115 pcf (1,842kg/mq) unit
concrete density is49 1b/ft? (239 kg/m?) (ref. 7, Table 1).

P, = (491b/ft?)(10ft)
=4901b/ft (7.2kN/m)
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Figurel—~8-I1nch (203-mm) ConcreteM asonry Wall With No. 4 (M #13) ReinforcingBar s
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Figure2—8-1nch (203-mm) Concr eteM asonry Wall With No.5(M #16) ReinforcingBar s
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Figure3—8-1nch (203-mm) ConcreteM asonry Wall With No. 6 (M #19) ReinforcingBars
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Figure4—10-Inch (254-mm) ConcreteM asonry Wall With No. 4 (M #13) ReinforcingBars
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Figure5—10-Inch (254-mm) ConcreteM asonry Wall With No.5(M #16) ReinforcingBar s

Theapplicableload combination (ref. 6) for thisexampleis:
12D+1.6W+f L+0.5L, (Egn.2)

Duringdesign, all load combinationsshoul d bechecked. For
brevity, only the combination above will be evaluated here.

First determinethe cracking moment M :
M, = S f, = 9,1991b-in./ft (3,410 mN/m), where

S, 93.2in.3/ft (5.01x 10 mm3/m) (ref.8, Tablel)

f = 987ps(0.68MPa)

(ref.1, Tablelinterpolatedfor grout at 24in. (610mm) o.c.)

Tocheck servicelevel |oad deflectionand moment, thefollowing

analysisis performed in an iterative process.

Firstiteration,d =0

Mg, ;= 20(20)%(12)/8+(520+250)(0.75/2) +(520+250+490)(0)
= 12,289in.-1b/ft (4,555 mN/m) (fromEqgn.1)

Since M, <M,,, therefore analyze as a cracked section.

o 5'\/|(.‘.I'h2 +5(MS€f B MCr)h2
S 48E,|, 48E, |,

12 (Eqn.3)

where: E
I

g9

900f = 1,350,000psi (9,308MPa)
369.4in.4ft (504x10°mntYm)  (ref.8, Tablel)
I, = 21.0in./ft(504x10°mm?/m) (Tablel)

_ 5(9,199)(240)* N 5(12,289- 9,199)(240)*
L 48(1,350,000)(369.4)  48(1,350,000)(21.0)

=0.76in.(19mm)

Seconditeration, d =0.76in. (19mm)

M.,,= 12,289+ (520+250+490)(0.76)

= 13,247in.-1b/ft(4,910mN/m)

d,=0.97in.(25mm)

Thirditeration, M, ,=13,511in.-Ib/ft (5,008 mN/m),d _,=1.02

in. (26 mm). Because d, iswithin 5% of d_,, thend_=d_,.
Check d_against themaximum serviceload deflection: d,

<0.007h=0.007(240)=1.68in.(43mm)>1.02in.(26mm), OK.

If M, <M, instead of using Equation 2 for deflection,
we would have used:

ser2
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Figure6—12-Inch (305-mm) ConcreteM asonry Wall With No. 4 (M #13) ReinforcingBars
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Figure7—12-1nch (305-mm) ConcreteM asonry Wall With No.5(M #16) ReinforcingBars
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Figure8—12-Inch (305-mm) ConcreteM asonry Wall With No. 6 (M #19) ReinforcingBars




Tablel—Cracked Moment of Inertia, | _,in./ft
Barsize, Spacing of reinforcement, in. (mm)
No. (M #)| 8(203) 16(406) 24(610) 32(813) 40(1,016) 48(1,219) 72(1,829) 96(2438) 120(3,048)
8-inch (203-mm)wall thickness:
4 (13) | 479 289 210 16.6 137 118 825 6.33 521
5 (16) | 638 400 296 237 198 17.0 121 942 7.74
6 (19 | 785 510 385 3L1 262 27 163 128 105
10-inch (254-mm) wall thickness:
4 (13) | 818 485 349 274 26 193 135 104 847
5 (16) | 1105 679 207 305 329 282 199 154 126
12-inch (305-mm) wall thickness:
4 (13 | 1257 734 525 411 338 288 200 154 125
5 (16) | 1716 1037 754 596 494 423 27 230 188
6 (19 | 2161 1343 P4 793 66.2 569 403 314 257
2@ |ntermediate spacings may be interpolated.
) repeated and verified with the new grout spacings and asso-
.= SMh (Eqn.4) ciated properties. Although abovegradewall designisseldom
48E, |, governed by out-of-plane shear, the shear capacity should be

To determine deflection and moment due to factored
loads, anidentical calculationisperformedasfor serviceloads
with the exception that factored loads are used in Equations 1
and 3 or Equations 1 and 4.

