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INTRODUCTION

Masonry elements typically support both axial and lateral reduced in accordance with conventional design principles.
loads. For structural elements that resist primarily lateral forces,  Eccentricity also affects the structural capacity of ma-
axial load can increase the element's flexural resistance. In thisonry columns. Eccentricity may be introduced by eccentric
case, axial load is often neglected as a conservative assumpti@xial loads, lateral loads, or a column that is out of plumb. As
which simplifies the analysis. However, for elements carrying a minimum, theCoderequires that the design consider an
significant axial loads, such as columns, the additional momengccentricity of 0.1 times each side dimension, with each axis
dueto lateral loads or eccentric axial loads typically reduces theonsidered independently. This minimum eccentricity is in-
element's axial capacity. In this case, the design must consideéended to account for construction tolerances. If the actual
the interaction between axial load and moment. eccentricity exceeds this minimum, the actual eccentricity

By definition, a column is an isolated vertical member should be used in the design.
whose horizontal dimension measured at right angles to its
thickness does not exceed three times its thickness and whos$&sinforcement
heightis greater than four times its thickness (ref. 1). Columns ~ TheCode(ref. 1) requires a minimum amount of vertical
function primarily as compression members when supportingcolumn reinforcement as well as lateral ties to confine the
beams, girders, trusses or similar elements.

COLUMN REQUIREMENTS

Because a column failure has the potential to cayse
collapse of other structural members, a series of spegial
requirements are imposed on columns in addition to the
requirements for reinforced concrete masonry wall design.

VERTICAL REINFORCEMENT:
® 4BARS, MIN
© 0.0025A= Az 004A

INCLUDED ANGLE, 135° MAX

LATERAL TIE, Y4 IN. (6.4 mm)
DIAMETER, MIN

Slenderness
The capacity of columns may be reduced due to eitfigjear Distance
buckling or to additional bending moment caused by deflgc-
tion (P-D effects). InBuilding Code Requirements for
Masonry Structure$ref. 1, referred to hereafter as thé¢ MAXIMUM LATERAL TIE SPACING
Cods, slenderness effects are included in the calculatior| of A - DiAverERSOR
allowable compressive stress for reinforced masonry. For R I o CEAST CROSSSECTIONAL
columns, the€€odealso limits the effective height to thick- < D PIENSION OF THE MENBER
ness ratio to 25, and requires a minimum nominal side N g
dimension of 8in. (203 mm).
The effective height of a column s typically taken as the \/‘
clear height between supports. If the designer can demion-
strate that there is reliable restraint against both translation

and rotation at the supports, the effective height may lbe

VERTICAL TIE SPACING IS HALVED
BELOW THE LOWEST HORIZONTAL
REINFORCEMENT IN A BEAM,
GIRDER, SLAB OR DROP PANEL
ABOVE (SIMILAR REQUIREMENT
AT COLUMN BASE)

Figure 1—Column Reinforcementand
Lateral Tie Requirements
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Table 1—Allowable Column Reinforcement
Number of reinforcing bars permitted, based on 08028 < 0.04A , for bar sizes:
Column No.4 No.5 No. 6 No. 7 No. 8 No.9 No. 10 No.11
size, in. (mm) (M13) (M16) (M19) (M22) (M25) (M29) (M32) (M 36)
8 x 8 (203x203) 4-10 4 4 N/A N/A N/A N/A N/A
8 x16 (203x406) 4-12 4-12 4-10 4-8 4-6 4 N/A N/A
8 x24 (203x610) 4-12 4-12 4-12 4-12 4-8 4-6 4 4
10 x 16 (254x406) 4-12 4-12 4-12 4-10 4-6 4-6 4 NJA
10 x24 (254x610) 4-12 4-12 4-12 4-12 4-10 4-8 4-6 il
12 x12 (305x305) 4-12 4-12 4-12 4-8 4-6 4 N/A
12 x16 (305x406) 4-12 4-12 4-12 4-12 4-8 4-6 4 4
12 x24 (305x610) 4-12 4-12 4-12 4-12 4-12 4-10 4-8 4-6
12 x32 (305x813) 6-12 4-12 4-12 4-12 4-12 4-12 4-10 4-8
16 x 16 (406x406) 4-12 4-12 4-12 4-12 4-12 4-8 4-6 4]-8
16 x24 (406x610) 6-12 4-12 4-12 4-12 4-12 4-12 4-10 4-8
16 x 32 (406x813) 8-12 4-12 4-12 4-12 4-12 4-12 4-12 4112
24 x24 (610x610) 8-12 6-12 4-12 4-12 4-12 4-12 4-12 4112
24 x32 (610x813) | 10-12 8-12 6-12 4-12 4-12 4-12 4-12 4112
24 x40 (610x1016 12 8-12 6-12 4-12 4-12 4-12 4-12 4112

vertical steel. The basic requirements are illustrated in Figurements to help prevent structural failure during an earth-
1.Inaddition, Table 1 lists allowable reinforcement for various quake. To ensure proper anchorage between columns and
column sizes, based on @ederequired minimum and maxi-  horizontal structural elements, tB®derequires connec-
mum vertical steel area. The requirement for at least four verticalors to transfer forces in SPC C, D and E. Where anchor bolts
bars allows the lateral ties to provide a confined core ofare used for this purpose, they must be enclosed by the
masonry. vertical reinforcement and lateral ties. In addition, at least

