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Example 11.1—Slenderness Effects for Columns in a Nonsway Frame

Design columns A3 and C3 in the first story of the 10-story office building shown below. The clear height of
the first story is 21 ft-4 in., and is 11 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:
Floors: f¢ = 4000 psi, w, = 150 pcf
Columns and walls: f¢ = 6000 psi, w, = 150 pcf

Reinforcement: fy = 60 ksi @ @ @ @ @ @

Beams: 24 X 20 in.

Exterior columns: 20 X 20 in.
Interior columns: 24 X 24 in. 28'-0" 28'-0" 28'-0" 28'-0" 28'-0"
Shearwalls: 12 in.

Weight of floor joists = 86 psf ® 5 -E E E E EHi; Tti 4\-‘
Superimposed dead load = 32 psf % S (KJS.)S
Roof live load = 30 psf I -
Floor live load = 50 psf 2
Wind loads computed according %
to ASCE 7. © : N
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Example 11.1 (cont’d)

Calculations and Discussion

Code
Reference

1.

Factored axial loads and bending moments for columns A3 and C3 in the first story

Column A3
Bending Moment
Load Case Axial Load (ft-kips)
(kips) Top Bottom

Dead (D) 718.0 79.0 40.0
Live (L)* 80.0 30.3 15.3
Roof live load (L ;) 12.0 0.0 0.0
Wind (W) *8.0 *1.1 *4.3

Eq. No. |Load Combination
9-1 1 1.4D 1,005.2 110.6 56.0
9-2 2 1.2D + 1.6L + 0.5L, 995.6 143.3 72.5
3 1.2D + 0.5L + 1.6L, 920.8 110.0 55.7
9-3 4 1.2D + 1.6L, + 0.8W 887.2 95.7 51.4
5 1.2D + 1.6L, - 0.8W 874.4 93.9 44.6
9.4 6 1.2D+0.5L+0.5L, +1.6W 920.4 111.7 62.5
7 1.2D +0.5L+0.5L, -1.6W 894.8 108.2 48.8
9.6 8 0.9D + 1.6W 659.0 72.9 42.9
9 0.9D - 1.6W 633.4 69.3 291

*includes live load reduction per ASCE 7

Column C3
Bending Moment
Load Case Axial Load (ft-kips)
(kips) Top Bottom

Dead (D) 1,269.0 1.0 0.7
Live (L)* 147.0 324 16.3
Roof live load (L,) 24.0 0.0 0.0
Wind (W) +3.0 +2.5 +7.7

Eq. No. |Load Combination
9-1 1 1.4D 1,776.6 1.4 1.0
9-2 2 1.2D +1.6L +0.5L, 1,770.0 53.0 26.9
3 1.2D +0.5L + 1.6L, 1,634.7 17.4 9.0
9-3 4 1.2D + 1.6L; +0.8W 1,563.6 3.2 7.0
5 1.2D + 1.6L, - 0.8W 1,558.8 -0.8 -5.3
6 12D +0.5L+0.5L, +1.6W 1,613.1 21.4 21.3
9-4 7 |1.2D+05L+05L, -1.6W 1,603.5 13.4 -3.3
9-6 8 0.9D + 1.6W 1,146.9 4.9 13.0
9 0.9D - 1.6W 1,137.3 -3.1 -11.7

*includes live load reduction per ASCE 7

Note that Columns A3 and C3 are bent in double curvature with the exception of Load Case 7 for

Column C3.

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 XP, is greatest
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Code
Example 11.1 (cont’d) Calculations and Discussion Reference

The total building loads are: D = 37,371 kips, L = 3609 kips, and L, = 605 kips.
The maximum XP, is determined from Eq. (9-4):

2P, =(1.2 X 37,371) + (0.5 X 3609) + (0.5 X 605) + 0 = 46,952 kips

Vs = factored story shear in the first story corresponding to the wind loads
=1.6 X 324.3 =518.9 kips Eq. (9-4), (9-6)

A, = first-order relative lateral deflection between the top and bottom of the first story due to V,,
= 1.6 X (0.03-0) = 0.05 in.