Firstiteration, d =0, using Equation 1:

lateral = 1.6[(20)(20)%(12)/g] = 19200
roof & floor = 1.2(520)(0.75/2)+0.5(250)(0.75/2) = 281
P-delta = [1.2(520+490)+0.5(250)]0 = 0

M, =laterd +roof & floor +P-delta= 19,481l b-in./ft (7,221 mN/m)

From Equation 3, usingM , instead of M, d , =2.29in. (58
mm.

Seconditeration, M, ,=22,543b-in./ft (8,356 mN/m), d ,=2.94
in.(75mm).

Thirditeration, M ;=23,4121b-in/ft (8,678 mN/m),d ,=3.12
in.(79mm).

Fourthiteration, M ,,=23,6521b-in./ft (8,767 mN/m),d ,=3.17
in.(8Lmm).

d,iswithin5%ofd ;. Therefore, M, =M, =23,652Ib-in./ft=
1,971Ib-ft/ft (8,767 mN/m).

P

u

1.2(520+490) +0.5(250)
1,3371b/ft (20kN/m)

Todeterminetherequired reinforcement sizeand spacing
toresist theseloads, P, and M, are plotted on the appropriate
interaction diagram until a satisfactory design isfound. If the
axial load is used to offset stresses due to bending, only the
unfactored dead load should be considered.

Figure1showsthat No. 4 barsat 24in. (M #13at 610 mm)
on center isadequate. If alarger bar spacing isdesired, No. 5
at32in. (M#16at813mm) or No.6at48in. (M #19at 1219 mm)
also appear to meet the design requirements (see Figures2 and
3, respectively). However, the design procedure should be

checked.
NOMENCLATURE

D  deadload, Ib/ft (kN/m)
E modulus of elasticity of masonry in compression, ps

(MPe)

e eccentricity of axial load- measuredfromcentroid of wall,
in.(mm)

., specified masonry compressive strength, psi (MPa)

f modulus of rupture, psi (MPa)

factor for floor load: = 1.0 for floorsin places of public
assembly, for liveloadsinexcessof 100 psf (4.8kPa) and
for parking garageliveloads; = 0.5 otherwise

h height of wall, in. (mm)

I moment of inertia of cracked cross-sectional area of a
member, in.4/ft (mm?/m)

moment of inertia of gross cross-sectional area of a
member, taken hereasequal tol_ , in.#/ft (mm?*/m)
liveload, Ib/ft (kN/m)

roof liveload, Ib/ft (kN/m)

nominal cracking moment strength, in.-Ib/ft (kN-m/m)
service moment at midheight of amember, including P-
deltaeffects, in.-Ib/ft (kN-m/m)

factored moment, in.-1b/ft or ft-1b/ft (KN-m/m)
factoredaxial oad, [b/ft (kN/m)

factored|oad fromtributary floor or roof areas, | b/ft (kN/

«Q

avg’

Uz Z2Zrr
= c ﬁg

m

load dueto wall weight, 1b/ft (kN/m)

section modulus of the net cross-sectional area of a
member, in.3/ft (mm3/m)

spacing of vertical reinforcement, in. (mm)

wind load, psf (kN/nm?)

horizontal deflection at midheight under service loads,
in.(mm)

d  deflection dueto factored loads, in. (mm)
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METRICCONVERS ONS
Figure9—Wall Sectionfor L oadbearing Toconvert: Tometricunits: Multiply English units by:
Weall Design Example ft m 03048
Ib-ft/ft mN/m 444822
[b-in/ft mN/m 0.37069
in. nmm 254
in.4/ft mmf/m 1,366,000
[b/ft kN/m 0.0145939
psi MPa 0.00689476
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