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Biaxial Bending Interaction Diagrams for Square Reinforced Concrete Column Desig(ACI 318-19)

Biaxial bending of columns occurs when the loading causes bending simultaneously about both principal axes. The
commonly encountered case of such loading odoucsrner columns. Corner and other columns exposed to known

moments about each axis simultaneously should be desigribe fmymbined effect dfiaxial bending and axial load.

A uniaxial interaction diagram defines the leagdment strength along a singliane of a section under an axial load

P and a uniaxial moment MChe biaxial bending resistance of an axially loaded column can be represented
schematically as a surface formed by a series of uniaxial interaction curves drawn radially from the Raafds. Da
these intermediate curves are obtained by varying the angle of the neutral axis (for assumed strain configurations)

with respect to the major axes.

The difficulty associated with the determination of the strength of reinforced columns subjeatetbioer! axial
load and biaxial bending is primarily an arithmetic one. The bending resistance of an axially loaded column about a
particular skewed axis is determined through iterations involving simple but lengthy calculations. These extensive

calculatiors are compounded when optimization of the reinforcement or-sea$i®n is sought.

This example demonstratéhe determiration ofthe designaxial load capacity, P, and thedesign. Mnx and. Mpy
momens corresponding to the followingase The neutral axis position crosses the vertical axis of symmetry of the
section (yaxis) at 10 in. below the top of the section, at an angle of 30° counterclockwise fromxibeokthe cross
section Thefigure belowshows the reinforcecbncretesquarecolumncross section in consideratiorhe calculated
valuesof the columraxial strength anbiaxial bending strengthre comparewith thevalues from theeference and

the exact values fronspColumnengineering software program fragtructurePointThe stepdo developthe three

dimensional failure surface (interaction diagram) usipGolumrwill be shown in detail as well.
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Code

Building Code Requirements for Structural Concrete (ACFB3)8and Commentary (ACI 318[k9)
References
1 Reinforced Concrete Mechanics and Des&fhEdition, 2®1, James Wight, Pearson, Example5L1

1 Notes on ACI 318l1 Building Code Requirements for Structural Concrete, Twelfth Edition, 2013 Portland

Cement Association

M spColumn Engineering Software Program Manual v1BIRUCTUREPOINT 2021

9 nBiaxial Bending Interaction Diagrams for Rectangular Reinforced Concrete Column Design (AT9)818
Design ExampleSTRUCTUREPOINT 2022

1 fBiaxial Bending Interaction Diagrams for&haped Concrete Core Wall Design (ACI353%0 Desi gn Exampl
STRUCTUREPOINT 2022

9 MBiaxial Bending Interaction Diagrams for Spiral Reinforced Circular Concrete Column Design (ACB®18
Design ExampleSTRUCTUREPOINT 2022

1 AManual Design Procedure for Columns and Walls wittixiil Bending (ACI 318.1/14/19% Design Example,
STRUCTUREPOINT 2022

Design Data
f:6=4,000psi
fy = 60,000 psi
Cover =2.41n.

Column dimensionand reinforcement locations are showrfiatiowing figure.
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Figure2i Reinforced Concrete Column CreSsctionand Reinforcement Locations
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Solution

In a reinforced concrete colunthedetermination of the nominal axial load capacity,@d the nominal M and

Mny momentsinvolves a trialanderror process for calculating the neutral axis depth and&hghe reference

providedtheneutral axis depthnd angle as an input (The neutral axis position crosses the vertical axis of symmetry
| eadi nijustration ¢ =

of

The ssteps to calculatbiaxial flexural strength of eeinforced concrete column for a given nominal axial strength

and moment ratio of biaxial bending momestdiscussed in details fiBiaxial Bending Interaction Diagrams for
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Rectangular Reinforced Concrete Column Design (ACEB1)® designexample.
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1. Concrete Column Biaxial StrengthCalculations
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1.1

Location of Neutral Axis an@€oncreteCompression Force

Thetrial-and-error process for calculating the neutral axis depth and &hglé s not required i n

since these values are given by the referénee1266in. andU 39.0%). Wherec is the distance from the
fiber of maximum compressive strainttee neutral axisand i s t he angle of the
ACI 31819 (22.2.2.4.2)

f
- 60 600207

e =Y
Y E, 29,000

e, =(c -d;) G (:2.66 18578 0093 4 80240 (Tension) ¢ reinfore@rhhas not yielde
* ¢ 12.66

\ f =0.65 ACI 31819 (Table 21.2.2)
a=h % &85 12.66 16&.761il ACI 31819 (22.2.2.4.1)
e, =0.003 ACI 31819 (22.2.2.1)
Where:

a = Depth of equivalent rectangular stress block

0.05 (fji -4000 0.05(3 4000 4000
b, =0.85 .85 08! ACI 31819 (Table 22.2.2.4.3)
1000 1000
C. =0.853f; A,, 085 4000 123.88 424.59 |(Compression) ACI 31819 (22.2.2.4.1)

Where(see the following figure)

Awp=A +A (8.19 1§ 2%+ 9.2% 16%» 124881
G +

— é 3_ 3 6 Q 3 -

<= aA® X A 28.00 45104 8.00+7384°53% ¢ ) 4o,
? A+A 2 c 51.04 +73.84 ?

— é 3_ 6 o 3

y= Ay A 3 g4.42 351.0@ 10.825+ 73.84 6.153_3 44> 3840
? At+A 2 ¢ 51.04 +73.84 ?

neutr
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Figure5i CrackedConcreteColumn SectiorCentroid Calculations

1.2. Strains and Forcd3eterminationin Reinforcement Layers

The following shows the calculations of forces in the reinforcement layers widxtiteenetension &t bar 3
andextremecompressiondt bar } strains The calculations for the rest of layers are shown the table at the

end of this sction.

