Columns



Review Short Columns (Axial load + Moment )

Usually moment is represented by axial load times eccentricity, i.e.

(b) (c) (d)




Behavior under Combined Bending and Axial Loads
Interaction Diagram Between Axial I oad and Moment ( Failure Envelope )
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Note: Any combination of P and M outside the envelope will cause failure.



nlmax)

Pﬂ

Axial
compression

b

Region |

Maximum axial compression permitted by AC| Code
S N Primax) = 0.80R, (tied)
I P imax) = 0.85R, (spirally reinforced)
\\"'\
/ Ve Region ||
y Compression
/ controls
'
!
!
£ Balanced strain
! 4
%S.r / condition
!
/ e
S ._;l.- _______________
/
! |
’ ..,J-r Region [l
i e | Tension
/ 7 : controls
' ol
) |
s

My M,
M_, bending moment



717 7 17 ) .
Interoction diogrom R4-60.45
I_ 4
Sf 4 Grasl h
] .‘:;""BOKSI‘ i }f =
D £ y-045 e
s e ® 8 o o @
N P4 14 ™ | o
"y / 1b e | *
oA “Z/ . ! .
n\ e ® & 9 @ @
\ \\‘ / / 0‘?'8' 4 I*
w008 7
L D . PARE e Fn
MNLDN007TN L / 17 ¢ o
= 3. N |
! M 7"'\ OOE ‘\u ._: 'I'IA
bY: \ | / 88
Ei%ﬁﬂn 4 A 1T e
< N } o~ ﬂ"z{}%{} -
0,03 _
o TGE}Z."
2,001 =
-
] 3 00
ma= glh
‘;./ A '—-'__E_..-r"’"
fJ"r:?,'," 1. ﬂ -1
7{ 4 RV Pg 10.01 0.02 0.03 004 0.05 0.06 0.07 0.08
’ Pl s \ he/h1.001.00 1.00 1.00 1.00 1.00 1.04 1.08
TN

020 040 080 080 100 120140 160 180 - 200

A ] M
%'-'_ 15.2:*_1, ki
g Agh



7.0

6.0

2.0

40+

2.0

1.0

o

7 FTT A VT7
Y T interaction diogrom R4-60.60
r\.i‘:?f ..... ; E:g{;{i r A .-
iy = o o
¥ Th
iy T s s & 9 ®
- "4 ra Vi I i
K / .. ® L]
/ / fi‘)-i s e
., . - [ ] L
RS /é” RS B A # L
PP 4-008 / i 7
b S }, o | € g
SERNLLRY / / ZT1I ™
TN i [ |
~d w006 YR ” >
B Y A 4 2T A
e QPN IN T 7 ST P T
RN RN i/ pd Ve | L~Te0 -
n 1 a , é/* _‘ff ~ ,0 .
(100 N NURDORIN T g .
- ] ‘:'f\,‘ p}/’
Fg 0.0 N NY AN -l
NN : T -
"L\ ‘h A ' : g
L s i p—
‘Y . ] { T ‘:\.GO—.
/ /£ % \ i - el
[IAW4 B AN T
7 - A . ; ]
A %% AN S z
V.04 [T fg 1001 0.02 003 0.04 0.05 0.06 007 008 |
[ LA [ M he/h|100 100 100 105 112 118 124 130 |
/f e .1 \';‘ "H'l;‘ﬁ 1""* - T -
: J"" ‘\'L Kr"x-ﬁ
020 040 - 060 - 080 100 120 1.40 160 180 200
Ag i 5 ﬂgﬁ s+ RSl



K

e

2170

6.0

2.0

} 7 17 17
interaction diagram R4-60.75
A ra v T
é‘}f . =4 KS 5 5 :
Py } J}ZBO ksl “ ¥h
S S 075 DR
W
/ oA 4 . » + . &
- A NAr A1 . o
< ]/ Abl e ! .
- g A L] »
R ~ 20 l . + * o
- .N-\. - Q/ = | B
NTR0.08 4 A1 e P
R i s K. o . - ..;H
P \..1 007 / /, Wi
- ™ v '\ A
SRRy AR ’ 'y
‘\hd_ % 4 .i \\ Jj:j F 0
h.,-......:r _U. 5f 1}55/" 7 Qj‘ TP T 7
R O.in?“\ " A 7 ""%'Cs' -
ey (BB ’ o O
ST 10N AN 7. |001 002 003 0.04 005 0.06 007 008 ry=r<d
== AL : gt he/h [ 100 1.00 110 1.20 129 134 148 154
= CS‘E NG ‘31" ™ X £ -]
A [ NN AP AREA AT T 5 ﬂ
———
00
—— E'"%!ﬂ’
[ i
!
!

