Masonry Beam Design

Strength Design
Flexure and Shear
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Code References

2003 International Building Code (IBC)
2006 International Building Code (IBC)

2002 ACI 530/ASCE5/TMS402 by the Masonry
Standards Joint Committee (MSJC)

2005 ACI 530/ASCE5/TMS402 by the Masonry
Standards Joint Committee (MSJC)

Note:

** indicates equations found within general text books
that are not contained in IBC , ASCE, or MSJC codes or
commentaries.
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Code References for Beam
Design

There are few changes between
the 2003 IBC/02 MSIC
and
the 2006 IBC /05 MSIC

Exceptions will be noted

Otherwise code references apply to either code
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Beam Strength Design

Beam Design Using Factored Loads and Strength
Reduction Factors

¢2006 International Building Code (IBC)
(2006 IBC) Section 2108

«2005 ACI 530/ASCE5/TMS402 by the Masonry
Standards Joint Committee (MSJC)
(2005 MSJO) Chapter 3
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Beam Strength Design

Masonry strength design is similar to concrete
strength design using the Whitney Stress Block
except that some assumptions are different

e Maximum Usable Strain
» Depth of Compression Block

 Average Stress on Compression Block
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Beam Strength Design

2005 MSJC / 2006 IBC

b Neutral axis L—I 0.8fn
9 w=0.0025 (CMU) 1
c =0.0035 (Clay) Ia: 0.8¢ — G, = 0.8f,ab

d
h fd
——Curvature,¢

& L<f, T=fA<—

Hs

Member Strain Stress Diagram Force Diagram
Section Distribution (Masonry Compressive

Stress Block)
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Equilibrium of Beam Cross Section

C,=.8f_ab
a = depth of compression block
Ts = As I:y
T=Cy
Af
F,=.8f =Sy
AFy=8Fnab " 0801, b

Mn=(T)(d) = Asfy[d —%)

MU :¢Mn
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Flexural Strength of Beam Cross Section

_ . Afy
M”Z(T)(’d)zAsfy[d _Ej 080t b
’ m
M, =¢Mn
Ay
M. —0Af |d— s Ag=p bd
u =A y( (2X0.80)f'me =P
(p b d)f
My =¢pbdfy[d_ 2Y0.80)f" bj
' m
M fy fy
u =¢ pbffy[1-0.63 e Let g=p—
m m

=¢bd Frng(1-063q)
Solve for g to find required A ag8




Beam Design Example

’Lﬁ_‘_‘ « Beam is solid grouted 10

inch CMU

* Lclear =8-0"

d=42’ o« = '
45 f’, = 2500 psi

* Grade 60 steel

* Type S Mortar

A A

Determine required
LA, flexural reinforcement

« M, = 160 kip-ft; V, = 80 k
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Beam Design Example

Load Combinations

1.2D +1.6L IBC 1605.2.1

Flexural Strength Reduction Factor (No Axial
Loads):

MSJC: 3.3.4.2.1

n 1m
=0.90 MSJC: 3.1.4.1
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Beam Design Example

2005 MSJC:
My= &b d>fy, g (1 —0.63q)
(160)(12)= (0.9) 0.63 (42)° (2.5) q (1 — 0.63q)
0.0502= q(1 — 0.63q)
0.63° —q + 0.0502= 0

Solve quadratic equation

A1) +/1-4-(063) (0.0502)
4= 2-(0.63)

q = 0.052
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Beam Design Example

2005 MSJC:

f|
q =0.052 p f_m
y

p =0.0022

q

2.5 ksi
60Kksi

0 =(0.052)

As = pbd  =0.0022 (9.625 in) (42 in)

. 2
As =0.875in"  Use 2-#6 A, actual = 0.88 in2
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Beam Design Example
2005 MSJC:

Actual Nominal Flexural Capacity:
M,=b d? f’, q (1-0.63q) q = [As/(bd)] (fy/f’,)
q = [(0.88 in?)/(9.625")(42")] (60ksi/2.5ksi) = 0.0522
M, = (9.625”) (42in2) (2.5ksi) (0.522)[1-0.63(0.522)](1’/12"/")
M, =179 k-ft (will need for upcoming check)
oM, = 0.9%179 k-ft = 161 k-ft > M, = 160 k-ft

Flexural Capacity OK
and efficient
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Check Beam Cracking Moment
2005 MSJC /2006 IBC