For extreme tensioreinforcement layefat bar 5:

€5 = 0.00140 (Tension) <¢ - reinforcement hasyieldec
\ fo =e, E, 9.00140 29000000 40669 |
Fs=fg %Ay =40669 (130.7  32:13ki(Tension)

For extreme compressiaeinforcement layefat bar ).

e, =(c -d) % (x2.66 3.27% %gg 0.06222 (Compression) g reinément has yielde

\ fy =f, 80000 ps
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The area of the reinforcement in this layer is included in the area used to c@fautel0.76in. > d, = 3.28

in.). As aresult, it is necessary to subtract 3dBtm fy before computindr«:

F,=fq 3A, (60000 0.85 4600 ( 1°0.J9 44.%1|(Compressioh

The same procedure shown above can be repeated to calculate the forces in the remaining reinforcement

locations results are summarized in the following table:

Tablel - Strains, internal force resultants and Moments
LN I(rj1 Inl}Jln pf)SSI Izsp lgcp Mome?:l.arm * kIIVIp)-lft I\/Iomeri]rtl.arm o kll\gxft
Concrete - 0.00300 --- | 424.59 1.58| 55.90 3.64 | 128.79
Barl 3.278| 0.00222 60000| 44.71 5.60| 20.87 5.60 20.87
Bar2 6.078 | 0.00156 45232 | 33.05 0.00| 0.00 5.60 15.42
Bar3 8.878| 0.00090 25990| 17.85 -5.60| -8.33 5.60 8.33
Bar4 13.728| -0.00025 -7339 -5.8 -5.60 2.71 0.00 0.00
Bar 5 18.578| -0.00140| -40669| -32.13 -5.60| 14.99 -5.60 14.99
Bar6 15.778| -0.00074| -21427| -16.93 0.00| 0.00 -5.60 7.90
Bar7 12.978| -0.00008 -2185| -1.73 5.60| -0.81 -5.60 0.81
Bar8 8.128| 0.00107 31144 | 21.92 5.60| 10.23 0.00 0.00
Axial Force and Biaxial P, kip 485.54 My, kip-ft 95.56 Mnx, Kip-ft 197.11
Bending Moments Capacities| ¢ p kip 315.60| « My kipft | 62.12|  « My kip-ft 128.12
" The area of the reinforcement in this layer has been included in the area used to GonAmiteresult, 0.850is subtracted frorfy in the
computation of.

1.3. Calculation ofP,, Mnx and My

P=C A4Fk (+) = Compression (-) =Tension

I} _ ~n=8 2 o}

M, =C, 32% X -8ékgézsi Egex - (+) = Counter Clockwise (-) = Clockwise
¢ Tiag 2¢

M, = M, G65 M
2 _ ~ n=8 3 )

M_ =C, 3252 y, Ozdr MR, (+) = Counter Clockwise (-) = Clockwise
G Ti=1C 2
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2. Column Biaxial Bending Interaction Diagram i spColumn Software

spColumnis a StructurePoint softwamg@ogram that performs the analysisd desigrof reinforced concrete
sectionssubjected to axial force combined with uniaxial or biaxial bending. Ukmgrovisions of the Strength
Design Method and Unified Design Provisipstenderness considerations are used for moment magnification
due to second order effect-(relta) for swayand nonsway frames

For biaxial runs, the values of maximum compressive axial load capacity and maximum tensile load capacity are
computed. These two values set the range within which the moment capacities are computed for a predetermined
number of axihload values. For each level of axial load, the section is rotated-dedi@e increments from 0
degrees to 360 degrees and theadd M, moment capacities are computed. Thus, for each level of axial load,

an M-My contour is developed. Repeating this flee entire range of axial loads, the thdimensional failure

surface is computed. A threlgmensional visualization of the resulting entire nominal and factored failure surface

is provided to support enhanced understanding of the section capacity.

The fibiaxial 0 feature allowghe user to investigate theNP interaction diagrams, the MMy moment contour
plots, as well as the 3D failure surface for even the most irregular column and shear wall gectiynssimply,
and accurately

For this column saon, we ran in investigation mode wiflhiaxialbopt i on f or fARun AXi SO0 US|
19.
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Project Define Section Slenderness Load Tools Solve Diagrams  Tables  Reporter Display Settings
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X 4
+ @ +

€@ Q
o -

o a4 I G-O a

REINFORCEMENT X 11.20in

E Bars by Size -
Bar size 28 v __6 . 6

Mo, of selected

&\

L

kS

o
16.00 in

~ COVER (Longitudinal bars) __. . .

Type Clear -

Cover 19 in

v PROPERTIES T T

Min. Clear bar spacing 460 in 16.00 in
Gross area 25600 in®

£l Total As 632 in"
Rho 247 %

TT | Max capacity ratio

= Solve

ACI318-19 Biaxial Investigstion  Factored Loads ¥=-458in V=13790n # - L - L 3D~ Units English ~
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spColumn v10.00 (TM)
Computer program for the Strength Design of Reinforced Concrete Sections
Copyright - 1988-2021, STRUCTUREPOINT, LLC.
All rights reserved

Structure Point

Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material supplied
as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to
the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error free the program is
not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly,
STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared in connection with
the use of the spColumn program. Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-20FC1-20FC1
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