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Example 11.2—Slenderness Effects for Columns in a Sway Frame

Design columns C1 and C2 in the first story of the 12-story office building shown below. The clear height of
the first 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 (w. = 150 pcf)
= 4000 psi elsewhere (w, = 150 pcf)
Reinforcement: fy =60 ksi
Beams: 24 X 20 in.
Exterior columns: 22 X 22 in.

Interior columns: 24 X 24 in.

Superimposed dead load = 30 psf

Roof live load = 30 psf (’? ® ('? o ?:)
Floor live load = 50 psf 24-0 24-0 24-0 24-0 24-0
Wind loads computed @ -‘ | m 5 ‘. .‘_ ‘.
according to ASCE 7 _ I I I AT A
Q I I I I I I
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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 first story

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

Column C1
Bending moment
Load Case Axial Load (ft-kips)

(kips) Top Bottom

Dead (D) 622.4 34.8 17.6

Live (L)* 73.9 15.4 7.7

Roof live load (L ) 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 M, M, Mins Mans Mg Mas

9-1 1 1.4D 871.4 48.7 24.6 24.6 48.7 24.6 487 ——— -——
9-2 2 1.2D + 1.6L + 0.5L, 869.4 66.4 33.4 334 66.4 33.4 66.4| ——-— -——=
3 1.2D + 0.5L + 1.6L, 797.6 49.5 25.0 25.0 49.5 25.0 495 ——— -—=
9-3 4 1.2D +1.6L, +0.8W 722.0 55.4 131.5 55.4 131.5 41.8 21.1 13.7 110.4
5 |1.2D+1.6L -0.8W 799.3 28.1 -89.3 281| -89.3| 418 21.1| -13.7| -110.4
94 6 1.2D +0.5L + 0.5L, +1.6W 710.9 76.8 245.8 76.8| 2458 49.5 25.0 274 | 220.8
7 1.2D+0.5L +0.5L,; -1.6W 865.4 221 | -195.8 22.1| -195.8 49.5 25.0 -27.4| -220.8
96 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 40| -205.0 4.0| -205.0 31.3 15.8 -27.4| -220.8

*includes live load reduction per ASCE 7

Column C2
Bending moment
Load Case Axial Load (ft-kips)
(kips) Top Bottom
Dead (D) 1,087.6 -2.0 -1.0
Live (L)* 134.5 -15.6 -7.8
Roof live load (L), 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 M, M, Mins Mans Ms Mas
9-1 1 1.4D 1,522.6 -2.8 -1.4 -1.4 -2.8 -1.4 28| ——- -—=
9-2 2 1.2D +1.6L + 0.5L, 1,529.0 -27.4 -13.7]  -13.7 -27.4| -13.7 274 ——-— ——=
3 1.2D +0.5L +1.6L, 1,400.1 -10.2 -5.1 -5.1 -10.2 -5.1 -10.2| ——— 0.0
9-3 4 1.2D + 1.6L,+ 0.8W 1,332.6 32.4 162.8 324| 1628 -2.4 -1.2 34.8| 164.0
5 1.2D + 1.6L, - 0.8W 1,333.0 -37.2| -165.2 -37.2| -165.2 -2.4 -1.2| -34.8| -164.0
9-4 6 1.2D +0.5L +0.5L, +1.6W 1,380.5 59.4 322.9 59.4| 3229| -10.2 -5.1 69.6 | 328.0
7 1.2D+0.5L+0.5L, -1.6W 1,381.5 -79.8| -333.1 -79.8 | -333.1 -10.2 -5.1 -69.6 | -328.0
96 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

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

The results from an elastic first-order analysis using the section properties prescribed in
10.10.4.1 are as follows:

2P, = total vertical load in the first story corresponding to the lateral loading case for
which 2P is greatest

The total building loads are: D = 17,895 kips, L = 1991 kips, Lr = 270 kips. The maximum
2P, is from Eq. (9-4):

2P, =(1.2317,895) + (0.5 3 1991) + (0.5 3 270) + 0 = 22,605 kips
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Example 11.2 (cont’d) Calculations and Discussion

Code
Reference

Vs = factored story shear in the first story corresponding to the wind loads
=1.63302.6 =484.2 kips

A, = first-order relative deflection between the top and bottom of the first story due to V,,
=1.6 X (0.28 -0) = 0.45 in.

