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, Types of Columns

* Short col. oymal Baac] |
( Long col. Liaoo saac! J

. % Unbraced col. oanis ,ut saec|
Braced col. odaile oac!

e

{ @ Short colummns. .9 caesy

| e

zles) W) Sasy ¥ oyal caacl o Short columns J

{ No Buckling ———>» No Additional Moment / J
’ Short column JI e Axial Force 5% Loxic dT\fP
Additional Moment dule aa g ¥ oI Buckling U &asy ¥ ,
g(@ Long columns.  giuul onac¥) J
, & 4,
lasle 3% Lodic odacl o i) oaac™) » N
| L e | > L5
Buckling gles! ) &asy Axial Force
% ‘
y( Additional Moment e ax g Com. Ten)
— |
3] oa ol o8 (M ) I 0552 s * J
: : - 2
Outside Plan 31 Inside Plan L) Ly o &S &
{ Lo 03 3 55 ¥ 5 Outside Plan  Inside Plan
Buckling ——» Additional Moment <
, i J
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How to know if the column is braced or unbraced.

cunbraced ola33l 1is (4 0aecd) 5 sS5 Shear Wall 4ud ax g ¥ ola3) Ay 13)
5] braced Lol 0dac¥) oS5 Shear Wall 4ud axg olod] axy 13) J

- QL dard Croas unbraced

Egyptian Code Page (6—47)

Example. ?Y‘D‘mm
Shear Wall
Shear Walls JI Cicuoy iél % %, %
Lis X—Direction JI olas) '
odio y2 Yolodl (o8 oaacd) g Shear Wall X-Direction
_9T odale Lo X olos] (o8 PRVPS /N
0 ALOYL JURIWERPRIL Sppes
. . Shear Wall |
Y—Direction. 7 W, 7

The columns are unbraced.
because No shear woalls at Y—Direction.

X—Darection.
IF () number of Floors > 4.0 || IF () number of Floors < 4.0 J
1—- IF O < 0.60 1—- IF O < 0.20+ 0.1 (M)
the columns are braced. the columns are braced.
2— IF Q ; 0.60 2— IF QL >/ 0.20 + 0.1 () -
the columns are unbraced. the columns are unbraced.
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To calculate the value of

(o -H,\5gr

where:

L2y el 4 Lo el IS Ui,y g Hb

{ Hy=h;+(n-1) hg ’IZ_
hz|
g RPETE RYXVIPIE SYROR o Hy hel
0058l gl plis,) 50 o ha|

{ LalS Hlga¥ sae M L hel | 1

g N= Wy x A x M| (EN) el ol oot V

odacyl 5 &1ySI) asd Lo uel dao giad) @_)A-” Al e 52 W aw.

5( Take Waw. x12.0 (kN\mz)
| el LIS anludl 50 A

JlS 0% s M

L) DRV : I wlew
f E = 4400 \[Fy, | (M) 200 0082 E

, 3y = 2 .
(107) 3 s (EN\m®) &) Lbyodd
b t3 Shear Wall U moment of Inertia s» I
f I'= S| (m)
bl %
I ¢ |
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Example. | 20.0 |
F,, - 25 N\mnf —5.0—
. % 0.30 %
Hieght of Ground Floor =5.0 m ]
- Hieght of Typical Floor = 3.0 m
20.0r % % % 7
No. of Floors
{ including Ground Floor =9.0 u I .
Regq.

Fined IF the columns are
braced or unbraced in both directions (X,Y)

%

%

{ Solution.

Fgyptian Code Page (6—47)

Hy, = h1+(n-1) h2
=5.0+(9-1) 3.0 =29.0m

N= ’LUav,XAX’n

Take Way, = 12.0 (KN\m)

** The shear walls are ploced at X—Direction only.

s At Y—darection The colummns are unbraced.

g( At X—direction calculate Q = Hy ZJZ'I

3.0
3.0
3.0
3.0
29.0 3.0
3.0
3.0
3.0

5,0

= area of one Floor =20.0 x 20.0 =400 m®

" N =12.0 X400 x 9.0 = 48200 kN
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s« F =4400\F,, =4400\ 25 =22000 (N\mm?)
(10%) 5 oy (EN\m?) ) Lok o) J
E = 22000 x 10° (kn\m?)

- b 03050 050 I |

| 5.0 |

N M 43200
O =Hy, VSET =299\ 2x(22000x10%)x3.125

\
\
\

= 0.514

o =0.5714| < 0.60

o < 0.60
- the columns are bdraced at X—direction. J
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How to know if the column is short or long.

