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Example : 1

A short tied column is subjected to axial load only . the cross —sectional dimension are
30 cm * 60 cm and is reinforced with 4 <ﬁ 25 on each of the two faces as shown .

Calculate the maximum ultimate load can be carried.
Given : f, = 250 kg/em? , £, = 3600 kg/cm’ .

Solution:
A, =8x4.91=392cm’

A, =30x 60 = 1800cm’
Using g.Eq. 3 yields .

p, = 0.35(1800)(250) + 0.67(39.2)(3600)
=157.5+94.7 = 252.210n.

Example: 2

Design a short column subject to the given service laod :

P,, =1343ton,P,, = 10.
foo =250kg/cm’, f, = 3600kg / cm’
Solution:

ongitudinal reinforcement:
P, =14,,+1.6F , =300ton,and

P, =0354.1, +0.674.f,.
300 %1000 = 0.354,(250) + 0.67 4, (3600)

assumey = A =1%

c

300,000 = 4.(0.35*%250+0.67*1/100*3600) =111.624,

o A = 2688cm’

use : b=t =30x90

s A, =30x90%x1/100 = 27cm’

use (144{16).

Lateralties .

provide tj'Smm, spacing is theleast.of -
15x1.6 = 24cm(OR)

30cm.(OR)

20cm

chooseStj' 8mm/m

“11:
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Example : 3

Design a circular column with spiral reinforcement subjected to the same loads as in

example (2).
Solution :
P, =04/,4 +0764, 1,

A
assume : = —==1%

<

- 300,000 = Ac[o.4x 250+0.76 x T;_ox 3600]

_ 300,000

‘12736
use D=55cm , Dy =50cm.

= 2356¢cm?

A, = LiCE) VR WY
4 100

usefl24{16)

Design.of .spiral.reinf orcement
P, =035f,4,+0.67+ A, f,+1.38V, f,

A = Z’Ef—)z =1963.5cm’

fyp = 2400kg /cm’ ,{ 8mm(mild steel)

9

¥
o Il

a 856 om
86 om

. 300,000 = 0.35(250)(1963.5) + 0.67(24.12)(3600) +1.38¥,_(2400)

A, D,

p
7(0.503)(50)
P

WV, =21.14=

21.14 =

P =3.73cm
S 3em< P < 8cm
let : P =3cm.

Check minimum spiral reinforcement:

V.
u, =2 = 2118 610766
4, 19635

S
#.;p(min) = 0’3{-/_][% - IJ
w
= 0.36( 220 )[2375'83 —IJ =0.00787
2400 A\ 1963.5

S M > By > (0.K).

12418

A




Example: 4

A round spirally reinforced column has an overall diameter of 60 cm . the concrete cover
to the spiral remforcement is4 cm . the splral bar is 10 mm . concrete f,=300kg/m’ and
steel f, = 3600kg/cm’ ,f, f2400kg/cm .it is required to :

a) Detenmn the center to center spacing of the spiral bars ( pitch) .

b )what is the maximum number of <ﬁ22 longitudinal bars that can be used in that

column to satisfy requirements for percentage of longitudinal reinforcement and
clear distance between longitudinal bars ( assume corner column and nominal
maximum size of aggregate is 25 mm ) .

¢ ) Determin the minimum longitudinal reinforcement to be used to satisfy code
limitations for longitudinal reinforcement .

Solution:
a) D =60cm
4. = ”.%l = 2826cm’
D, =(60-2(4)) = 52cm
A4, = ;. =2122.6cm’
A4, =0.785cm’
To satisfy minimum spiral volume irement:
From Eq.6
Moo= K;; AD 0.36[%‘;1%— 1]
0 0.785 Isz] 300 Y 2826 IJ
2122 6 2400 2122.6
=0.0141

. P=42=0.01418cm,3cm < P <8cm — (0.K)

b ) maximum total area of longitudinal bars :
7 % 60

Max.4, = 0.064, = 0.05{ J =169.6cm”

with.ﬁ 22 diameter of circle through centers of bars
Ds= D -2 (cover ) - 2 ( spiral diameters ) — bar diameter
=60-2(#H-2(1)-22=478cm.

Accurding to the Egyptian code ( Art,7.3.3 ) minimum clear spacing between bars
are the largest of :

¢ 10 mm spiral

YoV



l%(2.5) =3.75cm
(or):

ﬁ-m=2.2 cm

Least center to center of ﬁ 22 mmbars =3.75+2.2=595¢cm.
Maximum number of CﬂZZ mmars=3.75+22595cm

Maximum number of ﬁ 22 mmbars to satisfy clear
spacing requirement = =D, = 1(17—8—) =252cm.
5.95 5.95

say 25 bars , providing an area A, =25(3.8)=95 cm’® < max. Ay = 169.6cm’

therefore the maximum longitudinal reinforcement to be used in 60 cm diameter column
is

25 {22 bars.
i
Cymin A, =0014 = 0.01[”" 60 ] = 28.26cm?
2
(OR) 0.0124, = 0.012[’“‘ 52 ] =25.47cm’.

According to Art , 6 . 4.7 minimum number of bars to be used in circular reinforced
compression members =6 , use 8 ﬁ 22 providing Ag = 30.4 cm® .

Example S :
Design a spiral circular column using U.L.S.D.M assume that the column is short:

Pp1 = 500 ton.

