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SlenderConcrete Column Designn Sway FrameBuildings

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 18ift., and is 10 fdin. for all of the other stories.
Lateral load #ects on the building are governed by wind forces. Compare the calculated results with the values

presented in the Reference and with exact values $pibolumnengineering software program fradtructurePoint
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Code
Building Code Requirements for Structu@dncrete (ACI 318l4) and Commentary (ACI 318R4)

Reference
Notes on ACI 318L1 Building Code Requirements for Structural Concrete, Twelfth Edition, 2013 Portland
Cement Association, Example-P1

Design Data
f:6 = 6,000 psifor columns in the bottom two stories
= 4,000psielsewhere
fy, =60,000psi
Slab thickness = 7 in.
Exterior Columns = 22 in. x 22 in.
Interior Columrs =24 in. x 24in.
Beams =24 in. x 20 irx 24 ft
Superimposed dead load = 30 psf
Roof live load = 30 psf
Floor live load = 50 psf
Wind loads computed according to ASCEG

Total building loads in the first story from structural analysis:

D =17,895 kip
L =1,991 kip
L, =270 kip

W = 0 kip, wind loads in the stoigausecompression 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 AXia||<'Load, Bending Moment, fkip
p Top Bottom
Dead, D 622.4 34.8 17.6
Live, L 73.9 15.4 7.7
Roof Live, L 8.6 0.0 0.0
Wind, W (N-S) -48.3 171 1380
Wind, W (SN) 48.3 -17.1 -1380
1.2. Load Combinatioai Factored Loads ASCE *10 (2.3.2)
Table 2- Exterior column factored loads
ASCE 710 - Axial Load Bending Moment M M M M
Reference No. Load Combination kip ’ ft-kdp nTﬁfﬁs fff’ﬁ?g'”s ft-LOi’;; f'[EiT:iO;;mS
Top Bottom
2.3.21 1 |1.4D 871.4| 48.7 24.6| 48.7 246| -
2.3.22 2 | 1.2D+1.6L+0.5L 869.4| 66.4 33.4| 66.4 33.4| ---
3 |12D+05L+16L 797.6| 49.5 25.0| 495 25.0| ---
2.3.23 4 | 1.2D + 1.6l + 0.8W 722.0| 55.4 131.5| 41.8 21.1| 13.7| 1104
5 | 1.2D + 1.6l.- 0.8W 799.3| 28.1 -89.3| 41.8 21.1| -13.7| -110.4
5324 6 | 1.2D + 0.5L + 0.5L+ 1.6W 710.9| 76.8 245.8| 49.5 25.0| 27.4| 220.8
7 | 1.2D + 0.5L + 0.5L- 1.6W 865.4| 22.1| -195.8| 49.5 25.0| -27.4| -220.8
2326 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 Nonswdgrame Designation

Columns and stories in structures aomsidered as nesway frams if the increase in column end moments due to
secondorder effects does not exceed 5% of the-firster end moments, or the stability index for the st@ydoes
notexceed 0.05. AC| 31814(6.6.4.3)

x Py is the total vertical load in the first story corresponding to the lateral loading case forxWhijdh greatest
(without the wind loads, which would cause compression in some columns and tension in others anddhaneel
out). ACI31814(6.6.4.4.1 and R6.6.4.3)

Vs is the factored horizontal story shear in the first story corresponding to the wind loads, iarite firstorder
relative deflection between the top and bottom of the first story ddg to  ACI 31814(6.6.4.4.1 and R6.6.4.3)

From Table 2, load combinatisf2.3.24 No.5 and6) provide the greatest valueoP,.

SP 42 B 065 L 305H, 3.2 £,89%5 0.5 1,091 V.5 270 22,60¢ ASCE 710 (2.3.24)

V,=1.6%, £6 302.6 484.2ki ASCE 710 (2.3.26)

D, 4.6 3 0.6 (028 ) -0.45%

_SP, * D_ 22,605 0.45
V,.3l, 4842915 12 20/p

Q &12 00t ACI 31814 (Eq. 6.6.4.4.1)

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

c’ 27 .
lioum =07 5 8.7 55 136651 ACI 31814 (Table 6.6.3.1.1(a))
E. =57,0003/f, 57,000426000 4415} ACI 31814 (19.2.2.1b)

For the column below level 2:

E.3 1. 4415 13,665
| 15% 12 -20/2

Cc

355 3G in.kip

For the column above level 2:

3
E:® leoum - 4,415 13,665_14 35 in kip

I 123 12

Cc

For beams framing into the colusin

3
Eo® loean _ 3,605 5,600 =0 20 in.kip
l, 243 12
Where:
E, =57,0003 fc' 57,000x/34000 36051 ACI 31814 (19.2.2.1b)
3 K 3
| heam = 0.35 3% 0.35 ng?Z@ 55600iA ACI 31814 (Table 6.6.3.1.1(a))
— 9
| ;
y, =& cms 3950419 4, ACI 31814 (Figure R6.2.5)
a,. El & 70
ael 70
G beams

ACI 31814 (Figure R6.2.5)

Y ; =1.0 (Column essentially fixed at base)

Using Figure R6.2.5 from ACI 3184 A k= 1.9 as shown in the figure below for the exterior columitis one

beam framing into them in the directions of analysis
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Figure2i Effective Length Factorkj Calculations for Exterior Columngith One Beam Framing into theim

the Direction of Aalysis(Sway Frame)

k31, _1.9813.333
r 6.6

Where:

,I
r =radius of gyration =g é or (b) 0.8,

r:\/g —7,% \:/% 635in.

2A7.87 22 LConsider Slendern

4. Moment Magnification at Ends of Compression Member

A detailed calculation for load combinatiorfgravity plus wind)s shown below to illustrate the procedure. Table

3 summarizes the magnified moment computations for the exterior columns.

M2:M -dsM2s

2ns

Where:

ACI 31814(6.2.59

ACI 31814(6.2.5.1)

ACI 31814(6.6.4.6.1b
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d. = moment magnifier 3 (b)% E ACI 31814 (6.6.4.6.2)
1 1- u i
i 0.75P i
| 1
i \

i (c) Second-order elastic analys

ACIl 31814 (6.6.4.6.2(b)) will be used for comparison purposes with results obtainedsfiitéoiumnmodel.

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

x Py is the summation of all the factored vertical loads in the first storyxdds the summationf the critical

buckling loadfor all swayresisting columns in the first story.

p*(El
R =(—Zeﬁ ACI 31814(6.6.4.4.2)
(k,)
Where:
e . 0.4E1 i
1@ - : i
1 ds ]
f 0261 +EJ, ]
(BI), =i(b) ——=o == | ACI 31814 (6.6.44.4)
¢ ’I\ 1+ bds i
T E | i
7(c) £ i
i 1+ b, ‘

There are three options for calculating the effective flexural stiffness of slender concrete o@ildaand he
second equation provides accurate representation of the reinforcement in the section and will be used in this
example and is also used by the solvesg@olumn Further comparison of the available optiongnsvided in

fiEffective Flexural Stiffness for Critical Buckling Load of Concrete Coluiiashnical note

ct 22
= == 19,52%lin’ ACI 31814 (Table 6.6.3.1.1(a))

| =
column 12 12

E. =57,0003/f, 57,0004/26000 4415} ACI 31814(19.2.2.1.a)

bus 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 maxifagtaredsustainedtsear in this example is equalzero
leading tobgs = 0. AC| 318-14(66.3.1.1)

For exterior columns with one beam framing into them in the direction of anélyseolumns)

With 8-#8 reinforcement equally distributed on all sigawl 22 in. x 22 in. column sectidf lse= 352.6in.%

_0.2E1,+E,

(EDe =—75 ACI 31814 (6.6.4.4.4(0)
ds



http://www.spcolumn.com/
http://www.spcolumn.com/
https://structurepoint.org/pdfs/Effective-Flexural-Stiffness-Concrete-Columns-Critical-Buckling-ACI318-14.pdf

Structure Point

CONCRETE SOFTWARE SOLUTIONS

sfcolumn

3 3 3
(E|)eﬁ _0.2° 4,415 19],--5'-%1 +29,000 352.927‘5 36 Kip-in?

k = 1.9 (calculated previously).