(short or long) 3sacd! o5 131 wasi
(A,b) (slenderness 1atio ) (Gl 4w ) god dand Cuwsd |

{ - (In plane) 43,50 ggid 3lsall slos¥l o5 gl & panlas¥) (o J

" - (0ut of plane) sl gsiue e gasesd) o3I 45 LS

el g sy < o8 () oot

{ Unbraced column. J
v " v
IF|Ap< 10 IF |10 < Ap< 23
{ The column will be The column will be J
/ Short Column. Long Column. ‘

Unsafe
IF | ho> 23 pugkting mereose Dort |
? |
) Braced column.
v " v
{ IF 7\-b<15 IF 15<}\,b<30 1
g The column will be The column will be J
Short Column. Long Column.
{ Unsafe /
IF | Ay > 30 Buokting [merease bort |
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To calculate the slenderness ratio ( }\,b)

_ K»H, J
{ A = bor t

{ *Ho = Clear height of the column.

- -
-

-

H_ =bigger FromH;, H2 -

g( * K= Constant depends on the upper & Lower J
Conditions of the Column.

Egyptian Code Pages (6-50,51)

Upper Braced Columns Unbraced Columns
End Lower End Conditions Lower End Conditions
Conditions| Cqsge (1) | Case(2) | Case(3) || Case(1) | Case(2) | Case(3) ‘
, Case (1) 0.75 0.80 0.90 1.20 1.30 1.60 J
Case (2) 0.80 0.85 0.95 1.30 1.50 1.80
{ Case(3) | 0.90 0.95 1.0 1.60 1.80 —
Case(4) | — | — | — || 2.20 — | — |
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. End Conditions of Colummns.

. . buckling J! gos buckling J g
Case (’) Fwed JO'Lnt Oout of plar?: - 4/' B In plane e |

happened when

*+ Column with Big beam. —{Cel— ,

{ tb>tc J

* Column with Foundation.

/ tF )tc ]tr

{ Case (2) Partially Fized Joint J
/ buckli Jeas o |
o.HS S J Y I;ngmm&‘u J‘S’
Flat slab___ T R
5( R, |
1& [ 1; ‘
) buckling Jl gas bodl | t.- tb J
- In plane y Out of plane ¢ __t |
c
SWEE
Ll
happened when J
g * Column with Small beam.
t b < t c
{ + Column with Slab. (Flat Slab) -
) t s < t c J
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Case (3)

Hinged Joint

&

_% 2 Wy

Hinged Joint

_. |~

Case (4)

Free As Cantilever.
m———————————
L
Free
7777777
“\Fized | |

© Copyright Eng. Yasser El-Leathy 2009 . All copyrights reserved.
Reproduction of these notes in part or as a whole for sale is strictly prohibited.

Short & Long Columns.
Page No. 10

/

5 S

ar—

A

P — ——



< <Y < J\”(

' Axially Loaded Short Columns.
{ For Unbraced Column. IF A'b< 10 2 The column will be
For Braced Column. IF Ap< 15 } Azially Loaded Short Column.
b~ ~¢
h>5b f ~>
h>5b
and Column h
: b t <50
) <5 L Column
\/
b~
t
f bt
h = <y
OR R.C. Wall
h<s5b
5 \
g( Bl tssb > RC Wall
R.C. Wall ’
: b * saacyl JIKA
‘ Nt b=
=1 () 4] 4
f | t | -
any other shape Circle Rectangle Square
< b4 2560 mm D < 300 mm b< 250 mm b & 250 mm
tr5D0 tr5DH
oo Y0- oo S ¥ of Jiady 5 (Jebiies 5T gore) po Yoo = sgandl o8 luyn ash J3T —
{ e oo JB Y ST Ak s e Yoo = 2l saacW s J5T —
, tp 6 b sao¥ aedl Slye Ruass go gsand) b 5SY aedl ai Y o g —
 loyn Ll gl) 9gacl Jpo5 I
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C ming = 12 PN = gl sy 3T -
ma'x¢= ¢25 f"‘YO=C.\.o.4JJ_)Ja$).\ST—

{ .. e w‘dj%ﬁ%w’ﬂﬁwt—

%) ® L g,

»>260 mm S o e s . 2
{S(7Omm L Y0 = Gadliie G (o 4Bl 5ST - J
’ e Ve s el e O Sl J3T -

—_ 1256
A2 Y0 Olasl foe (o Lasl Cover JI ix — J

4 0 . . o

I—ao_l o (Weex¥e) Lads CI_WT &L Vgac) &Llaﬁ),\ST -
5( 3{ agacd) GT o OS5 US 66 Faes gos wmw =
)