>P,A 46,952 x 0.05 -
Stability index Q = —4=0 = =0.02 <0.05 Eq. (10-10)
Visle 5189 x [(23x12)-(20/2)]
Since Q < 0.05, the frame at the first story level is considered nonsway. 10.10.5.2
3. Design of column C3
Determine if slenderness effects must be considered
Using an effective length factor k = 1.0,
10.10.6.3

k(, 1.0 x 21.33 x 12
r 0.3 x 24

=356

The following table contains the slenderness limit for each load case:

Axial loads Bending Moment

Eq. No. (kips) (ft-kips) Curvature M, M, MM, | Slenderness*
Py Miop Moot (ft-kips) | (ft-kips) limit
9-1 1 1776.6 14 1.0 Double 1.0 14 -0.70 40.00
9-2 2 1770.0 53.0 26.9 Double 26.9 53.0 -0.51 40.00
3 1634.7 17.4 9.0 Double 9.0 17.4 -0.52 40.00
9-3 4 1564.2 3.7 8.5 Double 3.7 8.5 -0.43 39.20
5 1558.2 -1.3 -6.9 Double 1.3 6.9 -0.19 36.27
9-4 6 1613.1 21.4 21.3 Double 21.3 21.4 -1.00 40.00
7 1603.5 13.4 -3.3 Single 3.3 13.4 +0.25 31.02
9-6 8 1146.9 4.9 13.0 Double 4.9 13.0 -0.38 38.54
9 1137.3 -3.1 -11.7 Double 3.1 11.7 -0.27 37.18

* 34—12{ﬂ)s40
2

M
The least value of 34 — 12 (M_l} 1s obtained from load combination no. 7:
2

34-12| M1 =34—12[£]=31.02<40
M, 13.4
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Code
Example 11.1 (cont’d) Calculations and Discussion Reference

Slenderness effects need to be considered for column C3 since k¢, /r > 34 — 12 (M/M,). 10.12.2

The following calculations illustrate the magnified moment calculations for load combination no. 7:

M, =8,M> Eq. (10-11)
where
Cm
= > 1 Eq. (10-12)
1— _-u
0.75P,
M;
Crm =0.6+04| =1 > 0.40 Eq. (10-16)
2

=0.6 + 0.4(2) = 0.70
13.4

2
b _ TEI Eq. (10-13)
c— 2
(kty)
. 0.2E I, +El,
1+ Byns Eq. (10-14)
J600
E. = 57,000 6000 _ 4415 ksi
1000
4
I = 247 _ 27,648 in*
12

Eg =29,000 ksi

Assuming 16-No. 7 bars with 1.5 cover to No. 3 ties as shown in the figure.

*

21.69"

16.84"

2.00" 24"

7.16"

1.5" clear cover to No. 3 ties
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Example 11.1 (cont’d) Calculations and Discussion Reference

Ie =2[(5%0.6)(21.69-12)" +(2x0.6)(16.84 - 12)" |

=619.6in.4
Since the dead load is the only sustained load,

1.2Pp

- <1 10.10.6.2
Pans 1.2Py + 0.5, +0.5P, — 1.6W
_ 1.2 %1269
~ (1.2%1269) +(0.5x147)+(0.5x 24) - (1.6 X 3)
=0.95
pp o (0:2x4415%27,648)+(29,000x619.6) _ 2 106 Kip-in.2
1+0.95
2 6
p T ><21.73><102 — 3274 Kips
(1x21.33%x12)
0.7 .
Ops =— 5= =2.02 (see “Closing Remarks” at the end of the Example)
| 16035
0.75x 3274

Check miminum moment requirement:

My 1min = Pp(0.6 +0.03h)
=1603.5[0.6+(0.03 X 24)]/12
= 176.4 ft-kip > M,

M, =2.02 X 176.4 = 356.3 ft-kip

The following table contains results from a strain compatibility analysis, where
compressive strains are taken as positive (see Part 6 and 7).