Py 1 = 500 ton.
f, - 4000 kg/cm fyp = 2400 kg/cm
200 kg/c
f;:)lutmn ¢ il Spiral $10 6 4 N
Assume : Vg, =1.0% Ay .
Ve =12% A, .
P,=14(500)+1.6(500)=1500ton. 26,

P, =035, Ay +0.67 f, A + 1.38 Vi £y,
1500 (1000) = Ak(O35)200+067(4000)0012Ak+001(138)(2400)Ak L(A)
A =11088 cm? .
Dy = 118.8 cm take . Dy =120cm Ay =11309 cm®.
D=125¢m Ac=12271 cm?.
Ve =0.01 (11088) —1109cm ( Vg from the actual area ) .
A, =0.012 (11309) =135.7 cm® ( Ay from chosen diameter ) .
Pu =04 (o) Ac+0.76 Ay oo, (B)
P, =0.4(200)(12271)+0.76 ( 135.7 ) ( 4000 ) = 1394 ton < 1500 tom
Unsafe increase D
D =130 cm A =13273 cm® .

YOA



Dy =125cm A =12271 cm? .

A =0.012(12271)=1472cm’ .

Ascchoseny = (30 @25)(147.3 cm?) .

No need to check equation ( A ) ( we can only use this equation to reduce Vg, from 113.1

CmP 10 TAA CME L. .oiiiiiieeeeeeeeeeee ( check only equation ( B ) as
follows )
200 [13273
=034 —|=="=_1|=0.00231
HATL 2400 [12271 ]

Vo mim = 0.00231(12271) = 28.93cm’.
1500(1000) = 0.35(200)(12271) + 0.67(147.2)4000 + 1.38(2400)¥,,

V, =745cm’ >V,

T RAARL LA L EU TR EE ERL TR S LR SRR

745 . 7(125)0.785

Usenj’ 10mm
P =4.14cm, take.P = 4cm.

P, =04(f.)4 +0.76 4.
P = (0.4)(200)(13273) + 0.76(147.2)4000 = 1509f0n > 1500......... (safe).

Another solution :
To A void this trails you may use the following chart and procedure :
From curve with P, = 1500 ton get Dy .

Dy=125cm Ac=12271 cm? .

D=130cm A, =13273 em?.

From curve also Ay = (147.1 cm?) ....... (30D25) ceeeeeeieiiiaennn, (=1.2%Ay).
1500 ( 1000 ) = 0.35 (200 ) ( 12271 ) + 0.67 ( 147.1 ) 4000 + 1.38 (2400 ) V,

Vo= 74.4cm? > Viymin (28.39¢m® ) coovveiinniiiieieeciieeeee e ( from table A )
74.5  T(125)0.785

P =4.14cm,take. P = 4cm

P, = (0.4)(200)(13273) + 0.76(147.1)4000 = 1509¢0n > 1500................ (safe).

Example 6 :

Design a short spiral circular column with the following data :

P, =320 ton. T
D=60cm.

.0 = 250kg/em® . $28 e

&0

f, = 2800 kg/cm’ |, £, = 2800 kg/cm? .

Solution : 10410
P,=0.4(fy)Ac+0.76 Ag f, . ]
320 (1000)=10.4 (250) ( 7 60? /4) + 0.76 ( 2800) A, .

As=17.5 cm’,

Vo4



As(mm)_IZ%Ak

Asmin=0.012 (7 552/4) 28.5, Or: from chart for Dk“SSAsc(m..,)—285cm
Take Agmin=28.56M ...ooivrriiireiiiraieenns (100 19A,=283 cm’).

Py =0.35 £, Ay +0.67 fy A + 1.38 Vg, fyp

320( 1000 ) = 035(250)(11'552/4)+067(283)(2800)+138(2800)Vsp.

Voo =152 ¢m? > Vepmim (13.7em?) oo from table A .
Use @ 8 stirrups .
152 = LS;)E ...................... P =565cm....... (take.P =5).
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Side Sway
—F

Top of codumn

Boitem of column Bottom of column

Braced Column Unbraced Column

{a) Buckling of a column in a building

P e T R R |

() Rigid frame buckling

() U5

Braced and unbraced compression member
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(a) Simplified plan of structure

shsar wall

/.

1 1

frame ! (unbraced) frame 2 (braced)

(b)Elevation shoing braced and unbraced frame

() JS&

Frame — shaer wall structure
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1/2 <KX<10

(o) Braced column (E,= W'EI / (KH,) )

-1 K D
o
5
I - &
o
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(v)Unbraced column (B~ N°BI / (KH,) )

() Jsa

Buckling and effective lenght
of azially loaded column
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% (half — sine wave)

,t

half — sine wave half — sineg wawe
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(a) n=1K =1 (b) n=2K =

Frames braced against sidesway

__(haj_f ~ mina wave) . -[
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H, = H,1.0+0.15 (x, +,)]
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— 2 (ECIC/Ha)
XEL,/L)

Where o

Fe= Young’s modulus of concrete

1. = Intertia of column

I, = Inertia of beam .

H, = Appearance hight.

LE_I_= Sum.of columns steffnesses at joint.

.1, = Sum. of beams steffnesses at joints.
Ly = Clear span of beam

o .= The least of «, ,x,

Yy




-4 JgaadBd: AV _¢_¥

Example 7:

Using U.L.S.D.M design the R.C tied column if it is fixed from both ends and may be
assumed braced:

Data: L 226 226 226 225

Loads due to D.L. Pp; = 100t. o8
Loadsdueto L.L .Py; =63t. 6916
Congcrete strength f., = 250 kg/cm?.
Column height H,=4.0 m .
Column widthb=0.25m.
Steel yield stress f, = 2400 kg/cm?. v 95 _./

26

56 8/m
]

From the E.C 89 table ( 6 — 9 ), case fixed braced column from both ends : -
K=0.75.

H.=075*40=30m.

A, =He/b=3/0.25=12 <15 table ( 6 — 7) the column is short .