-l — - Sy hes . o .
260 _Ia_).....u J_,.a.c.J‘ dﬁu.\MNu)J—laﬁ r'd&.\mlu&ﬁ_ J
' 12,16,18,20,22,25 Jsaad) b olllie LS of

| O g IR 20 - QPR PAPL I ] PV [ RR TIPS ol ey -

{ GG I e ablaie LY (585 oF
| O SV 0% of Jak s

{ RPN I SRS E XL I sl sae JsT —

/
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~ gbars 1
/ J
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, Sturrups. AR RY]
todas¥) (@b Y SLIE) o8s
{ - adshll FlusY) ples] pass - ) J
s el 8T shl) FLYl 4S5 g 5 Ssecd] JS5 gle Ladlos - ¥
L Spiral Columns 4 s5lad) 0aac¥) o3 sl ) Jasd) o s3> Jaois = ¥

- e 9gael) gl bl e W) GBIV Al e a3 Jaois - € ,
{ i o) e aaslll Lalll o8 Jasis -0

T a0 00 0SST ey Blea) oIS 1] GLS padliie Gaiaes JS Ly o T
caslall flwd) 4S5m pae pe e WO oo B Guly Wi ¥ o ey

S>150 mm S>150 mm
{ ] ] J

2

S N

wq\
\
)
AN
N

z 0,185 7

{ S>150 m”mm N ’
1

N

A\

R

S§>150 mm
m‘ ' I
WV 7 y
” “
| J
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7 S<150 mm
1
7
O O [ //
V (] (]
’ S<150 mm.
1

— L L

S>150 mm 7
-
[ ] ] ~J C
f @ ‘ RURCIRVIIPRVPS [ I B

aliliieal) saac¥) Jio ulils SLES pog 3
.Ja§3 ‘\73::')& od:J_, ‘\JlS t-;a:’ C’SJ K)
g( c L Gl (5 (opuSl HUAS Y SIS oaacd) (B aulnls SUIS gby (S )

2
pSS
>
3

f ] —{._ 728\1 codag W gl ) ola3 Yl g8 LIS

gaed) o Y5 Jg3l gl 5 788\ o

/
/
O
AN

>
S

~_ T\ T .4_94.:.” djlf dj 5¢8\7n,‘ t,,by“ 9

V( 1.0m
L 1= 748\m

© Copyright Eng. Yasser El-Leathy 2009 . All copyrights reserved. Short & Long Columns.
Reproduction of these notes in part or as a whole for sale is strictly prohibited.

U/\’Tnting is allowed for personal use only. Page No. 14 j
- 7 Y A S Y




v”

g Types of Problems.
Type @ Given : P,,.P,,. Em’Fy
{ Req : Design The Sec. (Get A, , Ag)
~ | Solution :
F,,=035A; F,, +067A5 F
y{ P -1.4(00L)+1.6 (L) = v N
As Ac

Take | = 10%—>As_m
7 c

A
PU’L.= 0.35A¢ F,, + 0.67 (ﬁ) F, —~ Get Ac = Vi

, Get Ag _ Ac _ mam
100

— IF the column section is a square (b«bd)
A - b = b=\[4,
sl 0. Y ol Yo, oo B Y b
5( — IF the column section is a rectangle (bst)
»

Ac- bst Choose b =250mm _C¢t t=%>

coslxl M 0L oY LBy MY oe JB Y T

c sl dleld Guds g0 Sgecd) dlad S g M Yo, ol D anT Las

y{ IF { >5b ——> Increase b (take T =4Db)
and then get b.t:b.4b=Acg_et>b=\/mm

d t = A_c = \/mm
b
— IF the column section is a circle.
nD” Get
AC = — —e> -D = 4Ac
, 4 T
o .., . Bee
coolydl A0 oY ool PP e JB Y D
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Req. Design a (.S‘qua.'re » Rectangle , Circular & Hexa.gon)

Section For the column.

{ Solution. F;, = 1.4 (2000)+ 1.6 (1150) = 4640 kN
A
Take —— =1.0% —> Ag- —C
K As 100
4 . _ _c
~ B = 0.35Ac F, + 067 (,00) F

{ 4640%10° = 0.35 (Ac) (25) + 0.67 (,‘3,—3) (360)

—> Ac —415696.1 mmt —» Ag_ #15696-1 _ 4156.9 mnt

, 100

* For Square Section. 18 $ 18
;f b-\lA; =\/415696.1 = 644.7 mm  Take |b - 650 mm
. ——650——

_ 6418
/| r ‘ 2¢18
650 2418
N |28

54 8\m 6#18

. |l
S=120 mm
* For Rectangular Section.
A 2
c =415696.1 mm Take b=250mm
. s p_Ac _ 415696.1_ 1662.7 mm
b 250
© Copyright Eng. Yasser El-Leathy 2009 . All copyrights reserved. Short & Long Columns.
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t >5b ——> Increase b (take t =4Db)

bat=be5b=415696.1 9%, b - 288 t2%_|p - 300 mm
{ t-Ac _ 415696.1_1385.6 mm [t —1400mm) J
b 300
2 —— 1400 .
' 72 9918
“[_H HH [T 7] st0
vf 9%18
169 J
* For Circular Section. A — 415696. 1mm2

