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Example 11.2—Slenderness Effects for Columns in a Sway Frame

Design columns C1 and C2 in the fi rst story of the 12-story offi ce building shown below.  The clear height of 

the fi rst story is 13 ft-4 in., and is 10 ft-4 in. for all of the other stories.  Assume that the lateral load effects on 

the building are caused by wind, and that the dead loads are the only sustained loads.  Other pertinent design 

data for the building are as follows:

Material properties:

 Concrete:   = 6000 psi for columns in the bottom two stories (wc = 150 pcf)

    = 4000 psi elsewhere (wc = 150 pcf)

 Reinforcement:  fy = 60 ksi

Beams:  24 � 20 in.

Exterior columns:  22 � 22 in.

Interior columns:  24 � 24 in.

Superimposed dead load = 30 psf

Roof live load = 30 psf

Floor live load = 50 psf

Wind loads computed

according to ASCE 7
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  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

1. Factored axial loads and bending moments for columns C1 and C2 in the fi rst story

 Since this is a symmetrical frame, the gravity loads will not cause appreciable sidesway.
Column  C1

Load Case

(kips) Top Bottom

Dead (D) 622.4 34.8 17.6

Live (L)* 73.9 15.4 7.7

Roof live load (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

 No. Load Combination M1 M2 M1ns M2ns M1s M2s

9-1 1 1.4D 871.4 48.7 24.6 24.6 48.7 24.6 48.7  – – –  – – –

9-2 2 1.2D + 1.6L + 0.5Lr 869.4 66.4 33.4 33.4 66.4 33.4 66.4  – – –  – – –

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

9-3 4 1.2D + 1.6Lr  + 0.8W 722.0 55.4 131.5 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 28.1 -89.3 41.8 21.1 -13.7 -110.4

6 1.2D + 0.5L + 0.5Lr  + 1.6W 710.9 76.8 245.8 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 22.1 -195.8 49.5 25.0 -27.4 -220.8

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

9 0.9D - 1.6W 637.4 4.0 -205.0 4.0 -205.0 31.3 15.8 -27.4 -220.8

*includes live load reduction per ASCE 7

Column  C2

Load Case

(kips) Top Bottom

Dead (D) 1,087.6 -2.0 -1.0

Live (L)* 134.5 -15.6 -7.8

Roof live load (L r) 17.3 0.0 0.0

Wind (W) (N-S) -0.3 43.5 205.0

Wind (W) (S-N) 0.3 -43.5 -205.0

 No. Load Combination M1 M2 M1ns M2ns M1s M2s

9-1 1 1.4D 1,522.6 -2.8 -1.4 -1.4 -2.8 -1.4 -2.8  – – –  – – –

9-2 2 1.2D + 1.6L + 0.5Lr 1,529.0 -27.4 -13.7 -13.7 -27.4 -13.7 -27.4  – – –  – – –

3 1.2D + 0.5L + 1.6Lr 1,400.1 -10.2 -5.1 -5.1 -10.2 -5.1 -10.2  – – – 0.0

9-3 4 1.2D + 1.6Lr + 0.8W 1,332.6 32.4 162.8 32.4 162.8 -2.4 -1.2 34.8 164.0

5 1.2D + 1.6Lr - 0.8W 1,333.0 -37.2 -165.2 -37.2 -165.2 -2.4 -1.2 -34.8 -164.0

6 1.2D + 0.5L + 0.5Lr  + 1.6W 1,380.5 59.4 322.9 59.4 322.9 -10.2 -5.1 69.6 328.0

7 1.2D + 0.5L + 0.5Lr  - 1.6W 1,381.5 -79.8 -333.1 -79.8 -333.1 -10.2 -5.1 -69.6 -328.0

8 0.9D + 1.6W 978.4 67.8 327.1 67.8 327.1 -1.8 -0.9 69.6 328.0

9 0.9D - 1.6W 979.3 -71.4 -328.9 -71.4 -328.9 -1.8 -0.9 -69.6 -328.0

*includes live load reduction per ASCE 7

9-4

9-6

9-6

Axial Load

9-4

Bending moment

(ft-kips)

Axial Load

Bending moment

(ft-kips)

