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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 cﬁ 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’
4, = 30% 60 = 1800cm’ —

4426
Using g.Eq. 3 yields . [:E]j S
4425

p. = 0.35(1800)(250) + 0.67(39.2)(3600)
=157.5+94.7 = 252 2ton.

Example: 2 | T
Design a short column subject to the given service laod :

P,, =1343ton, P, , = 70.
S =250kg /cm?, f, = 3600kg / cm’
Solution:

7,

ongitudinal reinforcement;
P =14,,+1.6F , =300t0n,and

P, =0354,f, +0.674,f,.
300% 1000 = 0.354,(250) + 0.67 4, (3600)

assumeil = A =1%

C

) 80
300,000 = 4.(0.35*250+ 0.67*1/100*3600) =111.624, 14416 o
o A =2688cm’ |

use :bhxt =30x90
oA, =30x90x1/100 = 27cm’
tse (144{16). ’

Lateralties :

provide cj'Smm, spacing istheleast .of -
15x1.6 = 24cm(QR)

30cm.(OR)

20cm

chooseSrj' S8mm/m

VYoo



Example : 3

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

example ( 2 ).
Solution :
P =044 + 0.76Axfy

A
assume : yu=—==1%

c

~.300,000 = AC[OA x 250+ 0.76 x ﬁl]—a x 3600]

300,000

© 12736

use D =55cm, Dy, =50 cm .
JT(S

A, = —S)zx 1 =23.76cm’
‘ 4 100

use(12<ﬂl 6)

Design.of .spiral.reinf orcement
P, =035f,4,+0.67+ A, f, +138V,f,

= 2356¢cm*

4, = 2(240—)2— =1963.5cm’

fyp = 2400kg / cnt’,{ 8mm(mild steel)

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

A, D,

p
7(0.503)(50)
P

"V, =2114=

21.14 =

P =373cm
S 3cm < P < 8em
let - P =3cm.

Check minimum spiral reinforcement;

v,
p, =2 =2L18 _ 4610766
4, 1963.5

psp(min) = 0.3{f_“][i_ ]
Lo N4
_ 0_36[ 250 Y 2375.83 —1] — 0.00787
2400 )\ 1963.5

Sy > Hepmin —* (O.K).

A

&0 em

&5 om

12418




Example: 4

A round spirally reinforced columm has an overall diameter of 60 cm . the concrete cover
to the spiral remforcement is4cm. the splral bar is 10 mm . concrete f,=300kg/m’* and
steel f, = 3600kg/cm? ,f, —2400kg/cm .it is required to :

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

b )what is the maximum number of cﬁ22 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 .
Dy

—_—
Solution:
£ ; $ 10 mm spira
a) D =60cm Iy ‘f {-
ah? 2
A = = 2826cm
D, = (60-2(4)) = 52cm
_ ﬂ_'l): _ - 52 fem [cover}
D = 80em
A, = 0.785cm’
To satisfy minimum spiral volume requirement:
From Eqg.6
rA_D "
P.‘p:_i_kzo':;ﬁ j+1‘ i_l
P4 Lo N4
0 785 [ 52 300 I 2826 J
21226 2400 2122.6
=0.0141

L P=42=0.01418m3cm < P <8cm — (0.K)

b } maximum total area of longitudinal bars :
7 x 607

Max.4, =0.064, = 0.05[ ] =169.6cm’

with.(ﬁ 22 diameter of circle through centers of bars
D,=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 :

Yov



1%(2.5) =3.75¢cm

(or):
ﬁ s = 2.2 €m
Least center to center of ﬁ22 mm bars = 3.75+2.2=595¢cm.

Maximum number of tﬁ22 mmars=375+22595cm

Maximum number of ‘ﬁ 22 mmbars to satisfy clear
spacing.requirement = 0, _ 1(4—78—) =252cm.
595 595

say 25 bars , providing an area Ay =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.
2
C)min A, =0.014, = 0.01[’r x 60 ] = 28.26cm”
2
(OR) 00124, = 0.012[’r x52 } = 25.47cm’.

According to Art , 6 . 4.7 minimum number of bars to be used in circular reinforced
compression members = 6 , use 8 tﬁ 22 providing Ay = 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.
P = 500 ton.
£, -4000 kg/crnzz, f,p = 2400 kg/cm® .
Sotation:® spirat 41054
Assume : Vg =1.0% A, .

Ve =12% A, .
P,=14(500)+1.6(500)=1500ton.
P, =035 f Ay + 0.67 f; A + 1.38 Vi, f),
1500 ( 1000 ) = A, ( 0.35) 200+ 0.67 (4000 ) 0.012 A, + 0.01 ( 1.38 ) ( 2400)Ay....( A)
Ay =11088 cm? .
Dy = 118.8 cm take . Dy =120cm Ac=11309 cm® .