Therefore, since oM, > M, for all oP,, = P, use a 24 X 24 in. column with 16-No. 7 bars (p, =1.7%).
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Code

Example 11.1 (cont’d) Calculations and Discussion Reference

No P, M, c & o oPn oM,

’ (kips) (ft-kips) (in.) (kips) (ft-kips)
1 1776.6 1.4 25.92 0.00049| 0.65 1776.6 367.2
2 1770.0 53.0 25.83 0.00048|  0.65 1770.0 371.0
3 1634.7 17.4 23.86 0.00027| 0.65 1634.7 447.0
4 1563.6 7.0 22.85 0.00015| 0.65 1563.6 480.9
5 1558.8 5.3 22.78 0.00014|  0.65 1558.8 483.2
6 1613.1 21.4 23.55 0.00024|  0.65 1613.1 457.8
7 1603.5|  356.3 23.41 0.00022|  0.65 1603.5 462.5
8 1146.9 13.0 17.25|  -0.00077| 0.65 1146.9 609.9
9 1137.3 1.7 17.13] _ -0.00080| 0.65 1137.3 611.7

Design for P, and M, can be performed manually, by creating an interaction diagram as shown in example 6.4.
For this example, Figure 11-14 shows the design srength interaction diagram for Column C3 obtained from the
computer program pcaColumn. The figure also shows the axial load and moments for load combination 7.

4. Design of column A3

a. Determine if slenderness effects must be considered.

Determine k from the alignment chart of Fig. 11-9 or from Fig. R10.10.1.1:

204 . 4
ICO] = 07[3} = 9,333 1.

E.= 57,000ﬂ =4,415 ksi
1000
For the column below level 2:

4,415%9,333

(%] [(23x12)-(20/2)]

For the column above level 2:

EJ) 4415x9,333
(. ) 13x12

24 %203
Ipeam = 0.35 (T—ZOJ = 5,600 in*

EL  574/4,000 x 5,600
a 28 %12

_ SE.I/¢,  155+264

VAT SEd/r T 60

=264 x 10° in.-kips

= 60 x 107 inkips

=155 x 10> in.-kips

=60 x 10° in.-kips

11-24

10.10.4.1

8.5.1

10.10.4.1



Code
Reference

Calculations and Discussion

Example 11.1 (cont’d)
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Figure 11-14 Interaction Diagram for Column C3

11-25



Project: Fage# ___

Engineer: 21312013
Descrip:  Mon-swayv Column Example
ASDIP Concrete 2.0.0 CONCRETE COLUMN DESIGN www._asdipsolt com
GEOMETRY SLENDERNESS
Width ... 240 in, Height .. 240 in Clear Member Length Lu ... 2133 ft
Uge 16-%#7 Longitudinal Bars |, p=0017 OK Effective Length Kx-factor ... 1.00
Llge Ties #53 Transverse Reinf,, d'=2.3 in Effective Length Ky-factor ..... 1.00
Concrete Clear Cover ... 1.5 in Lateral Stability .......... MNom-sway Column

Slenderness Ratio =37 = Limit=231, Slender

UNFACTORED LOADS {Elastic First-Order Analysis)

Dead Live RLive Snow Wind Seismic
Axial Force P 12690 147.0 240 a.a -3.0 a.a kip
Mx at Bottom ... a7 16.3 0.0 0.0 7.7 0.0 k-t
MEat Top e, -1.0 -32.4 0.0 0.0 2.5 0.0 k-t

AMPLIFIED FACTORED LOADS {Non-sway Column)

