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Slender Concrete Column Design in Sway Frame Buildings 

 

Evaluate slenderness effect for columns in a sway frame multistory reinforced concrete building by designing the first 

story exterior column. The clear height of the first story is 13 ft-4 in., and is 10 ft-4in. for all of the other stories. 

Lateral load effects on the building are governed by wind forces. Compare the calculated results with the values 

presented in the Reference and with exact values from spColumn engineering software program from StructurePoint. 

 

 

Figure 1 ï Reinforced Concrete Column Cross-Section 
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Code 

Building Code Requirements for Structural Concrete (ACI 318-14) and Commentary (ACI 318R-14)  

 

Reference  

Notes on ACI 318-11 Building Code Requirements for Structural Concrete, Twelfth Edition, 2013 Portland 

Cement Association, Example 11-2 

 

Design Data 

fcô  = 6,000 psi for columns in the bottom two stories 

 = 4,000 psi elsewhere 

fy  = 60,000 psi  

Slab thickness = 7 in. 

Exterior Columns = 22 in. x 22 in. 

Interior Columns = 24 in. x 24 in. 

Beams = 24 in. x 20 in. x 24 ft 

Superimposed dead load = 30 psf 

Roof live load = 30 psf 

Floor live load = 50 psf 

Wind loads computed according to ASCE 7-10 

Total building loads in the first story from structural analysis: 

 D  = 17,895 kip 

 L  = 1,991 kip 

 Lr  = 270 kip 

 W  = 0 kip, wind loads in the story cause compression in some columns and tension in others and thus would 

cancel out. 
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1. Factored Axial Loads and Bending Moments 

1.1. Service loads  

Table 1 - Exterior column service loads 

Load Case 
Axial Load,  

kip 

Bending Moment, ft-kip 

Top Bottom 

Dead, D 622.4 34.8 17.6 

Live, L 73.9 15.4 7.7 

Roof Live, Lr 8.6 0.0 0.0 

Wind, W (N-S) -48.3 17.1 138.0 

Wind, W (S-N) 48.3 -17.1 -138.0 

 

1.2. Load Combinations ï Factored Loads ASCE 7-10 (2.3.2) 

Table 2 - Exterior column factored loads 

ASCE 7-10 

Reference 
No. Load Combination 

Axial Load,  

kip 

Bending Moment,  
ft-kip MTop,ns 

ft-kip 

MBottom,ns 

ft-kip 

MTop,s 

ft-kip 

MBottom,s 

ft-kip 

Top Bottom 

2.3.2-1 1 1.4D 871.4 48.7 24.6 48.7 24.6 --- --- 

2.3.2-2 2 1.2D + 1.6L + 0.5Lr 869.4 66.4 33.4 66.4 33.4 --- --- 

2.3.2-3 

3 1.2D + 0.5L + 1.6 Lr 797.6 49.5 25.0 49.5 25.0 --- --- 

4 1.2D + 1.6Lr + 0.8W 722.0 55.4 131.5 41.8 21.1 13.7 110.4 

5 1.2D + 1.6Lr - 0.8W 799.3 28.1 -89.3 41.8 21.1 -13.7 -110.4 

2.3.2-4 
6 1.2D + 0.5L + 0.5Lr + 1.6W 710.9 76.8 245.8 49.5 25.0 27.4 220.8 

7 1.2D + 0.5L + 0.5Lr - 1.6W 865.4 22.1 -195.8 49.5 25.0 -27.4 -220.8 

2.3.2-6 
8 0.9D + 1.6W 482.9 58.7 236.6 31.3 15.8 27.4 220.8 

9 0.9D - 1.6W 637.4 4.0 -205.0 31.3 15.8 -27.4 -220.8 
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2. Slenderness Effects and Sway or Nonsway Frame Designation  

Columns and stories in structures are considered as non-sway frames if the increase in column end moments due to 

second-order effects does not exceed 5% of the first-order end moments, or the stability index for the story (Q) does 

not exceed 0.05. ACI 318-14 (6.6.4.3) 

 

×Pu is the total vertical load in the first story corresponding to the lateral loading case for which ×Pu is greatest 

(without the wind loads, which would cause compression in some columns and tension in others and thus would cancel 

out). ACI 318-14 (6.6.4.4.1 and R6.6.4.3) 

Vus is the factored horizontal story shear in the first story corresponding to the wind loads, and ȹo is the first-order 

relative deflection between the top and bottom of the first story due to Vu. ACI 318-14 (6.6.4.4.1 and R6.6.4.3) 

From Table 2, load combinations (2.3.2-4 No. 5 and 6) provide the greatest value of ×Pu. 