Ay y Get, D W@wsss 1) = 727.5 mm

f Take | D = 750 mm J
, 18%18
;( 50 8\m‘ S=122.2 mm |
’ * For Hexagon Section. J
Area of hexagon = 1.5+V3 +L? .
\/L-L.—l
f Ac =415696.1 = 1.5+(3 + L | = 400 mm J

g A S=116.6 mm
V( 59 8\m: 9 1

' «400» J

© Copyright Eng. Yasser El-Leathy 2009 . All copyrights reserved. Short & Long Columns.
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Type @

Gwen : ‘PD.L. ’ ‘PL.L. ’ Ezu ’ Fy ’ AC

Req : Design The Sec. (Get Ag)

Solution :

=1.4(DL)+1.6 (L) = v N
PU.L'= 0.35 A, ]::u + 067 Ag F,

A
Get Get _ s
Check W~ - 08% Ac(requirea) OR 0.6 % Ag(ohosen)
IF  M<o.6% Take W =0.6 %

IF o96%< WU<08%  Take (I =0.8%

Check - 49

max Interior col.

5% Edge col

6 % Corner col

IF 'J,> l,l, Take l,l:l,lmax Get A
As: * A

C
max new

Crew

=035 Ag ., F 4067 (WU Ac,,) 1L,

U.L. cu

Get Get

© Copyright Eng. Yasser El-Leathy 2009 . All copyrights reserved. Short & Long Columns.
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Example.
Dafta.

2
E - 25 v\mwi , st. 360/520

P,,- 1500kn , P,, - 1000 kn

Req. Design an interior Column.
IF the column, (450+1100)

(450+700)
(450+400)

Solution. P _ 1.4 (1500)+ 1.6 (1000) = 3700 kN
* For Column. (450+1100)

Ag = 45041100 = 495000 mum

w B =035 Ac F 4 067 Ag F,
3
3700 % 10" = 0.35 (495000) (25) + 0.67 Ag (360)

As - — 2617.1 mm®

- R2617.1

. A
- W= AS = 95000 =- 0-0052 =-0.52 % < 0.6%
c

<. Take |,l.:o.6 % —>» As = % * 495000 = 2970 min
16 zﬁ 16

AN . —1100 mm———-
A B 7#16

N| " |V 45022”16@ [ﬂ ﬁ sman
7#16

5¢8\m o S=175 mm

© Copyright Eng. Yasser El-Leathy 2009 . All copyrights reserved. Short & Long Columns.
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* For Column. (450+700) 4 2

o P

U.L.

c=450%700 = 315000 mm
=035A F 1 o067 Ag F

cu

~ 8700+ 10°= 0.35(315000) (25) + 0.67 Ag (360)

o Ag

2

=3912.7 mm’ |16 18
Ag 3912.7
I —m—00124 =1.24 7% °°lJ'm'm< IJ'<IJ'

|7700 mm |

Oy

S
N
ANY
<
®

58 8\m 7918 N o

* For

S'=108.8 mm
Colurmm. (450+400) A . _ 450 « 400 = 180000 rrun?

- P _035A F + 067 Ag F,
. 3700%10 = 0.35 (180000)(25)+ 0.67 Ag (360)

~ Ag -

8810.1
— 8810.1 mnv = As = =0.0489 = 4.89 %
l"l' A, ~ 180000

.’.u>umax - Takeu_umaf 4.07% - A8=umu*A%=%*A%

L= 035 Ag F+067(%)*A F

Yy

s 8700+10° = 0.35 (Ae,,,) (25) + 0.67 (£2)*x Ag__ (360)

« Ag
As =

- 201108.8 mni —» (450+ 450)

0 4 201108.8 = 8044.35 mni (18 %525“

100

ol | NV
5¢8\m‘ 6425

4502425

—460 mm—,
Z\ | 6p25
/]
J sl ’ e _|S=100mm

I

S=80 mm
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Axially Loaded Circular Columns.