D=125¢cm A =127 em®.
V;,=0.01 (11088) =110.9 cm’ ( V,, from the actual area ) .
Ay =0.012 (11309 ) =135.7 cm® ( As from chosen diameter ) .
Pu =04 (£ ) AcH0.76 Aty oovivreiieeiieieieeeeiiree et eevvve e (B)
P, =0.4(200)(12271)+0.76 ( 135.7 ) ( 4000 ) = 1394 ton < 1500 tom
Unsafe increase D

£ 125

D=130cm A= 13273 em’ .

1OA



Dy =125cm Ac=12271 cnt’.

A =0.012(12271)=1472cm’.

Ascichosemy = (3025 )(147.3 cm?’).

No need to check equation { A ) ( we can only use this equation to reduce Vg from 113.1
P10 744 €M L ..iieiiiiiieeeeeeereeereeeaee ( check only equation ( B ) as
follows )

200 [13273

—034209 113273 1_ 600231
Hoptaun 2400| 12271 }

V iy = 0.00231(12271) = 28.93¢cm’.
1500(1000) = 0.35(200)(12271) + 0.67(147.2)4000 + 1.38(2400)¥,,
V,, =74.5cm’ > Vi -+ =werormmressnssssasas s ensasmasnsssaanns (0.K).
745 . 7(125)0.785

P
Usetj. 10mm

P =4.14cm,take.P = 4cm.

P, =04(f,)A4 +0.764,f,.
P, = (0.4)(200)(13273) + 0.76(147.2)4000 = 1509¢0n > 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 Ay =12271 cm?.

D=130cm A =13273 cm?.

From curve also A = (147.1 cm?) ....... (30325 civueeineierenannn, (=1.2% Ay).
1500 ( 1000 ) = 0.35 (200 ) ( 12271) + 0.67 ( 147.1 ) 4000 + 1.38 (2400 ) V,,

Vip = 744cm’ > Viymin (28.39¢m® ) covivieiiiniiiiieieiee e ( from table A )
74,5  7125)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,=320ton. 1
D=60cm.

f., = 250kg/cm? . $3/8 om

f, = 2800 kg/cm” , £, = 2800 kg/cm’ . 8
Solution : 10419

P, =04 (fy,)A:+0.76 A f; . .
320 (1000)=0.4 (250 ) ( 760% /4 )+ 0.76 ( 2800) A . K

A,=17.5 em?,

yeod



Agmim = 1.2 % Ay .

Asmin=0.012 (x 55%/4)=28.5, Or: from chart for Dy = 55 Agminy = 28.5cm’
Take Agimin) =28.5¢m” .....evunieiiriiiirieienaeenes (100 19A,=283cm’).

P, =0.35f, Ay +0.67 f, Ac + 1.38 Vo £y .

320( 1000 ) =0.35 (250) (7552 /4 )+ 0.67 (28.3 ) ( 2800 ) + 1.38 ( 2800) V, .

V=152 cm? > Vepminy ( 13.7 cm? ) e e from table A .

Use @ 8 stirrups .

152 = LS?‘E ...................... P=565m..... (iake.P =5).
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Braced Column Inbraced Column

(a) Buckling of a column in a building
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{b) Rigid frume buckling

() 5

Braced and unbraced compression member
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shear wall
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frame 1 (unbraced) frame 2 (braced)

(t)Elevation shoing braced and unbraced frame
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_Z(EM/H,)
X(E A,/ L,)

Where «

Fe= Young’s modulus of concrete
I. = Intertia of column
Iy, = Inertia of beam .

H, = Appearance hight.

ZE_I_ = Sum.of columns steffnesses at joint.

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

.= The least of <, , e,

4.

e

Yy
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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 226 226 225 226 ,

Loads due to D.L. P, = 100t .,.4“9

Loadsdueto L.L . Py ;=631 " 6916

Concrete strength f., = 250 kg/em’. Y

Column height H,=4.0 m.

Column widthb=0.25m.

Steel yield stress f, = 2400 kg/cm’, s 95 —
5¢8/m

]

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

H.=0.75*4.0=3.0m.

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

Solution:

Assume that the area of steel ( As: ) to be equal to ( 1% ) area of concrete section ( A; ) .

P,=14Ppy +1.6P.L
P.,=14*100+1.6*63=24081.

P, =035, A + 0.67 £, Ay .

240.8 * 1000 = A, ( 0.35 * 250+ 0.67 * 2400 * 0.01) .
A.=2324.7 cm® . o bh=25 na=93cm
Take column cross section 25 * 95 ¢cm .
Aee=0.01*93*25=2325¢cm’.