2. Determine if the frame at the fi rst story is nonsway or sway

 The results from an elastic fi rst-order analysis using the section properties prescribed in 

 10.10.4.1 are as follows:

 ΣPu = total vertical load in the fi rst story corresponding to the lateral loading case for 

 which ΣPu is greatest

 

 The total building loads are: D = 17,895 kips, L = 1991 kips, Lr = 270 kips. The maximum

 ΣPu is from Eq. (9-4):

 

 ΣPu = (1.2 3 17,895) + (0.5 3 1991) + (0.5 3 270) + 0 = 22,605 kips
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  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

Vus = factored story shear in the fi rst story corresponding to the wind loads

 = 1.6 3 302.6 = 484.2 kips   Eq. (9-4), (9-6)

Δo = fi rst-order relative defl ection between the top and bottom of the fi rst story due to Vu      

      = 1.6 � (0.28 – 0) = 0.45 in.

 
 
Stability index Q = 

ΣPuΔo

Vuslc

 =  
22,605 ×  0.45

484.2 ×  15 ×12( ) − 20 / 2( )⎡⎣ ⎤⎦
 = 0.12 > 0.05

 Eq. (10-10)

Since Q > 0.05, the frame at the fi rst story level is considered sway. 10.10.5.2

3. Design of column C1

 a. Determine if slenderness effects must be considered.

  Determine k from alignment chart in R10.12.1.

  Icol = 0.7  
224

12

⎛

⎝
⎜

⎞

⎠
⎟ = 13,665 in.4   10.10.4.1

 

  

  Ec = 57,000 
6000

1000
 = 4,415 ksi  8.5.1

  For the column below level 2:

   

EcI

lc

 = 
4,415 ×  13,665

15 ×  12( ) −10
 =  355 ×  103  in.-kips

  For the column above level 2:

   

EcI

lc

 = 
4,415 ×  13,665

12 ×  12
 =  419 ×  103  in.-kips

  Ibeam = 0.35 
24 ×  203

12

⎛

⎝
⎜

⎞

⎠
⎟  = 5,600 in. 4 10.10.4.1

  

  For the beam: 

 

EcI

lc

 = 
57 4,000 × 5,600

24 ×12
 =  70 ×  103  in.-kips  

  

 

 
ψA =

ΣEcI / lc

ΣEcI / l
=

355 + 419

70
= 11.1

 Assume ψΒ = 1.0 (column essentially fi xed at base)   
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  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

 

  From the alignment chart (Fig. R10.10.1.1(b)), k = 1.9.

   

klu

r
 = 

1.9 ×  13.33 ×  12

0.3 ×  22
 = 46 > 22

 10.10.1

  Thus, slenderness effects must be considered.

 b. Determine total moment M2 (including slenderness effects) and the design load 

  combinations, using the approximate analysis of 10.10.7.

  The following table summarizes magnifi ed moment computations for column C1 for 

  all load combinations, followed by detailed calculations for combinations no. 4 and 5 to  

  illustrate the procedure.

 

 

  M2  =  M2ns  +  δsM2s         Eq. (10-18)

  δsM2s =
M2s

I − Q
 ≥  M2s         Eq. (10-20)

 

  For load combinations no. 4 and 5:

  

  U = 1.2D + 1.6Lr ± 0.8W

  

  ΣPu = (1.2 � 17,895) + (1.6 � 270) ± 0 = 21,906 kips

  Δο = 0.8 � (0.28-0) = 0.22 in.

  Vus = 0.8 � 302.6 = 240.1 kips

  lc = (15 � 12) − (20/2) = 170 in.

  

   
Q =  

ΣPuΔo

Vuslc

 =  
21,906 ×  0.22

240.1 ×  170
 = 0.12

   

ΣPu Δo Vus Q δs M2ns M2s M2

(kips) (kips) (ft-kips) (ft-kips) (ft-kips)

