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Fig. R9.3.2-Variation of ¢ with net tensile £,and ¢/ d, for Grade 420
reinforcement and for presiressing steel.
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Figure 11-2 Failure Load as a Function of Column Slenderness
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Figure 11-4 Consideration of Column Slenderness
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Consideration of column slenderness:-

kL M
1— if{ U o34 12 (_1)} N {Yes . Short column}
r M, No .. Long column

{34— 12 (ll:/[/[—l)} < 40

Where,

k = effective length =1 for nonsway.
L, = unsupported length of column.

r= radius of gyration =0.3*dimensions
M; = smallest moment.

M, = largest moment.

M;
C.. = 0.6+ 0.4 (—) > 0.4
M,

E. = 47004/f.

EI:OA*EC*Ig
1+ B4

b — T2El
© (kLy)?

M, .. =Py * (15+0.03h) ,where h in (mm)

MZ = max’EMz, Mzmin )

C
by =——p— 21
1——Pu
0.75 * P,
M, = 8ps * M
E.= modules of elasticity of concrete. P.=critical buckling load. EI= rigidity factor.

Ig= moment of inertia. Bd — maximum factor sustained axial load ~06

maximum factor axial load

8,s= moment magnification factor. M_.= magnification moment.
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Example 1:-

Given data:

f.=25MPa , f,=420Mpa , L=62m , P, =494Kn

Determine the magnified moment and check column safety ?

s 208:44 o 23.22 X
A
® ® |6¢25
500mm|| @ @ » X

o [ ]

R, 04.22 11.61 s v >

) 400 mm
Moment about X-axis Moment about Y-axis
Solution:

Slenderness about X-axis:-

146200 _ o, 12 (—104'22 ) 41.33 < 40 = slender column( Long col
- = . =
03500 = 50844 slender column( Long column)
C —06+04< 104.22 ) > 0.4
mo \-208.44) =
C, = 0.4
I, = bxh? _ 400+500° 4.1667X10°mm*
e~ 12~ 12 © mm
E, = 4700+/f. = 4700v25 = 23500 Mpa
Bd == 06
0.4*E.*I; 0.4 23500 * 4.1667X10° 3 5
El = = = 2.448X10*N.mm
1+ By 14 0.6
. m?El  m?(2.448X10'3) 103 = 627874 K
= = * = .
T kL2~ (1+6200)2 n
ALLALQARNI

Page 4



CE 472

M, . =Py * (154 0.03h) = 494 * (15 4 0.03 * 500)10~% = 14.82 Kn.m
M, = max(My, M, . ) = 208.44 Kn.m

C 0.4
s =—mpz1:> 194 = 0.447

1 -575+ 627874

Sns =1

M. =1+«M, =1%20844 = 208.44 Kn.m

Ag; =981.25mm? , A, = 981.25 mm? , Agz = 981.25 mm?
Ay =200+ 10° mm? , Ay = 2943.75 mm?

a- Pure compression point:-

P, =[085 f (4, — As) + f, ¥ At | ¥ 1073
P, = [0.85 % 25 % (200 * 103 — 2943.75) + 420 * 2943.75] 1073
P, = 5423.82 Kn
OPy max = 0.80 % 0.65 % [0.85 [ (4, — As) + f, x Age | ¥ 1073
BP, max = 0.80 x 0.65 * [0.85 * 25 % (200 * 103 — 2943.75) + 420 * 2943.75] * 1073
OP, max = 2820.39 Kn
di =625mm , d, =250mm , d; =437.5mm

b — Balanced point &, = 0.0021

B 0.003
~0.003 +0,0021

x 437.5 = 257.35 mm
d—C
Si = C

62525735
&7 725735

250 - 257.35
€2 = 755735

* 0.003

* 0.003 = —0.0023

% 0.003 = —8.5681 * 10>

ALLALQARNI Page 5



CE 472

| 437.5-257.35
& =" 25735

*0.003 = 0.0021

fsi=¢&+*E= —420 < f; <420
fs1 = —0.0023 * 200,000 = —460 wuse — 420 Mpa
fiz = —8.5681 * 107> % 200,000 = —17.1362 Mpa
fs3 =0.0021 * 200,000 = 420 Mpa
a,=F*C
a, = 0.85 % 257.35 = 218.75 mm
a, >d; — compressionzone , a,<d; - tensionzone
Fy = fi * Ay 1073 — Tension Zone
Fi = (f;i +0.85% f£.") x A * 1073 — Compression Zone
Fyy = (=420 + 0.85 * 25) * 981.25 * 10™3 = —391.27 Kn
Fy; = —17.1362 % 981.25 x 1073 = —16.815 Kn
F.3 =420 %981.25 %1073 = 412.125 Kn
C,=085f «bx*B+cx*1073
C. = 0.85 % 25 x 400 * 0.85 * 257.35 « 1073 = 1859.35 Kn
P, =C. —XF

B, = 1859.35 — (—391.27 — 16.815 + 412.125) = 1855.31 Kn
h a h h ho .
Mn=CC[§—E +Fsl[d1_§]+F52[d2_E]+Fs3[d3_5]*10

