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Reinforced Concrete Sections Subjected to Eccentric Forces
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Example (1):

Design a R.C Section:

P, =-2001 M, =5 m.t.

£, = 250 kg/em’ f, = 3600 kg/cm’
b=30cm

Solution :

e )
Assume— < (0.05 min ecc
t

Zone(A) : S0om 10816
P, =0.354,F, +0.674s.f,
Assume As, =1%A, — —t—

L 60 cm ]
200*10° = 4,(0.35*250+0.67* 31%%0)

A, =1791.79 cm® =30*tcm’
t =597 cm iy
t=60cm
e 235

-~ =—=0.04167 < 0.05
t 60

The assumptionis correct (zone A)
As. =0.01*1791.79

= 18 cm?

598,/m

Choose 10<ﬂ16 (4, =20.11 cm?)

Check :

0.8

ASoia = 705 *1797.79 =1433 cni” < 4, = (OK)

=]O—(')66"30*60 =108 cm® < 4, = (OK)

Use Sq‘SIm as stirrups .

= 0'55*30"60*]00 =450 cm’

s min
1

Vg =5 *%(0.3)2[25-4 +55%2427.5%2] = 666 cm’ >V, = (OK).
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Example(2):

Design a R.C Section to carry:

P.=-200t.
b=30cm.

Solution:

M,  25*10°

P 200%10°

=12.5cm.

Assume t =70 cm

(17 ges)

M, =25 mt.
foo =250 kg/em?

? =0.178 > 0.05 assume Zone(B)
F.>F ..Comp.
0.57odi%o
|
Zone(B) : —r - — A3, s
1} b e X
- A 200710 a4 |
F. bt 250*30*70 ‘ Fqual

e 12.5
K-=0381*— =0.068 As I

‘ 70 - A

(r) Ju. (w) gsa
Take  «=10 f, =3600kg/ cm?
— By b
C=l 2 cover _ 70-2*25 =09
! 70

Chart No. 27
p=24
H=pfox107

=2.4%250*10"° = 0.006
A=A = ubt

=0.006*30*70 = 12.6 cm® (44{22) for each side

YYe



-4

—=0.178
t

e= M, =0.125 ,
P

y. = 1.75-0.5% =1.6607 k1.5

74 ;1.36-0.43§=1.283|<1.15
a=08C

0.003+¢,/7,

C, 0.003

d 0003+¢ /7y,

0.67 f

})bz “ab'b+As-f;'/rJ-A:f;v/rs

<

=(0.67 fm/yc)bd*o.s[ 0.003 ]

0.003+¢,/y,

=0536 = pg| 6000
Ye 6000+fy/'y,

=114.47 ¢t <200

.. Compression failure

Exampie (3): (VY Js)
Design a R.C Section:

P,=40t M, =40 m.t.
b=30c¢cm

YYe
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Assume Zone C
J-c M
Jab

40*10°

250*30
d=6928=70cm
1=12*70=84 =90 cm
t =90 e

Assume C, =3

—Cec
=3

—T's

Bal"'“ced

p =97 apegsc,

Y. Pu
_0.67%250 6000 ¢

*30*0.8—————*85
1.5 6000 + 3600

1.15
P, =149.7¢ > P, .. tension failure

0.04 f. bt =0.04*250*30%*90 =27«
27 <P, <149
0047 bt <P, <P, 149.7

(Zone C) 27 L ply
M" 7 7 g )

7 =100 cm Mu
90 (v) Ju. (w) J55

e, =e+%—c0ver=100+?—5=140cm

e =

M, ,=P"e, =56 mi.

R Mu, __ 36 *10°
f.bd>  250%30%85?

Chart(1) : w=0.138

=(0.1033

£ P 250 40*10°
4, =wbd 2o T _ 13843085+ 20 _ = 1170 cm? 6416
AL 3600 3600 64ft6)

1.15

Yvy



: C) Ay jhy (San

w =56 ms

d=C M,, = get C, =3.11

—>get J =075
5 3
4 - M, B __ 56x10 40%10 —11.623 cm?
S, Jd & 3600%0.75*85 3600/1.15
Y.
Check :
fow =5x107° £, =0.0125 ... (Eq" 4—1 code)
As, =0.0125x30x85 = 31.875 cm® > 4s,, = (OK)
1 1
Hoin = 11 L A 1 x30x85=7.8 em’ < As,, = (0OK)

- AS, =
7, 3600 3600

YYA




Example ( 4) ; (Ve Js)

Design a R.C Section to carry:
P,=15t M, =60 m.t,
b=30cm

Solution: 3816

It may be zone D because M, > P,
M,

Fob 2412
assume C=3

2812
d=c

d=3 60*10° 722
250*30

d=849cm 3
Take =90 cm

1008

(£) JBe (16) JK&
Code item (4—2~-1-3)

0.04 1 bt =0.04*250*30*90=27¢

P <0041, bt

.. Zone D

- Neglect p, & design as a beam( flexure failure)

_60*10°
30 (85) (250)

w =015

A =0.15%3085* 323) = 26.5625 cm? (1§j22)

Yva




Example ( 5) ; (Yo Js&)
Design a R.C Section to carry:

P,=+50t M, =5mt
b=30cm t=80cm

fou = 250 kg/em® f, = 3600 kg/cm’ .
Solution :

Method (1):

e=5/50=0.1m <05t
e, =—r—-e—cover

2
=04-0.1-0.025=0.275
e, =£+e—cover

2

=0.4+0.1-0.025 = 0.475
e,te,=075m

_50*0475%b> 3600

small sec.

=10.12cm*  (64f16)

& 0.75 1.15
_50%0275*10° f,
= 0.75 7,
_ 1833333 _ 183333 .. . affie)
3600/1.15 3130.4
3916 T <
’ T,
2810
Mu-—~5.mt
2410 80cm Bu=+50t
6 #16 -
1 Ty
30 I

(o) Jlo (v0) Jsa

75cm

Yv.