1 1.4D 25,053        48.7  48.7

2 24,795        66.4  66.4

3 22,903        49.5  49.5

4 21,908    0.28 302.6 0.12 1.14 21.1 110.4 147.0

5 21,908    0.28 302.6 0.12 1.14 21.1 -110.4 -104.8

6 22,605    0.28 484.2 0.08 1.08 25.0 220.8 264.2

7 22,605    0.45 484.2 0.12 1.14 25.0 -220.8 -226.8

8 0.9D+1.6W 16,106    0.45 484.2 0.09 1.10 15.8 220.8 257.9

9 0.9D-1.6W 16,106    0.45 484.2 0.09 1.10 15.8 -220.8 -226.2

No. Load Combination

1.2D+1.6L+0.5Lr

1.2D+0.5L+1.6Lr

1.2D+1.6Lr+0.8W

1.2D+1.6Lr-0.8W

1.2D+0.5L+0.5Lr+1.6W
1.2D+0.5L+0.5Lr-1.6W

(in.)
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  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

  

δs =  
1

1− Q
 =  

1

1− 0.12
 =  1.14

  • For sidesway from north to south (load combination no. 4):

   δsM2s = 1.14 � 110.4 = 125.9 ft-kips

   M2 = M2ns + δsM2s = 21.1 + 125.9 = 147.0 ft-kips

   Pu = 722.0 kips

  • For sidesway from south to north (load combination no. 5):

   M2s = 0.8 � 138.0 = 110.4 ft-kips

   M2su = 1.2 � 17.6 + 1.6 � 0 = 21.1 ft-kips

   δsM2s = 1.14 � (-110.4) = -125.9 ft-kips

   M2 = 21.1 - 125.9 = -104.8 ft-kips

   Pu = 799.3 kips

 c.  For comparison purposes, recompute δsM2s using the magnifi ed moment method 

  outlined in 10.10.7.4

  

δsM2s  = 
M2S

1−
ΣΡu

0.75ΣΡc

 = M2s

                    Eq. (10-21)

  The critical load Pc is calculated from Eq. (10-13) using k from 10.10.7.2 and EI 

  from Eq. (10-14) or (10-15).  Since the reinforcement is not known as of yet, use 

  Eq. (10-15) to determine EI.

  For each of the 12 exterior columns along column lines 1 and 4 (i.e., the columns 

  with one beam framing into them in the direction of analysis), k was determined 

  in part 3(a) above to be 1.9. 

 
EI =  

0.4EcI

1+ βdns

 = 
0.4 ×  4415 ×  224

12 1 + 0( )
= 34.5 ×  106  in.2-kips

   Eq. (10-15)

  

 βds = 0                                                                                                                                         10.10.4.2

                             

 

 

Pc   =  
π2EI

klu( )2
 =  

π2  ×  34.5 ×  106

1.9 ×  13.33 ×  12( )2
 = 3,686 kips

    Eq. (10-13)
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  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

  For each of the exterior columns A2, A3, F2, and F3, (i.e., the columns with two 

  beams framing into them in the direction of analysis):

  

ψA  = 
355 + 419

2 ×  70
 = 5.5

ψn  = 1.0

  From the alignment chart, k = 1.75.

 
Pc  = 

π2  ×  34.5 ×  106

1.75 ×  13.33 ×  12( )2
 = 4,345 kips

 Eq. (10-13)

 For each of the 8 interior columns:

 
Icol  =  0.7

244

12

⎛

⎝
⎜

⎞

⎠
⎟  = 19,354 in.4

 10.10.4.1

 For the column below level 2:

  

EcI

lc

 = 
4,415 ×  19,354

15 ×  12( ) −10
 = 503 ×  103  in.-kips

 For the column above level 2:

   

EcI

lc

 = 
4,415 ×  19,354

12 ×  12
 = 593 ×  103  in.-kips

  

ψA  = 
503 + 593

2 ×  70
 = 7.8

ψA  = 1.0

  

  From the alignment chart, k = 1.82.

         

 

 

EI = 0.4 ×  4,415 ×  
242

12
 = 48.8 ×  106  in.-kips

Pc  = 
π2EI

klu( )2
 = 

π2  ×  48.8 ×  106

1.82 ×  13.33 ×  12( )2
 = 5,683 kips

 Eq. (10-13)
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  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

 Therefore,

 
ΣPc  = 12 3,686( )  + 4 4,345( )  + 8 5,683( )  = 107,076 kips

 The following table summarizes magnifi ed moment computations for column C1

 using 10.10.7.4 for all load conditions. The table is followed by detailed

 calculations for combinations no. 4 and 5 to illustrate the procedure.