23 3
R:l = M :2,933 k|p

(1.9 13.33%

For exterior columns withwo beans framing into them in the direction of analy$#scolumns)

&t g

T 0

T

Y, = s 355+ 419 ACI 31814 (Figure R6.2.5)
ax El 8 70+ 70
a0
G beams

Y ; =1.0 (Column essentially fixed at base) ACI 31814 (Figure R6.2.5)

Using Figure R6.2.5 from ACI 3184 A k= 1.71 as shown in the figure below for the exterior columitis
two beams framing into them in the directions of analysis

¥a Kk ¥B
/—oo
oo — — <o
100.0 - S L 100.0
50.0 —| 2007 F 100 L 50.0
300 —-50 300
200 — T 40 200
10.0 _| 1 10,0
9.0 130 — 9.0
8.0 — T 8.0
7.0 — 7.0
6.0 — s < — 6.0
50 4" T — 5.0
40 —-20 4.0
30 — 1 30
20 — T 20
i —15 i
1.0 — -+ — 1.0
0 —L 10 o

Figure31 Effective Length Factorkj Calculations for Exterior Columngith Two BeamsFraming into them in the
Direction ofAnalysis

23 3
p = PR215°10 400k

® (178 13.3333 1

Forinterior columns(8 columns)




Structure Point a;lf'cﬂUmn

CONCRETE SOFTWARE SOLUTIONS

¢ or 2
| corumn = 0.7 31—2 8.7 12 19:354iA. ACI 31814 (Table 6.6.3.1.1(a))
E,. =57,000 3 f; £7,0004/326000 4415} ACI 31814(19.2.2.1.a)

For the column below level 2:

EC 3 It:c)lumn — 41 4’153 19,354
| 15- 20/2

Cc

503 3G in.kip

For the column above level 2:

EC 3 It:c)lumn _ 41 415 19,354
l 12

Cc

593 3G in.kip

For beams framing into the columns:

3
Es® loea _ 3,605 5,600 =0 20 in.kip
I, 24
Where:
E, =57,0003f, 57,000°4000 3;605! ACI 31814(19.2.2.1.a)
3 K 3
| oo = 0.35 3% 8.35 % 5600 ift ACI 31814 (Table 6.6.3.1.1(a))
5 0
T
v, =% e 2030593 44 ACI 31814 (Figure R6.2.5)
3, El & 70+ 70
aal 70
Q beams
Y ; =1.0 (Column essentially fixed at base) ACI 31814 (Figure R6.2.5)

Using Figure R6.2.5 from ACI 3184 A k=181 as shown in the figure below for thrgerior columns.
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Figure4 i Effective Length Factorkj Calculations foitnterior Columns

With 8-#8 reinforcement equally distributed on all sidal 24 in. x 24 in. column sectidq lse= 439.1in.%

(Enq

1+ b,

_0.2E1,+E,l,

(Eey

p?337.1216

c3

SE =™ R o RS

(1.8% 13.3332 1§

1+0

24,372 kip

n o+

SP. 42 2,933 4 3%21 8 #4,372 84,6521

For load combination 4:

_ 02 4,415° 27,648 +29,000 *439.17 1 46 kip-ir?

SP 42 B 16 L % 1.2=17,895 1.6 270 321,908

1
ds_ ] SPU
075 §

AC131814(6.6.4.4.4(b))

ASCE 710 (2.3.23)

ACI 31814 (6.6.4.6.2(b))
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_ 1 _
%= 1 21906 =153
0.75 84,652
dMy,,.=1.53313.7 20.9 ftki
MTopfz"d = |\/|T0pynS -t‘]'J\/I Top's 4.8 20.9 627 ftkip ACI| 31814(6.6.4.6.1)
OM 5o <=1.53 3110.4  468.6 ft ki
Botiom_ 2 :Msonom ns -E?'M Bottom s 21.1 168.6 189.7 ft.kif ACl 31814(6.6.4.6.1)

Mz_Z‘d = max( MTop_Z‘d’ MBottom_?d) =M Bottom 2 £89.7 ft.kip M 2_t v Bottom_{! 131.5 ft.kij

=M 62.7 ftkip M M 55:4 ft.kif

1 1 Top_1

'vll_Z‘d = mln( NITop_Z1EI M Bottom_Z“’) Top_2¢

P, = 722.0 kip

A summary of the moment magnification factors and magnified moments for the exterior column for all load
combinations using both equation optioA€! 31814 (6.6.44.4(a)) and (6.6.44.4(b)) to calculate(El)es is
provided in the table belofor illustraion and comparison purpos@&te: The designation &fl; andM; is made

based on the secommatder (magnified) moments and not based on thedindér (unmagnified) moments.

