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Biaxial Bending Interaction Diagrams for Rectangular Reinforced Concrete ColumrDesign(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 occurs in corner columns. Corner and other columns exposed to known

moments about each axis simultanglyg should be designed for biaxial bending and axial load.

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

P and a uniaxial moment M. the biaxial bending resistance of an axially |leadietin can be represented
schematically as a surface formed by a series of uniaxial interaction curves drawn radially from the P axis. Data for
these intermediate curves are obtained by varying the angle of the neutral axis (for assumed strain oosjigurati

with respect to the major axes.

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

calculations are compounded when optimization of the reinforcement orses is sought.

This example demonstratéthe cetemination of the biaxial flexural strengtf a rectangular reinforced concrete
column at a particular nominal axisttength (R= 426kips) with a moment ratio of biaxidending moments in the
X and Y directionMn/Mny = 1.60) Thefigure below shows the reinforcedncretaectangulacolumncross section
in considerationThe calculated valuasf the column biaxial bending strengthe comparedith thevalues from the
reference andhe exact values fronspColumnengineering software program fro8tructurePointThe stepgo
developthe threedimensional failure surface (interaction diagram) usingGolumrwill be shown in detail as well.
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Code

Building Code Requirements f&tructural Concrete (ACI 318) and Commentary (ACI 318[K9)
References
1 Reinforced Concrete Desig@ Edition, 2®1, Pincheira Jet. al, Oxford University PressExample 10.20.1

1 Notes on ACI 318.1 Building Code Requirements for Structural Concratselfth Edition, 2013 Portland

Cement Association

M spColumn Engineering Software Program Manual v1BIRUCTUREPOINT 2021

1 fBiaxial Bending Interaction Diagrams for Square Reinforced Concrete Column Design (AC9®IBesign
Example, STRUCTUREPOINT 2022

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

9 fBiaxial Bending Interaction Diagrams for Spiral Reinforced Circular Concrete Column Desiir81819)0
Design ExampleSTRUCTUREPOINT 2022

1 AManual Design Procedure for Columns and Walls with Biaxial Ben(ACI 31811/14/19% Design Example,
STRUCTUREPOINT 2022

Design Data
f:6= 6000 psi
fy = 60000 psi
Cover =2.51in.

Column dimensionand reinforcement locations are showrfiatiowing figure.
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https://structurepoint.org/publication/pdf/Biaxial-Bending-Interaction-Diagrams-for-C-Shaped-Concrete-Core-Wall-Design-ACI-318-19.pdf
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https://structurepoint.org/publication/pdf/Biaxial-Bending-Interaction-Diagrams-for-Spiral-Reinforced-Circular-Concrete-Column-Design-ACI-318-19.pdf
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https://structurepoint.org/publication/pdf/Manual-Design-Procedure-for-Columns-and-Walls-with-Biaxial-Bending-ACI-318-11-14-19.pdf
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Figure2i Reinforced Concrete Column CreSsctionand Reinforcement Locations
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Solution
In a reinforced concrete columinet determination of biaxial moment strength for a given axial force involves a
trial-anderror process fotalculating the neutral axis depth and aigl ( F P).grberreference shathatusing
this procesgor the given column sectideads to a value dhe neutral axis deptbf ¢ = 12.5 in. andnangleof
U = 4n3thisdeklamplahe last iteration wilbe shown for illustration of the procedure as a representative

calculation of the complete trial and error procedure.

The steps to calculatbiaxial flexural strength of a rectangular reinforced concrete column for a given nominal

axial strength and moment ratio of biaxial bending momarss follows:

1. Assuming a value for the angl e of t hakulaingthetstraml axi s

values in each reinforcement layer
2. Calculating the forces values in the conc(€g and reinforcement laye(Esi)

3. Calculating Rand Mw/Mpny using the following equations

Pn :Cc -la Fs
oo b3 OEA DA
ny c é Qi:]_g si 2?
sh - §%%_  h
M =c & 9 on -
nx c 5 c Oi:1é:5| Z%yl

The procedure above should be repeated until the calctgtaddMn/Mny are equal to the give?h, andMny/Mpy.

The following figure demonstrates the procedure explained above:
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Step 3 (M, Calculations)

M,, can be calculated using forces
values from step 2 and moment arms
values from the y-axis

Fy,Fa.Fg

Forces

Moment Arms

Step 3 (M,, Calculations)
M,, can be calculated using forces
values from step 2 and moment arms

values from the x-axis
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Figure3i Biaxial Flexural StrengtiCalculation Methods for Reinforced Concrete Column
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1. Concrete Column Biaxial StrengthCalculations
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1.1. Location of Neutral Axis an@oncreteCompression Force

Use and iterative procedure to determine the nominal moment capacities for a poinheherainal axial
load capacityPn, = 426 kips and//Mny = 1.6Q

Several previous trialare conductetb determine the galueand the anglé&l The following shows the last
trial:

Tryc=1250in. andl = ©°4vBere®is the distance from the fiber of maximum compressive strain to the
neutralaxisandl i s the angle of the neutr aACI38849(22.2.2.4.2)

f
o =% 500207
E. 29,000

ey =

e, =(c -d) % (x2.50 2197 %g’ 0.60227 (Tension) ¥ reinforcernieas yielde

f =0.65 +0.25 S‘fﬂ—F 2 3:65 o+25§9'90227' 0'002078 0.6¢ ACI 31819 (Table 21.2.2)
C 0.003 = ¢ 0.003 z

a=b ¢ 675 1250 9375i ACI 31819(22.2.2.4.1)

e, =0.003 ACI 31819 (22.2.2.1)

Where:

a = Depth of equivalent rectangular stress block

b, =0.85 0.05 EL:)%(;4OO() 8.85 0'05(316000000 40@0 0! ACI 31819 (Table 22.2.2.4.3)

C. =0.853f; A,, 0385 6000 87206 448.57|(Compression) ACI 31819 (22.2.2.4.1)

Where:

Ao = & (0.379 87.96 in?

23 sin(a) Scof 4 2 Sif 43.9  cgs 43

x=3.49in. E/ =5.66 ir (seethe following figurg
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Figure5i CrackedConcreteColumn SectiorCentroid Calculations

1.2. Strains and Forcd3eterminationin Reinforcement Layers

For the #reinforcement layer:

e, = 0.00227 (Tension) >¢ - reinforcement haddeel
\ fy =f, =60000 ps

F,=fg %A, =60000 (13 0.7 474 ki (Tension)

For the9™ reinforcement layer:

e, =(c -d,) % (£2.50 7.13% %gg 0.06129 (Compression) & reinénent has not yield

\ f,=e, E, 600129 29000000 37320 |

The area of the reinforcement in this layer is included in the area used to c@xnfate9.38 in. > ¢=7.14

in.). As aresult, it is necessary to subtract 38m fx before computingr:

Fo=fg A, (87320 0:85 6800 ( 130.79 25.45|(Compressioh

The same procedle shown above can be repeated to calculate the forces in the remaining reinforcement layers,

results are summarized in the following table:
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Tablel - Strains, internal force resultants and Moments
e d, U, fs, Fs, Ce, Momentarm (x),| My, | Momentarm (y),| My,
in. in./in. psi kip kip in. Kip-ft in. kip-ft
Concrete --- 0.00300 --- --- | 44857 3.49| 130.46 5.66 | 211.58
1 21.97| -0.00227| -60000| -47.40 -—- -5.50| 21.73 -7.50| 29.63
2 18.37 | -0.00141| -40841| -32.26 - -5.50| 14.79 -2.50 6.72
3 14.77 | -0.00054| -15764| -12.45 -—- -5.50 5.71 2.50 -2.59
4 11.16| 0.00032 9312 7.36 --- -5.50 -3.37 7.50 4.60
5 18.16| -0.00136| -39373| -31.10 -—- 0.00 0.00 -7.50 19.44
6 7.35| 0.00124| 35851| 24.29 -—- 0.00 0.00 7.50 15.18
7 14.34| -0.00044| -12827| -10.13 - 5.50 -4.64 -7.50 6.33
8 10.74| 0.00042 12250 9.68 - 5.50 4.44 -2.50 -2.02
9 7.14| 0.00129 37320| 25.45 --- 550 11.66 2.50 5.30
10 3.53| 0.00215 60000| 43.37 -—- 5.50| 19.88 750 27.11
Axial Force and Biaxial Pn, kip 425.3% Mny, Kip-ft 200.64 Mnx, Kip-ft 321.38
Bending Moment<apacities | ¢ p kip 283.72 « My, kip-ft 13383 « My, kip-ft 214.29
" The area of the reinforcement in this layer has been included in the area used to Gurmiteresult, 0.850is subtracted frorfy in the
computation of.

1.3.

Calculation ofPy, Mnx and My

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

fP = f3 6667 8

M, =C, Seé X bgex - (+) = Counter Clockwise (-) = Clockwise

fM,, = fM,, @667 M,

y

I} _ ~n=1023 o3
M, =C. 3%2 A gaff.;‘gsi —g%yi - (+) = Counter Clockwise (-) = Clockwise

g i=1§:
M, = FM_, 6667 M,

Sincethe calculated®, andMn/Mny are equal to the givelR, andMn/Mny (Pn, = 426 kipandMn/Mny =
321/201 = 1.6Q)the assumptisthat ¢ = 12.5n. andU= 43.9 areverified as correct
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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
sectonssubjected 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-(pelta) forsway and noisway 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 compyesti&teanined

number of axial load values. For each level of axial load, the section is rotated@gyrE@ 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 isdeveloped. Repeating this for the entire range of axial loads, thedinmeasional failure

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

is provided to support enhanced understandfrijeosection 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 acurately

For this column section, we ran in investigation mode Witlaxialbopt i on f or fARun AXi SO0 uUs|
19.
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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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