Solution;

Assume that the area of steel ( Ay ) to be equal to ( 1% ) area of concrete section ( A, ) .

P,=14Pp +16P. .
P.=14*100+1.6*63=24081.

P, =035 f,, A. + 0.67 f, Ay .

240.8 * 1000 = A, ( 0.35 * 250+ 0.67 * 2400 * 0.01 ).
A.=2324.7 cm® . v b=25 a=93cm
Take column cross section 25 * 95 cm .
Aec=0.01*93*25=2325cm’.

» >.008*25*93.
> >.006*25*95.

Acchosen=4@ 19+ 6B 16 ......coeeveeeeeeerereeeeerenn ( A;chosen=23.4 cm’).

Choose 5 @ 8 / m™ as stirrups.

V1A




Exnmple 8: 10 ¢ 16
Design a braced spiral column using the following data:

f, = 3600 kg/cm’® , f,, = 2400 kg/cm’ .
£, = 250 kg/em? P, = 240 ton . 874 cm
H, = 3.5 assume that the column is fixed from top and
hinged from bottom .

. 50 N
Solution: " "
From chart D, =45cm, Axe=19.56cm’ ...oovvveeeennnnnnnnnn, ( Aschoseny =20 cm* (10 @
16)

Check on 2, k =0.9 table ( 6 - 9) for braced circular column in the E.C.89
He=3.5(0.9)=3.15m.

A=3.15/.5=6.3 <12 short column ( No additiona} moments ).
P,=035£, Ax +0.67f A+ 138V, f,.

240 * 1000 =0.35 ( 745%/4)250 + 0.67 ( 3600) 19.56 + 1.38(2400)V4,

Ve =16.2cm"> Vogmin (13.2€m ) oovvivvennenii (table A ) .

Use )8 mm , as stirrups .

16.2 = ﬂ%O_EZ_ ........ P =436cm. Take.P =4 cm

check : B, = 0.4(x50% /4)250 + 0.76(3600)19.56 = 249.8¢ > 240..... Safe.

Example 9 :

Check if the building shown in fig is considered braced or unbraced .

Data :

No . of floors = 6 floors . L 5.0 L 5.0 N
Total building height = 19 m . ’ ’ K

C; =40 * 40 cm, total load / floor = 15 ton . 6'4 Ce 1
C;=25* 60cm, total load / floor =32 ton . 1 i | T

Core thickness =30cm. T
Core load = 40 ton/ floor. CH Ce

Concrete strength f,, = 250 kg/cm’ . ' 2.0 - Cs
Selution : T —_ I
Total load = 6 (4 (15)+ 6 (32)+40) = 1752 ton. LHI“

Inertia about X-X g,)us forC, & C;. \ 3.0 '

I, forC,=40*40° /12 =213333cm . <

Lt Cz =25%60°/ 12 ~250000cm*. | K ALLE Ve
Inertia about Y — Y axis forC, & C; : 2.0 ' ‘

I, for C, =40*40° /12 =213.333 cm* .

I, for C; =60 * 25°/ 12 =78.125 cm® . —T i | i *_
C.G for the core : c1 Cz 54

A; =30 * 200 = 6000 cm’ .

Az =30 * 140 = 4200 cm? .

Ao = 2 * 6000 + 4200 = 16200 cm? .

Y =(2*6000* 100+ 4200 * 15)/16200=77.96 cm .

L,=2{30*200%/ 12+ 6000 ( 100 — 77.96 }* ] + 140 * 30° / 12 +4200(77.96-15)*
= 62792777 cm*

114



1,=2 (200 * 30°/ 12+ 6000 (85)" + 30 * (140)’ /12 = 94.460.000 cm" .

1, total = 4 ( 213.333)+6(450.000)+(62.792.777) = 66.346.110 cm* .
I, total = 4 (213.333 )+6(78.125)+ ( 94.460.000) =95.782.082 cm* .
E = 14000250 = 22135%kg /cm® = 221t/ cn.............. EQ.(4-61)

In x — direction ( around Y — axis ) the inertia is taken a bout y axis .
In y — direction ( around X — axis ) the inertia is taken a bout x axis .

LA
a=H s Bl

As the building more than four stories then it will considered braced only if :

a <06
o, = 1900\1 1752 = 0.654 > 0.6(unbraced).
: 221x 66.346.110
a, = ]900J 1752 = 0.54 < 0.6(braced).
221x95.782.082

The building is considered unbraced in Y direction (around X axis ) .
The building is considered braced in X direction  (around Y axis ).

Example 10 :

Using W.8.D.M design the R.C.tied column if it is fixed from both ends and may be

braced . 225 225 225 225

Data : !

Loads due to D.L. Pp =100t. 4419
Loadsdueto LL.P,;  =63t. “6416
Concrete strength £, =250 kg/em? . Bt

Column height H, =40m.

Column width b =0.25m. ;

Steel yield stress f, = 2400 kg/cm’® . ya 5 —
Solution : L

From table (6-9),case of fixed column from both ends : K=0.75 . | 7

H. =0.75%40=30m,

A,=He/b=3/0.25=12 <15 the column is short , table ( 6-7 ). —L 54¢8/m

Assume that the area of steel to be equl to ( 1 % ) concrete section { A;)
P.=PpL +PLL=100+63 =163 tons.

P =10 Ac + 0.44 fA, .

163000 = 60 A, + 0.44 (2400 * (.01 A.)

A.=2310 cm?. t=2310/25=924cm.

Take column cross section 25 * 95 cm .

Ase=0.01 (92.4%25)=23.1cm’.

YV



>(0.008*25*92.4)

>(0.006*25*95}).

