The Comparison of 2006 IBC and
1997 UBC Provisions for the Shear
Resistance of Concrete Masonry
Shear Walls

Introduction

The design of the shear resistance provided
by shear walls remains an important aspect of
shear wall design. Since shear failure usually
occurs suddenly, without warning, deficiencies in
the shear strength of structural members should
be avoided. To preclude the possibility of a brittle
shear failure, special attention in the form of
ductile detailing, provisions dictating the amount
and spacing of shear reinforcing, along with the
use of various capacity reduction factors, are
imposed by the governing building codes.

The Winter 2007 issue of Masonry Chronicles
discussed the flexural and axial design of
concrete masonry shear walls. This edition will
discuss the design of concrete masonry shear
walls to resist in-plane shear loads.

Examples of calculations illustrating the
required amount of horizontal reinforcement

in shear walls will be provided to illustrate the
differences between the methodologies found
in the 1997 Uniform Building Code (UBC) [1]
and the 2006 International Building Code (IBC)
[2]. For masonry design, the IBC references the
ACI530-05/ASCE 5-05/TMS402-05 [3], whichiis
also referred to as the 2005 Masonry Standards
Joint Committee Building Code (MSJC).

For examples involving the shear resistance
of concrete masonry shear walls we will revisit
the examples initially utilized in the Winter 2007
issue of Masonry Chronicles. Results from this
prior issue will aid in ensuring the compliance
of our design with the governing building
codes. Past issues of Masonry Chronicles are
conveniently located on the Concrete Masonry
Association of California and Nevada (CMACN)
website (www.cmacn.org).

Nomenclature
The nomenclature used in this article is as follows:

Ae, An = Cross-sectional area of masonry considered
A = Net area of masonry in direction of shear
force considered

As, AV = Cross-sectional area of shear steel
reinforcement

= Effective width

= Nominal shear strength coefficient

= Distance to rebar

= Actual depth of masonry in direction
considered

= Flexural tension

= Specified compressive strength of masonry

= Allowable shear stress in reinforcement

= Computed shear stress

= Allowable shear stress in masonry

=Yield stress of reinforcement

= Effective height of wall

= Ratio between centroid of flexural
compressive forces and centroid of
tensile forces

= Effective length of wall

= Maximum moment on section

= Moment due to earthquake loading

= Factored moment
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Pp = Axial dead load

P = Axial live load
Py, = Axial roof live load
S Section Modulus

Actual thickness of masonry

"4 = Maximum shear on section

Vautie = Shear demand developed from
corresponding flexural strength

Ve = Shear due to earthquake loading

Vi = Nominal shear strength of masonry

V, =V, + Vs

Vs = Nominal shear strength of shear
reinforcement

v, = Required shear strength

On = Ratio of distributed shear reinforcement

on
plane perpendicular to plane of A,,,.

Example 1:

Shear Resistance of Concrete Masonry
Bearing Wall using the 1997 UBC Allowable
Stress Design Procedures

Determine the horizontal reinforcement and
minimum vertical steel required at the first story for
the wall with the earthquake loads shown in Figure
1. The fully grouted wall is constructed with 8-inch
medium-weight concrete masonry units (78 psf)
and is located in a building assigned to seismic
zone 4. The specified masonry compressive
strength is 1500 psi and grade 60 steel is used.
Use the alternate load combinations of Section
1605.3.2 of the UBC (a one-third increase in
allowable stresses are permitted).

w, = 3000 plf
w;, = 500 plf

Vo=szkips VvV VYV y Y bdd
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w, = 1000 pif

sokps | Vb by dyd bl

10-6"

10-6"

w, = 2500 plf
w, = 1000 pif

oxoeg | AL L LL L]

13-6"

! 220"

Figure 1 — Multi-Story Concrete Masonry Shear Wall
Solution:

The in-plane earthquake loads from the first floor
are equal to:

Vg =52+30+18 =100 kips

M =52(34.5)+30(24) +18(13.5) = 2757 kip —ft
Since the applied shear must be multiplied by 1.5 (UBC
Section 2107.1.7), the earthquake loads for use with
allowable stress design are as follows:

y_L5Vs _ 15100)