R

PO RV IPRS

@ Circular column with tied stirrups.

aladie 4 plo SLIS o3 (Bl Igac

P =035A,F, +067A;F SE
min. no. of 11 117
bars is 6 bars
- T T T _V\\ i
Av [T v4 J
Jads 45\?)& UblS P L —H—H~
Sec.(A-A) KT TN )
@ Spiral Column. 453> SGS 43 510 9 gac J
F =035AF, +067 A, F + 1.38 Vsp E
Cove':;t: 320 mm @ J
Ak = 'Dk Sdoal! d.’\Lw‘)ﬁJ' tugg.” 17\.13 d Lo ’";><
4 a3l B o plas =L
()
Vop=(TAep D)/ P ot oy pall g5 spind] po 4 T
Asp=4.“,s,y,.n G plae 4l P || 41=L/
(80-80) mm T |
Ep =860 N\mnf o8 wa F, 3 \,;; J
\J_
or||F,=1.14 (035 A, F,,+0.67 A  E,)
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' RY SYny o oaac¥ sleyl s ol Ol eale

ol JS gacll Uil prads oo @
L (GST gl Jaos @) YT aulinad) snacM mras Jacs @ J
o Yoo oo Oina oo Sseedl o8 JB of (S lus ST @

Stiffrness JI 43 ;S Gy9 Ul S5 ¥ g ldo
(ans JS oo o 00 5o AST B ¥ Lilee ) + 0™ G

Pl e Yoo odnly e Ssend) (8 JB of (e ails 58T ® J
51 Jsacdl gle 0,08 Eccentricity (e) Ul o5 ¥ s 1da 4 ‘
M, N sl ssacdl paa of Uyylas) 3)

29| Lo

—

\’%\
B
h-_-_-_’_f-q
=3

N
——

I _i

e o c—
N

- ssledl
¢ 40#{ Sganl) Lot J
{ A emy | 155408 9 L sy - s u8l gl @

T oo wasdl gl doo i ¥ ol o @

wq\
—
'
%
oI
I
N

,,m{;‘?,f.,_‘ { T oo wasd) Flawl Jue oy 13) @
{ ; Jass 5 il wasd) Flanl W o
Y {735.* JSAG bse s LS 9 gecl) plaf J

O‘)AS” K) J‘g.q.c.“ &.Iom adlaie ‘5_‘3 @
{ e e LGB 0yeS)) SLLS 5 JoS 0 gacd] BULS
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The Connection between the column & the beam.

L1 {173

S { Jom S { Jom m

5 {;'zi}

40%

J.}S’l {1.0m

] 17
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Example. —12—48— 1.8 —

1.20
N %
6.0
4.8
NI
n Cil
L
4‘8 408
L ’ _
Data: , | |
piddteis - 4.8 ——3.0—

The given Figure shows the structural plan For a residential

building which consists of ground Floor & three typical Floors.

Height of each Floor = 2.856 m

All beams (250 700)

ts = 120 mm

Average weight of Floor cover + walls = 5.0 kN\’mz
Live Load _ 4.0 kN\ni

Izu=25 N\mm,z

st. 360/520
Regq.

It vs required to design the column C,

and draw its details of reinforcement in elevation (Scale 1:25)
and Cross—Sections ( Scale 1:10)
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\
|
|
|
|
f :
\ 7/ B‘2
. o.w. of Beams. =b T 0, 4.8 Be X i
/ AN
/7 \ |
= (0.25)(0.7) (25 ) = 4.875 kN\m Cyl| ~ By —— A2t
K gy
ws N RN e
_— AN / \N 7/
w \\ // Y J
s .=ts *60 +F.C.+ L.L. 4.8 B4 :><: B3 i 4.8 -
Ws =0.124 25 +5.0+4.0 = 12.0kN\ni® 7N A
w ln{ /// \\\ /// \\\
g = 12.0 kN\ % /2 S/ -
{ | 4.8 -—3.0— J
B 4.80 )
—1 3% - 5.6—1.2]
, raea @589 o
span 4.80 K
We, = 0wt ZTEL i+ Cows Ls 2.4
span 2 ]_ 1
g( = 4.375 + (1.05) (12.0) + (0.5) (12.0) (%5) 31.875 kN\m | J
. =81.8375 kN\m éf a
R 1= 75.3 kKN R,- 75.3
B ~ 4.80 !
2 76.3 kN
AN / e l -
S area _ 1(4.8) (2.4) + £(1.2) (1.2) — 108 L 12
) span 6.0 ) 0£ AF ZF J
5 I 76.8 kN
We, = 0o.w.+ ZICL L e+ wy 28 28 185 kN\m:l
span 2
{ =4.375 + (1.08) (12.0) + (12.0) (L8 Rz 99.46 y
- 28.135 kN\m B—11.2)-
/ ’ Rz =99.46 kN J
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Y

By

For Triangle Ca = 21
For Trapezoid Cy —7_1(Ls) _7_1(3-0) -
P a=1-1(F) =1-1(22) - 0.6875 T |
PAN PanN

31.16 kN\m

Wa, = 0.w. + Cq wy % + Ca Wy % | |

48 48 °
= 4.375 +(0.5)(12.0) (557)+(0.6875)(12.0) (557) R3=74.76?