Aschosen=4@ 19+60 16 ... ( Aschosen=23.4 cm’ ).
Min . volume of stirrrups = 0.25 * 25 * 95 * 100 /100 =593.75 cm’ .

Actual volume = 0.503*5(5*20+2*92.5+2*45) = 943,123 cm’

>minvol. ...l (OK).
Note According to E.C.89 distance between bars should not be more than (30 cm ) .
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@ Slender braced Columns

B¢
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— Mz 2 2
N
add .
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M Madd M, + Madd
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@ Slender unbraced Columns
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Example 11 :

Using U.L.S.D.M the unbraced R.C. tied column using the following data :

Data:
K 55 V4

Total loads P,=150ton. 4 I
Steel yield stress f, = 4000 kg/cm’ . —
Concrete strength fon = 250 kg/cm® . F 1
Column height H,=4.0m. S "
The lower end is hinged, and the upper end is fixed. ‘

L |
Solution:

12416

From table upper end ( case 1 ) & lower end (case 3 ).
K=16,H.=1.6*4.0=64 m.start design with, b=25cm .
H/b=6.4/0.25=25.6>23.

Change column dimension , assume b= 30 cm.

A, =6.4/0.30 = 21.33 < 23(long.column).

g =0.25+0.052*21.33 =1.36%
e=38 =8, = A xb/2000 = (21.33))(0.30)/2000 = .0682/m. 54 8/m
M, o5, = Px68,, =150x.0682 =10.23m..

The column is subjected to normal force and bending moments (eccentric section):
e/b=0.0682/0.3=0.227.

u=Pf,107,
0.0136=P(250) 107 ..o it P=54.
Using chart No . 14,page 19, f, = 4000 Kg/cm2 ,$=09.

Enter the chart withe /b=0.227 ,P=5.4, we find that K =0.38and K (e /t) = (.085 .
g = 150(1000)
250(30)¢
t=52.6cm, taket=55cm,
A,=0.0136(30)(55)=22.44cm?.
Agchoseny = 12@ 16 (24 cm® ) .ooooiiiivviiiinieiiieeiinn ( uniformally distributed ) .

o Jopgmlplon i ¥ ¥ — ¢ _ ¥

Jeadl i o adad cliad 0y e Aiayll 038 dic ) yST s2ae YU b Sl Jladl ic
94 .\_,.uj‘t}.odS]faﬁLu‘;H PEYY 1.,....‘._, _)4.43.'.“ 'a;Ln_;";.\.Au.I! hLmYLIE_)AS]‘dD_ﬁ“,.J‘
_:i._ﬁ?‘ _\c.i‘,i.uu._lha)as.“_’lg:n:i_’u;a‘,n

AR



Mf Mf Iu-l;y‘s‘a_,_j..“um 'QSS_)IIJZ.H_)LQ\SMWVS-\

)

) <4

U A L Do A pal dad oA poad) oSl Y

A8 o sty Ban gt agslal gaall k
K,.M, K.M, Jind sic o el AN

K, +K,+K, EL+K"+0.5K,, (5 slall 3 ganl ™~
K.M, KM, Sl e ol k=1

K, +K,+K, K, +K,6+05K, Jind) 3 ganlt L

 Kumg.0_C1955 Lilad) J‘Jﬂ‘ Jasel dlla ‘é 5 &&

Agbse (MM ) p gl o) oSy adaildl o HaSlly cain! ey cland) dla 4 - ¥

. Jadi el saee M jiiall

- 35S0 34 i g g 3l L) anaaS Flat Slap daaswal UGN @3 Gt Qs 3 - ¥

‘YWY




tatgdaad Vg Y g _ ¥

Example 12;

Shown is a layout of colums and their axial dead and live loads at the ground floor level.

The building is of 8IX identical floors :

Floor height = 3.3 m . All beams are

25 * 50 cm . Beams loads : Wd =3.0t¢/m.

WL=09tm.

Ground floor height = 4.3 m ( till foundation level ) .

Do the following .......

1 — check if the building is braced or unbraced .

( Take accuracy of caculated Dim.to 10cm).

2 — Calculate in full the ultimate straining sction on the tied columns C, , Cz, C; .

3 — Using both working stress and ultimate limit state design methods , design the
interior column C; committing yourself to the following of the cross section and
type of stirrups .

- squared with separate stirrups .
- rectangular ( b = 30 cm ) with separate stirrups .
- circular with separate stirrups .
- circular with spiral stirrups .
4 - In case of the building is unbraced , propose a method to make the system is braced .

Sgquared . Squared

Nots

Jou= 250 kg/cm®

De formmed Steel Bars
( 36,/52 ) for¢10 or

more . Normal Mild
0. _ —p —p — L Steel for$8 (or less)

YVYA



Solution:

LU
'+ P, <0.75P,
P, =1.5(P, + P,)
=1.5(20 + 70).
= 135¢0n.
1 giaia (sl )
: 35S Short Column 4lsles “,.1 Gubdll S
P, = 0.35 fo Ac + 0.67 A, f,
Ac=1% A : Q\ a i
- 135% 1000 = 0.35% 250 x 4, + %0.67 x 3600
A, =1209.46¢cm’.
b=J4 =3478m - 40x 40
G
Do ea LS
P, =1.5(35+120) = 232.5¢
A, 30x¢t
. 232.5x10° = 035x250x(30xr)+067x3600x—— «0—
10
S f=694cm o = T0cm.
(&
P,=1.5(65+225)=435¢ .
P LS

A.=3897.15
B=6242 - 70cm —» 70* 70

1 — Bracing or unbracing: -

— : aladl ‘_;Iuég.iluaﬂ OSay Slaie  uall
N
2 EI
H=5x33+43=20.8m.

d.\ln.\uads.uq]sAsca)adSuql:A l.)_,ncv\‘wujsaq.un]l

o= H

\va



3
L=1, =430><70
12
70 x 30°
12
70 x 70°
12
40x 40°
12
= 12916666.66cm*

+4

+4

+4

N =¥ Loads il Jas

4(20+70)
4(65+225) > =27601

8(35+120)

E = 14000 /£, = 221359.44Kg/cm’.

e B 1 208x102 | 2760x1000 504506
Y EL V" SIE

.. Unbraced.