Example ( 6) : (v Jsa)

Design a R.C Section to carry:

P,=+20t M, =50 m.t. .
b=30cm

Solution :

S

assume c¢=23

* 5
=31}50 10 =T775cm
250*30

76cm

By 20t

d=0.9da 5706”1 (1)‘,"..” (\1)JS-.0
. tension (b Al jall 45 jLhs Jlis
t=T5cm
e=2=250 cm
20
e/t=333>0.5 ~.big ECC

4
e =e—-:-2-+cover

e,=250—§+5=217.5 cm

Mu, =P, .e, =435 mt

M 3.5%10°
p=Mt__ 83710 _, 4
Ffbd®  250*30*(70)
R=0.118 5 007
d 170
w=0.15 » =03  (from tablel design Aids)
250  20*10°
As=0.15%30* =28. 2
s=0 0 703600+ 3600 = 28-26 cm

8¢f22)=30.4 cm®

250

1.15

As, =03 (0.15%30* 70220 )= 6.5625 cmi?
1 =03¢ 36000~ 8362 om

(44[22) =8.04 cm’.

es

As

As

AR




Example(7): (VY Js&)
Case(A):

Design the following for the given cases

Case | Mim) Nu() t(cm) feu f, a
A 53 -16 70 250 3600 0.4
B 42 -35 70 250 3600 ?
C 42 -160 70 250 3600 0.8
D 23 -150 60 300 3600 1.0
E 100 -19 ? 300 3600 0.0
F 45 -210 80 300 3600 1.0

A) given Ny=-161% M, =53 mt

0.04 £, bt =0.04*250*25%70 =17500 kg

N, <004 f_ bt (neglect N,) As

Design n for moment only

[2
M, =53 mzt
R=-Me__02 , =04 As
[, bd —
25em
usin g R—w table (table 2) page 13
w=027 (v) Ju. () JS5
250

A =wbd [ f, =027*25%65*—

P =whd fo 1), 3600

=3047 cm® = scﬁ 22

A7 =04 4,=1219 cm® =518

Yvy




Case(B):
Given N,=-35t M, =42 m.t

N, >004 f bt =1751¢ (calculated before)

e. =M /2 005=15m
N

u

M, =N,e,
M, =525m1

usin g (R —Wtable(2) page (13)

* 5
= N 5198 > (R /7, = 0.129)(tabled - 1)
250 %25 *(65)
use comp steel : oc= 0.4
w=0,27

A =wbd Ju N

f Ly

* 3
—027%25+ 65+ 20 _ 33710 _ 1659 o (scﬁls)
3600 3600/1.15

A = whd [,/ f, =12.18 cm’. 4{18)

Yy




Case (C):

M, =42 mt N, =-1001¢
t=70cm oc= 0.8
e:M“ =0.42

N

w

Using interaction diag . (Chart No.26)

£ =0857 = %:os f, = 3600 kg/cm’
- 3
L _ 10%0° 59

T b1 250%25%70

K.§=0.137

p=32
u=p*f,*107° =3.2%250*10"° = 0.008

A, = u bt =14 cn?® (744’16)

A4 =4, =12cm.  (64[16)

o= 0.8

Yyt



Case(D):

Given:

N, =-150t Mu =23 m.t

fou = 300 kg/cm? f, = 3600 kg/cm’
23

min

e=]—5;=0.153m >e . code(4—-2-1-3) x=1

use int eraction diag (chart No.17) (uniformally distributed steel)

5
g’=£=0.8350.8=0.8 £, =3600 kg/cm’

fou =300 kg / cm?

P 150*10°

=1 =033
f.bt  300*25%60

k.£=0085

1
p=8
pu=p £, *107° =0.024
A, = 2 bt =0.024*25* 60 =36 cm’ (1044’22)
A =4, =36 cm’ 10¢{22)

Yve



M, = 100 m.t Nu=-19t
t= 9 fo = 300kg/cm2
f, = 3600 kg/cm®

We can assume ( t ) to design as member as subjected to moment only .

MII
b e

d=C take C, =3

Sd=1095ecm =110 cm

To make it single Rfd

100*10°

=—————=0I1<R,, (0K)
300*110% *25

W =0.148
A, =wbd.f, | f,=33917 cm’

94{22

Check that the section is designed to carry moment only:

0.04f,bt=345t>P, (OK)

Y




Case(F):

Given:

70
t=80cm oc=1.00 {= % =0.875=0.9
M, =45 m.t N,=-2101

Case ( 1 ): Using interaction diag. ( chart No. 27 ):

£

K= =0.35

g =p* f.*10° = 0.0105
A, = A; = ubt =21 cm?

Case(2) : usin g int eraction diag chart N°.25

x= 0.6 {=£=0.9

p=44
1 =0.0132

| =264cm’

A =« A, =15.84 cm?

YeYv



Example (8) (YA Jsi)
Case My (m) Nueny Y cm) fou f
A 65 -16 70 250 3600
B 65 +16 70 250 3600
Case{(A):
M, = 65 m.t. Nu=-16t.
t=70cm £ = 250 kg/cm’

f, = 3600 kg/cm’ t. =10cm.

assuming the C.G of the cross section is at middle of the depth (t)

assume a <{,

ezM" =§=4.06m
N 16

!
e, =e+—2-—cover

—4.064+ O;; ~0.05 = 4.36 m

M, =16*4.36 = 69.76 t.m

USING (C - J) chart(2) (page 4)

C, =426 (c/d) = 0.163

a=848cm <t

then the assumption that (a <t )is valid

J =081

M N, 69.76 *10°

uy Hy

120cem

{0cm

As

l_25em___|
(M) JEe (W) JS&

¢ =10.6 cm a=08¢

*
16*1000 _, . .