Stability index Q = o _ 22605 x 045 =0.12>0.05
Visle  484.2 x [(15%x12)—(20/2)]

Since Q > 0.05, the frame at the first story level is considered sway.
3. Design of column C1
a. Determine if slenderness effects must be considered.

Determine k from alignment chart in R10.12.1.

4
I, =07 {%J = 13,665 in.4

E, = 57,000

=4,415 ksi

/6000
1000
For the column below level 2:

Ecl_ 3415 X 13605 _ 355 % 10% in.kips
le (15 x 12)-10

For the column above level 2:

EJI 4415 x 1
Bl _ 4415 X 13665 _ 419+ 103 in.-kips
‘. 12 x 12
24 x 20° -
Tyeam = 0.35 | ———— | =5.,600 in.
12
For the beam: Bl _ 57 /4000 %5,600 70 x 10% in.kips
‘. 24 %12
SEJ/0. 355+419
TPNE pee et =11.1
SE.1/¢ 70

Assume yg = 1.0 (column essentially fixed at base)
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Example 11.2 (cont’d) Calculations and Discussion Reference
From the alignment chart (Fig. R10.10.1.1(b)), k = 1.9.
kf, 19 x 1333 x 12
= =46>22
r 03 x 22 10.10.1
Thus, slenderness effects must be considered.
b. Determine total moment M, (including slenderness effects) and the design load
combinations, using the approximate analysis of 10.10.7.
The following table summarizes magnified moment computations for column C1 for
all load combinations, followed by detailed calculations for combinations no. 4 and 5 to
illustrate the procedure.
. . z:Pu Ao Vus Q 65 MZns MZS M2
No. _|Load Combination (kips) | (in) | (kips) (ft-kips)| (ft-kips) | (ft-kips)
1 1.4D 25,053 48.7 48.7
2 |[1.2D+1.6L+0.5L, 24,795 66.4 66.4
3  |1.2D+0.5L+1.6L, 22,903 49.5 49.5
4 |1.2D+1.6L,+0.8W 21,908 | 0.28| 302.6] 0.12 21.1] 1104 147.0
5 [1.2D+1.6L,-0.8W 21,908 | 0.28| 302.6] 0.12 21.1] -1104| -104.8
6 [1.2D+0.5L+0.5L+1.6W 22,605 | 0.28 484.2] 0.08 25.0] 220.8 264.2
7 |1.2D+0.5L+0.5L-1.6W 22,605 | 0.45| 484.2] 0.12 25.0/ -220.8] -226.8
8 |0.9D+1.6W 16,106 | 0.45] 484.2| 0.09 15.8| 220.8 257.9
9 ]0.9D-1.6W 16,106 | 0.45] 484.2| 0.09 15.8] -220.8] -226.2
M, = My, + d My, Eq. (10-18)
M
d My = 1_2(3 > My, Eq. (10-20)

For load combinations no. 4 and 5:

U=12D+1.6L, % 0.8W

2P, =(1.2 X 17,895) + (1.6 X 270) = 0 = 21,906 kips

A, =0.8 X (0.28-0) = 0.22 in.

Vo =0.8 X 302.6 = 240.1 kips

.= (15 X 12) — (20/2) = 170 in.

SP,A, 21,906 x 0.22

Q: =

=0.12

Vyle 240.1 x 170
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Example 11.2 (cont’d) Calculations and Discussion Reference

C.

1 1
8, = = = 1.14
1-Q  1-0.12

*  For sidesway from north to south (load combination no. 4):
O M, = 1.14 X 110.4 = 125.9 ft-kips
M, =M, + O My, =21.1 + 125.9 = 147.0 ft-kips
P, =722.0 kips
*  For sidesway from south to north (load combination no. 5):
M, =0.8 X 138.0 = 110.4 ft-kips
My, = 1.2 X 17.6 + 1.6 X 0 =21.1 ft-kips
OM,, =1.14 X (-110.4) =-125.9 ft-kips
M, =21.1-125.9 =-104.8 ft-kips
P, =799.3 kips

For comparison purposes, recompute 8;M,, using the magnified moment method
outlined in 10.10.7.4

M

6SNIZS = = = My
_ P Eq. (10-21

0.75Pc g (10-21)
The critical load P, 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.