» >.008*25*93.
» >.006*25*95.

Aechosen=4@ 19+ 6D 16 ......cccvvvivieairanaareannannn. ( As chosen=23.4cm®) .

Choose 5 @ 8 / m™ as stirrups.

1A




Design a braced spiral column using the following data:

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

N 50 N
Solutien: " "
From chart D, =45cm, Ae=19.56cm’ ......ooovvveeeennnnn. ( Axehoseny =20 cm’ (10 @
16)

Check on A, k = 0.9 table ( 6 - 9) for braced circular column in the E.C.89
H.=3.5(09)=3.15m.

A=3.15/.5=6.3 <12 short column { No additional moments ).
P,=035£, A+ 0671 A+ 138V, 1.

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

Vo =16.2cm*> Vemin { 13.26m? ) coooiiiviiiiiiiieiieeeeeeeie (table A).

Use 38 mm , as stirrups .

16.2 = x_(ﬁ%()_ﬂ ........ P =436cm. . Take.P =4 cm

check : F, = 0.4(750* /4)250+ 0.76(3600)19.56 = 249.8¢ > 240t..... Safe.

Example 9 :

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

Data :

No . of floors = 6 floors . * 5.0 " 5.0 "
Total building height = 19 m .

C; =40 * 40 cm, total load / floor = 15 ton . C1 Cz C1
C; =25 * 60 cm , total load / floor =32 ton . T - ] : +“
Core thickness =30 cm.

Core load = 40ton/ floor. 3.0 :

Concrete strength f,, = 250 kg/cm® . ' 20 | Cq
Selution ; T — |
Total load = 6 ( 4 ( 15} + 6 (32)+40) = 1752 ton . ﬁzo

Inertia about X-X ?xxs forC,; & C,. \ 3.0 '

I, forC,=40*40° /12 =213333 cm’" .

L C: =25%60°/ 12 =450.000 cm* . Nl ALLS, ‘ Cz
Inertia about Y — Y axis forC, & C, : 2.0 '

I, for C, =40*40° /12 =213333 cm®.

I, for C; =60 * 25°/ 12 =78.125cm*. L : 1 )

C.G for the core : Ct Co Ct

A1 =30* 200 = 6000 cm’ .

A;=30* 140 = 4200 cm? .

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

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

1,=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” .
[, total = 4 (213.333 )+6(78.125)+ ( 94.460.000) =95.782.082 cm* .
E = 14000250 = 22135%g /em® = 221t/ cmt............. EQ.(4-61)

In x — direction ( around Y — axis ) the inertia is taken a bout v 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.S.D.M design the R.C.tied column if it is fixed from both ends and may be

braced . L 225 225 225 225

Data : )

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

Column height H, =40m.

Column width b =0.25m. ;

Steel yield stress f, = 2400 kg/cm’® . ya 95 —
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 ). — 5¢8,/m

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

P =10 Ac + 0.44 fA, .

163000 = 60 A, + 0.44 ( 2400 * 0.01 A.)

A.=2310 cm?. t=2310/25=92.4cm.

Take column cross section 25 * 95 cm ..

Ase=0.01 (92.4%25)=23.1cm’.

YV



>(0.008*25*%*924)

>(0.006*25*95).

Aschosen =4@ 19+ 6D 16 .....ccverneiiiiiiiiieineinnnins ( Aschosen=234cm’).
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. ..o (OK).

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

ayaall Uyl Vin

Madd
+
FIERIRNT WUl o350l
Madd
Madd

My

<

/

AV

Madd

el p30))

Mi+Madd

Mi = 0.4M, + 0.6Mz > 0.4M

Ayl My, or Mi + Madd

M2

.}

-

Madd

Mi+Madd

A lad My, or Mi + Madd or M, + Madd
2

() J5o

AR A



@ 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:

,, 55 y
Total loads P,=150ton. g A
Steel yield stress f, = 4000 kg/cm’ .
Concrete strength f. = 250 kg/em® .
Column height H,=4.0m. S
The lower end is hinged, and the upper end is fixed.
Solution:

12416

From table upper end ( case 1 ) & lower end (case 3 ).
K=1.6,H.=1.6*40=06.4 mstart design with,b=25cm.
Ho/b=64/025=256>23.

Change column dimension , assume b =30 ¢cm .
A, =6.4/0.30 = 21.33 < 23(Jong.column).
o =0.25+0.052*21.33=1.36%

e=38=8, = A xh/2000 = (21.33)%(0.30)/ 2000 = .0682m.
Moz = Px 6, = 150x.0682 =10.23m.1.