MSJC Section 3.3.4.2.2.2 Minimum Capacity: 1.3M¢ <M,
Table 3.1.8.2.1:

tensile stress parallel to bed joints, fully grouted, Type S
mortar f. = 200 psi

1.3Mg = 1.3S,f,

= 1.3*[(9.625 in)*(48 in)2/6]*[(200 psi)/[(L12 in/ft)*(1000 Ib/K)]]
1.3M,, = 1.3(61.60 ft-kip) = 80 ft-Kkip < M, = 179 k-ft

*Nominal Flexural Strength OK
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Check Maximum Reinforcement
2005 MSJC / 2006 IBC

Section 3.3.3.5.1:

b Neutral axis L—I 0.8fn
S J— €mu = 0.0025
¢ 7 " 08{!—>C‘“ ) OISQGb

h d Acceptable f
ng?;gy" /| Unacceptable
§ 7 INL__by (Excess Reinforcement)
.. )
v N a 1.5¢, TL=1A,
Member Strain Force Diagram
Cross-Section Distribution
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Check Maximum Reinforcement
2005 MSJC / 2006 IBC---changed from 2002 MSJC/2003 IBC
Section 3.3.3.5.1;

P = A _0gaf {‘97} (CC3.3.3.5)

bd f, lag, +&,,

For concrete masonry beams with no axial load:

a=15
&n =0.0025 for CMU (3.3.2.(c))
Do = 0.64[§j 0.0025 =0.012
60 /{ 1.5(60)/29000 + 0.0025
p:i— 0.88 _0'0022<pmax = 0012

bd  (9.5)(42)
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Beam Shear Strength

Beam shear strength design is similar to concrete shear
strength design.

The total shear strength is based on combined masonry
and steel contributions

V,=V, + V, MSJC Equation (3-18)

There is no guidance for evaluating the shear force
location at a distance of d/2 away from the support
(similar to Allowable Stress Design). Therefore, we take
V, at the face of support.

(\?ou may also reasonably chose to check at d/2 from
support).
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Beam Shear Strength

2005 MSJC / 2006 IBC

*$»=0.80 MSJC 3.1.4.3
sSHEAR: Section 3.3.4.1.2

V. =[4-1.75{M/(Vd,)}A(f ')+ 0.25P
where M/(Vd,)) < 1.0 Eqgn (3-21)

For beams with no axial loads, P =0
=V,=0.5(A/s) f,d, Eqn (3-22)
=poth equations are empirical and are research derived
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Beam Shear Strength

Total masonry shear strength is based on combined
moment and shear components where M is the
moment at the location that shear is checked.

Vin = [4 - 1.75{M/(Vd,) }]A(f )"/

If M & V due to a purely uniform load, at end of beam
M=0 @ V,,,, therefore

M/Vd,=0

If a centered concentrated load, M=PL/4 and V=P/2 at
the centerline. M/(V d,) = Y2(L/d,) so longer spans
reduce shear capacity. 499

Beam Shear Strength

Example for the same beam problem:
Span, Ly, = 8-0"
= Axial Load, P =0
=V, = 80 kips
= f = 2500 psi
= f, = 60 ksi
= b=9.625in
- d=h=48in (MSIC1.5)
- A, = b*d, = 9.625” * 48" = 462 in2
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Beam Shear Strength

e The 2005 MSIC 3.1.3 provides an overall
ductility requirement for shear only. Specifics
follow.

The intent is to provide a ductile failure
mechanism in flexure prior to a shear failure.

The shear capacity must correspond to a loading
that produces a moment that is 25% higher
than the actual flexural capacity of the member
but less than 2.5 times the calculated V,,.
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Beam Shear Strength

MSJC ductile shear requirement will apply only
to special reinforced shear walls, not beams,
beginning in MSJC 2008 (1.17.3.2.6.1)

Could defend that this corrected requirement
should not apply to non tie-beam shear design
(or any beam design) under the MSJC 2005
code.

