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Slender Concrete Column Design in Non-Sway Frame Buildings

Evaluate slenderness effects for columns in a non-sway multistory reinforced concrete frame by determining the
adequacy of the square tied column shown below, which is an exterior first floor column. The design forces obtained
from a first-order analysis are provided in the design data section below. The story height is 12 ft. it is assumed that
the frame is braced sufficiently to prevent relative translation of its joints. Assume 40% of the factored axial load is
sustained. Compare the calculated results with exact values from spColumn engineering software program from
StructurePoint.
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Figure 1 — Reinforced Concrete Column Cross-Section
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Code
Building Code Requirements for Structural Concrete (ACI 318-19) and Commentary (ACI 318R-19)

Reference
Reinforced Concrete Design, Eighth Edition, 2018, Wang C. et. al., Example 13.17.3.

Design Data
Concrete fc’ = 3000 psi
Steel fy = 60000 psi
Beams: h=24in., b=141in, I=7m
Columns: h=17in,, b=17in. H=12ft

factored design forces obtained from first-order analysis from the reference:

Table 1 - Column factored loads

Axial Load, Bending Moment, Kip.ft

Load Case kip Top Bottom

Factored Load 1776" 105 0

* Assume 40% of the axial load is sustained
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1. Slenderness Effects and Sway or Non-sway Frame Designation

Columns and stories in structures are considered as non-sway frames if the stability index for the story (Q) does not
exceed 0.05. ACI 318-19 (6.6.4.3)

The reference assumed that the frame is a non-sway frame since Q value is less than 0.05.

2. Determine Slenderness Effects

The reference decided to be consistent with the more conservative procedure provided by ACI 318-19 (6.6.4.4.3)
by taking k value equals to 1.0. However, the k value, in this example, is calculated based on the exact procedure

for illustration purposes.

c! 17* -
|y = 0.7%— = 0.7x—— = 4872 in. ACI 318-19 (6.6.3.1.1(a))

12 12

3 3

lyoar = o.3sx% —0.35x %% _5ea5in ACI 318-19 (6.6.3.1.1(a))
E =57,000x [ f, =57,000x /3000 = 3122 ksi ACI 318-19 (19.2.2.1.h)
For columns:
ExXleoum, _ 31224872 _ g 0 10° kip.fi

| 12x12

C
For beams framing into the columns:

Ex Ibeam — 3122x5645 =4.08x10° klpﬁ
|b 30x12

B

| ]m,umns 2x8.80x10°

Y, = - = —=4.32 ACI 318-19 (Figure R6.2.5)
(Z El j 4.08x10
I beams
V¥, = (Column was assumed hinged at base) ACI 318-19 (Figure R6.2.5)

Using Figure R6.2.5 from ACI 318-19 - k = 0.959 as shown in the figure below for the exterior columns with
one beam framing into them in the directions of analysis.
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Figure 2 — Effective Length Factor (k) (Non-Sway Frame)
ACI 318-19 allows to neglect the slenderness in a non-sway frame if:
kxI M
N <34412] L ACI 318-19 (6.2.5b)
r M,
Where:
. . I,
r = radius of gyration = (a) E or (b)0.3xc; ACI 318-19 (6.2.5.1)

| 2 2
A V12 V12

0.959x (12x12 - 24)
4.91

=23.45< 34—12[%) =34 . slenderness can be neglected.

Even though it is not required to consider slenderness effects for this column, the moment magnification method

will be shown for illustration.
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3. Moment Magnification — Non-Sway Frame
M, =M, ACI 318-19 (6.6.4.5.1)
Where:
A C.,
6 = magnification factor = —p >1.0 ACI 318-19 (6.6.4.5.2)
0.75P,
7[2 (EI )eff
P=——"0 ACI 318-19 (6.6.4.4.2)
(kl,)
Where:
0.4E.|
@ ———
1—i_ﬂdns
0.2E.1, +E,I,
(El),, =1(b) — == ACI 318-19 (6.6.4.4.4)
¢ l+ﬂdns
E.I
© —
1+ﬂdns

There are three options for calculating the effective flexural stiffness of slender concrete columns (El)er. The second
equation provides accurate representation of the reinforcement in the section and will be used in this example and
is also used by the solver in spColumn. Further comparison of the available options is provided in “Effective

Flexural Stiffness for Critical Buckling Load of Concrete Columns” technical note.