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

H=Pf,107
0.0136=P(250) 107 .oorneeee e, P=54,
Using chart No . 14,page 19, f, = 4000 Kg/cm® , £ = 0.9.

5¢8/m

Enter the chart withe /b=0.227 ,P=5.4 ,wefindthat K=038and K (e/t)=0.085.
038 = 150(1000)
250(30)
t=52.6cm, taket=55cm,
As=0.0136(30)(55)=22.44cm’.
Agchosemy = 12@ 16 (24 em® ) oo ( uniformally distributed ) .
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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, ,C,, 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 2 method to make the system is braced .

Sgquared Squared

Nots

Jeu= 250 lcg/cmz
5.0 Deformed Steel Bars

( 36/52 ) forg1G or

more . Normal Mild
0.9 - = 17 7 72 — L Steel for$ 8 (or less)

5.0

VYA



Solution:

Cu:
-+ P, <0.75P,
P, =15(P, +Py)
=1.5(20+ 70).
=135¢0n.
: 25S1; Short Column iliea b kil (Sa
P, =0.35 fo Ac + 0.67 Ag ,
Aw=1%Ac : o Loy
1351000 = 0.35% 250 4+ £°—0°-67 % 3600
A, =1209.46¢cm’.
b=yJ4, =34.78cm —> 40x 40
G
D (hea LS
P, =1.5(35+120) = 232.5¢
A _30xt
5 232.5x10% = 0.35%x250x(30x£) +0.67 x 3600 x 100
soF=694cm — t = 70¢cm,
L&
P.=1.5(65+225)=435t¢ .
D LS

A, =3897.15
B=62.42 - 70cm - 70* 70

1 — Bracing or unbracing: -

= ¢ okadl gl B lall (Say Blata il
N
S EI
H =5x33+43=208m.

o dabies J85 o A pape 83 e A agie hagee VT e S il

(I:H
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3
L=1 =430><70
12
70 x30°
12
70 x 70°
12
40 x 40°
12
= 12916666.66cm*

+4

+4

+4

N =¥ Loads Gl Jeo
4(20+70)
4(65+225) p=27601

8(35+120)

E = 14000 /£, = 221359.44Kg/cm’.

e H | =208 107 [2769X1000 _» 045 06
Y EI \} YIE

- Unbraced.

YA

b=70
h=70

T
\]

b=70
h=30




2 — Effective Hight:
o—r b o Al ka (VY U8 ) aage ga LS 3o ASY Jladll £V aas S

e ).I:I.I.A.“ (-._un.a'.'l.“ alﬂlqﬁd‘,h.“
— 0 A Jpaad Lheaaell U8 e e glaall A8 agand (S

Axb
Col Bott o b{(cm) _He ~ 2000
Geometry | Top cond cond K | He=H, *k (oos sl a1 i k) A >
C ] 1 1 1.2 4.56 40 11.4 2.60
C; ] 2 ] 1.3 494 70 7.057 1.743
Cs D 2 1 1.3 4.94 70 7.057 1.743
C, D 1 1 1.2 4.56 30 152 3.466
5. _ T8 _4x2.6+4x1.743+4x1.743+4x3.466 _ 2 388em
n 16
.25, =4776 Jha¥ -
26, e S 8 2mg ¥
. Lg.ug;‘ aadui 'y o
5,=239m Jhay-¥
c2cem = ( emin ) Lialh Ay S a0 dad
Or=0.05b
sSforb=30cm

Cemn=0.05*30=15<§,
Al ale s (emin ) A g samall Ga 58] (( 8, ) 3paall 1 e 38000 ol b s
ESE N B
e For b=40cm,
Semin=0.05*40=2cm< 4,
o ma 4 4oy (min ) 42 g sanead o S 5, el i3 e 236,00 i

:paad
e For b=70cm.
5 0.05*70=35>4,

Jead] (Say 4l e 43 - yaneddl o BB (6, ) pand T3 e 2,58 500 Sl
ade 5l
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P M e Guld il 3 gee 4l Badld Cy 0 gael) duilly
P=15(65+225)=435ton. ‘
D e el A dad i aladiul (Say 1
(1sha = A ol of it oiay Aalaadl & 3aSh) b el y Agda0al Bl b )
§T0

’“’I % ;o BaaY

40

¥ epn =0.05*70=3.5¢m > 6,
=1.5(d+1)=5.85 t/m O» =23 o

My My SM, =M, =00

T .‘_,.':S_)a,.acl.'ucla‘,uﬂwl._.
Iy=3.3 el At e (n_,_jn.“ ‘gj haa L

M, =M,* factor.
et R Where - M _ol
T2
L;=4.8 K
Factor = —————
K, +K,+K,
- ¥, 3 yeSH il
-
S L=50m I, S 25x307 260416.6cm’
b
5{ % 40* 40
I =———=213333.33cm".
25 12
L, =33mL, =43m.