=81.15 kN\m' Do _74.76 kN

B
- /\

JAN
Wa,= 0.w. + Cqwg % = 4.375 +(0.5)(12.0) (%)

| 4.80 |

' 4.80 !
=18.775 kKN\mv 18.775 kN\m
R4 =45.06 kN . .
- i
.B5 Ry=45.06
—— A VA4 < ! 4.80 !
Tarea  4(4.8) (24)+[ §(4.8) (24)-§0.2) (1.2) ] + £(3.0) (1.5)
span 6.60 —>!1.2 —3.6— 1.2 1.8+
=1.977 4 R3|R2
’LU, = 0. wW.+ M *

span S \/A

=4.875 +(1.977)(12.0) = )
( )(12.0) = 28.1 kN\m » P |

Y] 45.06 74.76 99.46

%—O.w.+ Caws Lc m‘ ‘
11.67 28.1 kN\ R

=11.87 kN\m ?R5=222.2
—l1.2—38.6—1.2 1.8

|
JAN
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Take o.w. (Column) = 10 % of the load From one Floor
_ R4+ R5 _ 45.06+222.2 _ 26 71N

10 10
{ ~ Load on the Column (Cy;) From one Floor J
) = R4+ R5+ o.w. (Column) j
= 45.06+222.2 + R6.7
{ = 293.96 kN
bl JS sgec)) gUal) arends Jaes J

—

(T gt eos 1) T i) 0aef W e Jas @"'_3‘
Sec. @

: -

P= 29396+ 4.0 = 1175.84 kN
" WP = 1175.84+1.5 = 1763.76 kN _
U.L @-

5( . PU.L'= 0.35A¢ F, ,+ 0.67 As Fz‘/ —>Take W =1.0%
)

—» Take u=1.0% —>As=;i—z J

£ 1763.76 410 = 0.35 (A¢) (25) + 0.67 (fﬁ—z) (360)

{ —> A¢ - 158014.69 mnt Take b= 250 mm

’ ~——650——
2
Ag- 12807469 500 14 min [ 41916
100 250
f 8416 L 4916 ,
|— |
200 mm
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Sec. @
re Voo o8 odnly Laa o 9gacd) gope B of puliis ¥
" Take the Sec. (250%550) -~ A,- 137500 mns

P = 298.96x 2.0 = 587.92 kN
[;,f 587.92 « 1.5 = 881.88 kN

P =03 Ac F + 067 Ag F,
cu Y

U.L.

3
~ 881.88 10 = 0.35 (137500 ) (25) + 0.67 Ag (360)
v Ags = — 1331.86 mnt
A; -1331.86
W= A, = 737500 =~ 0-0096=-0.96 %< 0.6%

* Take l=0.6% —» Ag - %* 137500 = 825 mn*

I<_550_>| 3416

20 | [T 55
— | 550 |
260 mm
__’_._: ._.:._ r 3 ¢16
250 [ /U\ /j
B 3416
I<—>I
250 mm
| _
z \ | !
|
\ |
| i 700
\ i
' ‘
!
- 650 -
[ 4416
250‘ | | |
L 4%16
| I—
200 mvm
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Y _ Y _ Y _ D _ (
, Long Columpns.
iﬁ, aaor)) odac )

, For Unbraced Column. IF 10 < A p< 28 } The column will be

For Braced Column. IF 15 < Ap<<30 ( Long Column
{ dygoe datp 083 ] Cubye5 13) ssacl 4o (Long columns) 4wl caec)
- (Buckling) gles) laJ Sasy
7 Ll padedl Jo ad ydiis Slolan) e gy zles Yl 1

(Mm) (additional moment) Ls] p3e 4xle 3% ol 3gacd) of jiiess

{ elevation JI & 43,5l &8 3gee pus) 13) J
(B) sosedl saley o) 5 (£) spacd) yope sals Euoms
g elevation -
_ Buckling
In plane. )
gles ¥ jalu |
, elevation Jl 43 J
, b
l—¢— lasde sy (| 43,8 (g ghusn padds (g glesl Gsam 13)
Cross sec. Buckling In plane zlesd) lis o
{ Buckling <
Out of plane. J
’ glesdl jalny o) ¢
elevation J| 43
{ aale: s 3 4By )l ggims e 9gas ola3l b glessl Soa 13 ’
) Buckling Out of plane zlesd) lis gou J
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e
. Buckling In plane.

lasle puys @) 3)0)) gt pud (I plend) Sasy
elevation JI ¢ ples ¥l ¢ Ggw ULl ode (5 J
elevation J| 3 seW) (oyell 5lpe (Myaq) gles?d) oo g8 p3edl 065 o

Buckling Out of plane.