3.1. Calculation of Critical Load (P.)

4 4

ot = . = i =6960in." ACI 318-19 (Table 6.6.3.1.1(a))
12 12

E = 57,000><\/f_C' =57,000x+/3000 = 3122 ksi ACI 318-19 (19.2.2.1.a)

Pans 1S the ratio of maximum factored sustained axial load to maximum factored axial load associated with the same
load combination. ACI 318-19 (6.6.4.4.4)

In this example, it is assumed that 40% of the factored axial load is sustained.

Pu,sustained _ 04X Pu
P P

u u

Pans = =0.40<1.00 - .. B, =040

With 10-#9 reinforcement equally distributed on two sides and 17 in. x 17 in. column section = ls = 360 in.*.

0.2E,1, +El
(El), =——o = ACI 318-19 (6.6.4.4.4(b))
’ 1+ Bins
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(EI) _ 0.2x 3122 %6960 + 29,000 x 360 ~10.56x10° kip-in.
eff 1+0.4
2 6
P 7 x10.56x10 _—7871kip
(0.959x(12-2)x12)
3.2. Calculation of Magnified Moment (M)
Ivll
C, = 0.6+O.4M— ACI 318-19 (6.6.4.5.3a)
2
0
C, = 0.6+O.4(—] =0.6
105
C,
o= —p >1.0 ACI 318-19 (6.6.4.5.2)
0.75P,
6= L:OBG <1.00 » §=1.00
. 55
0.75x 7871
M., = P, (0.6+0.03h) ACI 318-19 (6.6.4.5.4)
Where P, = 525 kip, and h = the section dimension in the direction being considered = 17 in.
M, = 5zs(w) — 48.56 kip.ft
M, =105 kip.ft > M, .. = 48.56 kip.ft — M, =105 kip.ft ACI1 318-19 (6.6.4.5.4)
M., =M, ACI1318-19 (6.6.4.5.1)

M., =1.00x105 =105 kip.ft




Structure/Point

_
ST sfcolumn
CONCRETE SOFTWARE SOLUTIONS

4. Column Design

Based on the factored axial loads and magnified moments considering slenderness effects, the capacity of the
assumed column section (17 in. x 17 in. with 10 — #9 bars distributed on two sides) will be checked and confirmed
to finalize the design. A column interaction diagram will be generated using strain compatibility analysis, the

detailed procedure to develop column interaction diagram can be found in “Interaction Diagram - Tied Reinforced

Concrete Column” example.
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Figure 3 — Column Interaction Diagram

5. Column Design - spColumn Software

spColumn program performs the analysis of the reinforced concrete section conforming to the provisions of the
Strength Design Method and Unified Design Provisions with all conditions of strength satisfying the applicable
conditions of equilibrium and strain compatibility and includes slenderness effects using moment magnification
method for sway and nonsway frames. For this column section, we ran in design mode with control points using
the ACI 318-19. The graphical and text results are provided below for both input and output of the spColumn
model.



https://structurepoint.org/publication/pdf/Interaction-Diagram-Tied-Reinforced-Concrete-Column-Symmetrical-ACI318-14-.pdf
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.

g
Ix = 6960.08 in~4
ly = 6960.08 in~4
Xo=0in
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REINFORCEMENT:

10 #9 bars @ 3.460%

As =10in*2

Confinement: Tied

Clear Cover =1.94in

Min Clear Spacing = 1.87 in
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Figure 4 — spColumn Model Input Wizard Windows
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Code: ACI 318-19

Units: English

P (kip)
1600

Run axis: About Y-axis
Run option: Investigation
Slendemess: Considered
Column type: Structural
Bars: ASTM AG615

Date: 01/20/20

Time: 09:59:01

STRUCTUREPOINT - spColumn v7_00 (TM). Licensed to: StructurePoint. License 1D: 00000-0000000-4-25EF2-2C6B6