ΣPu δs M2ns M2s M2

(kips) (in.) (ft-kips) (ft-kips) (ft-kips)

1 1.4D 25,053     – – – 48.7  – – – 48.7

2 1.2D + 1.6L + 1.6Lr 24,795     – – – 66.4  – – – 66.4

3 1.2D + 0.5L + 1.6Lr 22,903     – – – 49.5  – – – 49.5

4 1.2D + 1.6Lr  + 0.8W 21,908    1.38 21.1 110.4 173.5

5 1.2D + 1.6Lr  - 0.8W 21,908    1.38 21.1 -110.4 -131.3

6 1.2D + 0.5L + 0.5Lr + 1.6W 22,605    1.39 25.0 220.8 331.9

7 1.2D + 0.5L + 0.5Lr - 1.6W 22,605    1.39 25.0 -220.8 -281.9

8 0.9D + 1.6W 16,106    1.25 15.8 220.8 292.0

9 0.9D - 1.6W 16,106    1.25 15.8 -220.8 -260.3

No. Load Combination

  For load combinations No. 4 and 5:

  

U = 1.2D + 1.6Lr  ±  0.8W

δs  = 
1

1−
ΣPu

0.75ΣPc

 = 
1

1−
21,908

0.75 ×  107,076

 =  1.38

  • For sidesway from north to south (load combination no. 4):

   δsM2s = 1.38 � 110.4 = 152.4 ft-kips

   M2 = 21.1 + 152.4 = 173.5 ft-kips

   Pu = 722.0 kips

  • For sidesway from south to north (load combination no. 5):

   δsM2s = 1.38 � (-110.4) = -152.4 ft-kips

   M2 = 21.1 - 152.4 = -131.3 ft-kips

   Pu = 799.3 kips
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  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

A summary of the magnifi ed moments for column C1 for all load combinations 

is provided in the following table.

Pu

(kips) δs M2 δs M2

(ft-kips) (ft-kips)

1 1.4D 871.4 – – – 48.7 – – – 48.7

2 1.2D + 1.6L + 0.5Lr 869.4 – – – 66.4 – – – 66.4

3 1.2D + 0.5L + 1.6Lr 797.6 – – – 49.5 – – – 49.5

4 1.2D + 1.6L r  + 0.8W 722.0 1.14 147.0 1.38 173.5

5 1.2D + 1.6L r  - 0.8W 799.3 1.14 -104.8 1.38 -131.3

6 1.2D + 0.5L + 0.5Lr  + 1.6W 710.9 1.14 276.7 1.39 331.9

7 1.2D + 0.5L + 0.5Lr  - 1.6W 865.4 1.14 -226.8 1.39 -281.9

8 0.9D + 1.6W 482.9 1.10 257.9 1.25 292.0

9 0.9D - 1.6W 637.4 1.10 -226.2 1.25 -260.3

No. Load Combination
10.10.7.3 10.10.7.4

d.  Determine required reinforcement.

 For the  22 � 22 in. column, try  8-No. 8 bars. Determine maximum allowable

 axial compressive force, φPn,max:

 

φPn,max  = 0.80φ 0.85 ′fc Ag − Ast( )  +  fyAst
⎡
⎣

⎤
⎦

                        Eq. (10-2)

    

        = (0.80 � 0.65)[(0.85 � 6) (222 - 6.32) + (60 � 6.32)]

        = 1,464.0 kips > maximum Pu = 871.4 kips  O.K.

 The following table contains results from a strain compatibility analysis, where 

 compressive strains are taken as positive (see Parts 6 and 7). Use Mu = M2 from

 the approximate  method in 10.10.7.

22"

22"

19.625"

11"

2.375"



11-39

  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

P u
Mu c ε t φ φP n φMn

(kips) (ft-kips) (in.) (kips) (ft-kips)

1 871.4 48.7 14.85 -0.00096 0.65 871.4 459.4

2 869.4 66.4 14.82 -0.00097 0.65 869.4 459.7

3 797.6 49.5 13.75 -0.00128 0.65 797.6 468.2

4 722.0 147.0 12.75 -0.00162 0.65 722.0 474.1

5 799.3 -104.8 13.78 -0.00127 0.65 799.3 468.0

6 710.9 276.7 12.61 -0.00167 0.65 710.9 474.8

7 865.4 -226.8 14.76 -0.00099 0.65 865.4 460.2

8 482.9 257.9 7.36 -0.00500 0.90 482.9 557.2

9 637.4 -226.2 11.68 -0.00204 0.65 637.4 478.8

No.