YA

b=70
h=70

——t
Y

b=70
h=30




2 — Effective Hight:
o b o Ahadle aa (VY S84 ) umge ga LS aae Y AT Jlaill g Ui VY anas oS
—))MM‘:&IQJJ‘,H|
-t S Jpandl Ghsaeel S e e lnall DlS ppand (Sa

A xb
Col Bott Cr e b cm) i=He 27 5000
Geometry | Top cond cond K | He=H, *k (orsnd sad¥l i ) b
C ] 1 1 1.2 4.56 40 11.4 2.60
C | [] 2 1 1.3 4.94 70 7.057 1.743
Cs [:, 2 1 1.3 4.94 70 7.057 1.743
C; D 1 1 1.2 4.56 30 152 3.466
5 _Z8 _Ax26+4x1.74344x1.74344x3.466 _, o0
n 16
.25, =4776 Sha¥ -
26, a8l S gV
5, =239%m. Jhay-¥
c2em = (e ) Lall 5800 dad
Or=0.05b
~forb=30cm

S emn=0.05*30=15<4,
Al e g (Emin ) 4 sl o S (8, ) dpeadl 13 e 2300 o UL,
e e jna
e For b=40cm.
“emin=0.05*40=2cm< §,,
wama Sl e g (emin ) 4 g yamad G Sl G, apeall 1 e 43800 ol L,

s
e For b=70cm.
=~ 005*70=35>46,,

Jaa] Sy 0l e 5 45 £ yaneall o BBl (5, ) 3paall 130 e 358,000 (s S,
Cade ol

YA
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Vs JSIM LN ol (Se 4yley )

' M ade Gul Ja1s 3 gae 4l Jaadld €y 5 gaall dually

P=15(65+225)=435ton.
D e el i das i plasiu) (Say 1
(1 ke = ! 3 o ki) oSay Aol Gl pash il Al g AlNal BaesY) B )

70
7"1 P

ew =0.05*70 =3.5cm > &,

HIIL VR DS
=1.5(d+1)=5.85 t/m On =23 o
MY My M, =M, =00
T .“.'ISJJ,Acl;\AC! .\_,.ullwb
Iy=3.3 c el dadi 2ie o el ol Gl ay
M, =M_,* factor.
[ M gl b ) :
[Rolsh? Where:M,=£—
12
L)=43 K
Factor = ————~
K, +K,+K,
- A 8 3_)..&” Al
-3
e 1, =225 _ 260416.60m*
é_,.a.n.u i.u.un.:
» -3
L =203 513333.33¢m".
25
L, =33m,L, =43m.
40 " ]
.% -2
M /L, =5_.85_x$_ =12.19ms

CETIL AL+ LI, 12

=0.298 =M, = 3.64ms -

YAY



M, = Px5, =15(20+70)*2.388 = 3.22m. —
syl o al

Mram! = Mv + Madd =3.64+322=0686ms
b hlall Aa
M, =M,
2 Cz_.] i.:.u.:ll.a
-3
I = % = 857500cm*.
I/L
M <t —*m, =039
Ic lc Ih mj
<454+
LL Lu Lh
“l %’ s LS
==
M- SM=039%1219=4.75mt =M,
= T : haY
VA= M =P*6, =232.5%2388 =5.55ms
=M, =5.55.
I
= Mz
P M M,
| J, G 435 0.0 0.0 ik 2 gee 4 G
Ci 135 6.86 6.86
{ 475 { 0.00
G 2325 5.55 5.55
10.3 5.55
: 4lh gale

o—iall )L Sy (- €€ ullddle 8, 2y Unbraced yia il il lla b adl Jaadls
A il (S Ade g Baad g ALy jhay 48 i yualy

.M =P &,
Mg A—af lualy ¢ e § 4 (5585 39ec JS oli Braced s Sigall (o Alla i L
Mygg S 8 ey 4 Gila By 08 Ssh g1l o gaadl 058 00 ¥ Gindl o 3L
- Jad (Al ) AL yhalt 52ae

VAL




Cs P,=435t with min ecc .

a — Design as squared column ( tied ) :

P, =035f, A+ 0.67 A,  f, & short with min ecc .
A i

3C

4 100

<

- 435%1000 = 0.35%250* A_+0.67 *3600*1%‘6.
Ac,,, =3897.15cm’.

wb =4 =6242cm.

fake : b="T0cm—< . 4, =38.97cm’ = 1641t

Lateral tie :

>0.008 Acrq = 31.8 cm’.
> 0.006 Ac choosen = 21.6 cm’,

70

l ‘k k—gﬁ (2=39

—70——
o
<

Provide({Smm : spacing %

q’
4
min .vofume > min volume(O.K).

6 ¢ 8/m

actual volume =

[65%4+39*4]*6 =1342.19cm’

b — Design as rectangular column :

;or 14 9 22
4

YA




Acreq = 3897.15¢cm’ ( as before ) .
A.=b*t

A, =38.87cm’ >

ot =129.9em?

A, =3887cm’ > 0.0084,,, = 31.17cm’.
A, =38.87cm’ > 0.006Ac ., = 23.4cm’.