File: CMACI 318-14 Examples\Slenderness_Non-Sway_ACI318-19_col

Project: Pincheira Example 13.17.3

Column: Exterior

fc=3ksi fy —80ksi

Ec = 3122 ksi Es =29000 ksi
fc=2.55ksi e yt =0.00275862 in/in
e _u=0.003 inin

Betal = 0.85

Confinement: Tied
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65

Engineer: SP
Ag = 289 in"2
As =10.00 in"2
Xo =0.00in
Yo =0.00in

10 #9 bars

rho =346%

Ix = 6960.08 in"4
ly = 6960.08 in"4

Min clear spacing = 1.87 in  Clear cover = 1.94 in

ky(nonsway) = 0.960252 ky(sway) = N/A

Figure 5 — Column Section Interaction Diagram about Y-Axis (spColumn)
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spColumn v7.00
Computer program for the Strength Design of Reinforced Concrete Sections
Copyright - 1988-2020, STRUCTUREPQINT, LLC.
All rights reserved

® 6 6 0 O
i
® 6 6 o o

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 cannct be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly,
STRUCTUREPQINT 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. License 1D: 00000-0000000-4-25EF2-2C6B6
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TRUCTUREPOINT - spColumn v7.00

Licensed to: StructurePoint. License ID: 00000-0000000-4-25EF2-2C6B6
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1. General Information

File Name CAACI 318-
. \Slendemess_Non-
Sway_ACI318-19.col

Project Pincheira Example 13.17.3

Column Exterior

Engineer SP

Code ACI 318-19

Bar Set ASTM AB15

Units English

Run Option Investigation

Run Axis Y - axis

Slendemess Considered

Column Type Structural

Capacity Method Critical capacity

2. Material Properties
2.1. Concrete

Type Standard

fe 3 ksi
= 3122.02 ksi
f. 2.55 ksi
£y 0.003 infin
Bs 0.85
2.2, Steel

Type Standard

if; 80 ksi
E. 29000 ksi
Evt 0.00275862 infin

3. Section
3.1. Shape and Properties

0
0i

Type Rectangular
Width 17 i
Depth 17 i
A, 289 i
l, 6960.08 i
Iy 6960.08 i
T 490748 i
ry 490748 i
X5

Yo

11
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STRUCTUREPQINT - spColumn v7.00
icensed to ructurePoint. L )
318-14 Examples\Slen

3.2. Section Figure

® 6 0 o
1—~<

Rectangular 17 x 17 in 3.46% reinf.

Figure 1: Column section

4. Reinforcement
4.1. Bar Set: ASTM A615

Bar Diameter Area Bar Diameter Area Bar Diameter Area

in in? in in? in in?

#3 038 011 #4 050 020 #5 063 0.31

#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79

#9 113 1.00 #10 1.27 1.27 #11 1.41 1.56
#14 1.69 225 #18 226 4.00

4.2. Confinement and Factors

Confinement type Tied
For #10 bars or less #3 ties
For larger bars #4 ties

Capacity Reduction Factors

Axial compression, (a) 08
Tension controlled ¢, (b) 09
Compression controlled ¢, (c) 065

4.3. Arrahgement

FPattern Sides different ‘
Bar layout Rectangular ‘
Cover to Longitudal bars ‘
Clear cover - ‘
Bars - ‘

12
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pColumn v7.00
t int. License ID: 00000-0000000-4-25EF2-2C6B6
-14 Examples\Slenderness_Non-Sway_ACI318-19 . co