 Therefore, since φMn > Mu for all φPn = Pu, use a 22 � 22 in. column with 8-No. 8 bars  

 (rg = 1.3%). The same reinforcement is also adequate for the load combinations from 

 the magnifi ed moment method of 10.10.7.

 4. Design of column C2

 a. Determine if slenderness effects must be considered.

  In part 3(c), k was determined to be 1.82 for the interior columns.  Therefore,

 
 

klu

r
 = 

1.82 ×  13.33 x 12

0.3 ×  24
 = 40.4 > 22   10.10.1

  Slenderness effects must be considered.

 b. Determine total moment M2 (including slenderness effects) and the design 

  load combinations, using the approximate  analysis of 10.10.7.

  The following table summarizes magnifi ed moment computation for column 

  C2 for all load combinations, followed by detailed calculations for 

  combinations no. 4 and 5 to illustrate the procedure.

 

M2  = M2ns  + M2s

δsM2s  = 
M2s

I − Q
 ≥  M2s

ΣPu Δo Vus Q δs M2ns M2s M2

(kips) (in.) (kips) (ft-kips) (ft-kips) (ft-kips)

1 1.4D 25,053  -    -      -     -   2.8 -       2.8

2 24,795  -    -      -     -   27.4 -       27.4

3 22,903  -    -      -     -   10.2 -       10.2

4 21,908  0.28 302.6 0.12    1.14 -1.2 164.0 185.0

5 21,908  0.28 302.6 0.12    1.14 -1.2 -164.0 -187.4

6 22,605  0.45 484.2 0.12    1.14 -5.1 328.0 368.9

7 22,605  0.45 484.2 0.12    1.14 -5.1 -328.0 -379.1

8 0.9D+1.6W 16,106  0.45 484.2 0.09    1.10 -0.9 328.0 358.6

9 0.9D-1.6W 16,106  0.45 484.2 0.09    1.10 -0.9 -328.0 -360.4

No. Load Combination

1.2D+1.6L+0.5Lr

1.2D+0.5L+1.6Lr

1.2D+1.6Lr+0.8W

1.2D+1.6Lr-0.8W
1.2D+0.5L+0.5Lr+1.6W
1.2D+0.5L+0.5Lr-1.6W

Eq. (10-19)

Eq. (10-20)
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  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

  For load combinations no. 4 and 5:

  U = 1.2D + 1.6Lr ± 0.8W

  From part 3(b), δs was determined to be 1.14.

  • For sidesway from north to south (load combination no. 4):

   M2s = 0.8 � 205.0 = 164.0 ft-kips

   M2ns =  1.2(-1.0) + 1.6 � 0 = 1.2 ft-kips

  

   δsM2s = 1.14 � 164 = 187.0 ft-kips

   M2 = M2ns + δsM2s = -1.2 + 187.0 = 185.8 ft-kips

   Pu = 1,332.6 kips

  • For sidesway from south to north (load combination no. 5):

   δsM2s = 1.14 � (-164) = -187.0 ft-kips

   M2 = -1.2 - 187.0 = -188.2 ft-kips

   Pu = 1,333.0 kips

 c. For comparison purposes, recompute using the magnifi ed moment method 

  outlined in 10.10.7.4.  Use the values of  computed in part 3(c).