A: — — —
*f,Jd  f,/1.15 3600*0.81*65

=317
(3600/1.15) i

YYA



Case(B):

M, = 65 m.t. N,=+16t.
t=70 cm fou = 250 kg/cm®
fy = 3600 kg/cm” .

65

e=——=4.06m

16
= M, —i+cover =3.7625 m
N, 2

L

M, =N,.e =602 ms

Using C —J curve:

“-0.14 C=9.1cm a=08c

a=728cm<t, —(0K)

j=0.82

A= Mu | N 3646 cmr
f,ad (£, 17,)

TY4



Example (9) (14 Jss)
Case(A):
Case My (1) Nucn) t( cm) feu fy
A 15 +90 60 250 3600
B 65 +90 60 250 3600
M, =15 mt. Ne=+90t.
t=60 cm f., = 250 kg/cm®
f, = 3600 kg/cm® .
e=AL=l§=QM6m -11L=§9=ﬁ
N, 90 2 2
e<d—dv
T
2 As As, L
e,=60/2-166-5=84cm
e,=60+16.6-5=71.6cm es
¢ , !
x e
T.— T:I"e.lz =90 71.6=+80_55t _L___-_T
e, e, As As es,
2 l ZT‘:?
%
T, =Tula 20784 g4, |l_25em |
e, +e, 80
(4) JBa (n) J5S
T,=60¢
80.55
A =TI(f.ly)=——— =2573cm’
n =110 17.) (3.6/1.15)
9.45 =3.02 cm?

27 3.6/1.15)

Yé.




Case(B):
Mu =55 m.t. Nu
f,

t=60cm <0 = 250 kg/cm®
f, = 3600 kg/cm” .

e=‘x" =061l m >[d"d =E=2s]

t
e, =e-5+cover

=61.]—6?0+5=36.] cm

M, =N_e =325ms
usin g (R —Wtable(2) page(13):

M,

R= 5> =0.172
Jo bd
oc= 0.3 w=0.225
A, = wbd L"—+ N,
1, Sy
* 3
=(0.225%*25*55* 250 90*10 =50.23 cm?

+
3600 (3600/1.15)

A = [wbd %] =6.44 cm®.

¥

YeD




3.90

Example (10) (¥ Je&)
Design the exterior column shown in figure (A)
Data:

Feu =200 kg/em’ . f, = 2400 kg/cm? .

L.L =215 kg/cm® Pp1 =50 ton,
P = 50 ton .
Assume that the building is unbraced.
2
2.90
EA /1 /‘/ ‘//m 3.p0
30*30
g /// i a.po
15 ;__:ll
1
P 5.00 . 8.00 . S Esoso
' - 4,00
Xy
wl,‘/ 1z wl?fz
i=6m
() JS&
Solution:

W, =1.4[0.10(2500) + 200]+ 1.6(215) = 975 kg /cm’
W, =1.4(2.5)0.25(0.6)+3 (0.975)=345t/m

2
M, = ﬁ%@— =1035 m2

K = stiffness of the member = 4 EI/L ( for member fixed from both ends )

We can also use relative stiffness as all member from concrete ( having the same E )
Relative stiffness =I/L ....c..ooiiiiiiiiiiii e ieeaes ( Fixed — Fixed )
..................................... ( Fixed — Hinged )

From code page 154 and for two bays or more , the moment over column ends can be
calculated as follows:




oy K M,

k

=K, Mo where K, =
=K

These calculations are illustrated in a tabuiated form

K =K/Z
N° Section 1 L K ’ "M =K. (M)
1 30 * 30 67500 300 225.0 0.149 1.55
2 40 * 40 213333 400 533.3 0.353 3.65
3 25 * 60 450000 600 750.0 0.498 5.15%*
K 1508.3 IM =1035
H,=40,H, =0.75(4.0)=3.0m
0
30 75<10 ((short column)
0.40
P, =1.4(50) ++1.6(50) =150 ¢
_ 150x1000
200(40)40
5
k. £ _BMT =0.028
t 200 (40)40
Use chart N°.11 page 16:
P O o =8(200)107° = 0.016

A, oary = 0.016 (40) (40)=25.6 cm’
A; (chosemy = 27.32 cm’® (41{19 + 81{16)

** Note: the value of the moment transferred to beam (5.15 m.t )is in a good agreement
with the value of the assumed — ve bending moment on beam edges
suggested by the code (WL?/24)

=3.45(6)*/24=5.17 mit.

Ye¢y




Ezample (11) (Y Jsa)

Check the column shown in figure if fo, = 250 kg/cm’ and f, = 2400 kg/cm’
P, =350 ton.

JLOL0 .40

35

22.5[ 2.1

20¢ 22

(r) Jso

The column is circular with closed stirrups.
£ =0.74/0.8 = 0.92

the column fixed at the foundations and free from the top (unbraced)
Fromtable (6-10) ..o, K=22

H,=22(2.1+08)=638m
Use chart No . 46 page 51

6.38

A= 08 =798 <8............. (table 6 —T) short column
R=D/2=40cm

Jromfig.,e =02 m,e/R=20/40=0.5

X = B, 350x1000 ~0.875

£ R 250x40?

Enter the chart withe /R =0.5 and k= 0.875

Or M,=350(0.2) =70 m.t




5
_ M, - 70x10 - 0.4375

e
k.=
R f,R 250x40°

Enter the chart with k =0.875 and k{e/R) = 0.4375

p=1
i =7(250)107° =0.0175> u,,, (1%)

Ay requiredy =0.0175(x)40% =87.9 cm’
Bl Apaeay,  =20422(76 cm’)
A, Aoy > s provided) ~-v-sesmraseresemees the column considered unsafe

Also the spacing between stirrups (22.5 cm ) is bigger than the value allowed by the
code (20cm) article (6 —4-7).

Yéo



Example (12 ) (YY)

Design sec A — A in the frame shown in. Assume the frame is braced in y direction

(out of plane ) and unbraced in x — direction ( its plane ).
Data:

foa = 250 kg/cm® f, = 2400 kg/em® .