Table 3- Factored Axial loads and Magnified Moments for Exterior Column
S Axial L Using ACI 6.6.4.4.4(a Using ACI1 6.6.4.4.4(b
No. Load Combination akipoad, & N?L fiokip | Mo, ft(k)|p & N?L fikip | Mo, ft(-k)ip
1 |14D 871.4| --- 24.6 48.7| --- 24.6 48.7
2 | 1.2D+16L+05L 869.4| --- 33.4 66.4| --- 33.4 66.4
3 |12D+05L+16L 797.6| - 25.0 49.5| - 25.0 49.5
4 | 1.2D + 1.6l.+ 0.8W 722.0| 1.37 60.6 1723 | 1.53 62.7 189.7
5 | 1.2D+1.6l-0.8W 799.3| 1.37 23.0 -1301 | 1.53 20.9 -147.5
6 | 1.2D+0.5L + 0.5+ 1.6W 710.9| 1.39 875 330.9| 1.55 92.0 367.9
7 | 1.2D+0.5L+ 0.5L- 1.6W 865.4| 1.39 115 -280.9| 1.5 7.0 -317.9
8 | 0.9D + 1.6W 482.9| 1.25 655 291.2| 1.4 68.0 311.6
9 | 0.9D-1.6W 637.4| 1.25 -2.9 -259.6| 1.34 5.4 -280.0

10
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5. Moment Magnification along Length of Compression Member

In sway frames, secormrder effects shall beonsidered along the length of columitsshall be permitted to

account for these effects usiA@€| 31814 (6.6.4.5XNonsway frame procedureyhereCn is calculated usiniyl;

andM, from ACI 318-14 (6.6.4.6.1ps follows: ACI 31814(6.6.4.64)
M, =dM, ACI 31814(6.6.45.1)
Where:

M. = thesecondorder factored moment.

d = magnification factor = TD 21 ACI 31814(6.6.45.2)
l_ u
0.7,
p*(El
P :(—ZEﬁ ACI 31814(6.6.4.4.2)
(ki)
Where:
&  0.4E|I [
7(a) 1+—bg [
1 dns ]
f . 02EI+E]l, ]
(EN), =i(b) —=2——== ACI 31814 (6.6.4.4.4)
T 1+ bdns i
1 E | i
7(c) € i
T 1+ bdns i

There are three options for calculating #fective flexural stiffness ofslender concreteotumns(El)e. The second
equation provides accurate representation of the reinforcement in the section and will be used in thiagample
is also used by the solver apColumn Further comparison of the available options is provitetEffective

Flexural Stiffness for Critical Buckling Load of Concrete Coludteshnical note

ct 22
= == 19,52%lin’ ACI 31814 (Table 6.6.3.1.1(a))

| =
column 12 12

E. =57,0003/f, 57,0004/26000 4415} ACI 31814(19.2.2.1.a)

bans IS the ratioof maximum factored sustained axial load to maximum factored axial load associated with the same
load combination ACI 318-14(6.64.4.9

For load combination 4:

P

u, sustained —

1.2 3622.4 F46.9 ki

11


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

Structure Point AT
R T <o e sJcolumn
CONCRETE SOFTWARE SOLUTIONS
P =1236224 16 86 0#8 483 7224
b —- Fl)J,sustained _7469 1:03 1;00 _ q] 1(
dns FT, 722 B S .
ga El 8
e
T
Y, —90 ¢ s 355+ 419 12 (Calculated previousl ACI 31814 (Figure R6.2.5)
a,. El o 70
ae’:lT 0
G beams
Y ; =1.0 (Column essentially fixed at base) ACI 31814 (Figure R6.2.5)

Using Figure R6.2.5(a) from ACI 31B4 A k= 086 as shown in the figure below for the exterior column.

Figure51 Effective Length Factorkj Calculations for Exterior Column (Nonsway)

With 8-#8 reinforcement equally distributed on all sigewl 22 in. x 22 in. column sectidf lse= 352.6in.%

_0.2E1,+E],,
(E1).q BT

dns

ACI 31814 (6.6.4.4.4(b))

_0.2% 4,415319,521 +29,000 3352.6
(Bl = =
eff 1+1

3.7 36 kip-in®

12

























