claale pwy @) 3)0)) gaiee o gogee oSl (B plen ) Sasy |

’ elevation JI ¢ zles¥ ¢ o) Ll oda @ J
elevation J| ¢ jellall y2dl (oyell )lse (Mygq) glesd oo W p3edl 55

| -

S S

A
¢

f elevation / ‘
/ & J
[

vf P <t

M,
_| £ Z’7%‘“
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Moment due to Buckling. (M)

In planre. ol o plesY) Sany

5 - (Ao)s t F

2000 | b
| o) <t
moment U sl pared) 2 (1) I Yoa —
Lo >Hh
M= Puw % & )| (kN.m) << P b
Madd.
| t |
P
Out of plane. ole gagee Zlas ) Samy Z ¥

Ay oSa Yo 43 s sane y"

P

§-M)eb)|

|
2000 i

| =

moment 1 s3lsdl g2yl o (b) i <t ;(b

et

AM i L7 TP

Mm= Pam x 0 (m) (kN.m) Iz _lb
_

als goLe
G203l (8 weecd) Buckling &gas Sy ¥
Long Column 5LLsY) sgacdl 45 3oy 13 1
ST i I olas ) Lais sl
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4 IF M et M wdd. at the same direction.
{ Mdes.: Mext. T Madd. J
Where M oot &Ma 2.

depends on the column end conditions.

y{ UnBraced Colummns.

2LLLLLLLLL, add.

Ma,dd. | Madd. Ma.dd. |

g( Braced Colummns. J

f Mo Meaa Mo J

L«é " -

Moaa
! ; ;
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Steps of design For Columns.  (p M ) given

1_ Determine, IF the column is braced or unbraced.

2— Determine, the end conditions at top and bottom J
of the column. (i.e. Fixed, partially Fired, hinged or Free)

to get the Factor (K).

3_ Get the clear height of the column (H,)
and then colculate the effective height = K x H, J

4_ Calculate the slenderness ratio (},b) For the

two directions (In plane & Out of plane)

To get, IF the Column is short or Long. J
5_ For short column, M | aa. = Zero

and Designed under B, & M,

6_ For Long column, calculate Mm

«IF M, & M_,, ot the same direction. J
’ Mdea. =M + Myyq

Design the Column under R, & M,

«IF M, & M, are perpendicular to each other

. Design the Column under double moment J
By s My & My
7- Check the code requirements For concrete
dimensions and steel bars.
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RFT. of colummns.

_|A. -0.6%A4
Smin Cohosen » Short Column.
- 0.8 %Acm .

Asmm = umin *bx*t

W, - 0-25+0.052 A mazx
100

— Long Column.

B, .. = 4% Imnterior ool — Short Column.
5 % Edge col &

L Col .
6 % Corner col ong otumn

B 12 AN = gl sl st -
¢25 f"YO=Cz\~.\.U_)J43J.\S‘-

~ Yo. = Mmb‘.}&.\mb&‘\_@wxs"-
A Ve = Gadliie Gabaw G dlee J3T -

12,16,18,20,22,25 Jsoxd) 3 ollie LSS of

S>150 mm QU‘S”

>18
VAo o Yo oo s3T5 Bl g8 US Gw Bl Wi ¥ T G

OIS Gadliie Gub JS dayy i T

S L ~ 0. O° _):\S‘ r.ﬁ‘.g Al colS 13
S< 150 mm
S > 150 mm S < 150 mm 1
e 1 s 5 s
W v [ T 1 d 1 :. S> 150 mm
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You
, Buckling in Circular Columns.

Calculate the slenderness ratio (Aob)

{ x — K * H° Di ,
) b D 18 the diameter of the column.
f Unbraced column.
IF|Ap< 8 IF| 8 <Ab< 18
f The column w:ill be The column w:ill be
, Short Column. Long Column.
Unsafe

IF }Jb> 18 ———-> Increase [)

5( Buckling
)

) Braced column.
f IF Ap< 12 IF |12 < Ap< 25
g The column will be The column will be
Short Column. Long Column.
f IF x Unsafe I .D
b > <25 Buckling nerease
© Copyright Eng. Yasser El-Leathy 2009 . All copyrights reserved. Short & Long Columns.

Reproduction of these notes in part or as a whole for sale is strictly prohibited.

< <Y < J\”q/

/

U/\’Tnting is allowed for personal use only. Page No. 35



U/\’Tnting is allowed for personal use only. Page No. 36

/
Design of Circular Sections subjected to (M,N).

Use I.D. |ECCS Page (4-52) — (4-63)

_ R_80mm
6= R

F,, ¢ oo IS e Curve ) wass asy

MU.L. ’ NU.L.
F.R’ = F_R?

oo JS Al sass

zose 52 LS P and oass o3 sseedl Hhl s go R ) G

IF P <1.0 X% p=1.0

. o PR o 2 . - &
ASTotal Ao d.s“d::-.\J ‘l.u?“ S Yoledl & pesLo ru

u = p*Fw*10-4

A 2
S rotar = H * T« R
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, Example.