Choose : l4<ﬁ1 9.

Check of min volume ;

ACreq = 3897.15cm’ . ( as before ) .
A.=b*t.
.t =129.9¢m?

ﬁA,A,C =38.87cm’ >0.0084,, =31.17.

creq

LACA,C =38.87cm* > 0.0064c,,,,.,
100

Choosel 44{ 19.

= 23.4cm’.

- Check of min volume; -

= 0'25 *30*130*100 = 975¢m’.

2
V. = [#J* S5[(2%25+2#125)+(83.2%2+2%25)+ (41.6* 2 +2*25)+(2*25)] = 1762.992cn’.

(Vacr > Vmin)

C - Design as circular with separate stirrups:
2

A, =3897.15cm* = x D.
4

D._=170.44cm = 70cm. N
AC ooy = 3848.45cm? 8 $8/m

P, =035/,4, +0.674,f,

A, =40.73cm’ > 0.0084,,,.

A, = 40.73cm* > 0.0064,, ... 16 919
Usel6419.

100
Lateral tie: useff&spacingT

VAR




025
™ 100

2
= [ﬂjﬁ](nox)*% =1286.48cm’.

€A *100 =962.1cm’

14

act

Vac: > Vmin'

D — Desgin as spiral column :

Design of longitudinal reinforcement:

P, =04f,4 +0.764,f,.

A
assume : { = AW =1%.

[

435%1000 = 0.4%250* 4_+0.76* 3600 * 1"7‘0

A, =3415.5¢m’
D =65cm.

Dy =60cm.

A, =3771em’

14<ﬁ19

Design of spiral reinforcement:

P, = 0354,f, +0.67A,f, +1.38V,f,.

7 *(60)*
4

A, = = 2827.43cm’

/, = 3600kg / cm’.
f,, = 2400kg / cm’

74D
Vo = 29.17cm’ fem = —2 %

3 <P =325m<8.
_Check of min spiral reinforcement:

lurp =—+-=-—-2-—=0.0103

Hop(miny = 0'36f—m[i - l:|

vp k

36+ 2501 T 10,0065
2400 (60Y

Hsp < Hoptmin)®

A

N

e

65

_-Spiral $8/3.25 cm

144519

YAV



4 — Proposed Dim . to make the building bracing :
o= HIN/EI

I : Which we can change ( increase col . Dim )

Col. Dim .
Ca (30" */50")
Ci (75" *75%)
Cs 140 * 140

4 4 3 0 3
I=1,=4 (75 +(140) +30(150) +150(3 )
12 12 12 2
E =221359.44Kg/cm’.
a=0.557 < 0.6(code.lim it).

] =173700208.3cm"*.

Y —"
L Gl 1 gl o5 adf Baadly g 32 slad 834 ) o ( braced ) it Jead

YAA




Example 13 :

For the R.C column shown , having cross section 30 * 30 and subjected to factored load
= 100 ton ; calculate the straing action on the column :

- 2 ends are fixed .

- column is braced in both directions .

- length of beam = 5.0 m . I
- WU(bam) =4.0/m . 1,=8.00 m
Solution: Ly=5.00 m ‘
3.00 m oy =4.0 t/m\|
2
M, =2 —833ms. ‘ A
= KM, 0.5 m
YK, +K, +K, | —
v
El
k=7 T
S1 g glall 3 gandt Jind i o3l o] JaaY __?| | I
- gliall 3 gandl el 2ie 4 el G 35 m o

4 T o3l 2l o3ttt

1, =1, = 8% _ 67500em*. =
12 )

K. >K,
:ulu‘é‘,‘ajw_)ﬁgﬁ} lﬂ%_: _.._(_L_ =T

3 M
I, =(25) (51(;) = 260416.67cm’. :

67500/3.5*8.33
M., = 57500 , 67500 260416.67 L7 m1

3.0 35 5

Check of bucking of column:
In X Dir:

H, biggerof 3 ,3.5m =3.50m.
ty = 50> b = 30 g jaall olatyl A

Case (1) : braced :
Table ( 3 ) code K=0.75.
H. = KH,=0.75*3.50=2.625m .

A, =%=s.75<15

no addional moment My 444 = 0
in Y Dir:
H,=3.00+350+05=7.00m.
Case ( 1 ) braced

Table ( 3 ) code K=0.75.
H.=KH,=0.75*7=525m.

YAS




525

=175>15

S =2,5/2000=(17.5)"* 50 =4.59cm.
M,=PSé
~100* 4.59

100
Mx,,, =4.59ms

P Mysad M, M,
Building Applied
100, 4.59 m.t - 1.711 1.711 m.t

IP-loot
//‘“ e

1838 t.m

_____ — ,}_ —— Ay

V4.



Example 14:
P,=400t.

Col : is braced in two directions .
Calculate the straining actions :

Slenderness calculation: -
In X direction:

H,=4.50m.
t,=100cm,

Top condition:
tb=50cm<ty.
Bottom condition :

t>t,=60cm (case2)

Table(3)

K=0.85

S H,=KH, =0.85*4.50 = 3.825m.

A= A, = @ =3.82 < 15 short column
b 100

ie no additional moment.
in Y direction :

H,=9.50m.
ty=70cm.

0. 50]
!

4.60

0.50

4.50

0.5

Top and Bottom end condition : Case (2 ) : ty <t .

K =0.85(table 3 )
H.=KH,=0.85*950=8.08 m.

short column i.e No additional moment.
( No buckling will be occur ) :

No additional moment

Short column P,=400t.
(eq.fromcode).