=107.1 kips
4 14
wm=Me 2157 1660 kip — ft
4 14

The gravity loads at the first floor are equal to:

_ 22(3000 +2500 +2500) | 78(22)(34.5)
1000 1000
=235 kips
~22(1000 +1000)
B 1000
~22(500)
1000

Pp

L = 44 kips

=11kips

Assuming the cover to the reinforcing steel is 4 inches:

d=12(22)-4=260in=2167 ft

The average shear stress in the wall is computed by
Equation 7-37 of the 1997 UBC. From the Winter 2007
issue of Masonry Chronicles, j is equal to 0.924:

N 107.1(1000)

fo = bjd  (7.63)(0.924)(21.67x12)
M 2757
Vd ~ 10021.67)

=58.4psi

1.27>1.0

The allowable shear considering the masonry alone is
(UBC Section 2107.2.8):

1.33F, =1.33,/f",, =1.3341500 = 51.5 psi

=1.33(35) = 46.6 psi « governs

Since the shear stress in the wall (58.4 psi) is greater than
that allowed (46.6 psi), shear reinforcement is required.
From UBC Equation 7-22, the shear stress in the wall must
not exceed:

1.33F, = 1.33(1.5),/f'm =77.2 psi« governs
<1.33(75) = 99.8 psi

The shear demand (58.4 psi) is less than 77.2 psi; a
thicker wall does not need to be used. The horizontal
reinforcing is now designed to resist all of the shear forces.
Assuming #5 bars, the required spacing is obtained from
UBC Equation 7-38:

o AFd _ 0.31(32000)(260)
v 107.1(1000)

=24.1in



Therefore, we can use #5 bars at 24 inches on center
to fit within the block module. From the Winter 2007
article of Masonry Chronicles, the vertical
reinforcement was #5 bars at 16 inches on center.
Since the building has been assigned to seismic zone
4, the wall must comply with detailing provisions
dictated in Section 2106.1.12.4 of the UBC. This
means that the reinforcement placement must satisfy
the following requirements:

A 20.21in% - OK

s<48in .. OK
L2202 155000k
13302 _grin - ok

2

Section 2106.1.12.4 of the 1997 UBC also states that
the minimum area in each direction needs to be
greater than 0.0007 times the cross-sectional area of
the wall and the sum of the areas must exceed 0.002
times the cross-sectional area of the wall.

(ij =031 501730007 - OK
st ), 24(7.63)

A 2031 502550007 - OK
st ). 16(7.63)

0.0017 +0.0025 = 0.0042 > 0.002 .. OK

Consequently, the use of #5 bars at 24 inches on
center for horizontal reinforcing, and #5 bars at 16
inches on center for vertical reinforcing, satisfies the
spacing requirements.

Example 2:
Shear Resistance of Concrete Masonry Bearing
Wall using the 2006 IBC Allowable Stress Design
Procedures

Determine the horizontal reinforcement and minimum
vertical steel requirements for the 8-inch thick fully
grouted wall composed of medium-weight concrete
masonry units (78 psf) as shown in Figure 1. The wall
is located in a building assigned to seismic design
category D. Masonry compressive strength is 1500
psi and the steel is Grade 60.

Solution:
The loads are identical to those defined in example 1.

Note that as required by the 2006 IBC, the shear force
is multiplied by a factor of 1.5 (IBC 2106.5.1), which is
identical to the 1997 UBC requirement. The IBC, by
reference to the MSJC, refers to the use of different

equations for determining the allowable shear on a
wall, depending on whether or not a wall is subjected
to flexural tension. Check flexural tension occurs
using the load combination with the smallest axial load
(.O9D+E/1.4):

P M,
/= A, S,
_ 0.9(235)(1000)  (1969x12)(1000)6
7.63(22x12) 7.63(22x12)*

=-162psi

Flexural tension exists in the wall. The average shear
stress in the wall is equal to:

fo V10710000 o
bd  (7.63)(260)
M __ 2757 127>1.0

Vd ~10021.67)

The allowable shear considering the masonry alone is
(MSJC Equation 2-2):