1.2 0.5 0.5 1.2 17,895 0.5 1,991 0.5 270 22,605 kipu rP D L LS = ³ + ³ + ³ = ³ + ³ + ³ = ASCE 7-10 (2.3.2-4) 

1.6 1.6 302.6 484.2 kipus sV V= ³ = ³ =  ASCE 7-10 (2.3.2-6) 

( )1.6 1.6 0.28 0 0.45 in.oD = ³D= ³ - =  

( )

22,605 0.45
0.12 0.05

484.2 15 12 20 / 2

u o

us c

P
Q

V l

S ³D ³
= = = >

³ ³ ³ -
 ACI 318-14 (Eq. 6.6.4.4.1) 

Thus, the frame at the first story level is considered sway. 
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3. Determine Slenderness Effects 

4 4
422

0.7 0.7 13,665 in.
12 12

column

c
I = ³ = ³ =  ACI 318-14 (Table 6.6.3.1.1(a)) 

'57,000 57,000 6000 4,415 ksic cE f= ³ = ³ =  ACI 318-14 (19.2.2.1.b) 

For the column below level 2: 

34,415 13,665
355 10 in.kip

15 12 20 / 2

c column

c

E I

l

³ ³
= = ³
³ -

 

For the column above level 2: 

34,415 13,665
419 10 in.kip

12 12

c column

c

E I

l

³ ³
= = ³

³
 

For beams framing into the columns: 

33,605 5,600
70 10 in.kip

24 12

b beam

b

E I

l

³ ³
= = ³

³
 

Where: 

'57,000 57,000 4000 3,605 ksib cE f= ³ = ³ =  ACI 318-14 (19.2.2.1.b) 

3 3
424 20

0.35 0.35 5,600 in.
12 12

beam

b h
I

³ ³
= ³ = ³ =  ACI 318-14 (Table 6.6.3.1.1(a)) 

355 419
11

70

c columns

A

beams

EI

l

EI

l

å õ
æ ö

+ç ÷
Y = = =

å õ
æ ö
ç ÷

ä

ä
 ACI 318-14 (Figure R6.2.5) 

1.0BY =  (Column essentially fixed at base) ACI 318-14 (Figure R6.2.5) 

Using Figure R6.2.5 from ACI 318-14 Ą k = 1.9 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 ï Effective Length Factor (k) Calculations for Exterior Columns with One Beam Framing into them in 

the Direction of Analysis (Sway Frame) 

 

1.9 13.333
47.87 22 Consider Slenderness

6.6

uk l

r

³ ³
= = > ­  ACI 318-14 (6.2.5a) 

Where: 

1radius of gyration = ( )         (b) 0.3
g

g

I
r a or c

A
= ³ ACI 318-14 (6.2.5.1) 

2 2

1 22
6.35 in.

12 12

g

g

I c
r

A
= = = =  

4. Moment Magnification at Ends of Compression Member 

A detailed calculation for load combination 4 (gravity plus wind) is shown below to illustrate the procedure. Table 

3 summarizes the magnified moment computations for the exterior columns. 

2 2 2ns s sM M Md= +  ACI 318-14 (6.6.4.6.1b) 

Where: 
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1
(a)                                    

1

1
 moment magnifier (b)                        

1
0.75

(c)  Second-order elastic analysis 

s

u

c

Q

P

P

d

ë û
î î-
î î
î î

= =ì ü
S

î î-
î îS
î î
í ý

 ACI 318-14 (6.6.4.6.2) 

ACI 318-14 (6.6.4.6.2(b)) will be used for comparison purposes with results obtained from spColumn model. 