1.60 180 2.00



7.0

6.0

2.0

40k

, ksi

¢

30

2.0

1.0

F 1 F 17 oo
7 Interaction diogram R4-60.90
=7 24 ksi
Ejf y £ =4 ks | .
& -’;FEIO ksi - >
o - : e T
O =090 | i |
/ r.::}q’ /}’ I
A T b e
RS . / : Lle ! .
S B B Pg  |0.01 002 003 0.04 005 0.06 087 008 [7 L . e + . o
~ hefh 100 108 123 136 148 159 163 179 | +
LS008 7 Ry ARE e 5
UREREGGNN 4 A4 .
== =S ~ 3 d y ;
LT006] T Il E i
e R ™~ \\ ) /- * } Q"
- : - 3 DO::-. ™ i > /{ Qj & +‘r1
T 100N I K .4 Z Pl =
e, OO’ . ™ '"‘\\ K yd O
L S L. ‘1\{\ \y L ;""} L B
Sl 10020 Ny N 2 RN »
po* 001N N A \ ‘:K..J “}m -1
T 4 Y o
B ASEL/RNE>: GARZ. NS -
HH RN X s AR
A N N A 1
7 f.af (../ N L S SHER -t
e A S R i fs=ty
J T ".
ST 1 ;
LA A an W EEVER [ |
{ . -!"'P \ll “\"\ ‘ﬁ"'s.. ‘“-..‘__ ""‘-\-u..-__ h""h.
i \ A B ~ -
020 040 060 08B0 100 120 140 160 180 200
20 et
7 X o= ah ksi



Column Design

Swav frame
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Detine Sway & non- sway frame

Stability index
o ZRA
V1.
Q < 0.05= Non - sway(braced)
Q > 0.05= Sway(unbraced)

Z Pu 15 the total vertical load in the story

v, 15 the story shear, in the story under consideration
[, 15 length of column measured center-to-center of the joints
in the frame, and

A 15 the first-order relative deflection between the top and
bottom of that story.



The ACI Procedure for Classifying Short and Slender Column

According to ACT Code 10.12.2 and 10.13.2, columns can be
classified as short when its effective slenderness ratio satisfies the

f D]Ju:-wiﬂg criteria:

ki, . ; .
[For non-sway frames <34 -12(M,/M,) = 400
5

Or

For sway frames k[, /7 =22



Iu = unsupported length of member, detined in ACT Code
10.11.3 as clear distance between floor slabs, beams, or other
members capable of providing lateral support, as shown

I' = radius of gyration associated with axis about which
bending 1s occurring. For rectangular cross sections r
0.30 h, and for circular sections, r = 0.25 h as specified by

ACI Code 10.11.2.



M,/M, = Ratio of moments at two column ends,

where M, > M, (-1 to 1 range)

-
P‘ /PD

&>O &<O
M, M,

W A

yz'ﬂg%/czr curvature double curvature



K—Factor = effective length factor
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Slenderness Ratio for colummns in frames
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K —Factor calculatoin
> El /1, of columns

- > El /1, of beams
=0.351, for Beam
=0.71, for Column
=0.71, for Uncracked wall
=0.35l, for Cracked wall

For a Braced Frame:(Non-sway)

k = smaller of k=0.7+0.05 (‘//A +WB)£1.O
k=0.85+0.05y ., <1.0



For a Sway Frame:

a) Restrained at both ends

if W, =W, <20 (== iy,
if ¥ >2.0 k=09 1+yn
b) One hinged end
k=20+03y
Non-sway frames: 0<k<1.0
1.0<k <o

Sway frames:
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Example 1

The frame shown 1n Figure is consisting of members with rectangular
cross sections, made of the same strength concrete. Considering buckling
in the plane of the figure, categorize column FFE as long or short if the
frame 1s:

Nonsway
Swa C : F * I
— 30%60 30760
y NIKN
[/ 4.0 3035
] E H
4.3 30740
4 n 7
T TR, Raca000d TERTE,

\/ L < 9.0 3 7.5

400KIN.m



Solution:
a. Hnﬂawa}f:
For a column to be rhort,

ki o
L <34 -12(M, /M, ) = 40.0
5

[, =400-30-30=340 cm =3400mm
£ 15 CGHSEIT:‘-J.HTEIT.‘ taken as 1.0,

1(3400)

kl/r= :
0.3(350)

=321.38

34 -12 (M, /M,) = 34-12(-270/400)=42.1

i

Short Column

=32.38



b. sw ay:

The column is classified as being short when &£/, /7 <22

(0.7(30)(35) /12(400))

W= — :
" {0.35(30)(60) /1 90@)_}—{_@.;& (30)(60) /12(750))
=(.406
L. - 10.7(30)(35) 112 (400) )= (0.7(30)(40 Y /12(450))
* 0.35(30)(60 ) /12(900))+0.35(30)(60 ) /12(750))
=() 945
Usmng the appropnate ahgnment chart, |~*:; = 1.14, and