1.33F, =1.334/f",, =1.334/1500 = 51.5 psi
=1.33(35) = 46.6 psi « governs

Since the shear stress in the wall (54 psi) is greater
than that allowed (46.6 psi), shear reinforcement is
required. From MSJC Equation 2-25, the shear stress
in the wall must not exceed:

1.33F, =1.33(1.5)4/ ", = 77.2 psi< governs
<1.33(75) = 99.8 psi

The shear demand (54 psi) is less than 77.2 psi; a
thicker wall does not need to be used. The horizontal
reinforcing is now designed to bear all of the shear
forces. Assuming #5 bars, the required spacing is
obtained from MSJC Equation 2-26:

‘- A, Fed 0.31(32000)(260)
vV 107.1(1000)

=24.1in

Therefore, we can use #5 bars at 24 inches on center
to fit within the block module. From the Winter 2007
article of Masonry Chronicles, the vertical
reinforcement was #4 at 32 inches on center. Since
the building has been assigned to seismic design
category D, the wall must comply with the special
provisions dictated in Sections 1.14.2 and 1.14.6 of the
MSJC. This means that the reinforcement placement
must satisfy the following detailing requirements which
differ slightly from those found in the 1997 UBC:



A i 2021007 - OK

s<48in .. OK
L2202 _gein - ok
B30 i ok

Similar to the 1997 UBC, the minimum area in each
direction needs to be greater than 0.0007 times the
cross-sectional area of the wall and the sum of the
areas must exceed 0.002 times the cross-sectional
area of the wall.

(ij 031 601720007 - OK
st ), 24(7.63)

(ij =92 _ 0008>.0007 . OK
st ), 32(7.63)

0.0017 +0.0008 = 0.0025 > 0.002 .. OK

Unlike the 1997 UBC, the IBC requires the minimum
cross-sectional area of the vertical reinforcement
needs to be at least one-third of the required shear
reinforcing (MSJC Section 2.3.5.3.2):

4 Y .
(_s] Zl(_sj =017 _ 50057 . OK
St ) or 3\ st hor

Consequently, the use of #5 bars at 24 inches on
center for horizontal reinforcing and #4 bars at 32
inches on center for vertical reinforcing is satisfactory.

Example 3:
Shear Resistance of Concrete Masonry Bearing
Wall using the 1997 UBC Strength Design
Procedures

The loads and geometry remain the same as shown in
example 1.

Solution:

From example 1, the shear and moment demand on
the wall is 100 kips and 2,757 kip-ft, respectively.

The calculation of shear strength of a wall using the
1997 UBC provisions varies depending on whether the
wall is designed to yield in flexure or if a brittle failure
is expected to occur. When the shear strength
exceeds the shear that develops from the
corresponding flexural strength, the wall is expected to
yield in flexure, and only the shear steel can be
expected to resist the shear forces in the plastic hinge
zone. Outside the plastic hinge zone, contributions
from both the steel and masonry can be calculated to
resist the shear forces. Assuming that the wall will be
designed to yield and respond in a ductile manner, the
shear strength that develops from the corresponding

nominal flexural strength (3,876 k-ft, as shown in the
Winter 2007 Masonry Chronicles article) is as follows:

3876 .
Vierize = (100)——==140.6 Kkips
ductile ( )2757 P

From Table 21-J of the 1997 UBC, the maximum
nominal shear strength is:

Vimax =44ey [ m

= 4(7.63)(22x12)/1500 /1000
=311.9 kips

Since the shear demand (140.6 kips) is less than
311.9 Kips, a thicker wall does not need to be used.
The plastic hinge zone is defined as the region from
the base to a distance of L, above the base, where L,
is the length of the wall. However, the plastic hinge
zone need not exceed half the story height. In this
region, the wall’'s shear capacity relies solely on the
shear reinforcement used. Note that per Section
2108.1.4.3.2 of the 1997 UBC, the ¢ factor changes
from 0.6 to 0.8 in this region. Through the use of
Equation 8-38 in the 1997 UBC and assuming #4 bars
at 16 inches on center:

Ve =ApPufy
Where:
A .
Py == 020 __ 0016

“bd (16)(7.63)
Therefore:

@V, =0.8(260)(7.63)(.0016)(60) =152 kips
@V, =152 Kkips >140.6 kips .. OK

The spacing of bars in the first zone cannot exceed 3
times the thickness of the wall or 24 inches.