=

L

>z

1449



Example: 15

The figure shows the leyout of the columns and their load at ground floor lend
(including column own weight ) the building consists of aground floor and six indentical
floors :

- Ground floor height =4.00 m .

- Typical floor height = 3.00 m .

- fu= 250 kg/em? | f, = 3600 kg/cm? , f,; = 2400 kg/cm’ .

- Beam load = 2 t/m" ( D.L+L.L ).

- Beam dimension ( 25 * 60 )

It required to :

I — Check if building ( braced or unbraced )} in X and Y direction .
2 — Calculate the ultimate straining action on columms C, , C;,C3,Cy.
3 - Design column C; as tied square column , C, as rectangular section .

Selution :

Total load =4 (40 + 50 )+ 6 (60 +90 )+ 2 ( 120+ 230)=19601.

I 171 12| 12 |
f,=2 70‘9&]”[30*@ +2[(70T +°[50‘(30)J = 8196666.66cm".
12 12 | 12 | 12 |

E, = 14000,/ 1, = 221359Kg/cm’.
H =3%*6+4.00+1.00=23m.

- in X direction ( arround Y axis ) the inertia is taken about y axis .
- in y direction ( arround X axis ) the inertia is taken about X axis .

in X direction :

* 3
« =H LN = 2300 19607107 = 2.39 > 0.6.(unbraced.in.X direction).
T ETy EI,

in Y direction :

x 3
x =H Hﬂ = 2300 _1960710° = 2.48 > 0.6.(unbraced inY direction).
YEIX 221359* 1,

Hy= 4+1.00-0.6=4.4m.(atground level ).

14y



800 m 8.00 m
— + 4 +

_ c (,-90070). Gy (80‘9’0)

{ z

¢z Irso*7p) I\

=120

.- A
R,

- 5¢6/m
134 18 / 4 T

LT3+

Ji.
|
T

—s—
[ 5e8/m
(7'60)
|
8
o
o),
| i
S
-
T I
- = §
I_r J [

Typical Cross Section .

(10 JWa )1 J55

{
A=
_- s 4
{ {
|
[
548/m
Jam
"I 120 23
p—r0-—t
—=
] pbe/m

Y4y



2 — Buckling load :

in X direction :

Top end Bottom end |
Column - N K=H./H, | He | bem | 4 | &,
condition condition
C ] 2 1.2 528 | S0 | 1056 [2.79
C, 2 1 1.3 5.72 70 8.17 | 2.34
Cs 2 1 1.3 5.72 70 8.17 | 234
Cs 1 1 1.2 5.28 30 17.6 | 4.65
_Ab
2000
5 = ys _ 4(2.79) + 2(2.34) + 2(2.34) + 4(4.65) _ 32%cm
' n 12
Notethat.anycalculated 6 <2 6,
M, = P5,,.
in Y direction :
Top end Bottom end '
Column . K=H./H, H. bem Ay Scm
condition condition
C 1 1 1.2 5.28 30 17.6 | 4.65
C, 1 1 1.2 5.28 30 17.6 | 4.65
Cs 1 1.3 572 70 8.17 | 2.34
Csa 2 1 1.3 5.72 70 8.17 | 234
5 - H4.65)+ 2(4.65) +2(234) +4234) _ o
' 12
M_..=Pé,

Y4¢




Ed mns:

C4, C; in x direction and C; , C; in direction y :
For C4 o Cz :

& 3
I, = 237(60) = 450000cm*

12

3
sl = GO _ g57500cm"
12
2
M, =m,£i=(2‘1.5)@=9m1
12 12

B.M at upper of lower column: -
M, *K
PRI

K +K+K, 'L
_ 9*857500/5
~ 857500/5 +857500/3 + 450000/6
ForcolC,,M, =2.9m1.

ForcolC),M, =2.9m1.

=2.90 m.1.

For Cy:

K

k}
I =1 =(—50£0—)=112500cm‘
'] L 12

M, *K,
K, +K +K,
_ 9.00*112500/5
"~ 112500/5+112500/3 + 450000/6

=1.5ms

Mxi

3
I, =1 =@1(25&=312500cm4
M,=233ms

Vde



a =30cm,b = 50cm.
Design as biaxial moment

P 134%10° - 0.35\table6-12)
f.ba 250*50*30 EC

f=0.59

0.275
0.475
Using interaction diagram { chart No 17 ) ;

£=08.
f, = 3600 kg/cm’ .
uniform steil

=5.87+ 0.59[ ]6.7 =8.16my.

P,/ fa.ab=0.35
M, _ 816*10° 0
f.ha’  250*(50)*(30y°

072

| Column | P,= 1.4Pp +1.6P L | Mu=P* &, | Mu=P* 5, | Migge courmn
M, M, M. My,

o] 134 t 473 m.t 437 mt 1.5 | 2.33 ' 5.87 6.7
C, 222t 7.77 m.t 7.24 m.t - [ 29 ] 777 | 1014
Cs 5141t 17.99 m.t 16.76 m.t - -- 17.99 | 16.76
Cs 222t 7.77 m.t 7.24 m.t } 29 - 10.67 7.24

Design ofcol. C :

Dim ( 30 * 50)

Biaxial moment :

M . = 1o ]
e = —P—’-"- = %} = 0.05m > e,(m):f: 'S the biggest
e, = Epl = ST'.% =0.044m > ey(m):::"z's“ the biggest

141




get - p=5— pab =18.75cm’
1 Zﬁl 6(uniformly distributed).

€x » €& < Enin

Design according to the code equation :

F,=035f,4.+0.674_f1,.
A, =3534cm’.