Data.

Eﬁ 360 N\mni

R, -1800 kN

b-0.25m

{ Floor Height =5.0 m
Unbraced Col.

Regq.

Design the column.

{ Solution.

U/\’Tnting is allowed for personal use only.
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: Check Buckling.

@ In planre. @ Out of plane.

\’%\
NN 1L

T 0.5 %
L

0.25

8 .

08

f Upper Case (2 Upper Case (1)
g k1.9 g k-1.2

Lower Case (1) Lower Case (1)

5( H _4.60m H, _4.50m

P

— 1.83% 4.6 A= 1.2% 45
’ Ab 0.6 b 0.25

=9.9<10 =21.6 > 10

7///////////////////////////////////////////////////////

i
A\ ‘

f Take the bigger value of x b = 21.6 ( In pla/ne)
7 The Buckling In Plane.

2 2
S = Ao)*b _ 2164025 _ | heps .
vf 2000 2000

M - P+§ =1800+0.0583 = 104.97 kN.m
add.
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’ Design the Sec. (250%600) ’04°i7kN'm
2 yoLe
250 + 1800 kN
{ moment U (5lsall yoyc)) oo T
t=250mm b=600mm 600
M 104.97
e=0=2%2=—"-— = 0.0583
f 5 N~ 1800 "
.2 o -0.2332 < 0.5 use, LD.
C _0.26-0.2_ g Take C— 0.7 Use | p [Eccs Page (4-25
= W— o > = o —_—> Al . g - )
N,  1800+10° _
f F,bt  25¢6004250 0.48 } P
6 = 6.90
. My _ 104.97 « 10 _0.112

Foub t? 25+600%250°

s ~4 ~4
As-AS -+ bat=PsF 10+ bt =6.9,25,10% 6004250 _2687.5mni

g( Aspun=As: As = 5175 mnd”

) Asm - 0.25+0.052 Amaz .}, ¢
100
_ 0.25+0.052 (21.6) , p00x 250 = 2065 mm <As,,, . 0.K.
100
. 2

f As=As = 2587.5 mm
/ 0.60

7TP22 s °
f 0.25
/ 7#22|e o b o J o
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/ Example. ~—8.0—
Py-700kN PU=1150kN
Data. _ %
R
i 3,0 550+ 1000)
, E, =360 N\mi J e
Unbraced Col. 76 7
(250+ 500)
Regq. _l10l—
? gls |10
Design the column.

) Solution. —

Py;-700+150= 850 kN
V{ My,-M,, - 150+3.0 = 450 kN.m

Check Buckling.

@ In plane. @ Out of plane.
[~ [O ~ Case@ _ 1
5( %\\ \‘\\
) // //\\\\ N 3.0 } |
—1.9~/ S , )
’ 7.6 |0/ - f_ﬁ'_f- Case @
il i /| lo.35
I 3.50 !
| | \\\
V( _|| I |I Case @D I a [ + Case®
, Upper Condition Case @ Upper Condition Case (@)
Lower Condition Case ®§k-2.2 Lower Condition Case ®§k- 1.2
H_-75m H-35m
Ap= 22+76 — 165> 10 | Ap= 1-2+35 — 12> 10
1.0 0.35
g Take the bigger value of A p =16.5 (In plane)
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2 2
=(M)*t= 16.5% 1.0 _ o 06 .

2000 2000
Madd= P+d =850 % 0.136 = 115.6 kN.m
450 450
M, =M .+ M
des. ext. add.
‘50 \ 450 >
S M, =450+115.6=565.6 kN.m
: 1000 .
sko 850 kN - + =
N 450+1156  115.6 450 =7 565.6
= §65.6 kN.m
Design the Sec.
M 6= 02_0.66'5_ use _ @,
i 850 0.665m . =" =0665 > 0.5 %6

es=e+g_0= 0.665 + L0 —0.05 = 1.115 m

Mg= N+, =85041.115 = 947.76 kN.m

6
-~ 950 =C, 947.75410° C;=2.886 —> J=0.728
25 * 350
6 3
g Ms _ Nos _ _9#r76010° _ _ 850e10° _ 0 o,
JE, o (F\S)  0-728+360 + 950 (360\1.15)
Take A3*= As =1091.3 mmi®
Asyp=Ag; As = 2182.6 mnl®
Asm _ 0.25+0.062 N mas bt
100
_ 0.25+ 0.052 (16.5) * 350 * 1000 = 3878 mrh > Ashm
100 10
I [ A I
Ag=-Ag - = 1939 mmy
6 ﬂ 22 % E [ H
T B B
& &8 T ® 3
© N N N g
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