In the rest of the wall, the shear strength is calculated
by summing the steel and masonry contributions. The
nominal shear strength of the wall can be found
through Equations 8-36, 8-37, and 8-38 in the 1997
UBC (Section 2108.2.5.5):

Vi =V +V,

m

Where:

Vm = CdAmv f’m
VS = Amvpnfy

The nominal shear coefficient (Cq4) is found in Table
21-K of the 1997 UBC to be equal to 1.2. Now, the



strength contributed by the masonry alone is equal to:

v, =1.2(22x12)(7.63)1500 = 93.6 kips
@V, =0.6(93.6) = 56.2 kips

Since the shear demand is greater than the nominal
strength provided by the masonry alone, horizontal
shear reinforcing is required. A capacity reduction
factor of 0.6 is used in accordance with UBC Section
2108.1.4.3.2. At a minimum, the horizontal reinforcing
needs to be designed to account for any of the shear
force that exceeds the shear capacity of the concrete
masonry. The required steel contribution will be:

v, _¢Vn
Vs req :ﬁ
g = 2002302 _ 1407 kips
: 0.6
Vireg _ 140.7

Pn s (1:63)(260)(60)

If we use #4 bars at 16 inches on center, we have the
following:

4, 02
bd  16(7.63)

2, =.0016>.0012 . OK

From the Winter 2007 issue of Masonry Chronicles, #4
bars at 16 inches on center is sufficient to resist the in-
plane flexural demands. Since the building has been
assigned to seismic zone 4, the wall must comply with
the special provisions dictated in Section 2106.1.12.4
of the UBC. The spacing for the second shear region
is used, since that spacing governs the detailing
requirements. This means that the reinforcement
placement must satisfy the following requirements:

Agpin >0.21in% - OK

s<48in - OK

802D gin - ok
27 2

<§:m:8lin - OK

The minimum area in each direction needs to be
greater than 0.0007 times the cross-sectional area of
the wall and the sum of the areas must exceed 0.002
times the cross-sectional area of the wall.

[ij _ 020 _ 40162 .0007 .. OK
st ). 16(7.63)

A Z 02 016.0007 - OK
st ), 16(7.63)

0.0016+0.0016 = 0.0032 > 0.002 .. OK

Finally, the minimum cross-sectional area of the
vertical reinforcement needs to be at least one-half of
the required shear reinforcing, #4 @ 16” O.C. (UBC
Section 2108.2.5.2):

[iJ =.0016> l(ij =.0008 .. OK
st ver 2\ st hor

Therefore, the use of #4 bars at 16 inches on center
for horizontal reinforcing in the plastic hinge region, #4
bars at 32 inches on center in the second shear
region, and #4 bars at 16 inches on center for vertical
reinforcing is permissible.

Example 4:
Shear Resistance of Concrete Masonry Bearing
Walls using the 2006 IBC Strength Design

The loads and geometry remain the same as shown in
example 2.

Solution:

From example 2, the shear and moment demand on
the wall is 100 kips and 2,757 kip-ft, respectively.

According to Section 3.1.3 of the 2005 MSJC, the
design shear strength is required to be at least 1.25
times the shear developed by the flexural strength.
This is limited by an upper bound of 2.5 times the
required shear strength. The nominal flexural strength
of this wall was found to be 3,071 k-ft in the Winter
2007 article of Masonry Chronicles. As a result, the
shear demand of a ductile wall will be the lesser of:

3071

V =(1.25)—— =139 kips « governs
( )2757 ps<«g

ductile

2.5V, =250 kips

From Section 3.3.4.1.2 of the MSJC the maximum
nominal shear strength of the wall is not to exceed:

V, <44, 1", =4(7.63)(260)1500
=307 kips

Since shear demand (139 kips) is less than 307 kips, a
thicker wall does not need to be used. The plastic
hinge zone defined by Section 2106.5.2 of the 2006
IBC is identical to provisions found in the 1997 UBC.
In this zone, the shear strength is defined as (IBC
Equation 21-1):