4E.I 04 x 4415 x 22* )
pr= Q4B _ 04X X 22 _345 x 10° in.2kips Eq. (10-19)
1+ Bdns 12(1+0)
Bas =0 10.10.4.2
2 2 6
EI X 34.5 x 10 Eq. (10-13)

p= - =T = 3,686 kips

(ke (19 x 13.33 x 12)°
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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):

355+419
=—— =55
Va 2 x 70
vy, =10

From the alignment chart, k = 1.75.

2 6
45 x 1
p, = I x 345 x 10 5 =4.345 kips
(1.75 x 13.33 x 12)

Eq. (10-13)

For each of the 8 interior columns:

4

24
I = 07| =— [ =19,354 in*
12 10.10.4.1

For the column below level 2:

= = =503 x 107 in.-kips
0 (15 x 12)-10

EJ 4415 x 19354
C

For the column above level 2:

E.JI 441 1 4
Ze o > X 19,35 =593 x 10° in.-kips
Lo 12 x 12

5034593
Va=" %70 ~
\|IA=1.0

7.8

From the alignment chart, k = 1.82.

242 6
El=04 x 4415 x - =48.8 x 10° in.kips

Eq. (10-13)
2 2 6
EI X 48.8 x 10
Po=——r = — - = 5.683 kips
(key)”  (1.82 x 13.33 x 12)
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Example 11.2 (cont’d) Calculations and Discussion Reference

Therefore,

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

The following table summarizes magnified 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.

. . ZF’u 85 M2ns MZs IV|2

No. _|Load Combination (kips) | (in.) | (ft-kips) | (ftkips) | (ft-kips)
1 1.4D 25,053 | ——— 487 ——- 48.7
2 |1.2D+1.6L+1.6L, 24,795 | ——— 664 ——— 66.4
3 |[12D+0.5L+1.6L, 22,903 | ——— 495| ——— 49.5
4 1.2D + 1.6L, + 0.8W 21,908 1.38 21.1 110.4 173.5
5 1.2D + 1.6L, - 0.8W 21,908 1.38 21.1| -1104| -131.3
6 1.2D + 0.5L + 0.5L, +1.6W 22,605 1.39 25.0| 220.8| 331.9
7 1.2D + 0.5L +0.5L, -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

For load combinations No. 4 and 5:

U=12D+1.6L, £ 0.8W

1 1
O = - P, - 21,908 1.38
0.75%P, 0.75 x 107,076

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

O M, = 1.38 X 110.4 = 152.4 ft-kips
M, =21.1+152.4 =173.5 ft-kips

P, =722.0 kips

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

O M, = 1.38 X (-110.4) =-152.4 ft-kips

M, =21.1-152.4 =-131.3 ft-kips

P, =799.3 kips
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Example 11.2 (cont’d) Calculations and Discussion Reference

A summary of the magnified moments for column C1 for all load combinations
is provided in the following table.

L Pu 10.10.7.3 10.10.7.4
No. |[Load Combination (Kips) 5. M, 5 M,
(ft-kips) (ft-kips)
1 [1.4D 8714 | ——— 48.7| ——— 48.7
2 |1.2D+1.6L+0.5L, 869.4 | ——— 66.4| ——— 66.4
3 |[12D+0.5L+1.6L, 7976| ——-— 495 ——— 49.5
4 [12D+16L, +0.8W 722.0 1.14 147.0 1.38 173.5
5 |1.2D+1.6L, -0.8W 799.3 1.14 -104.8 1.38 -131.3
6 |[12D+05L+05L, +1.6W 710.9 1.14 276.7 1.39 331.9
7 |1.2D+0.5L+0.5L, -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

d. Determine required reinforcement.

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

axial compressive force, 0P ;.«:

0Py max :0.80¢[0.85fc’(Ag—Ast) + fyAst] Eq. (10-2)

= (0.80 X 0.65)[(0.85 X 6) (222 - 6.32) + (60 X 6.32)]
= 1,464.0 kips > maximum P, = 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 M, = M, from
the approximate method in 10.10.7.