70 70

120

N A &
L~

340

¢

T-
|
7.6

%00

|

It *J;é/

—

(rr) JSs
Solution:

nro

o

100
‘Jf :] Section A—4

As the column has a variable cross section, so an average value ( tavg ) Will be used for
buckling calculation, while the actual section (t =100 cm)is used in designing sec A-A

the average thickness for buckling may be takenat 2/3 h .
Tavg =60+ 40(2/3)=86.7cm .

Refer to table ( 6-10 ) as the frame is unbraced in x — direction

Case (3 )atbottomandcase (1 )attop .....ccevvvvivvininnnnnenannnn.

Ho=7.6+1-0.6=8.0m.
He=1.6(8)=12.8m.

2=22 1476
86.7

5= (14.76)* (0.867)

2000
My (adg) = 0.0944 ( 156.5) =147 m.t .

=0.0944

FR



My (o9 =70 + 14.7 = 84,7 m.t.

In most cases the additional moment in — Y — direction equal to zero to small vajues
and can be neglected .

_ 156.5x1000 _
250 (35100

s
% € 84.7x10 — 0.097

250 (35) 100°

¢ =09, f, =2400kg/cm’, @ = 0.6.........c...... chart No 19 page24
p=2.5

4 =2.5(250)107* = 0.00625

A, = 0.00625(35)100 = 21.87 cm? (5425)

A7 =0.6(21.87) =13.125 cm? (34’25)
Avmiy = [0-25 +0.052(14.76) B5(100) /100 = 35.5 cm? (Eq.6 - 45)

Ay = 3928 cm® (8d25) > A

J{min})

Another solution:

Use chart with uniform steel N, .11 page 16, £ = 0.9 , f, = 2400 kg/cm’ .
k=0.179 ,k(e/t)=0.097

L= S 4 =5(2500107° = 0.0125

Ayior, = 0.0125(35)100 = 43.75 cnt®

A = (45.6 cm?) 12:{ 22.

s(chosen}

*in Y — direction :

refer to table ( 6-9 ) as the frame is braced in Y — direction ................ K=0.90
H.=09(3.4)=3.06m.

A= ﬂlﬁ =874 < 15 (short Column).
0.35

Yev



Esample (13 ):

A spirally reinforced round column is braced against sidesway at both ends. Its diameter
D =60 cm. And unsupported length H, = 7.5 m . Elastic analysis indicates that for dead
load P = 91 ton, M; =23 m.t , M; = 11.5 m.t, and for maximum effect of live load P =
96 ton , M; =23 m.t,, M; =11.5 m.t. End moments M, and M; have the same sign and
thus tend to bend the column single curvature. If f,, = 350 kg/cm? f, = 3600 kg/em?
k = 1.0 and maximum nominal size of concrete aggregate is the equivalent of 1.9 cm.
Determine the necessary longitudinal reinforcement and spirals.

Solution:

DesignP,=1.4Pp1  +1.6P 1 =1.4(91)+1.6(96)=281ton

DesignM; =14Mp; + 1.6 M = 1.4(11.5)+ 1.6 (11.5)=345m.t

Design M =14Mp; + 1.6 M =1.4(23)+1.6(23)=69 m.t

Effective length factor , K = 1.0

KH, 1.0(7.5yx(100)
i 0.25x 60

Slenderness ratio A, = =50 <50 and

KH, 1.0x7.5x100

j‘h =
D 60

=125 >12

Must consider slenderness effects:

s A D =[(12.5)2 x 60

= =47 cm
2000 2000 ]

Muag = Py. =281 * 0.047= 13.21 m.t.
Design moment is the biggest value of:
M, =69.0 mit

M, +M£“‘ =34.5+%1=41.1 m.t

Mi=04M, +0.6 M, =0.4(34.5)+0.6(69) = 552 ms = 0.4(69) = 27.6
Mi+ M, =552+13.21=68.41mit

Pe_, =281x0.03=8.43m1s

. Design moment = 69.0 m..

YEA




M, 69x100

€=t =24.6 cm
P 281

e _246_,¢

R 30

Assuming bars cﬁ 22 mm , spirals 10 mm, 2.5cm cover

D =60-5-2(1.0)-22=508cm
D
=—"=0385
d D
From design charts N, .48 with
£ =09, f, =3600 kg /cm’ and

|
e
o0

|«

ko B _281x1000 .o

1R 350x(30)

Lp=10
u=Pf,x107 =0035 <y, =006>u, =001

0.035z D _ 0.0357(60)

- Required A, = 2 =98.91 cm® say27 cﬁ' 22 mm.
Check of clear spacing between longitudinal bars:
Available center to center spacing of bars = 7 Ds =6.1cm

Minimum, allowable clear spacing according to code provisions, is the largest of:
Maximum bar diameter =2.2cm or

1.5 maximum nominal aggregate size= 1.5 * 1.9 =2.85 cm

.. Least center to center of ﬁ 22mm=285+22=505cm.

Available 6.1 > 5.05
@ -
K L- &5

¥
b D = 80em

Yid




Design of spirals:

Uiy = 0.36[%}[:;: _ 1}

xD?  m(60)°

A = = 2826 cm’
4
_ 2
4, =Z00=2%25) o304 6 cm?
oy = 0.36[EJ[ 2826 —1] =0.0094
2400 )\ 2374.6

v
By = j& , ¥, = 0.0094(2374.6) = 22.38 and
k

Ve =m A, D,/ P
USING 4 10 mm as a spiral

_3.14%0.78*55
22.38

S A, =0.78cm’ , P =6.05 cm

Choose p = 6 cm (O.K)

Yo.