Vn = Vs = Anpnfy

In the first shear region, the wall’s shear capacity relies
solely on the shear reinforcement used:

I 139 =.0015
¢, f,  0.8(7.63)(260)(60)

Pn



If we use one #4 bar at 16 inches on center we have
the following:

4, 02

S

=S o % 00162.0015 .. OK
bd  7.63(16)

Pn

The shear strength of the rest of the wall can be
determined by summing the individual shear
resistance of the steel and masonry components. The
nominal shear strength of the wall can be found
through MSJC Equations 3-18, 3-21, and 3-22:

M
v, :{4,0—1.75[1/; HAn 1 +.25P,

u=v

v, = o.s(ﬁj f,d,
S

where the term (ﬂJ need not be > 1

u—-y

As a result, the shear strength of the masonry alone
can be shown to be:

v, =[4-1.75(1)[260)(7.63)7/1500 + .25(235)
=232 kips
AV, =0.8(232) =185.6 kips

Since the shear demand is less than the strength
provided by the masonry alone, horizontal shear
reinforcing is not required. Nevertheless, unreinforced
masonry is not permitted in high seismic regions. As a
result, shear reinforcing will be placed in accordance
with the detailing requirements found in Sections
1.14.2 and 1.14.6 of the MSJC.

From the winter 2007 issue of Masonry Chronicles, #4
bars at 32 inches on center is sufficient to resist the in-
plane load demands. With this information, the
minimum reinforcement requirements (MSJC Sections
1.14.2 and 1.14.6) can be checked as follows:

A, >.2in% - OK

s<48in ... OK
L8012 i oK
<§=m=s4in - OK

The minimum area in each direction needs to be
greater than 0.0007 times the cross-sectional area of
the wall and the sum of the areas must exceed 0.002
times the cross-sectional area of the wall.

i} =020 _ 0016>.0007 - OK
st ), 16(7.63)

A 2020 _ 600850007 - OK
st ) T 32(7.63)

0.0016+0.0008 = 0.0024 > 0.002 .. OK

Note that if more vertical steel was required, the use of
less steel reinforcement in the second shear region
would have been possible.

Finally, the minimum cross-sectional area of the
vertical reinforcement needs to be at least one-third of
the required shear reinforcing (MSJC Section
2.3.5.3.2):

i) - 0008 zl[ij = .0005 . OK
st ver 3\ st hor

Now, the use of #4 bars at 32 inches for vertical
reinforcing, #4 bars at 16 inches on center for
horizontal reinforcing in the plastic hinge region, and
#4 bars at 16 inches in the second shear region is
acceptable.

Conclusions

Provisions for the allowable stress design of walls to
resist in-plane shear forces are similar in the 1997
UBC and the 2006 IBC. Looking at the results of
examples 1 and 2 (also shown in Table 1), we see that
identical results are achieved with both building codes.

Building Code and Shear Steel
Design Methodology Reinforcement
‘97 UBC - ASD #5 @ 24” O.C.
‘06 IBC - ASD #5 @ 24" O.C.
‘97 UBC - Strength #4 @ 16" O.C.
‘06 IBC - Strength #4 @ 16" O.C.

Table 1 — Horizontal Steel Reinforcement Requirements

Shear design, in accordance with strength design
methodologies of the 1997 UBC and 2006 IBC, also
yielded similar results (See Table 1). Although
requirements regarding the use of the two shear
regions are identical, there were variations in the
design forces as well as the way in which the steel
contribution is accounted for. Note that the in-plane
flexural design of the UBC wall, #4 bars at 16 inches
were required, whereas the use of #4 bars at 32
inches on center were sufficient for IBC strength
design.

Shear capacity from the strength of the masonry alone
was significantly higher in the IBC, which may result in
less steel reinforcing away from the plastic hinge zone.



Provided that the flexural designs for the UBC and IBC
were similar, it is likely that the IBC case would have
less shear reinforcing in the 2 region. It is currently
shown to be #4 at 16 inches on center in order to
satisfy detailing requirements.