40 y )

401 = Bl e
. I -2
M, /Ly =—5ﬁ‘5— =12.19m+

TLILALIL+LIL YT 12
=0.298 = M, =3.64ms

YAY



M, = Px 3, =1.5(20+70)*2.388 = 3.22m. —>
AN RN

M, ,=M+M,_,, =364+3.22=0686ms
¢ (Blall aas
M =M,
P Cond dnnilly
-3
I = w = 857500cm*.
I/L
M=ot %y ),
A m, 39
= + —_ + -
2 LL Lu Lb
'WI s * ™ L&
—F
M- LM =039%1219=475ms =M,
T : Lol
V= M =P*8, =2325%2388 =5.55m¢
=M, 4 = 5.55.
Ly
o Mz
P My M,
! A Cs 435 0.0 0.0 23 3 gee 4 Cua
Ci 135 6.86 6.86
{ 475 { 0.00
C; 232.5 5.55 5.55
10.3 5.55
: 415 gale

—iall )L Sy J €S el dale 8, 3399 Unbraced i il “Jgdlill_xgiuih)li
Al Clea (S 4ide g 5aal g ALy Hhay 418 Gyl

.M =P &,
Magg A—a Claaly ¢ Aliie § 4 (598 3gee S i Braced yia Jsal (58 lla 4 L
Mogg s 5 ay A4 il Bask 00 Dshe 5l 1 pnal agandl 00 (5 V| Giasll o34
- Jai (Al ) AL yhall 530250

YAS




C; P,=435t with min ecc .

a — Design as squared column ( tied ) :

P,=0351f, A+ 0.67 A, f, > short with min ecc.
A 1

5

4100

<

= 435*1000 = 0.35*250* 4. +0.67*3600* —A—‘-—

Ac,,, =3897.15cm’.
cob =4 =6242cm?.

> 0,008 A, =31.8 cm’.
take :b=T0cm— . 4, =38.97cm’ = 16¢]1¢ Acrea

> 0,006 Acchoosen = 21.6 cm®.

T :
K

70—

<

Lateral tie :

Providecj.Smm : spacfng%. 6 ¢ 8 /md
™

zq’
actual.volume = . [65%4+39*4]*6 = 1342.19cm?

min .vo{ume > min .volume(0.K).

b — Design as rectangular column :

3:.[: 144 22
l

YA




Acreq = 3897.1 Scm’ ( as before ) .
Ac=b*t

A, =38.87cm’ >

ot =129.9cm?

A, =38.87cm’ >0.0084,,, =31.17cm’.
A, =38.87cm’ >0.0064c,,,,, = 23.4cm’.

Choose : 14cﬁ] g

Check of min volume :

ACreq = 3897.15cm? . ( as before ) .

A;=b*t.

St =1299cm’

LAfA,c =38.87cm’ > 0.0084,,, =31.17.

100

I%ACA“ =38.87cm* > 0.006 Ac,,,,,, = 23.4cm’.

Choosel 43{{19.

- Check of min volume: -
= ES»"‘30“‘130“‘100 =975¢cm*.
100

2
Vo = {%}*s[(z *2542%125)+(83.2%2+2%25)+(41.6* 2 +2*%25)+ (2*25)] = 1762.992cnm’.

(Vac.' > Vmin)‘

C — Design as circular with separate stirrups:
2

A, =3897.15cm* = x D.
4

D, = 70.44cm = 70cm. \
Ac,,... = 3848.45cm $8/m
P, =035f,4,+0.674,f,

A4, =40.73cm’ > 0.0084,,,,.
A, =40.73cm® > 0.006 4., 16919
Usel64{19.

100
Lateral tie: uset{&spacing—s—

VAR




0.25

. * A.*100 = 962.1cm’
min 100 At‘

T 2
Vv, = [—;{h](;:ox )* % =1286.48cm’.
V;cr > Vmi.n'

D — Desgin as spiral column :

Design of longitudinal reinforcement:

P =041, 4, +0.764,f,

A
assume : p = A“‘ =1%.

C

435*1000 =0.4*250* 4, +0.76* 3600 * ]ATCO

A =3415.5¢m’
D = 65cm.

D, = 60cm.

A, =37Tlem’

144{19

Design of spiral reinforcement;

B, =0354,f, +0.67A,f, +138V,f,.