Example (14 ):

Design a spirally reinforced round column for member BC shown in the figure:

Design P, = 305 ton, Design M, =37.2 m.t, £, = 350 kg/cm’, and £, = 3600 kg/cm’
columns AB, BC and CD are identical and notbraced against sidesway . the stiffness of
beams at C and B are 3113.5 cm’® and 2785.8 respectively . Maximum size of concrete

aggregate is 2.5 cm. M, is due to wind load.
Selution;

Assume 60 ¢m round column,
i=025(60)=15cm

D71
I.=nx D*/64 = 635850 cm*
K =Jde - 635830 _ 1589.6 cm? K=3113.5cm’®
H, 400 essses 7Tz
cv
At joint B,
LK .
o= ool =2(15896):].14 Hy =4.0m
ZK ,ums 27858
At joint C,
2(1589.6) sy
=————=1.02 7z 7z
' 31135 B
K=2785.8¢cm
k=(1.0 +0.15(q,+a,) =1.320r
=(2+03 @, )=2300 o I
Take the smaller K= 1.32, KH, = 1.32 * 400 = 528 cm
4 =K 528 aso i35
i 15
A, = Kg" = 562—08 =8.8 > 8 ..slendrness effects must be considerd

_ A4 .D_(8.8)°*60
2000 2000

) =23cm

M,, =P 5=305x23=7.08 ms

Yoo




Design moment is the greater of:

Mapplicd + Madd =372 +7.08=4428 mt
P.emin=305*0.03=9.15m.t
. Design moment = 44..28 m.t

M, 4428x100

= " = 14.5 cm
P 305
LN LEIT:
R 30

assume bars cﬂzz mm spirals 10 mm, 2.5 cm cover

oD, = D~2(cover)—2(spiral diam) - bar diam
=60-5-2-22=508cm,and { =09

from design chart No 48 :

*
30 100(1 0.9
350*(30)
p=58, u=58%350*10"=002<z__ =006

2
required 4, = 0.02750

=574 cm* > p . =0.01

(164{22)

AR



Example(15) :

It is required to design a column with H, = 5.0, the system can be considered unbraced
system , applied ultimate load =300t 1 +1y), f, = 2400 kg/em? , f, = 300 kg/em®
column dimension ( 30 * 70 ) and the end condition is fixed.

Solution: Yy
M:L'
M,
—Yps
&8>
|
70 L
g 4
Load due to buckling:
In X direction:
Fromtable (6 — 10) E.C ( unbraced system )

Case (1),case (1) K=12
H.==KH,=1.2* 500=600cm

A =% =8.57 <10 (table 6 -7)

No additional moment In X direction ( short Col) (1)
In Y direction :

K=12

H.= 1.2 * 500 = 600 cm.

_ 600 _

A 20>10 table(6-7) EC

N.B The Col is long in this direction < 23 table (6 - 8 ) E.C.

Yoy



_Ab (20" 30
2000 2000

o) 6cm

Mundd(x)zpu .0=300*0.06=18m.t.

Py.camin=300*(0.05*03)=4.5mt

W design = 18 ms

Design using interaction diagram:

( Chart N,.32) ¢ =08 f, = 2400 kg/cm’ .
x=1.00
k=-b _0476
.y,
K.§=0.095 p=8 u=p*f, *107° =0.024

A, = A7 =0.024*30*70 = 50.4 cm’

Check of min stirrups:

025

——*(b*t*100)=525cm’ /m

s min ]00

14{22

V, =(6%25+2%65+4%39) (0.504) (5) = 1098.72 cm’ / m

Ve >V, min

70 .

Lusing qufm'

30

14422

e 5¢8/m

—1

Yot




Exampie (16 ) :
It required to design a aspirally circular column :

Unbraced Col . fixed iin upper end 8 hinged at lower

My
PoL=150¢t.
PLp=100t¢.
H,=80m. Madd
+ A

Moment due to D.L =15 m.t
Moment dueto L.L = 10 m.t
Single curvature M, = M, M,

_ Applied Addional
K=16 moment moment

Diameter = 80 cm , f., = 300 kg/em? |, f, = 3600 kg/cm’ .
Solution:

LL<0.75D.L

P,=1.5(150+100)=375t

Mu =1.5(15+10)=37.5mt

Load from buckling :

He =KH,= 1.6 * 800 = 1280 cm

z:%gﬂs > 8 (table 6~7)

< 18 (table 6-8) EC.

2 2
5 D _ (1680

= = =10.24 cm
2000 2000

M = .5 =37501024
100

=38.24 ms

M, =M, +M,_, =375+3824="7574 ms

Total
BM

Yoo



Design:
Using interaction diagram ( chart No 48) cover 5 cm,

R =35cem R=40cm
R 2
g=?=0.9 S, =3600 kg/cm
* 3
NK = £, 375*10

. RE 300%(40)
M, 75.74%10°

= = 0.394
fu BB 300%(40)

p=p*f.*107°=00105 <u (tabled—1) EC..

A=unR =52TTcm’  >1%A, = L*?—:—*(so)’ = 50.26cm?

100
2
12%4, = 20270 _ 46 18 cm?
100 4

using 20419
Check of min volume of spiral: 20819
Use min volume of spiral spiral § 10\3.5 CM

2
V¢=ﬂ*&*ﬂ*7—0=]72.72/p cm’ Im

4 P

f. [A

By mg = 0.34| 2211 2 |
w [f A,[- AL 80 CM

w
2
=0.34 {i—J (80)2-1 =1.301*107"
2400 /| (70)

Take M, =M, .
3cm< P, =35cm<8cm (0.K)

Yot



Example (17) :

The figure shows that column is braced two direction.
Width of the column b= 25 cm.

Length of the column t = 105 ¢cm.