However, (a) and (c) can also be used to calculate the moment magnifier. 

×Pu is the summation of all the factored vertical loads in the first story, and ×Pc is the summation of the critical 

buckling load for all sway-resisting columns in the first story. 

( )

( )

2

2

eff

c

u

EI
P

kl

p
=  ACI 318-14 (6.6.4.4.2) 

Where: 

( )

0.4
(a)   

1

0.2
(b)      

1

(c)     
1

c g

ds

c g s se

eff

ds

c

ds

E I

E I E I
EI

E I

b

b

b

ë û
î î

+î î
î î+î î
=ì ü

+î î
î î
î î

+î îí ý

 ACI 318-14 (6.6.4.4.4) 

There are three options for calculating the effective flexural stiffness of slender concrete columns (EI)eff. 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 

ñEffective Flexural Stiffness for Critical Buckling Load of Concrete Columnsò technical note. 

4 4
422

19,521in.
12 12

column

c
I = = =  ACI 318-14 (Table 6.6.3.1.1(a)) 

'57,000 57,000 6000 4,415 ksic cE f= ³ = ³ =  ACI 318-14 (19.2.2.1.a) 

ɓds is the ratio of maximum factored sustained shear within a story to the maximum factored shear in that story 

associated with the same load combination. The maximum factored sustained shear in this example is equal to zero 

leading to ɓds = 0. ACI 318-14 (6.6.3.1.1) 

For exterior columns with one beam framing into them in the direction of analysis (12 columns): 

With 8-#8 reinforcement equally distributed on all sides and 22 in. x 22 in. column section Ą Ise = 352.6 in.4. 

( )
0.2

1

c g s se

eff

ds

E I E I
EI

b

+
=

+
 ACI 318-14 (6.6.4.4.4(b)) 

http://www.spcolumn.com/
http://www.spcolumn.com/
https://structurepoint.org/pdfs/Effective-Flexural-Stiffness-Concrete-Columns-Critical-Buckling-ACI318-14.pdf
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( ) 6 20.2 4,415 19,521 29,000 352.6
27.5 10 kip-in.

1 0eff
EI

³ ³ + ³
= = ³

+
 

k = 1.9 (calculated previously). 

( )

2 6

1 2

27.5 10
2,933 kip

1.9 13.333
cP
p³ ³
= =

³
 

For exterior columns with two beams framing into them in the direction of analysis (4 columns): 

355 419
5.5

70 70

c columns

A

beams

EI

l

EI

l

å õ
æ ö

+ç ÷
Y = = =

+å õ
æ ö
ç ÷

ä

ä
 ACI 318-14 (Figure R6.2.5) 

1.0BY =  (Column essentially fixed at base) ACI 318-14 (Figure R6.2.5) 

Using Figure R6.2.5 from ACI 318-14 Ą k = 1.71 as shown in the figure below for the exterior columns with 

two beams framing into them in the directions of analysis. 

 

Figure 3 ï Effective Length Factor (k) Calculations for Exterior Columns with Two Beams Framing into them in the 

Direction of Analysis 

( )

2 6

2 2

27.5 10
3,621 kip

1.71 13.333 12
cP

p³ ³
= =

³ ³
 

For interior columns (8 columns): 
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4 4
424

0.7 0.7 19,354 in.
12 12

column

c
I = ³ = ³ =  ACI 318-14 (Table 6.6.3.1.1(a)) 

'57,000 57,000 6000 4,415 ksic cE f= ³ = ³ =  ACI 318-14 (19.2.2.1.a) 

For the column below level 2: 

34,415 19,354
503 10 in.kip

15 20 / 2

c column

c

E I

l

³ ³
= = ³

-
 

For the column above level 2: 

34,415 19,354
593 10 in.kip

12

c column

c

E I

l

³ ³
= = ³  

For beams framing into the columns: 

33,605 5,600
70 10 in.kip

24

b beam

b

E I

l

³ ³
= = ³  

Where: 

'57,000 57,000 4000 3,605 ksib cE f= ³ = ³ =  ACI 318-14 (19.2.2.1.a) 