19.625" . . O
11" }" " oo
I2.375" . Q
22"
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Example 11.2 (cont’d) Calculations and Discussion Reference
No. | FPuof Mo e . A A
(kKips) (ft-kips) (in.) (Kips) | (ft-Kips)
1 871.4 48.7| 14.85| -0.00096 0.65| 871.4| 4594
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| 4741
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| 8654 460.2
8 482.9 257.9 7.36| -0.00500 0.90| 4829 557.2
9 637.4| -226.2| 11.68| -0.00204 0.65| 637.4| 478.8

Therefore, since M,, > M, for all ¢P, = P, use a 22 X 22 in. column with 8-No. 8 bars
(rg = 1.3%). The same reinforcement is also adequate for the load combinations from
the magnified 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,
kl, 1.82 x 1333x12
= =40.4>22
r 0.3 x 24 10.10.1
Slenderness effects must be considered.
b. Determine total moment M, (including slenderness effects) and the design
load combinations, using the approximate analysis of 10.10.7.
The following table summarizes magnified moment computation for column
C2 for all load combinations, followed by detailed calculations for
combinations no. 4 and 5 to illustrate the procedure.
. . ZPU Ao Vus Q 85 M2ns MZS M2
No. |Load Combination (kips) | (in.) | (kips) (ft-kips)_(ft-kips) | (ft-kips)
1 14D 25,053 - - - - 2.8 - 2.8
2 [1.2D+1.6L+0.5L, 24,795 - - - - 27.4 - 27.4
3 [1.2D+0.5L+1.6L, 22,903 - - - - 10.2 - 10.2
4 [1.2D+1.6L+0.8W 21,908 | 0.28| 302.6| 0.12| 1.14] -1.2| 164.0/ 185.0
5 [1.2D+1.6L,-0.8W 21,908 | 0.28| 302.6| 0.12| 1.14] -1.2| -164.0| -187.4
6 [1.2D+0.5L+0.5L+1.6W 22,605 | 0.45 4842 012 ] 1.14] -51| 328.0] 368.9
7 [1.2D+0.5L+0.5L-1.6W 22,605 | 0.45| 4842 012 | 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
Eq. (10-19
M, =Mypg + Mg a( )
M -
M, = . 25 > M,y Eq. (10-20)
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Example 11.2 (cont’d) Calculations and Discussion Reference

For load combinations no. 4 and 5:

U=12D+ 1.6L.+ 0.8W

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

*  For sidesway from north to south (load combination no. 4):
M, = 0.8 X 205.0 = 164.0 ft-kips
My, = 1.2(-1.0) + 1.6 X 0 = 1.2 ft-kips
O M, =1.14 X 164 = 187.0 ft-kips
M, =M, + O My, =-1.2 + 187.0 = 185.8 ft-kips
P, =1,332.6 kips

*  For sidesway from south to north (load combination no. 5):
O M, =1.14 X (-164) = -187.0 ft-kips
M, =-1.2 - 187.0 =-188.2 ft-kips
P, =1,333.0 kips

c. For comparison purposes, recompute using the magnified moment method
outlined in 10.10.7.4. Use the values of computed in part 3(c).
. . ZPu 65 M2ns M2s M2
No. _|Load Combination (kips) | (in) | (ftkips) | (ft-kips) | (ft-kips)

1 1.4D 25,0583 | ——- 28| —-—- -2.8
2 |1.2D+1.6L+0.5L, 24,795 | ——- 274 ——— 274
3 1.2D +0.5L + 1.6L, 22903 | ——- -10.2] ——-— -10.2
4 1.2D +1.6L, + 0.8W 21,908 1.38 -1.2| 164.0| 225.1
5 1.2D + 1.6L, - 0.8W 21,908 1.38 -1.2| -164.0| -227.5
6 1.2D + 0.5L + 0.5L, + 1.6W 22,605 1.39 -5.1 328.0| 4514
7 12D +0.5L +0.5L, -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

U=12D+ 1.6L. +0.8W
&, = 1.38 from part 3(c)