Beam Dim. 25 * 60

P,=2901¢

f, =250 kg/em® .

f, = 3600 kg/cm” .

b=
250m/

>

Beam (25%60)

L Ll T2

¥ t=10§ cm

V

—» T

4.50m

H =

Beam (25*%60)

Yov



+ Madd  _ Madd
Applied moment Addional momend Total moment
Solution:
Buckling load

In X direction: (about v):

Top and bottom t,= 105> (t, =60)

Case (2)
K=0.85 (table6-9) E.C
*
A = KH, = 0.85%54 =437 <15 (table6 -17)
¢ 1.05

No additional B . M due to buckling in this direction

In Y direction : { about X):

Top and bottom b, =25 <t,(60cm)

Case (1)
K =0.75 (table 69y EC H,=kH,=405cm
A, = A, =£ =16.2 > 15 (table 6 -7)
b 25

<30 (table 6-8)
.".the cal is long in this direction

s_Ab _(162) 25
2000 2000

=328¢cm >005¢ ,>2¢cm

YoA



M =P 5=290%00328 =951 mt

Pu=290t, Mum=9.51 Il‘l.t
(using interaction diagram chart No 38 )

=—=0.8 = 3600 kg / cm?
25 i g

4

P, 290*1000

K= = = 0.442
f.4h  250%105*25

M, _  951*100
f.th® 250%105%(25)°

0.058

p=3.6
u=p £,107° =0.009
A, = A7 =0.009 * 25*105 = 23.63 cm’

use 5<ﬁ 25 on each side

about X axis

e

26em

— )
[ j 5é10\m*

b=25cm
oc=1.00
Y
M,
xR
M,
-» T
1056cm y
/54)10\771.‘
[ [ I ] 10g25




Example( 18 ):
Design a circular spirally reinforced concrete column and sketch the full reinforcement
detailings having:

- Diameter of ecolumn =50cm.
- Unsupported length of column =5m.
- End conditions gives K=15
- service loads are: f = 300 kg/cm?
Dead load = 60 t f, = 3600 kg/cm” .
Live load =40 t
- Moment due to D.L. = 6 m.t £qstimpsy = 2400 kg/em” .

- Moment due to L.L = 8§ m.t

- Single curvature: M, = M;
Solution:

Addional load due to buckling:
H,=KH, =15*5=75m
=735

b 05

A>8(table 6-TYEC

& = A, .D/2000= 5.625 cm

M, 4 =40%0.05625 =2.25ms+
M, qaa = 60%0.05625 = 3375 ms
Ultimate load for Design:

P, =60%1.4=841¢

P, =40*1.6 =64t

Py i =Py + B =1481

M,, =1.46+3.375)=13.125tm
M,, =1.6(8+2.25)=16.4tm
M, ., =M, +M,, =29525tm

1= m.t
+ Medd  _ (M, orM, I+ Madd
.Mg = m.i
Applied Addional Total
momnent moment moment

k=15 case of condition 2,2

A




Column is spirally col:

Use interaction diag ( chart No . 48)
R =0.9
R

/, =3600 kg /cm’

L o9 M 063
o fu B

L)pzs_o
u=pf, *107° =0.024 21.0% A4,
>1.2% A4, - (0.k)

A =47.12 cm?
uselOcﬂZS

Check of min volume of spiral

use min volume of stirrups

, _EO8,

p

1. 4
u o =034 L i =g

|
I
‘ |
\ I
2 | N
=0_34[ﬂ} |:[£J _]] =9.96*10° | K 45.00 &
v

z*45=71.06/pcm’/m

2400 /|1 0..45

Jusp = Ju.rpmin

V, 7106

] =¥ ___ -7
4 Pr(45°/4

~B, =45cm
use 48/4.5 cm.

A



Example( 19 ):

Figure shows an elevated R.C. water tank supported on a circular spiral column AB.
The column is 80 cm diameter .Lateral sway at top of column is possible while end
rotation is not. Design lateral load on tank side can be assumed 0.6 t/m along the height

of the tank CD. Design vertical load at point B of the column can be assumed 140 t.

It is required to design a suitable longitudinal and spiral reinforcement for the column

AB as sec B — B according to the EC - Code provisions .
foa = 300 kg/em’ f, = 3600kg/cm’ .

f,, = 2400 kg/cm® .

Solution:
B—. M; =(0.6)(4)*2=4.8 m.t
My =0.6"4*6.5m.t=75.8 m.t
A
B.M due to buckling

The system is unbraced
Condition ( 1 ) at bottom
Condition ( 4 ) at top ( free) ( fromtable 6~ 10)
K=22

H.=KH,=45*22=99m

He 9.9
A, =—=""=12375>8(longcol
b D 08 (long col)

8 = AL.D/2000 = 6.125¢cm

M, = p*S5 =140*0.06125 = 8.575 t,m

4.00 m

4.5 m

3.00 m

0.68\m

EEEMARENEENEENES|

@

Sectionf—1

Y1y



(case of looding) Magq [ Lnd

(T8 Fo
M, B-B Mogg My +Maug)
E =
1
A
A
Applied Addional Total

u=08(14D.L+1.6L.L+1.6wl)

or U=14D.L+1.6L.L

Case of loading:

Case(1): No wind accordingto{3-1)(E.C)

P, =140t

M, sa= 8.575 t.m

Case (2):

P,=08(140+0)=112t

M, =0.8(8575+1.6*156)=26828tm

Forcasel :

* 3
P, _ 140*10 0292

F.RT 300* (40

M 8.575%10°
L= > T = 0.0446
fuR 300%*(40)

Sop <1 usemin A

Yar

: of a3 (ateral load ) asay Wa




For case 2:

» 3
i = 112710 - =0.233
f R 300*(40)

M, 26828*10°

= —=0.139
f. R 300%(40)
o p =<1 use min 4,
t ABaN
laayst Slaaly ((£A ) f ade b Jeially Jof oallall (g aaal oSy
use min A, = 1 R =50260m 1441’22.
100
Check of M, :
Hypmin = 0.3 Sou [i—l]
S )\
2
=0.34*[ 300] (0—3] ~-1|=5.856*10""
2400 )| 0.75
7*(0.8)° 75
Ve =T"’Jr *?=118.4fp
e 00268/
e = Teira) T
Hoyp = Hep i 14422
Poee =45 cm
| I
r
use<1'8f4.6 cm | !
! i
I |
! |
| l
/ a0 y

Spiral $8\4.5cm

Yt



Example( 20 ):

Design a square column ( 50 * 50 ) and sketch the full reinforcement detailing . having
unbraced system :

P, =200t.