4 4
424 20

0.35 0.35 5,600 in.
12 12

beam

b h
I

³ ³
= ³ = ³ =  ACI 318-14 (Table 6.6.3.1.1(a)) 

503 593
7.8

70 70

c columns

A

beams

EI

l

EI

l

å õ
æ ö

+ç ÷
Y = = =

+å õ
æ ö
ç ÷

ä

ä
 ACI 318-14 (Figure R6.2.5) 

1.0BY =  (Column essentially fixed at base) ACI 318-14 (Figure R6.2.5) 

Using Figure R6.2.5 from ACI 318-14 Ą k = 1.81 as shown in the figure below for the interior columns. 
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Figure 4 ï Effective Length Factor (k) Calculations for Interior Columns 

With 8-#8 reinforcement equally distributed on all sides and 24 in. x 24 in. column section Ą Ise = 439.1 in.4. 

( )
0.2

1

c g s se

eff

ds

E I E I
EI

b

+
=

+
 ACI 318-14 (6.6.4.4.4(b)) 

( ) 6 20.2 4,415 27,648 29,000 439.1
37.1 10 kip-in.

1 0eff
EI

³ ³ + ³
= = ³

+
 

( )

2 6

3 2

37.1 10
4,372 kip

1.81 13.333 12
cP

p³ ³
= =

³ ³
 

1 1 2 2 3 3c c c cP n P n P n PS = ³ + ³ + ³ 

12 2,933 4 3,621 8 4,372 84,652 kipcPS = ³ + ³ + ³ =  

For load combination 4: 

1.2 1.6 1.2 17,895 1.6 270 21,906 kipu rP D LS = ³ + ³ = ³ + ³ = ASCE 7-10 (2.3.2-3) 

1
 

1
0.75

s

u

c

P

P

d=
S

-
³S

 ACI 318-14 (6.6.4.6.2(b)) 
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1
=1.53 

21,906
1

0.75 84,652

sd=

-
³

 

, 1.53 13.7 20.9 ft.kip s Top sMd = ³ =  

, ,_ 2
41.8 20.9 62.7 ft.kip nd Top ns s Top sTop

M M Md= + = + =  ACI 318-14 (6.6.4.6.1) 

, 1.53 110.4 168.6 ft.kip s Bottom sMd = ³ =  

, ,_ 2
21.1 168.6 189.7 ft.kip nd Bottom ns s Bottom sBottom

M M Md= + = + =  ACI 318-14 (6.6.4.6.1) 

( )2_ 2 _ 2 _ 2 _ 2 2_1 _1
, 189.7 ft.kip  131.5 ft.kipnd nd nd nd st stTop Bottom Bottom Bottom

M max M M M M M= = = ­ = =  

( )1_ 2 _ 2 _ 2 _ 2 1_1 _1
, 62.7 ft.kip   55.4 ft.kipnd nd nd nd st stTop Bottom Top Top

M min M M M M M= = = ­ = =  

Pu = 722.0 kip 

A summary of the moment magnification factors and magnified moments for the exterior column for all load 

combinations using both equation options ACI 318-14 (6.6.4.4.4(a)) and (6.6.4.4.4(b)) to calculate (EI)eff is 

provided in the table below for illustration and comparison purposes. Note: The designation of M1 and M2 is made 

based on the second-order (magnified) moments and not based on the first-order (unmagnified) moments. 

Table 3 - Factored Axial loads and Magnified Moments for Exterior Column 

No. Load Combination 
Axial Load, 

 kip 

Using ACI 6.6.4.4.4(a) Using ACI 6.6.4.4.4(b) 