Ase _0 6%.40.*_‘ =29 4cm?
min " 0.8%Ac,,

Choose :12ﬁ22.
Check of min volume of stirrups :

Vs, = 0.25
100

*(70* 70 *100) = 1225c¢m’ I m”.

emin biger

0.05t=3.5cm

2cm

Vg =0.504*5%(4*65+4%65+4%22) =1532.16cm’ Im".

Vst,, > Vs, > (0.K).

act

YAy



Example: 16

= 2 oy tals law) el Jpolds e g3 ga e 50 4nbi Jgb Ly e 13905 pana

.ty = 250 kg/cm2 = Gl all aadll slgaV) — ¢ - unbraced Jia & bl -
. £, = 2400 kg/em® = saall g yaall sgal — 0 . survice loads Jadil Jleal - ¥
- 3 ganll G HaSH (e A gliall o g jadl Jlaa) (Sas — 1 AL =961t = glab Saad
(X,Y ) oW s gaall L - Y +LL=4lt= ,ad Jad
Lish oY) oall il 3uaS cliy o Sadll apg = A L ol Al y 2 glalt oligles — ¥
.J,S“(_)a)aaﬂ
s S|
X — direction: -
Homx =4.00 m.
.+ Casel
K =120
. unbraced 3uia & Al of JaaY
"+ Casel
- K=120

S H, = Hk=400%1.2=4.8m.

.‘.,{=ﬂ=ﬁ=9.6<10.
X 0.5

buckling effect zl—as¥W) Jlia¥ (o jaie & jual dgee x sadYl 3 ganll Gl 4fe
Al pyad ol g ¢ i g p Sl Al oy el a jie s
Y — direction : -

Ho=35.5.

*r casel
L K=12

Y4 A



. unbraced e yé 3gandl o BalY

- Casel
LK=12

L H =55*12=6.6

/1=H“’ =E§:13.2>10
y, 0.5

05—Ss o oy ¢ e e i hagae gl g (© Jan ) peaill 3 gandl glat 2 gaal 13
- Magg Slualy « Mygy filal o 36 4ade

A (132)*s50

= = = 4.36¢cm.
2000 2000

DA S e s o

e =4.36cm.

€336 _ 00872 > 0.05.
t 50

— : Interaction diagrams Jelill Gilgaia M 7 Ga5 g iéj
B, =1.4%96+1.6"41.0 = 200ton.

4,
M, =F, = 200"—3é =8.72t.m
' 100

:(Ch:11) 1) p,dakaiad ey

P 200*10°
=—* = " _ox
f.bt  250*50%50
136 _0.0279

Kel/t=032*
50

144



p=p.f,*10° =2*250*10" =0.005.
A, = bt =0.005%50*50 =12.5cm* —»

o =0.25+0.0524,
=0.25+0.052*13.2 = 0.936%.

use :

o Asy = 9938 4 50% 50 = 23.41cm? — (1ake). 84f20
100

Stirrups :

S < 20cm.
< 15qcolumn(15 x 20)30.0cm

.. Take : S =20cm.

{ w [4‘:[] 240 .2 Smm.

{ o> 8mm.

Ctake : §8mm/20c‘m.

Check:

Vst_. % {(Volume of 1.0 m longitudinally)

min

_ 025 ——=*50%50*100 = 625cm’.
T 100

V, =4(45+31.8)*0.503* 5= 772.608 cm’ > V.

s min

(0.K)
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c} wJt
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™
C\i .0
1
Y
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I~0.6
—x — direction
[
T
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e P .. case 1
*-__.—”' ~k = 1.20
D45
//" =
// % A .- case 1
\\ P
sale yui Al o sl
slalit o3t $SLall ayeli
M = 0.00 Mg = 0.00 Moo= 0.00




y—direction

direction
U
L1/
Cftfk_\ﬁ -- case |
T ~k = 1.20
D&
// d‘ ~,
/ ™ )
N h p
\’-—. //

Yo

- case [

ke

1.20




g

0.32 f= 20
A
0.0279 K
!
2 7%
54 8 \m>
(™
[¥s
| e @ — 38420
|

50

i)l ol




Example : 17

= ) Jmadl Gapa (X, Y ) cAlpN) NS b braced ahe 3ges JSANL pui gall

. ultimate load (p, ) =290 ¢

A ada ey (y,x ) opalad¥l DS A buckling conditions g las¥) alla s
cDaag G agaadl Je ALY b el

el elhac) ¢ interaction Diagrams 4xuliall Jelill ciliaia [DRECI ganll aaia ¥

Loy g il Gyl

Solution:

Buckling load :
In ( x ) direction :

Top y Bottom t.=105>(1,=60).
Case(2).
K=0.85(table6-9)E.C.

4= KH, 025*54
t 1.05

=437 <15 — (rable.6 - 7)

no additional B.M due to buckling .
In ( v) direction :

Top y Bottom b,=25 > (t,=60cm).

Case(1)
K=0.75(table 6-9 )E.C. H.=KH,=405.
A, =—}£=4—02=16.2>15—)(table.6—7).
b 25

< 30(rable.6 - 8).




_A2b  (16.2) x25
2000 2000

M,, = P.5 =290*0.0328 = 9.51m..

Design:
P, =290t M, add = 9.51 mut

( using interaction diagram chart n° 38 )

20
=—=038.
=75
/, =3600kg/cm’
ac=1.00.
*
_ P _ 290*1000 — 0.442
[o1b  250%105%25
* M
M, __951M0 o

f4B*  250*105%(25)°

p=36.
u=pf,107° =0.9%.

A = 4 =22 0054105 = 23 63cm’.
7T 100 |

useSﬁ 25 on each side

=3.28cm. > 0.05¢ > 2cm.

b=25cm.