End condition can considered fixed .
f., =250 kg/cm’

f, = 2400 kg/cm®

Neglect the effect of moment which transferred from beams:

_.r___--—__.-_-_ ________ I
Q
S
g ~
0
i\
w _—
2 j
o ]
<+ |
~ O'L;___a o
- ‘0
~0.3x0.7 *
g S T
(=]
v
W
[
L=
N — o
- L'—__‘L‘—“ﬂm
Y
sol é—:
50

Y1o




Madd Madd
+ 3
L 4 4
g2 s
Applied moment BucklinG moment Total mome'nt

We have to study tow direction:

X direction : ( about Y)
Take the max unsupported iength

Y
Homax =4.00m. f
Top condition ( 1)
bottom condition { 1) Yy | ‘ : T
K =12 (table 6-10)E.C. _
. To

Hc=4 *1.2=48m

a=He 28 _ 5610 (able6.7) EC
X, 05

( no buckling occur in the direction). M, =0

Y direction : { about X )

Take the max unsupported length

H,=5.50m.

K = 1.2 ( unbraced system ) { top and bottom case 1 )

He=5.50*1.2=6.6

A




l=%=%§=13-2>10 (table 6 -TEC

_Ab(13.2)°50

= = =436 cm
72000 2000

e_9 _436_ 40872005

I ! 50

(since e, = bigger{0.05ty 2cm)

4.36

M, =P.5=200%"=" =872 ms

using interaction diag ( chart N, 11 ) { uniform steel )

P, 200*10°

/. bt 250%50%50

K.f = 0.0279 p=2

u=pf,*107° =2%250%10"° = 0.005
A, = ubt =0.005*50*50 =12.5 cm?
Hon = (025+0.052 4,) = (0.25+0.052%13.2) = 0.936%

A =993 50x50 - 23 410m 34{20
100

Stirrups:

S <(20 cm,b=50cm,15{.,)

4 a2 [ 4:” ,Smrrr] >8mm

use 48 mm

Yhy




= ﬂ?gs (Volume of one meter from longtudinal length)

st m min

= 0'205 *50*50%100 = 625 cm®

V. = 4(45+31.8)*0.503% 5 = 772.6cm?

14

af

>V

A min

- (0.K)

5 ¢ 8\m

50

——8 ¢ 20

5 G8\m

50

YAA




Example( 21):

Given: M, =25 m.t, P, =150t (comp )
b=25cm t=50cm
f = 300 kg/cm® f, = 3600 kg/cm’
£ ~
Required: ? — |As
A, , A, for the following cases:
1-oc=0.6.
2- =038, 50
3-a=1.0.
Solution: As
7
25em
A laiill 3 gy ad g igus ) 5] Apailly s p el g s Boaaa Sl o gl g0 LS
- (Zone B
Using the interaction diagrams ( chart N, 36, 37 and 38 ) . we can get :
Case S K e(m) | e/t | Ket) | P u Ag A;
1 0.6 04 | 0.167 | 0.334 | 0.133 | 7.6 | 0.0228 | 28.5 17.1

2 0.8 04 | 0.167 | 0334 | 0.133 | 7.0 | 0.021 | 26.25 | 21.0

3 1.0 04 | 0.167 | 0.334 | 0.133 | 58 | 0.0174 | 21.75 | 21.75

a4




Example ( 22):

Given: M, =5 m.dt, P,=200t
b=30cm fo = 250 kg/em®
f, = 3600 kg/cm?

Design Sec:

e= M, = LI 0.025

P, 200
let —f— <0.05 (zone A) min ecc
F,=035f, A +067 f, 4, A, =0.01 4,

200000 = 0.35*250* 4. +0.67 *3600* 160

A, =1791.79 cm?

t = i“- =5973cm
30

take t = 60 cm
? = 22—32 =0.0417 < 0.05 (the assumption is true)
A 179179 ,
LA == =18 10416
"0 100 o aogfis)
3"\
10416
=)
-5
N
S <{fem
K 80 5

YV.




Example (23):
Given: T - sec. With

B=130cm
M, = 70 m.t, Py=10t. (comp )
b=25cm fo = 250 kg/em’
f, = 3600 kg/cm’ d=65cm.
Required As:
130em =
— {Qcem
70
—d S
28o0m
—_—r

Assume a <t;

e=—=Tm
10

Assuming that the C.G of the cross sec. Is at the middle of the depth (t)
se, =e+(t/2)-cover

=7+%-0.05 —73m

M, =10*73=T3mt

Using chart ( 2) page (4):
d-c M

Jou-B
~C =434 Leld=0.16

SC=016%65=104and a=08%104=832cm
then the assumption that ( a <t; ) is valid

" 5
j=0815, 4 = 73*10 10x1000

- =35.1em’.
*~ 3600*0.815%65 [3600] em

1.15

Yvy




Example(24):

Given: T —sec. With

B=130cm.
M, =70 m.t, P,=10t. (tens)
b=25cm foo = 250 kg/cm?
f, = 3600 kg/cm’ d=65cm.
Required As:
130em
* 10¢mn
70
28em

Assume a <t

e, =e—(t/2)+cover

=7—0'T7+0.05 =6.7

M, =10%6.7=67 mt

using chart ( 2) page (4):
d=C, f—M”
f..B
A C =453 seld =0.146

LC=0.146%*65=949 and a = 0.8*9.49 =759 cm
Then the assumption that ( a <t; ) is valid

67*10° +10><1ooo
3600* 0.82* 65 (3600]
1.15

j=082, 4, =

5

=38.11¢cm*.