ŭs M1, ft-kip M2, ft-kip ŭs M1, ft-kip M2, ft-kip 

1 1.4D 871.4 --- 24.6 48.7 --- 24.6 48.7 

2 1.2D + 1.6L + 0.5Lr 869.4 --- 33.4 66.4 --- 33.4 66.4 

3 1.2D + 0.5L + 1.6 Lr 797.6 --- 25.0 49.5 --- 25.0 49.5 

4 1.2D + 1.6Lr + 0.8W 722.0 1.37 60.6 172.3 1.53 62.7 189.7 

5 1.2D + 1.6Lr - 0.8W 799.3 1.37 23.0 -130.1 1.53 20.9 -147.5 

6 1.2D + 0.5L + 0.5Lr + 1.6W 710.9 1.39 87.5 330.9 1.55 92.0 367.9 

7 1.2D + 0.5L + 0.5Lr - 1.6W 865.4 1.39 11.5 -280.9 1.55 7.0 -317.9 

8 0.9D + 1.6W 482.9 1.25 65.5 291.2 1.34 68.0 311.6 

9 0.9D - 1.6W 637.4 1.25 -2.9 -259.6 1.34 -5.4 -280.0 
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5. Moment Magnification along Length of Compression Member 

In sway frames, second-order effects shall be considered along the length of columns. It shall be permitted to 

account for these effects using ACI 318-14 (6.6.4.5) (Nonsway frame procedure), where Cm is calculated using M1 

and M2 from ACI 318-14 (6.6.4.6.1) as follows: ACI 318-14 (6.6.4.6.4) 

 

2 2cM Md=  ACI 318-14 (6.6.4.5.1) 

Where: 

M2 = the second-order factored moment. 

 magnification factor 1.0

1
0.75

m

u

c

C

P

P

d= = ²

-

 ACI 318-14 (6.6.4.5.2) 

( )

( )

2

2

eff

c

u

EI
P

kl

p
=  ACI 318-14 (6.6.4.4.2) 

Where: 

( )

0.4
(a)   

1

0.2
(b)      

1

(c)     
1

c g

dns

c g s se

eff

dns

c

dns

E I

E I E I
EI

E I

b

b

b

ë û
î î

+î î
î î+î î
=ì ü

+î î
î î
î î

+î îí ý

 ACI 318-14 (6.6.4.4.4) 

There are three options for calculating the effective flexural stiffness of slender concrete columns (EI)eff. 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 ñEffective 

Flexural Stiffness for Critical Buckling Load of Concrete Columnsò technical note. 

4 4
422

19,521in.
12 12

column

c
I = = =  ACI 318-14 (Table 6.6.3.1.1(a)) 

'57,000 57,000 6000 4,415 ksic cE f= ³ = ³ =  ACI 318-14 (19.2.2.1.a) 

ɓdns is the ratio of maximum factored sustained axial load to maximum factored axial load associated with the same 

load combination.  ACI 318-14 (6.6.4.4.4) 

For load combination 4: 

, 1.2 622.4 746.9 kipu sustainedP = ³ =  

http://www.spcolumn.com/
https://structurepoint.org/pdfs/Effective-Flexural-Stiffness-Concrete-Columns-Critical-Buckling-ACI318-14.pdf
https://structurepoint.org/pdfs/Effective-Flexural-Stiffness-Concrete-Columns-Critical-Buckling-ACI318-14.pdf
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1.2 622.4 1.6 8.6 0.8 48.3 722 kipuP = ³ + ³ + ³- = 

, 746.9
1.03 1.00  1.0

722

u sustained

dns dns

u

P

P
b b= = = > ­ \ = 

355 419
11  (Calculated previously)

70

c columns

A

beams

EI

l

EI

l

å õ
æ ö

+ç ÷
Y = = =

å õ
æ ö
ç ÷

ä

ä
 ACI 318-14 (Figure R6.2.5) 

1.0BY =  (Column essentially fixed at base) ACI 318-14 (Figure R6.2.5) 

Using Figure R6.2.5(a) from ACI 318-14 Ą k = 0.86 as shown in the figure below for the exterior column. 

 

Figure 5 ï Effective Length Factor (k) Calculations for Exterior Column (Nonsway) 

 

With 8-#8 reinforcement equally distributed on all sides and 22 in. x 22 in. column section Ą Ise = 352.6 in.4. 

( )
0.2

1

c g s se

eff

dns

E I E I
EI

b

+
=

+
 ACI 318-14 (6.6.4.4.4(b)) 

( ) 6 20.2 4,415 19,521 29,000 352.6
13.7 10 kip-in.

1 1eff
EI

³ ³ + ³
= = ³

+
 






