Both versions presented in the remainder of the
example
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Beam Shear Strength

= MSJC 3.1.3: @V, shall exceed the shear
corresponding to 1.25 times the nominal flexural
strength, 1.25M,, but need not exceed 2.5 times the
required shear strength, 2.5V,  Call location of
1.25M,, the “ductile” location:

« Mo = 1.25M,, = 1.25(179 k-ft) = 224 k-ft

= M =wL?/8 *uniform distributed loading
= Solve for ductile w, w = 8M/L?
= 8(224 ft-k)/(8 ft)? = 28 kips/ft
= Corresponding V.. at 1.25 M,
=wlL/2 = (28 k/ft)(8 ft)/2 = 112 kips
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Beam Shear Strength

Viuciie @t 1.25 M,, loading = 112 kips
But need not exceed:

Vipax = 2.5Vu=2.5(80k) =200 k> 112 k

Use V = 112 k controls

max

OV, n = 112k > V, = 80 k

In future codes, this requirement will NOT apply to
beams or other elements except special reinforced
shear walls. The example will continue with both 80
kips and 112 kips for comparison. (The V., value
will no longer be a beam shear parameter.LS
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Beam Shear Strength

M=0 @ Max V and the shear strength of the
masonry is then,

Vi = [4 - 1.75{M/(Vd, )} A(f ")
V., =[4-0] (462in?)(2500psi)1/2 + 0 = 92.4 kips

DV, =(0.8)92.4k = 73.9 kips <V,=112k, 80 k

MSJC 3.3.4.2.3 *Transverse reinforcement is
Required (Stirrups)
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Beam Shear Strength

m Check A, -
m MSIC 3.3.4.2.3(¢):
= () and (b) provide details for stirrups
mA,, = 0.0007bd, = 0.0007(9.625in)48in =
0.32 in2

m Use #5 bar -- Within 5% of A,,;;=0.32 in?
and #6 bars are not practical for beam
stirrups.

m Could use #4, 2-leg for A,=0.40 in? but
difficult to position in a 10 inch wide beam
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Beam Shear Strength

= Calculate stirrup requirements
V, < OV, +V,)
112 (80K) kips < 0.8(92.4k+V,)

Solve for V,, V,, quaie =112k, V= 47.6 kips
V, = 80k, V= 7.60 kips

MSJC 3.3.4.1.2.3: Eqn (3-22)
. V,=0.5(A/s) £, d,
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Beam Shear Strength

Vu =112 k, Vs 4,qie = 47.6 kips
Vu =80 k, Vs = 7.60 kips

_05Afd,  05(0.31in?)(60 ksi)(48 in)

\Vj (47.6 kips)

S

=9.38in —— #5at8in (block module)
actual Vs at 8”oc = 55.8 k

_05Afd,  0.5(0.31in?)(60 ksi)(48 in)

\Vj (7.60 kips)

S

=58.74in —— #5atd/2 =24 inch or 48 inch
max
actual Vs at 24”oc = 18.60 k

508
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Beam Shear Strength

where maximum spacing, S,  is from:
= MSIC 3.3.4.2.3(e):
S, = h/2=(48in)/2 = 24"
m S, = 48in
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Beam Shear Strength

» Check actual Max V, to preclude brittle
failures:
= MSJC 3.3.4.1.2 (a-c):

= (M/V.d, < 0.25): Egn (3-19)
V, < 6A[f,]¥2
m (M/V,d, <1.0): Eqgn (3-20)

V, < 4A[f ]2
m V, ax IS permitted to be interpolated between
the two values.
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Beam Shear Strength

M,=0 @ Max V, and thus M /V d, = O:
= Eqgn 3-19: V, ., = 6A [, ]2
Vi max = 6(462in2)(2500psi)/2= 139 kips MAX
« Egn3-18V,=V, + V, , Vs ductile
V, = 92.9k + 55.8 k = 148.2 kips so =139k max
capacity

OV, =08(139 k) =111 k ~ V, yyeie = 112 Kk,
But within 5%, Shear Strength OK for ductile requirement

= Egn3-18V, =V, + V, , Vs ductile
V, =92.4k + 18.6 k = 111.0 kips capacity<139k

®V, = 0.8(111 k) = 88.8 k > V, = 80 k, OK

Beam Shear Strength

MSIC 3.3.4.2.3(d):

The first transverse bar shall be located within d,/4 of
the beam end.

d,/4 = 48"/4 = 12" > s = 8" for block module

*Start first stirrup in first cell at 4 inches from the
face of the opening to be centered in the first
cell.
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Beam Shear Strength

The spacing of the stirrups can be increased for the
locations farther away from the support as actual
shear decreases - similar to allowable stress design
or concrete strength design.

Although shear reinforcing is not required by code for

some locations in the beam where V, < @V, in
higher seismic areas, it is good practice to use min
d,/2 (or at least d,) spaced shear reinforcing
throughout the beam length for ductility purposes.
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