In allowable stress, as well as strength design, the
spacing requirements are slightly different in the IBC.
In the UBC, the amount of vertical reinforcing used
needs to be at least half the area of the horizontal
reinforcing. However, the IBC stipulates that the
amount of vertical reinforcing shall be at least one third
the area of the horizontal reinforcing. Additionally,
tighter spacing of rebars is required by the IBC.
According to the commentary of the 2005 MSJC, these
requirements are imposed in order to improve ductile
behavior under earthquake loading.

For more information and detail regarding the
comprehensive design of slender walls please see the
2006 edition of Design of Reinforced Masonry
Structures. This publication is published by and made
available through the Concrete Masonry Association of
California and Nevada (CMACN).
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Introducing the CMD06 Computer Program

Concrete Masonry Association of California and Nevada (CMACN), and its members are pleased to introduce the availability of CMDO06; a
computer aided design package for the design of Reinforced Concrete and Clay Masonry Elements. CMDO6 is a follow up to the very popular
CMD97. CMDOE6 is written by practicing engineers for practicing engineers. CMDO06 is a set of modules for the structural design of reinforced
concrete and clay masonry elements.

Reinforced concrete and clay masonry elements can be designed utilizing the Strength Design Method found in seven different building codes,
including:
. 1997 Uniform Building Code (UBC),
e 2001 California Building Code (CBC),
e 2002 ACI 530/ASCE 5/TMS 402 (MSJC) Building Code Requirements for Masonry Structures, reported by The Masonry Standards Joint
Committee (MSJC),
2003 International Building Code (IBC),
2005 MSJC,
2006 IBC,
2007 CBC.

Or, the Working Stress Design Method found in eight different building codes, including:
. 1997 Uniform Building Code (UBC),
. 1999 ACI 530/ASCE 5/TMS 402 (MSJC) Building Code Requirements for Masonry Structures, reported by The Masonry Standards Joint
Committee (MSJC),
2001 California Building Code (CBC),
2002 MSJC,
2003 International Building Code (IBC),
2005 MSJC,
2006 IBC,
2007 CBC.

There are six modules based on the Strength Design provisions for masonry, and four modules based on the Working Stress Design provisions for
masonry. The modules operate using a simple menu structure, which allows for the ease of entering data and reviewing and printing the output.
The programs also contain various 'flags' which warn the user when certain code provisions are not being satisfied. The output contains data
required to substantiate the design of a reinforced concrete or clay masonry element in a format that is suitable for submittal to a building
department or other authority.

CMDO06 can be purchased from CMACN from the web at: www.cmacn.org, or by calling: 916-722-1700. We can also be contacted at:
info@cmacn.org. Please see specific details below.

Cost: $60.00 plus sales tax and shipping for current CMD97 license holders through January 31, 2008. Please call CMACN at (916) 722-1700 for
license verification and ordering. New purchasers may order online, by phone, or by U. S. mail. The cost: $90.00 plus sales tax and shipping for
new purchasers in California or Nevada; $180.00 plus shipping for new purchasers outside of California or Nevada. Visa and MasterCard accepted.
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CHANGE SERVICE REQUESTED

Introducing CMD06 Computer Program

Concrete Masonry Association of California and Nevada (CMACN) is pleased to introduce the availability of CMDO06; a
computer aided design package for the design of Reinforced Concrete and Clay Masonry Elements.

CMDO6 is a follow-up to the very popular CMD97. CMDO0G6 is written by practicing engineers for practicing engineers.
Orders can be placed on line at www.cmacn.org or by calling (916) 722-1700. Visa and MasterCard accepted.

CMACN ACTIVE MEMBERS

Active Members are an individual, partnership, or corporation, which is actively engaged in the manufacture and
sale of concrete masonry units.

€ Air Vol Block, Inc. € Cind-R-Lite Block Company, Inc. € Oldcastle APG West, Inc.
€ Angelus Block Company, Inc. € Calstone Company, Inc. € ORCO Block Company, Inc.
€ Basalite Concrete Products, LLC @ Desert Block Company, Inc. € RCP Block & Brick, Inc.

€ Blocklite € Rinker Materials
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