FIo 1.14(3400
R {*Jm?’]=36.91 - 22
r o 0.3(350)

Column is classified as bei,,g slenc



Example 2

Design reinforcement for a 400 w2 x 500 mm tied column. The
column, which is part of a braced frame, has an unsupported length
of 3.0 7. It 1s subjected to a factored axial load of 2400 £N in
addition to a factored bending moment as shown.

f/=30Mpa f,=420Mpa

500KN. 72
Solution: /\ —
For this column to be short,
k1, o
— =34 -12 {_-’l-f._ /M, ] = 40.0
.

113000
kil /r= (3000) _,,

0.3(500)

a : , : \/2
34-12(M, /M, ) =34-121(-250/500)=40 =120.0 SORN.27

1.e., the column 15 classified as being short.

(g



SO (A1 _"
,_30-2(4)-2(1)-28_,

7, . ]
P L, = L, = ‘400(1000}:12N /mm” =12MPa =1.71KkslI

4. 400(500)

L= =

M, M, SO0 =5 =s11Pa =0Tl

Using the interaction diagram given for
fc’:3OMpa fy =420Mpa and ¥ =0.75, one gets
L =0.035.

4.=0.035(400)(500)=7000mm" = 70cm” , use 14 ¢ 25mm

oM,

A, h

Pn
Note to use the last Instruction diagrams (English units) divide % and

By 7.0
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Long Columns
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Moment Magnification in Non-sway Frames

If the slenderness effects need to be considered. The
non-sway magnification factor, 0., will cause an increase
in the magnitude of the design moment.

M max 5ns M 2 2 5ns M 2,min

where

Sy

I
3

\Y

1.0




Moment Magnification in Non-sway Frames

The components of the equation for an Euler bucking
load for pin-end column

3 7°El

C (klu )2

and the stiffness, EI 1s taken as
_ _02E| +Ell, e E _04E],
1+ ﬁ d conservatively 1+ ﬁ d

mored Sustain Load

4~ "Max. factored Axial Load



Moment Magnification in Non-sway Frames

A coetficient factor relating the actual moment diagram
to the equivalent uniform moment diagram. For
members without transverse loads

M,

C_ =06+ 0.4(—] > 0.4
MZ

For other conditions, such as members with transverse
loads between supports, C,_ = 1.0



Moment Magnification in Non-sway Frames

The minimum allowable value of M, is

In mm
M, in = P, (15.0 + 0.03 h)/

The sway frame uses a similar technique, see the text on
the components.



Example 1

Design a 7.0 m-tall column that carries a service dead load of 500 &N,
and a service live load of 400 £, shown in Figure below

140KIN.m

/|\
A4

SO0OKN.m



Solution:

1- Compute column end moments M, and A ,:
P,=1.2(500)+1.6(400)=1240kN
M. =140fN m
M, =80iN.m

2- Esumate the column size:

For an assumed remforcement ratio of 1%, A_ mav be assumed as
follows:

P 1240(1000)

.= — = _ = 85576 mm" =855.76 cm”
£ 04507 < p. f.) 0.45(28-0.01(420))

A

TIT.' a 50 cm x 50 ecm cross section



3- Check whether the column is short or long:

fla_ 790 _ 4667 <100
r 03(50)

34-12(M,/M,)=34-12(80/140)=27.14 Long column

i

4- Evaluate the equivalent moment correction factor C :
C,=0.6+04(M,/M,)=06+0.4(80/140)=0.83 =04 OK
5- Evaluate the critical buckling load F,:

5, 12 {:ﬂﬂj:mﬁ
1240

E. =4775 Jf.'= 4775 /28 =25267.0 N /mm?*

0.4 (25267)(500)(500) _ _ . :
El = ‘ ———————=3.56x 107" N.mmr"
12(1+0.48)

72 (3.56)(10)"

" (7000)* (1000)




G- Design the reinforcement:

. 50 —;{4!1—_; (0.8)-1.6 0776

4. A4 500(500)

AL M. 151.2(10% .
oM =2 = ip ] =121 N/ mm~ = 0.2ks]
A.h A h 500(500)(500)

P, P, 1240(1000) _ | :
4 = { =5 N/mm~ =0.7ksi

Using the interaction diagram given for f, =28MPa, f =420 MPa
and ¥=0.75 , one gets o0 = 0.01.
A4.=0.01(500)(500 )=2500mm" =25¢cm", use12 ¢16 mm.

Spﬂcmg of ties 15 the smallest of:

" 45 (0.8) = 38.4

" 16 (1.5)

50

28.8 o

" 30 oo

Use three sets of ¢ 8 s ties (@ 25 cm.