VY




Example (25) :

Given: T - sec. With:

B =120 cm.
M, =80 m.t, P,=18t. (comp)
b=25cm fou = 250 kg/cm®
f, = 3600 kg/cm’ d=65cm.
Required As:
120cm
* 10
70
28en
—

Assume a <t

e=8—0-=4.44m
18

se, =4.44 +9-éz ~-0.05=4.74

M, =18%4.74 =85.32 ms

Using chart ( 2) page (4) :
d=C( M.,
B
G =385 ~eld =0.205

nC=0205*65=13.33 and a =0.8%13.33 =10.66 cm

Then the assumption that ( a <t;) is not valid

Then the chart used in the previous two example ( chart 2 page 4 ) is not .

Valid and the design of the cross sec. ought to be carried out from the 1¥ principles.
The contribution of the compressive force in the web below the flange.

\RAY



may be neglected, in this case the lever arm will be .

Y., =(d—%)=65—5=60cm

then: T, = My +P, =%—18=124.21
Ve 0.6

.4 L 124.2x1000 5

- A_] —T“)O_—'39.6scm

1.15

YVt



Example (26 ):

Construct the interaction diagram for the following cross section:

2413

4919

Take fo, = 250 kg/cm” and f, = 3600kg/cm’.
1 — if the section is subjected to axial load only
y.=175&y, =136

P = 265x 3600
1.36

= 7014.7 kg.

P, =067 x%(;—x 60 25 = 143571.4 kg

P, =11.34x5% _30017.9 1g
1.36

P, =7014.7 +143571.4 +30017.6 = 180603.7 kg
~ P =180.6t¢
plastic Centroid .

30.0176 x 5+143.571x 30+ 7.014x 55
a 180.6

X

=26.82 cm

' Pu,

[
|

T
m

25

F. 67Jow/1.75

Yve



2 - if the section is subjected to pure B.M:

Y.=15and y, =1.15

Assume As’ is yielded:

As=2.65 | — 0.003 ‘Y

T.=GC
11.34x3600 _ 067x250 o . 3600
1.15 1.5 1.15
Sa=974cm Se=12.18cm
e =0003x 21875 1974107
: 12.18
Sy 3600 _ | s6e107
7. 2000000 1.15
e >
Y.

. The assumption that As” is yielded is correct one.

x 25 x 9.74] x [55 - ﬂ] +2.65% 509
2 115

N

x 50

[0.67 x 250
M, =17.78 ms

3 - if the section is subjected to M, and P, at the balanced condition :

First we can assume that y, =1.5 y, =1.15

From triangular similarity we can get C, as following:

0.003 _G
0.003 +0.00156 55
G, =36.18cm

\R A



36.18-5

oo =0.003x
f 36.18

6. =2.586%107 > 22

2
o As” is yielded
0.003 ——— | Aa=2.65
b
+
X
P - ﬁz"szﬁx 25 0.8% 36,18 +2.65x 3{61050 ——11.34x% = 53508.5 kg

P, =5361

M, = Z moments @ the plastic centroid of the cross section

= 067x250 o5 28.944% [60 —26.82— 28944} +2.65x 31 61050 x (55 -26.82)
+11.34x 89 26.82-5)
1.15

M,, =252 ms
Check on assumed y_ and 7, :

25.2 e,
e, ==2_047 f_078

53.6 P
7. =175-0.5(e/t) =136 <1.5 -y, =15.....(Eq.3~16—a)

¥y, =136-043(e/f) =102 <1.15 ..y, =115.....(Eq3-16-b)
It is obvious that the assumed values are quite acceptable.

4 — Locating a point below the balanced point ( A tension failure point )

we will locate point in the tension failure zone by assuming a value of ( e ) that lies
between ( ¢ ) at the pure moment condition and ( ¢ ) at the balanced , i.e. between 12.18
cm and 36.18 cm say 24 cm.

vy



0.003 ———— | A3=2.65
C=24.0cm

Xp=26.82
> Ey/% —_— |As=11.34

This case represent a transitional case between the pure moment case and the balanced
case, therefore we can make use of those two cases and deduce that both A, and A, are
yielded.

P =0.67%x 20 x25%0.8x 24+ 2.65x 2000 _11.34x 2020
1.5 115 1.15
P =2641
& M, =0.67x 22 25x19.2x[ 60— 26.82 = 122 ]+ 2.65x 2590 (55 - 26.82)
1.5 2 L15

1134229 26825

115
oM, =2272 mt

5 — locating a point above the balanced point ( A compression failure point ):

This case lies between the balanced condition and the pure axial load condition i.e (c )
lies between 36.18 cm and oc. Say ¢ =45 cm.

0.003

C=45em

Xp=26)82

YVA



— £
-5 _r67%10° > 2

£ =0.003x
2

- As is yielded
-, A is yielded & f, = 0.67*107 x 2000000 = 1340 kg/cm’
Assume y.=15and y, =1.15

~P =0.67x2]—552x25x0.8x45+2.65x31—6](?—11.34x]340

S P,=936t

36 3600

M, = 0.67x21—550-x25x36x(6{)—26.82——2—-]+2.65x X (55-26.82)

+11.34x 1340 x (26.82 —5)

M, =20.91 mt.

Check on assumed y, & 7, :

2091

e= =0.22
93.6

7. =1.75-0.5(e/f) = 1.75 —0.5x% =1.57

v, =1.36-0.43(e/t) = 1.36-0.43x% =1.20

Thus, the assumed values are acceptable.
Generally, as long as the neutral axis lies inside the cross sec. the previous assumed
values are quite accepted.

Yvs



1 (0,180.6)

(20.91,93.6)

(25.2,53.6)

(22.72,26.4)

The Interaction Diagram
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