7 * (60)
4

A, = = 2827.436”12

f, = 3600kg /cm’®.
f., = 2400kg /cm®

74D
Vo =2917cm’ fem = .S
3 < P=325cm <8,
Check of min spiral reinforcement:

v
» =i'12~7_ =0.0103
A 7(60) /4

tu.yp(min) = 0.36f_“'|:i - 1:|

w k

— 036+ 2% | 1| _ 00065
2400 (60Y

Hp =

au.tp < #.rp(min) N

65

¢!

piral ¢ 8,/3.25 em

144519

YAY



4 — Proposed Dim , to make the building bracing :
o= HYN/EI

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

Col . Dim.
C, (30° */50")
C (75" *75%)
Cs 140 * 140
I, =1= 4[(252)4 + (11"2))4 + 30(: ; 0y + 15080)3} =173700208.3cm".

E =221359.44Kg/cm’.
a=0.557 < 0.6(code.lim it).

il
ol Gl U 4l 3 5 adf Bl g saae Y alad 535 &y ( braced ) aall Jaal

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 . -
- Wu{bum) =40 tm". Lu=3. 00 m
Solution: 5,=500 m |
3.00 m m
2
M, = —833ms. fi=85m
12 |
_& 0.5 m
YK +K +K, | ei—
v
El
k=T T
SE gslall 3 gandt Jind sie o3l of JaaY e
o il 3 gandl el die o 5ell (e 35 m 1
4 T kw3l B Sl alasift
I=1,= % = 67500cm". =
Ku > K{, ~ T
2 il 3 gandl ayu STy so% < S I 2 N
Mx
(50y’ s !
I, = (25)"— = 260416.6Tcm".
x
Iy 67500/3.5*8.33 1711 s

» = 67500 , 67500 260416.67

+

3.0 35 5
Check of bucking of column:
In X Dir:

H, bigger of 3,3.5m =3.50m.
tb=50>bm|_=3[)un_,_).k1‘ olasy| 4.1

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

2, =%=8.75<15

no addional moment My 594 = 0
in Y Dir:
H,=3.00+3.50+0.5=7.00m.
Case ( 1 ) braced

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

YAS




4,=22 175515
0.3

30

S =225/2000=(17.5)"+* =4.59cm.
2000
M, =Pé
~100% 4.59
100
Mx_,, =4.59mt
P Myaad MY M)'
Building Applied
100, 4,59 m.t -- 1.711 1.711 m.t
Ip-mm
I
L A
7
,
L
| £.889% i.m
_____ 0~ L
v
v
/

V4.




Example 14:
P,=400t.

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

Slenderness calculation: -

In X direction:

Ho=4.50m.
t,=100cm. a.sa}[

Top condition:

te=50cm<ty. 450

Bottom condition :

L>t,=60cm (case 2 ) I
0.50

Table {3}

K =0.85

S H,=KH,=085*450=3.825m. 4.50
A, = & = 3.82 < 15 short column
b 100

ie no additional moment.

A=

0.8

in Y direction :

Ho=9.50m.
y,=70cm.

Top and Bottom end condition : Case (2} : tp <t .
K=0.85{table 3 )
H.=KH,=0.85*9.50=8.08m.

2= 898 _ 11 54 <15table6-7),
b 70

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

Short column P,=4001.
{eq.fromcode).

14y



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 .

- = 250 kg/em? | £, = 3600 kg/em? , £, = 2400 kg/em’ .

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

- Beam dimension ( 25 * 60 )

It required to :

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

Solution :
Total load=4(40+50)+6(60+90)+2(120+230)=1960t.

i : -
I,=2 30*(—7?1}4{70*@ +2[(70) +4[30*(50)3:|=7596666.66cm‘.
Y 2 | 12| 12

I = 2(70 * El%l:l + 4|:30 * @ + 2':(1{;)‘ + 4{50 *ISO)J:I = 8196666.66cm".

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 2N = 2300 19607107 = 2.39 > 0.6 (unbraced.in.X direction).
> ETy El,

in Y direction :

f 1960*10°
o« = H ﬂ = 2300 _1960710° = 2.48 > 0.6.(unbraced in.Y direction).
YEIX 221359* 1,

Ho= 4+ 1.00-0.6 =44 m. (at ground level ).

Y4y



800 m 600 m 8.00 m

A

-
P

&y (30°60)
e
M ! \ -—
D) I\
L ore 548,/m T
1+
1
—t—t
[ 546/m
(7‘30)
£
=
L
{e5%80)
- '
3
~
|
- -

Typical Cross Seclion .