Moment Magnification in sway Frames

I\/Ilmax = I\/Ilns +5s Mls
I\/IZmax = MZns +5s MZS
1 -
0, = Z > 1.0 and < 2.5for stability




Example 2

For the frame shown i figure, design column given the following:
service dead load including own weight = 60KIN /m, service live load =
40EKIN /m, from left concentrated wind load = 30 KIV.

Use f,=28 Mpa and f, =420 Mpa.

Note that all frame members are 30 x 60 cm 11 cross section.

10 m




studied

1- Using STAADpro-2004 structural software, the normal forces

and bending moments for service dead, load, and wind loads are

1.2D +1.6 L

4:506 kM

Y ¥y vy ¥ Y ¥ VY VY VY Y Y Y Y

mmlm

//’Bdi".ﬂﬂ kNm

8 kNm

847 /139 kN

8 kNm



1.2 D +1.0 L+1.6W

L2000 kM/m
mnm.ﬁr‘“-%““ﬁ“mr Y Y Y Y YYVYEYRCY
Y A

m:; kMm B17.536 kNm
B kNm B kNm




09D +1.3W

T A b

¥
39.000 kN ]
776 33777 kNm

i & < kNm &8 kNm

/}Mw 13.307 mm

i b,



case —>1

1.2D +1.6L

w, =136KN
M, =847KN.m
A, =0

case — 2
1.2D+1.0L+1.6W
w, =112KN

M, =818KN.m
A, =17.5mm

case —»> 3

0.9D +1.3W

w, =54KN

M, =434KN.m
A, =14.1mm



2- Check whether columns on the second floor are sway or
Nnonsway:

Case (2): 1.2D + 1.OL + 1.6W

For this case, the dnft at comer = 17.0mm, evaluated using
STAADpro2004.
. D RA,
The stability index O==—
- VH!TS"
112x10{17.5x107°
_ 12x10}17.5 )=EJ.!]EE:>!].!]5
{1.6x30}(5.0)
Case (3): 0.9D + 1.3W
For this case, the dnft at comer = 14.1mm, evaluated using
STAADpro2004The
54x10{14.1x107°
_ 54x10}14.1x )=!].!]4<:!].!]5

{1.3x30}(5.0)

1.e., the story is unbraced (sway) in case 2 and nonsway in case 1
& 3.



3- Check whether column is short or long:

Case 2 15 "“1*.'-'-1'-.' case)

0.7(30)(60)’ /12 (500))

[::: 35(3 ]( }fu(mm]}

k=2.0+03(4)=32

=4.0

k1, 32(4700)

L

r  0.3(600)

=83.55 =121 Long column

Case 1 & 315 (nonsway case)

k=1

k1, 1(4700)

L

r 0.3(600)

3a-12| M |ozao12] 2 |—aa
M, M,

Short Column

=26.1

L =500-30=470cm

L\
Hinged end



Sway and nonsway Loads & Moments:

Case (1):1.2D +1.6 L

M, =847 kN.m
M._=0

P =680 kN
Case (2):1.2D+10L +1.6 W

M, =698 kN.m
M_=120kN m

P =560 kN

Case (3): 09D +13W
M, =336kN.m

M. =98kN

P =270kN



4- Ewaluate the magﬂiﬂed moments:

Care 2 need moment ﬁc}d{}‘fmr.f.:m

~ 1.2(e0)
P - 1.2(60)+1.6(40)

E, =4775+/28=25267 Mpa

3
£y 04 (25267)(300)(600) _3.6(10)° N.mm?

12(1+0.52)

p - 7 BOWN 0
" (3.2x4700Y (1000)

1
5, > svegg =19l

- 0.75(2*1570.7)




Modified Loads & Moments:
Case (1): 1.2D +1.6 L
M__ =847 kN.m
P, =680 kN
Case (2): 12D +1.0L +1.6 W
M =M_+5M,
698+ (1.91)120 = 927.2kN.m
P, =560 kN

Case (3): 09D +13W

M =434kN.m
P, = 270kN



5- Desigﬂ the reinforcement:

_60-2(4)-2(1)-2.0 080
60

Y
Case 1

P, P, 560(1000)

u

A, A, 300(600)

=3.11Mpa = 0.44ksI

6
oM, M, _ 927.2(10) =8.6Mpa =1.22ksI
A,h A h 300(600)(600)
o0 =0.07

A, =0.07*300*600 =12600mm* =126¢cm*



Case 2
$P, P, 680(1000)

u

A, A, 300(600)

=3.78Mpa = 0.54ksi

6
PM, _ M, _ BATUO) o o/vio 1 1oksi
A,h A h 300(600)(600)
o >0.08

Redesign
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