500 218.75
M, = 185935 |—~—~—

+412.125 [437.5 -

500 500
] —391.27 [62.5 _ T] — 16815 [250 -

5

00
5 ] *1073 = 412.11 Kn.m

@P, = 0.65 * 1859.35 = 1208.58 Kn

®M, = 0.65 * 309.08 = 276.87 Kn.m
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point P, M, @P, oM,
Pure compression @ = 0.65 5423.82 0 2820.39 0
Balanced @ = 0.65 1855.31 412.11 1208.58 276.87
0.005 strain @ = 0.9 808.45 355.39 727.60 319.85
Pure bending @ = 0.9 0 247.45 0 222.71
X
Slenderness about Y-axis:- T
1 %6200 11.61 ¢ + ¢
*
T <34-— i ) 400 mm
03400~ >F 12 (23.22) = 51.67 %40
[ [ [
= slender column( Long column) — ~
500 mm

C —06+04(11'61)>04
m o ""\23.22/ 7

C, =0.8

: _bxh® 500 *400°

— 90 m4
g 12 12 = 2.6667X10°mm

E, = 4700+/f. = 4700v25 = 23500 Mpa
Bd == 06

_04xE xI;  0.4+23500 % 2.6667X10°

El = = 1.5667X10'3N.mm?
1+ Bq 1+06 mn
> m?El  m?(1.5667X10'%) 10-% = 4018.4 K
= = * = .
= (kLy)? (1+6200)2 n
2 = Pu * (15 4+ 0.03h) = 494 * (15 + 0.03 * 400)1073 = 13.34 Kn.m
M, = max(My, M, . ) =23.22Kn.m

Sps = Cm >1 08 = 0.957

” 1— k- - 1— __ 494

0.75 * P, 0.75  4018.4
Sns = 1
M, =1%M, =1%23.22=2322Kn.m
ALLALQARNI Page 7




CE 472

Ay = 1471.875mm? , Ay, = 1471.875 mm? ,
Ay =200+ 10° mm?* , Ay = 2943.75 mm?

a- Pure compression point:-

P, =[0.85f (4, — Ast) + f, ¥ Asr | ¥ 1073
P, = [0.85 * 25 % (200 * 103 — 2943.75) + 420 * 2943.75] * 1073
P, = 5423.82 Kn
OPymax = 0.80 % 0.65 % [0.85 [ (4; — As) + f, * Age | ¥ 1073
BP, max = 0.80 * 0.65 * [0.85 * 25 * (200 * 103 — 2943.75) + 420 * 2943.75] + 1073
BP, max = 2820.39 Kn
di=625mm , dz =337.5mm

b — Balanced point &, = 0.0021

0.003

C = 0.003 + 0,0021 * 337.5 = 198.53 mm

i

g = 0.003
625-19853 . oo
= * U. = —VU.
&1 198,53
337525735 oo
= * (. = ().
&2 257.35
fSi =€i*E= —4‘20< fSi <4‘20

fs1 = —0.0023 * 200,000 = —412
fs2 = 0.0021 * 200,000 = 420 Mpa
a, =p*C
a, = 0.85+198.53 = 168.75 mm

a, >d; — compressionzone , a,<d; - tensionzone
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Fy = (fi +0.85%f.7) x Ay * 1073 > Compression Zone

Fyy = (—420 + 0.85 * 25) * 1471.875 « 1073 = —586.91 Kn

Fy; = fy * Ay *1073 - Tension Zone

F,, = 420 % 1471.875 « 10™3 = 618.1875 Kn

C. = 0.85 % 25 * 500 * 0.85 * 198.35 * 1073 = 1792.97 Kn

C.=085*f «b*xBxc*1073

C, —3F,

B, = 1792.97 — (—586.91 + 618.1875) = 1761.70 Kn

h a h h 3
My = el 3] + R [ = 3]+ iz [z =] + 10
400 168.75 400 400 B
M, = 1792.97 [T i ] —586.91 [62.5 - T] + 618.1875 [337.5 - ] * 1073
=373.01 Kn.m
@P, = 0.65 x1761.97 = 1145.28 Kn
OM, = 0.65 x373.01 = 242.45 Kn.m
point P, M, @P, OM,
Pure compression @ = 0.65 5423.82 0 2820.39 0

Balanced @ = 0.65 1855.31 412.11 1208.58 276.87
0.005 strain @ = 0.9 940.56 309.28 846.51 278.36
Pure bending @ = 0.9 0 190.47 0 171.42
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Fa= F-P curve (shaded = safe design)
Units: M 100,00 kMM £ P 1000.00 kM
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&P P-M curve (shaded = safe design)
Units: M- 100,00 kM _m 4 P: 1000.00 kM
5423.82F-. ; Lo Lo Lo
S
Lo
B O a
100 200 300

About Y-axis

Reciprocal method :-
All points are located in shaded area ( safe zone)

1 N 1 1 1 N 1
" Pp By, B, 850 4250 5423.82

=1.2274 %1073 1/Kn

1
B,
B, = 814.74Kn

@P, = 0.65 x 814.74 = 529.58 Kn > P, = ok safe
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