Lateral ties enclose and support the vertical reinforce-two No. 4 (M 13) lateral ties must be provided within the top
ment. The size and spacing requirements ensure the tieSin. (127 mm) of the column.
prevent buckling of reinforcement acting in compression as  Adequate lateral restraintis important for columnrein-
well as provide shear resistance to columns subjected to laterdbrcement subjected to seismic forces. For this reason, in
loads. Vertical lateral tie spacing is halved above the top of thesPC D and B/sin. (9.5 mm) minimum diameter lateral ties
footing or slab in any story, as well as below the lowestare required to be embedded in grout and spaced vertically
horizontal reinforcement in a beam, girder, slab, or drop paneho more than 8 in. (203 mm) on center.
above. Where beams or brackets frame intoa columnfromfour  These requirements are illustrated in Figure 2.
directions, the lateral ties must be placed within 3 in. (76 mm)
below the lowest reinforcement in the shallowest beam orDESIGN
bracket.

TheCodeallows lateral ties to be placed in either mortar Allowable stress design of concrete masonry columns
or grout, although placement in grout more effectively pre- must comply with Section 2.3 of th@ode which governs
vents buckling and results in more ductile behavior. For thisreinforced masonry design. Allowable forces and stresses are
reason, theCoderequires ties to be embedded in grout in as follows:

Seismic Performance Categories D and E. F, 24,000 psi (165.5 MPa) for Grade 60 steel

When more than four vertical bars are used, additionalP, (0.25° A, +0.6% F)[1-(140r)?], forhr<99
requirements apply. In this case, in addition to the requirement (0.25° A, +0.65_F)(70r/h)? for h/r >99
for corner barsto be laterally supported by the corner of alaterafF, Yaf
tie, alternate bars must also be supported. In addition, bars not
supported by a lateral tie corner must be spaced 6in. (152mm)  The allowable compressive foré, includes the contri-
or closer on each side along the lateral tie from the laterallybution of vertical reinforcement in the term 0%6B_. This
supported bar. Where the longitudinal bars are placed in assumes proper confinement of the vertical steel using lateral
circle, circularties are permitted, provided they have a minimumties, as described above.

lap length of 48 tie diameters. Masonry columns may be connected to horizontal
elements of the structure and may rely on these connec-

Additional Requirements in Seismic Performance tions for lateral support. Forces at the connection may be

Categories (SPC)C,DandE transferred by masonry/mortar bond, mechanical anchor-

Columns in buildings that require higher levels of age, friction, bearing, or a combination of these. The col-
seismic protection are subject to additional design requireumns must be designed to resist all loads, moments and



Table 2—Allowable Column Compressive Force for
Concentrically Loaded Concrete Masonry Columns
up to 20 ft (6.1 m) High

Column Allowable column compressive

Vf?%%%f‘@'&“j“ff”“ size, in. (mm) force, kip (kN)
o b ook 8 x 8 (203x203) 18 (80)
INCLUDED ANGLE, 135° MAX 8 x 16 (203X406) 37 (165)
8 x 24 (203x610) 58 (249)
CLEAR DISTANCE 10 X 16 (254X406) % (205)
SN, 152 mm) i monestaens 1 10 x 24 (254x610) 71 (316)
R iatavianen | 12 x 12 (305x305) 42(186)
12 x 16 (305x406) 56 (249)
LATERAL TIESPACING I 12 x 24 (305x610) 85(378)
T~ 12 x 32 (305x813) 114(507)
< > 16 x 16 (406x406) 76 (3398)
>~ 16 x 24 (406x610) 115(511)
16 x 32 (406x813) 154(685)
N 24 x 24 (610x610) 174773)
24 x 32 (610x813) 2381030)
Figure 2—Ad(ditional Requirements for Column Notii: X 40 (610x1016) 29%1300)
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! Thetable assumes the elementis in pure compression, i.e.,
axial load falls within the center one-third of the section, un
minimum design eccentricity of @fbr each axis as required by {
Code The designer must ensure the section is in compressio
L, to using the tabld’ = 1500 psi (10.3 MPal: = 24,000 psi (16
[ MPa) (Grade 60 steel). One kip = 1,000 Ib (4.4 kN).

shears applied at intersections with horizontal members
using a force of at least 1,000 |b (4.4 kN).