(10 JWa )1A J5&

=T

—d—

5¢8/m"

]

12¢ 22

—r-—t

] b /m

14y



2 — Buckling load :

in X direction :

Top end Bottom end
Column . . K= Hc / Hn Hc bcm ;{1': 5(51
condition condition
C 1 2 1.2 5.28 50 10.56 | 2.79
C, 2 1 13 5.72 70 8.17 |2.34
Cs 2 1 1.3 5.72 70 8.17 | 234
Ca 1 1 12 528 | 30 | 17.6 | 4.65
_Ab
2000
5, = ) _ 4(2.79)+ 2(2.34) + 2(2.34) + 4(4.65) — 3.26¢m
' n 12
Notethatanycalculated 5 <2 &,
M, u=P5,,.
in Y direction :
Top end Bottom end
Column . . K=H./H, H. bem j'b 5cm
condition condition
Ci 1 1 1.2 5.28 30 17.6 | 4.65
Cs 1 1 1.2 5.28 30 17.6 | 4.65
Cs 2 1 1.3 5.72 70 8.17 |2.34
OF 2 1 1.3 5.72 70 8.17 |2.34
5. = 4(4.65)+ 2(4.65) + 2(2.34) + 4(2.34) — 3.50cm.
‘ 12
Mx.add = Pé‘av

Y4¢




Edge columns:

Cs, C, in x direction and C; , C; in direction y :
ForC,,Ca:

b

» k]
I = 25760 _ 450000cm*
12
3
1, =1, =890% _ gs7500cm*

£ 36)
M, =0 -<2=02%1.5-"=9ns
w =0 = Q7T

B.M at upper of lower column: -

__MuK L E
KL +Ku + Kb ’ L
*
9*857500/5 =2.90 m.1.

~ 857500/5 + 857500/3 + 450000/6
ForcolC,, M, =29m1.
ForcolC),M, =2.9m.1.

For C;:
M,
3
I,=1 = COCY” _155000m¢
12

M =_Mﬂ__

K, +K,+K,

9.00*112500/5
=1.5m¢

B 112500/5+112500/3 + 450000/6

Mxi

3
L=l Jﬂ%: 312500 cm®
M, =233 mt

V40



Column | P,=14Pp +1.6P ;| Mu=P* 3, | Mpu=P* 3, | M.uge column M,
M, My M My,
Cy 134t 4.73 mit 4,37 m.t 1.5 | 2.33 | 5.87 6.7
C, 222t 7.77 m.t 7.24 m.t -- 2.9 7.77 10.14
C; 514t 17.99 m.t 16.76 m.t -- -- 17.99 | 16.76
Cs 222t 7.77 m.t 7.24 m.t 2.9 - 1067 | 7.24
Design ofcol. G, :
Dim ( 30 * 50)
Biaxial moment :
M 6.7 0.05r=1.5cm .
e.=— X = =005m>e_ .. " the biggest
I }),, 134 x(min) 3 gg
M_ 587 05t=2.5¢cm ,
= _P = _.__134 =0.044m > ey(m)::: 25 the biggest

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

*103 -
P _ 134*10° . (table6-12)

fuba 250%50*30 EC

M 287 auss

a 0275
M, la” >M, /b,

M
=87 g
b 0475

M =M, + ﬂ(‘;—_]My

=587+ 0.59(@-]6.7 =8.16ms.
0.475

Using interaction diagram ( chart No 17 ) ;

B =0.59

£=08.
fy = 3600 kg/cm* .
uniform steil

P,/ fm.ab=0.35
M,  816*10°
f.bat  250%(50)*(30)

072

141




get > p=5— uab=18.75m’
1 2<:‘Hl 6(uniformly distributed).

Design of Cs:
M)"‘

G= 0.033 0.05t=23.5cm
M _— emin,m

e, = » =0.035 2 cm

€x, €y < ‘—Jmin

Design according to the code equation :

P, =035f,4+0.674,.1,.
A, = 35.34cm’.

_06%dAc,,, =29 4cm’
ASCmm T 08%Ac,,,

Choose : l2<ﬁ22.
Check of min volume of stirrups :

025
min W
V,, =0.504%5%(4*65+4*65+4%22) =1532.16cm’ Im”.
Vst,, > Vs, —(0.K).

Vs *(70*70*100) = 1225cm* / m’.

act

Y4y




Example: 16

= 3 oy Lale Law) dslb Jpali ppuin g5 o pos 50 dabis Jgha lagja 13948 paia

. oy = 250 kg/cm2 = Gluall el slgall — ¢ - unbraced ada i Al )
. f, = 2400 kg/em? = saall g small Mga) — 0 . survice loads Judal Jeal - ¥
- dganll G 380 1y A giiall oy jedl Jlaa) Sy — 1 AL =96t = sl Jaal
(X, Y ) o o genll A 0 s - Y -LL=41t= 4l Jal
Lih oY) ool il 3008 ey (o Bladl ang = AL oG Al y L glell aliglgs — ¥
.Jﬂlua,uﬂ.'\l
i) S A |
X — direction: -
Homax =4.00 m .
*» Casel
S K=120
. unbraced saia & Alall o} Jaal
*+ Casel
~K=120

- H, = Hjk=4.00%12=4.8m.