  U = 1.2D + 1.6Lr ± 0.8W  

  δs = 1.38 from part 3(c)

  •  For sidesway from north to south (load combination no. 4):

ΣPu δs M2ns M2s M2

(kips) (in.) (ft-kips) (ft-kips) (ft-kips)

1 1.4D 25,053    – – – -2.8  – – – -2.8

2 1.2D + 1.6L + 0.5Lr 24,795    – – – -27.4  – – – -27.4

3 1.2D + 0.5L + 1.6Lr 22,903    – – – -10.2  – – – -10.2

4 1.2D + 1.6L r  + 0.8W 21,908   1.38 -1.2 164.0 225.1

5 1.2D + 1.6L r  - 0.8W 21,908   1.38 -1.2 -164.0 -227.5

6 1.2D + 0.5L + 0.5Lr  + 1.6W 22,605   1.39 -5.1 328.0 451.4

7 1.2D + 0.5L + 0.5Lr  - 1.6W 22,605   1.39 -5.1 -328.0 -461.6

8 0.9D + 1.6W 16,106   1.25 -0.9 328.0 409.4

9 0.9D - 1.6W 16,106   1.25 -0.9 -328.0 -411.2

No. Load Combination
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Example 11.2 (cont’d)  Calculations and Discussion Reference

 δsM2s = 1.38 � 164.0 = 226.3 ft-kips

 M2 = -1.2 + 226.3 = 225.1 ft-kips

 Pu = 1,332.6 kips

 •  For sidesway from south to north (load combination no. 5):

  δsM2s = 1.38 � (-164.0) = -226.3 ft-kips

  M2 = -1.2 - 226.3 = -227.5 ft-kips

  Pu = 1,333.0 kips

A summary of the magnifi ed moments for column C2 under all  load combinations is 

provided in the following table.

Pu

(kips) δs M2 δs M2

(ft-kips) (ft-kips)

1 1.4D 1,522.6  – – – -2.8  – – – -2.8

2 1.2D + 1.6L + 0.5Lr 1,529.0  – – – -27.4  – – – -27.4

3 1.2D + 0.5L + 1.6Lr 1,400.1  – – – -10.2  – – – -10.2

4 1.2D + 1.6Lr  + 0.8W 1,332.6 1.14 185.8 1.38 225.1

5 1.2D + 1.6Lr  - 0.8W 1,333.0 1.14 -188.2 1.38 -227.5

6 1.2D + 0.5L + 0.5Lr  + 1.6W 1,380.5 1.14 368.8 1.39 451.4

7 1.2D + 0.5L + 0.5Lr  - 1.6W 1,381.5 1.14 -379.0 1.39 -461.6

8 0.9D + 1.6W 978.4 1.10 358.6 1.25 409.4

9 0.9D - 1.6W 979.3 1.10 -360.4 1.25 -411.2

No. Load Combination
10.10.7.3 10.10.7.4

d. Determine required reinforcement.

 For the  24 � 24 in. column, try  8-No. 8 bars. Determine maximum allowable

 axial compressive force, φPn,max:

 φPn,max  = 0.80φ 0.85 ′fc Ag − Ast( )  + fyAst
⎡
⎣

⎤
⎦

         

   Eq. (10-2)

    

        = (0.80 � 0.65)[(0.85 � 6) (242 - 6.32) + (60 � 6.32)]

       = 1,708 kips > maximum Pu = 1,529.0 kips  O.K.

 The following table contains results from a strain compatibility analysis, where 

 compressive strains are taken as positive (see Parts 6 and 7). Use Mu = M2 from

 the approximate  method in 10.10.7.
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  Code

Example 11.2 (cont’d)  Calculations and Discussion Reference

2.375"

24"

24"
12"

21.625"

Pu Mu c ε t φ φPn φMn

(kips) (ft-kips) (in.) (kips) (ft-kips)

1 1,522.6 -2.8 23.30 0.00022 0.65 1,522.6 438.1

2 1,529.0 -27.4 23.39 0.00023 0.65 1,529.0 435.3

3 1,400.1 -10.2 21.49 -0.00002 0.65 1,400.1 489.7

4 1,332.6 185.8 20.50 -0.00016 0.65 1,332.6 513.3

5 1,333.0 -188.2 20.51 -0.00016 0.65 1,333.0 513.1

6 1,380.5 368.8 21.20 -0.00006 0.65 1,380.5 496.9

7 1,381.5 -379.0 21.22 -0.00005 0.65 1,381.5 496.4

8 978.4 358.6 15.52 -0.00118 0.65 978.4 587.1

9 979.3 -360.4 15.46 -0.00120 0.65 979.3 587.5

No.

 Therefore, since φMn > Mu for all φPn = Pu, use a 24 � 24 in. column with 8-No. 8 bars  

 (ρg = 1.1%). 
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