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Given: /-beam Ne(18), F =10 kN, [c] =160 MPa .

Goal: 1) calculate stresses in an arbitrary cross — section ABCD and check the
strength; 2) Draw the graph of stress distribution in cross — section ABCD;
3) determine analytically position of neutral axis.
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X\ Data:
/ 1) Column is I-beam N18 with the following geometrical
P : / ] propertifs: h=18"10°m, t=81 103m (Xvebz),
l V.Y > d=103m (flange), A=234" 10 * m?,
/V Iy =82.6"10"%m*, 1,=1290" 10" 8 m?,

W, =18.4°10° m®, W, =143" 10 ° m®
2) External load F =10 kN.
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B C 3) Allowablestresses [s], =20 MPa, [s] =80 MPa
| | ,r’ 1l ’
| pan Goal:
i / i i ii 1) Determine the internal forces in an arbitrary cross
VAR section ABCD far from the Saint-Venant zone.
A.,f:’; ________ L'}'Tf"b" 2) Cadculate acting stresses in potentially critical points

of an arbitrary ABCD cross section.
3) Design the graph of stress distribution over the
contour of ABCD section and determine the neutral
“““ ' axis position.
4) Determine the neutral axis position analytically.
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Fig. 1

Solution
1) Let us cut the column mentally in an arbitrary ABCD section according to the method of

sections and determine internal forces in top and bottom cross sections of the column
(see. Fig. 2):

b ah

INy| = F =10 kN, ‘M F—=450 Nm, |M,|=F A 19-819 Nm.
&2

Y‘: 2

2) Calculate the stresses in potentially critical angular points of ABCD section. Calculate
preliminary the stress moduli generated by three internal forces:

© 103
S(NX)|—£:4.27 MPa,

234 1074
My 450

= = 24.46 MPa,
Wy 184 10°°

SmaX(My)‘:

Smax (Mz)|= Mz 809 _573MPa

W, 143" 10°°
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Therefore,

sa=-5(Ny)- smax(My)- Smax(M2) =

=-4.27- 24.46- 5.73=- 34.46 MPa,

s =-5(Ny)- Smax(My) +Smax (M) =-4.27- 24.46+5.73=23.00 MPa,

Sc =-5(Ny)+Smax (My) +Smax (M) =- 4.27+24.46 +5.73= 2592 MPa,

Sp =-5(Ng) +Smax(My) - Smax (M) =-4.27+24.46- 573=14.46 MPa

3) Design the graph of stress distribution in ABCD section in spatial cross section viewing
with non-disturbed cross section for future geometrical analysis (see. Fig. 3).

4) Check the column strength:
(a) in tension, using the condition of strength
Smax, £[S); ® Smax, =Sc =25.92MPa>20MPa.

Conclusion: the column in non-strong in tension.

(b) in compression, using the condition of strength
‘smaxc‘ E[s].® ‘smaxc‘=|sA| =34.46 MPa <80 MPa.
Conclusion: the column is strong in compression.
General conclusion: the column is non-strong.
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5) Determine the neutral axis position analytically. For this purpose, equate to zero the

stressin an arbitrary point K of ABCD section. Let us select this point in the first quarter
of the section (see Fig. 4).
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Ny My M,
Sk =- + Z- =0
M, “TA T, T Y
(this is equation of the plane in (s,zy)

system of coordinates).
It may be rewritten as
Az+By+C =0, where

M 450
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| Y A=—Y = 8:5.45'108,

i ly 826 10

i g=-Mz___ 819 _ (63 108
| I, 1290”1078

| . 3

| c=.Nx_ 100107 _ 4 5 497,

A 234 10%
Find the segments which the neutral axis
cuts on the coordinate axes:

A K D
P .
\ neutral (@)inz=0
s and
axis =ay:-9=-M=-O.683' 10'1m:
Fig 4 B .063 1¢f
' =-68" 101 m=-68 mm:
(b)in y=0
) -, 7
—a,=- %__ Lﬂé:mmg' 101 m =+7.9" 103 m=+7.9 mm.
5.45 10

These segments are shown in scaled cross section sketch on Fig. 4. Finally, the neutral axis
is drawn through the segments tips.
6) Check the solution accuracy, correlating the neutral axis positions on Figs. 3 and 4.