*  For sidesway from north to south (load combination no. 4):
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Example 11.2 (cont’d) Calculations and Discussion Reference
O M, = 1.38 X 164.0 = 226.3 ft-kips
M, =-1.2 + 226.3 = 225.1 ft-kips
P, =1,332.6 kips
*  For sidesway from south to north (load combination no. 5):
O M, = 1.38 X (-164.0) = -226.3 ft-kips
M, =-1.2-226.3 = -227.5 ft-kips
P, =1,333.0 kips
A summary of the magnified moments for column C2 under all load combinations is
provided in the following table.
o Py 10.10.7.3 10.10.7.4
No. |Load Combination (Kips) 5 M, 5 M,
(ft-kips) (ft-Kips)
1 1.4D 1,522.6 —— -2.8 —— -2.8
2 |1.2D+1.6L+0.5L, 1,529.0 -— -27.4 —— -27.4
3 |[1.2D+0.5L+1.6L, 1,400.1 —— -10.2 —— -10.2
4 |1.2D+1.6L, +0.8W 1,332.6 1.14 185.8 1.38 2251
5 [1.2D+1.6L, -0.8W 1,333.0 1.14 -188.2 1.38 -227.5
6 |[1.2D+0.5L+0.5L, +1.6W 1,380.5 1.14 368.8 1.39 451.4
7 |1.2D+0.5L+0.5L, -1.6W 1,381.5 1.14 -379.0 1.39 -461.6
8 10.9D+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
d. Determine required reinforcement.
For the 24 X 24 in. column, try 8-No. 8 bars. Determine maximum allowable
axial compressive force, OPy, a4
0P max = 0-800[ 0.85F, (Ay — Ay ) + £y A | Eo. (10:2)

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

= 1,708 kips > maximum P, = 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 M, = M, from

the approximate method in 10.10.7.
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Example 11.2 (cont’d) Calculations and Discussion Reference

21.625" M) ’
12" . . 24"
12.375“ . Q
24"
No. Py Mo © . ¢ 0P | oMy
(Kips) (ft-kips) (in.) (kips) | (ft-Kips)
1 1,522.6 -2.8| 23.30| 0.00022 0.651,522.6 438.1
2 1,529.0 -27.4| 23.39| 0.00023 0.651,529.0 435.3
3 1,400.1 -10.2| 21.49| -0.00002 0.651,400.1 489.7
4 1,332.6 185.8| 20.50| -0.00016 0.651,332.6 513.3
5 1,333.0 -188.2| 20.51| -0.00016 0.651,333.0 513.1
6 1,380.5 368.8| 21.20| -0.00006 0.651,380.5 496.9
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| 9784 587.1
9 979.3 -360.4| 15.46| -0.00120 0.65| 979.3 587.5

Therefore, since M, > M, for all ¢P, = P, use a 24 X 24 in. column with 8-No. 8 bars
(pg=1.1%).
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Project: FPage# ___

Engineer:; 2M32013
Descrip:  Sway Column Example
ASDIP Concrete 2.0.0 CONCRETE COLUMN DESIGN www.asdipsoft com
GEOMETRY SLENDERNESS
Width ... 220 in, Height . 220 in Clear Member Length Lu ... 1330 ft
Lge §-%#8 Longitudinal Bars  , p=0013 OK Effective Length Kx-factor ... 1.80
Llge Tieg #3 Tranasverse Reinf,, d'=24 in Effective Length Ky-factor ... 1.00
Concrete Clear Cover ... 1.5 in Lateral Stability .......... Sway Column

Slenderness Ratio =43 = Limit=22, Slender

UNFACTORED LOADS (Elastic First-Order Analysis)

Cead Live RLive Snow Wind Seismic
Axial Force P G224 738 8.6 0.0 -48.3 0.0 kip
Mx at Bottom ... 348 154 0.0 0.0 17 1 0.0 k-t
MxatTop ... -17.@ -7 0.0 0.0 -138.0 0.0 k-t
Story Axial Force ZF . 17895.0 1991.0 270.0 0.0 kip
Story Shear Force Vsy 2026 0.0 kip

AMPLIFIED FACTORED 1 OADS {Sway Column by Approx. Znd-Order Method)