|
|T0ta| steel area, A. 10.00 in? |
|Rho 346 % |
|Minimum clear spacing 1.87 in |
4.4. Bars Provided
Bars Clear cover
in
Top 2 #9 1.936
Bottom 2 #9 1.936
Left 3 #9 1.936
Right 3 #9 1936
5. Loading
5.1. Load Combinations
Combination Dead Live Wind EQ Snow
U1 1.000 0.000 0.000 0.000 0.000
5.2. Service Loads
No. Load Case Axial Load Mx @ Top Mx @ Bottom My @ Top My @ Bottom
kip k-ft k-ft k-ft k-ft
1 Dead 68250 105.00 0.00 105.00 0.00
1 Live 0.00 0.00 0.00 0.00 0.00
1 Wind 0.00 0.00 0.00 0.00 0.00
1 EQ 0.00 0.00 0.00 0.00 0.00
1 Snow 0.00 0.00 0.00 0.00 0.00
5.3. Sustained Load Factors
Load Case Factor
%
Dead 40
Live 0
Wind 0
EQ 0
Snow 0
6. Slenderness
6.1. Sway Criteria
|Y—Axis Non-sway column
6.2. Columns
Column Axis Height Width Depth 1 e E.
ft in in in# ksi ksi
Design Y 10 17 17 6960.08 3 3122.02
Above Y 12 17 17 6960.08 3 3122.02
Below Y (no column specified...)
6.3. Y- Beams
Beam Length Width Depth | f'e E.
ft in in in* ksi ksi
Above Left 30 14 24 16128 3 3122.02

13
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Beam Length Width Depth | f'e E.
ft in in in* ksi ksi
Above Right (no beam specified...)
Below Left (no beam specified...)
Below Right (no beam specified...)
7. Moment Magnification
7.1. General Parameters
Factars Code defaults
Stiffness reduction factor, ¢, 0.75
Cracked section coefficients, cl{beams) 0.35
Cracked section coefficients, cl(columns) 0.7
0.2 Eclg+ Es L. (Y-axis) 1.48e+007 kip-in?
Minimum eccentricity, e, . 1.11 in
7.2. Effective Length Factors
Axis Yion Woottom k (Nonsway) k (Sway) kl/r
Y 4512 999.000 0.960 (N/A) 23.48
7.3. Magnification Factors: Y - axis
* Slenderness need not be considered.
Load At Ends Along Length
Combo Yt P. 7P Bas - BS k'lJr BN Bans T 5
kip kip kip kip kip
1 U1 (N/A) (N/A) (N/A) (N/A) (N/A) 682 .50 (N/A) 7850.31 0.400 (N/A) (N/IA)
8. Factored Moments
NOTE: Each loading combination includes the following cases:
Top - At column top
Bot - At column bottom
8.1. Y- axis
Load 15t Order 2™ Order Ratio
Combo Mo M. M, Muin M; M. 2ndjqst
k-ft k-ft k-ft k-ft k-ft k-ft
1 U1 Top 105.00 (N/A) 105.00 (N/A)| M= (N/A) (N/A) (N/A)
1 U1 Bot 0.00 (N/A) 0.00 (N/A)| M= (N/A) (N/A) (N/A)
9. Factored Loads and Moments with Corresponding Capacity Ratios
NOTE: Calculations are based on "Critical Capacity” Method.
Each loading combination includes the following cases:
Top - At column top
Bot - At column bottom
No. Load Demand Capacity Parameters at Capacity Capacity
Combo Py M., P, $M,,,| NA Depth £ -] Ratio
kip k-ft kip k-ft in
1T 1 Ul Top 682.50 105.00 720.60 121.04 18.20 -0.00061 0.650 093
2 1 U Bot 682.50 0.00 785.95 0.00 19.95 -0.00082 0.650 0.87

14
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10. Diagrams
10.1. PM at 6=0 [deg]
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General Information S - Z0naty azz =0 - Y
Project Pincheira ...ple 13.17.3 / 7
. ™~ R
Column Exterior - ol
Engineer SP . \\ // /]
Y ’
Gode ACI 31810 N Ny mien
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6. Summary and Comparison of Design Results

Analysis and design results from the hand calculations above are compared with the exact values obtained from
spColumn model.

Table 2 — Parameters for moment magnification of column in non-sway frame
k (EDer, Kip.in.2 | P, kip Py, kip Sns M, kip.ft
Hand 0.959 10.56x108 7871 525 0.66 105
spColumn 0.960 10.57x108 7850 525 N/A 105

All the results of the hand calculations illustrated above are in precise agreement with the automated exact results
obtained from the spColumn program. d,s in the methods of solution shown above need not be calculated since the

slenderness effects need not be considered. The hand solution shows this value for illustration purposes.