A= A, =—'8-=9.6<10.
x, 05

.;}i.liﬁéﬁaiﬂa,‘.ﬂlihﬂ!dah.a,nqaloq;*
buckling effect zl—a¥W) Jia¥ (o jaie p& jual dgac X olad¥ & 3 genll i 4fde
Al p g el O gl ¢ D e et ad e Sl L) py el G smie ey

Y — direction : -

H,=55.

** casel
L K=12

Y4 A




. unbraced Mie & 3 gaall o Lol

» Casel
LK=12

~H =55*12=66

/1=H“’ =E§:13.2>10
y, 0.5

05—Ss o oy ¢ e gt lmi lagae gl g (© Jpan ) pealll 3 gaall 5glal 2 ganll 1y
- Maad t._l‘..u:dj ¢« Maag q.!l.u:lj ‘._}c. 4.)1;

A (132)*s0

= = 4.36¢cm.
2000 2000

DA S e s o

e = 4.36cm.

233608725 0.05.
50

— : Interaction diagrams Jolill Cilyiaia M« Bad g ij‘l
B, =1.4%96+1.6"41.0 = 200ton.

4.
M, =P =200%238 _g 721 m
' 100

:(Ch:11) V) g, kil ey

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

Ke/t=032*
50

V49




= pf,*10° =2*250%10" = 0.005.
A, = bt =0.005%50*50 =12.5cm* —>

cop =0.25+0.0524,
=0.25+0.052*13.2 = 0.936%.
use ;

0.936

Swa =05~ 507 50=23. 41cm® > (take) 8420

Stirrups :

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

S Take : S =20em.

d,2 [44’] > ? -2 Smm.

cj‘“z 8mm.

- take - cjspnm/zocm.

Check:
0.25 o
Vst o = 100 (Volume of 1.0 m longitudinally)
_025

———*50*50*100 = 625¢m’.
100

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

somin

(0.X)




7]
4| .0
© o}
<
V.
b ]
lq -
=)
o3 oy o
@ o i
Sl - = F7 Q 9
0.3x0.7"] e
0 S T
m .t
-«
[
C\i 0
Y
Yy
Y,-0.4] %——z
I-0.6
—x — direction
[
T
o My-’0.0
:z: T-05
[os]
i
]
]
0
™ H0=4.00 m
o
[
[
™
o

Yo



P ﬂ“) .-case 7
_.______-" Sk = 1.20
0.5
// L —ﬂ_—ﬁ\
/ % A .- case 1
\ Q ) ~k = 1.20
.
\.\ ‘//
sale yue allad] o sl
Lot (et $Slall 23e)f
M = 0.00 Mg, = 0.00 Myq0;= 0.00




Y

direction

y—direction

aE

-
<','" j’,‘ -- case 1
T ~k = 120
L&
-~ /”'—_'—L_—‘\\
s o N\
f N )
N S y
\\ //

Yo




0.32] — »» P= 20
A
0.0279 K .
. %,
5¢ 8 \m>
N
e 8 $20
A0

¢ Uadll Jaolis




Example : 17

= al) Jmaal Gapa (X, ¥ ) coalaWI NS i braced ha 3gee JSAN g gall

. ultimate load ( p, ) =290 ¢

Aada A ey (y,x ) palad¥l DS 3 buckling conditions g las¥ Alla P g
ey g dgad) e Al o g 5l

Jol—< clac} aa interaction Diagrams Apsliall Jeliah Cilyiaia Ladiiue 3 gandl oais — ¥

Solution:

Buckling load :
In ( x ) direction :

Top y Bottom t.=105>(t,=60).
Case(2).

K =0.85(table 6~ 9)E.C.

KH, 0.25*54
t 1.05

A = =437 <15 - (table.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 .
g, = 395 162515 (table6-7).
b 25

< 30(rable.6 - 8).




_Ab (162 x25
2000 2000

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

Design:
Pu:290t Muadd=9.5] Il‘l.t
( using interaction diagram chart n° 38 )

20
=—=0..
=95

f, =3600kg /cm’
o= 1.00.

*
Ko P 290%1000 ...
futh  250%105*25

M 9.51*10°

u

= = 0058
f4b* 250%105*%(25)°

p=3.6.
u=pf107° =09%.

A =4 =22 4254105 = 23 63cm’.
100 |

useSq.:j' 25 on each side

=3.28cm. > 0.05¢{ > 2¢cm,

b=25¢m.