Load Combination [EE} ['a;:lrpu [T_Eff m;; Qy bsx* r";'g;t::
(1 14D ar14 25053 487 0.0 0.000 1.00 437 Ok
(2 1.20+1.6L+0.5Lr g6a.4 247495 66.4 0.0 0.000 1.00 66.4 K
(3 1.20+1.6L+0.55 865.1 24660 66.4 0.0 0.000 1.00 66.4 K
(4} 1.20+0.56L+1.6Lr Tar.6 22902 495 0.0 0.000 1.00 495 K
G 1.20+05L+1.65 7838 22470 495 0.0 0.000 1.00 495 Ok
(& 120+ 6Lr+0.8W 7220 21906 1314 2421 0118 113 146.3 Ok
(T 1.20+1.65+0.8W 7082 21474 1214 2421 0116 113 146.0 K

() 1.20+05L+05Lr+16W 7109 22605 2458 4842 0122 1.14 2764 OK
(3} 1.2D+05L+0.55+1.6W 7066 22470 2458 4842  0.121 1.14 2762 OK
(3 12D+05L+025+1.0E 7838 22470 495 0.0 0.000 1.00 495 Ok

3 0.90+1.6W 4829 16106 2366 4842 0087 1.10 2576 oK
02 0.90+1.0E 602 16106 1.3 0.0 0.000 1.00 1.3 ]
*If &5 = 1.5 use the Approx. Magnifier Method ** Mc cannot be greaterthan 1.4 M2
DESIGN CODES MATERIALS
Concrete Design e, ACI318-11 Concrete Strength f'c ... 6.0  ksi
Load Combinations ... ASCET-05 Rebar Steel Strength fv ... G60.0 ksi
Compression Strain Limit ... 0.003

ASDIP Concrete is available for purchase online at www.asdipsoft.com



Froject: Fage#
Engineer; 21312013
Descrip:  Sway Column Example

CONCRETE COLUMN DESIGN

www asdigsoif com

INTERACTION DIAGRAM

i k=  SteelFs SteelMs ConcFc ConcMc  Pn Mn
Condition cld (kip) (k-ft) (kip) (k) (kip) (k-ft)
Fure Compression Inf. 2474 0.0 24336 0.0 2781.0 0.0
Max. Usable Axial 1.06 197.8 860  2027.0 3045 22248 3905
Zero Steel Stress 1.00 1333 933 19194 3629 21026 4562
Steel Stress=05fy 074 878 1443 14272 5361 15150 6804
Balanced Condition  0.59 5.6 1953 11360 5521 11204 7474
Steel Strain=0.005  0.38 832 1935 7196 4634 6365 6560
Pure Bending 0.12 0.0 1105 0.0 197 3 0.0 3078
Pure Tension 0.00 379.2 0.0 0.0 0.0 3792 0.0
COLUMN STRENGTH
Fu ML k= Steel Fs Steel Ms ConcFc ConcMc @ $Fn SN
Comb  wipy (ki) wd (kip)  (kft) (kip)  (kft)  Factor  (kip) (ki)
(i 8714 487 067 490 1652 12815 5516 065 8714 4658 OK
(2} 3694 664 067 483 1656 128092 5517 065 8604 4662 OK
@ 8651 664 067 467 1664 12842 5520 065 8651 4670 OK
@ 7976 495 063 204 1806 12066 5541 065 7976 4776 OK
B 7838 495 062 148 1837 11811 5540 065 7838 4795 OK
& 7220 1463 057 -112 1953 10807 5488 067 7220 4976 OK
(7 7082 1460 054 -171 1952 10433 5437 069 7082 5100 OK
@ 7108 2764 055 -159 1952 10520 5448 069 7108 5077 OK
& 7066 2762 054 178 1952 10378 5430 069 7065 5114 OK
@ 7838 495 062 148 1837 11911 5540 065 7838 4795 OK
1 4828 2576 024 1126 1834 6491 4353 000 4828 5613 OK
@ se02 313 037 871 1928 7095 4595 000 5601 5871 OK
‘I.
4 I}D—- &

ISTE A TSN [NACIAN

Lin.g

oy Lu = 13200

Kx Lu =25.2T R

ok

ASDIP Concrete is available for purchase online at www.asdipsoft.com
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