7. Conclusions & Observations

7.1. General Observations

The analysis of the reinforced concrete section performed by spColumn conforms to the provisions of the Strength
Design Method and Unified Design Provisions with all conditions of strength satisfying the applicable conditions
of equilibrium and strain compatibility and includes slenderness effects using moment magnification method for

sway and nonsway frames.

ACI 318 provides multiple options for calculating values of r and (El)et leading to variability in the determination
of the adequacy of a column section. Engineers must exercise judgment in selecting suitable options to match
their design condition. The spColumn program utilizes the exact methods whenever possible and allows user to

override the calculated values with direct input based on their engineering judgment wherever it is permissible.
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7.2.

Design Column Boundary Conditions in Slenderness Calculations

When the slenderness effects for a non-sway frame column is considered in creating a model using spColumn,
the effective length factor can be computed by defining the properties of the columns and beams connected to the

top and bottom of the design column. The following notes are helpful when using spColumn to calculate the k
value for some of the special boundary conditions cases:

1. To model pin supports at the top and bottom of the design column:

Columns Above and Below

5

=

Colurnn &bove

Column Below

—-—| ¥ Mo column specified |—| ¥ Mo column specified |

Height [c/c):

IW 2 it
‘width (along %) |17

in

Depth (along v): IT 7 P

Height (c/c):

12 ft
Wwidth [along X} |17 in

Depth (along ) |17 iy

Concrete, f'c Ifl ksi Concrete, f'c: |2 ksi

Ec: |3122.( ks Ec: |3122.0 ks

Copy ta Column Below | Copy to Column Above |
oK | Cancel |

Y-Beams (perpendicular to Y)

i)

Beam Location:
& Above Left
" Below Left

" Above Right
" Below Right

Beam Above Left

— ™ Mo beam specified | Copy From Beam Right |

Span(c/c) |30 ft f'e: |3 ksi
Width: 14 in Ec: |3122.02 ksi
Depth: 24 in Inetia; |16128 0™

o |

Cancel |

—> “No column specified” for column above and column below

— ‘“No beam specified” for beams above and below

;E /=999

2. To model fix supports at the top and bottom of the design column:

p

=l

Width (along X): |17 in
Depth [along Y] |17 in

Columns Above and Below P
i~ Column Above Column Below
—-—| ¥ Mo column specified |—| ¥ No column specified |
Height [c/c): 12 it Height [c/c): 12 it

idth (along X). |17 in
Depth [along Y] |17

in

Concrete, fe: |3 ksi Concrete, fo |3 ksi
Ec: |312210 kg5 Ec: [312210 kg
Copy to Column Below | Copy to Column &bove |

0K | Cancel |

— “No column specified” for column above and column below

r Y
Y-Beams (perpendicular to Y) l&
Beam Location:
* Above Left " Above Right
" Below Left " Below Right
Beam Above Left

[~ Nobeam specified  Copy From Beam Right

Span(c/c) |30 ft fe: |3 ksi
width: 14 in

Ec: |3122.02 ksi

Beptir 124 mr— Inertia: [1e+011 "4

o ]

Cancel |

Define a high moment of inertia value for one of the

beams at the top and bottom.

lm
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3. To model pin support at the top and fix support at the bottom of the design column:
Columns Above and Below S ( Y-Beams (perpendicular to ¥) Py
Column Above Column Below ) !, =999
—-—| ¥ No column specified |—| ¥ Mo column specified | Eeanlccaion

Height [c/c).

12 It

Width (along X): |17

in
Depth (along Y)Y |17 in
Concrete, fo: |3 ksi

Ec |3122.10 kg

Copy to Column Below |

Height [c/c):

12 It

width (along %). |17 in

Depth [along Y):

Concrete,  f'c

Ec:

in

Copy to Column Above |

ok |

Cancel

" Above Left " Above Right

— “No column specified” for column above and column below

* Below Left " Below Right
Beam Below Left
[~ Mo beam specified MI
Span [c/c) IF ft f'eo |3 ksi
width: [4 i e [32202ksi
Bepthr ’4_ | Ineitia: ’Win"et
oK | Cancel |

Define a high moment of inertia value for one of the
beams at the location of the fix support.

“No beam specified” for beams at the location of the
pin support.

\P‘B

/

=0
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