Load Combination [EE: [r"ﬂf [I".}.’I:_Efi-: ﬂ;ﬁ Cmx  Gnsx* [T_'?E
(L 140 17766  -1.0 1854  -070 032 6.40 12507 MG
(Zh 1.20+1.6L+05Lr 17700 -269 1847  -0.51 040 7.94 15459 MG
(Zh 1.2D+1.6L+0.55 1758.0 -26.9 189324 -0.57 0.40 7.94 18354 MG
(2} 1.20+050L+1.6Lr 16347 -840 1788  -04A2 039 787 14146 MG
(5} 1.20+0.5L+1.65 15863 -80 1766 -042 039 787 13813 MG
(8 1.2D+16Lr+0.8W 15588 -08 1715  -015 054 1080 18513 NG
(T 1.20+1.65+0.8W 15204  -0.8 1672  -0.15 0.54 10,80 180587 NG
(5} 1.2D+0.5L+0.5Lr+1.6W 16035 33 176.4 0.25 nyo 13.99 24673 NG
(5} 1.2D+05L+055+16W 15815 33 1751 025 a7o 1399 24488 NG
{3 12D+05L+0.25+1.0E 15963  -9.0 1756  -0.52 0.39 V.87 13813 MG
3 0.90+1.6W M3T3 3.1 1251 -0.27 0.49 2.84 3558 NG
iE] 0.90+1.0E 1142 1 -0.8 1256 -070 032 1.86 2338 NG
*Per ACI10.10.21, 8ns cannot be greaterthan 1.4
DESIGN CODES MATERIALS
Concrete Design ... ACI 318-11 Concrete Strength f'o ... 6.0  ksi
Load Combinations .............. ASCET-05 Rebar Steel Strength fyv ... 60.0  ksi
Compression Strain Limit ... 0.003

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



Project; Page®# __
Engineer: 2132013
Descrip:  Mon-swav Column Example

CONCRETE COLUMN DESIGN

www. gsdipsofl.com

INTERACTION DIAGRAM

. = SteelFs SteelMs ConcFc ConcMc Fn Kn
Condition cid (kip) (k-ft) (kip) (k-ft) (kip) (k-ft)
Fure Compression Inf. B2T.T 0.0 28961 0.0 22255 0.0
Max. Usable Axial 1.07 3140 1376 24251 3877 27391 5254
Zero Steel Stress 1.00 7894 1503 22842 4712 25736 6214
Steel Stress=05fy 074 1448 2281 16984  BYG0 18433 9242
Balanced Conditon  0.59 19 3074 13519 7168 13500 10242
Steel Strain=0.005  0.38 4271 3110 8564 6016 7293 9126
Pure Bending 0.15 0.0 301 4 0.0 298 8 0.0 5001
Pure Tension 0.00 518 .4 0.0 0.0 0.0 518 4 0.0
COLUMN STRENGTH
Pu Mux k= Steel Fs Steel Ms ConcFc ConcMc 4 $Pn 4Mn
Comb  (kip)  (kf)  od (kp)  (kft)  (kip) (k) Factor (ki) (k-fi)
(D 17766 12507 107 3131 1381 24201 3907 065 17766 3438 NG
(2} 17700 15459 106 23116 1390 24114 3959 065 17700 3477 NG
@ 17580 15354 105 3088 1404 23958 4052 065 17580 3547 NG
@) 16347 14146 098 2801 1552 22348 4993 065 16347 4255 NG
() 15962 13813 096 2704 1605 21854 5258 065 15063 4461 NG
@ 15588 18513 094 2606 1657 21375 5498 065 15588 4651 NG
) 15204 18057 091 2502 1713 20889 5727 065 15204 4836 NG
() 16035 24673 096 2723 1595 21947 5210 065 16035 4423 NG
@ 15915 24488 095 2692 1611 21793 5290 065 15015 4486 NG
i@ 15963 13813 096 2704 1605 21854 5258 065 15963 4461 NG
@ 14373 3558 071 1204 2413 16292 7069 065 11373 6163 OK
42 11421 2338 072 1224 2402 16346 7061 065 11421 6151 OK
% i
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