The design approach depends on the magnitude of thg
axial load relative to the bending moment. The section will
either be in pure compression, with the allowable axial load
governed byP_; be subject to combined axial load and
flexure with the allowable moment and allowable axial force
governed by the allowable flexural compressive stress in

SLENDERNESS LIMITATIONS:

2 The maximum allowable heightfor 8in. columnsis 15.9ft (4.8 m).

masonry,F ; or be subject to combined axial load and Height Number Bar  Maximumload
flexure, but governed by the allowable tensile stress in the ft (m) of bars size kips (kN)
reinforcemenﬂ: s 15.1-15.9 (46-48) 4 No. 4 (M13) 34 (151)
el S'
Sectionin Compression “ 14.0-159(4.3-48) 4 No.4(M13)  48(213)
v . . 15.1-15.9(4.6-48) 6 " 52(231)
An eccentricity located Wlthln th.e k(_ern (center o.ne—th|rd). 15.3-159(4.6-48) 4  No.5(M16) 53 (236)
of the column places the entire section in compression. In thig
case, capacity is determined by the equationd>fdisted 5 18.6-20(5.6-6.1) 4 No.4(M13) 42 (186)
above, and Table 2 can be used for design for columns up tp
20 ft (6.1 m) high. The table assumes the element is in pur¢® 16.9-18(5.1-5.5) 4 No. 4 (M13) 67 (298)
compression under a minimum design eccentricity dfforl 18.0-20(5.5-6.1) 4 ) 60 (266)
each axis, as required by thede The designer is responsible 18.2-20(5.5-6.1) 6 ) 64 (284)
for confirming this. 19.3-20(5.9-6.1) 8 68 (302)
The valuesin Table 2 are independent of vertical steel are 12'3:38 Eg'g:g'g g No. 5 (N.l.16) 7%4((321?)')
because in all cases except those nc_)ted in the table footnot{%, 19.7-20 (6.0-6.1) 4 No.6(M19) 69 (307)
the allowable compressive stress in masonry governs th

column design.
Because the design eccentricity falls within the kern,
pure compression results and Table 2 can be used.
From Table 2, an 8 x 24 in. (203 x 610 mm) column has
adequate capacity but s limited to 15.9 ft. Slenderness effects
of a 10 x 16 in. column (254 x 406 mm) with four No. 4 (M 13)
First, check the minimum eccentricity: reduce the capacity to 42 kips (186 kN) - not adequate. With
0.11=0.1(8in.)=0.8in.(20mm) four No. 5 (M 16), it can support 46 kips (205 kN) > 45 kips
Ataminimum (foran8x8in (203 x 203 mm) column), the (200 kN). Checking Table 1, four No. 5 (M 16) bars will meet
kernis bounded biy6 =8in./6 =1.3in. (33 mm). the reinforcing area requirements. Use four No. 5 (M 16).

Design Example—Compression Only

Design a 20-ft (6.1 m) high column to carry a concentric
axialforce 0f45,0001b (200kN), based'gr 1,500 psi (10 MPa)
and Grade 60 steel.



Combined Axial Compression and Flexure F, .= allowable compressive stress in masonry due to com-
For larger eccentricities, the section is subjected to bined flexure and axial load

flexure, resulting in both net compression and tension.F_= allowable tensile stress in reinforcement, psi (MPa)

Therefore, the interaction of the vertical load and the P = compressive force due to axial load, Ib (N)

bending moment must be accounted for, typically usingP, = allowable compressive force in reinforced masonry due

interaction diagrams or iterative computer solutions. Fur- to axial load, Ib (N)

ther description of the design methodology, as well asr = radius of gyration, in. (mm)

interaction diagrams for columns are contained NMtee t = thickness of section, in. (mm)

sonry Designer's Guidgef. 2). D = deflection

NOTATIONS: REFERENCES

A, = netcross-sectional area of masonry,(imnr) 1. Building Code Requirements for Masonry Struct ey

A = totalarea of laterally tied longitudinal reinforcing steel in 530-99/ASCE 5-99/TMS 402-99. Reported by the Masonry
areinforced masonry column,ifmne) Standards Joint Committee, 1999.

e = eccentricity of axialload, in. (mm) 2. Masonry Designer's GuideMatthys, John H., ed. The

F, = allowable compressive stress due to flexure only, psi  Masonry Society and the American Concrete Institute,
(MPa) 1999.

|
NATIONAL CONCRETE MASONRY ASSOCIATION Tarder a complete TEK Manual or TEK Index,

2302 Horse Pen Road, Herndon, Virginia 20171-3499 contact NCMA Publications (703) 713-1900
www.ncma.org



