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Given: ¢ = 10kN/m; P =20kN; M =10kNm; E =2x10"'Pa;
[c]=160MPa; a =2m.
Goal:

1) calculate dimensions of the cross-section choosing the one of following: a)
diameter of the:round solid; b) dimensions of the rectangle (#/6=2); c) I-beam

number;
2) calculate vertical displacement and the slope in the following points:
Op =2 Oc-? Op -7
zp— ? Zc — ? Zp— ?
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Q. (x), kN
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M (x),kNm

M ,(x), m

@

M ,(x),1

dimentionless

Given:

g =10kN/m, F =20kN,
M =30kNm, a=2m, E=2x0"pPa
[s | =160MPa

2) External loading F =10 kN.
3) Allowable stresses:

s ].=200MPa, [s |, =160MPa.

Required:
1)  to determine the I-beam section
dimensions;
2) to cdculate the vertica
deflection movement of C section and
the angle of rotation of B section.
Perform the solution by Mohr's
energy method and Vereshchagin's
graphical method.
Note
In a plane bending, the Mohr's
integral is:
n
g=h SMECMY0)
i=1) Ely
where M yE(X) — bending moment in

an arbitrary section of the force

system (F), My(x) — bending

moment in an arbitrary section of the

unit system (1);

Ely — flexural rigidity.

Vereshchagin's formulais:

q :g Wihi
i=1 Ely

bending moment graph part for the

force system; h; — ordinate of unit

diagram under centroid of force

system bending moment graph.

Solution

1.  Writing the equations of
internal forces in arbitrary sections of
every part of given (force) system:

| -1 O<x<a

Qr()=F- ¥ _,=
=20|, _, =OkN,

where w; — area of the




| qXZ
Myr (X) =- |:x+7 =0,_, =- 20kNm.

x=0
Il-11 O<x<a

QQ:(X)=F - ga=0kN,
M y',: (X)=-F(a+x)+ qag% + x%|x=o= - 20]y=2>="-20 kNm.
[ -1 0<x<a
Qi (X)=F - ga=0kN,
III(x)—- F(2a+x)- M +qa(—+a+x) ly=0=- 50 |y=2=- 50kNm.

2.  Constructing diagrams of shear forces and bending moments of force system, and
defining areas of the diagrams parts (see Fig. 1):

2 2
a | a 5 X2 X3 2
W1=(‘j\/ly,: (x)dx=(‘{-20x+5x )dx=-207 +5? =- 26,67 KNm~,
0

Wy = d\/l (x)dx (- 20)° 2=-40kNm?,

W3 = d\/l”'(x)dx (-50)" 2=-100KkNm?.

Knowmg these areas is necessary for further determination of linear and angular
displacements by V ereshchagin's method.

Conclusion: in Il =111 critical portion ‘M ymax‘ =50kNm.
3.  Determining the dimensions of |-beam cross section from condition of strength:

‘Mymax‘ _ 90 103

_Myma

= ® W, = =3125" 10°°
Smax =y sl @ Wy [s] 160105

The nearest lower 1-beam number N24 has W), = 289" 10° 6
Cal culating the maximum acting stressesin |-beam N24:

- 103
S max _ S0 107 =173MPa.

289”106
S -
Oversiress Ds = -.M&X [ g 100% = %' 100% = 8,1%.

sl

Since overstress is greater than 5%, I-beam N24 is unacceptable, therefore, we choose
nearest  biggest I-beam  N24: W, =317"10%m3.  For such  I-beam
_ 50" 10°

max = -, g —19/.7 MPa, i.c. this |-beam section is strong.
3177 10




L et us copy from the assortment the axial moment of inertia of 1-beam N24a:

ly =3800" 10" ®m*

4.  Determining the deflection at the B point, using Mohr’s method. Given beam we will
consider as force system (F), and will create corresponding unit system (1) by applying
dimensionless unit force in B point in vertical direction, i.e. in the direction of deflection.
Let us design the graph of bending moments for unit system (see Fig. 1). Simultaneousdly,
let us simplify the equations of bending moments for (F) system in the most simple shape
suitable for future integration. The equations of bending moments My (x) and My(x) are

the following:
| -1 0<x<2

| ox° 2
Myg (%) =- Fx+7=- 20x +5x“kNm,

My(x) =0 kNm.

-1l 0<x<2
Mk (x) =- F(a+ x)+qa§%+x2=-20' 2- 20x+ 20+ 20x = - 20 kNm,
a2

N -1l 0<x<2
Myt (X) =- F(2a+X) - M+qa8—+a+x_—-80 20X - 30+ 60+ 20X = - 50 KNm,

7}
UI (X) =1x m.
Substituting these pairs of equatlons into Mohr’s integral and integrating, we obtain:
% 2
zB—ied 20X +5x° )(O)dx+d 20)(0)dx +¢ - 50)(x)dxu—
Ely & 0 0 B
12082 100 kum?
El yg 2 ; EIy El
Substituting  the  parameters  of  bending  stiffness  El,, we obtan
c 103
Zg =- 100" 10 =-13.2" 10 3m= - 13.2mm.

2" 101" 3800" 10°8
Note, that sign (-) in solution means, that true direction of B point displacement is
opposite to originally adopted, i.e. B point moves downwar ds.
To calculate the required displacement by Vereshchagin's method we should use bending

moments graph Vy(x) to find its ordinates under the centroids of wy, w, and wg areas. It
is designed on the Fig. 1, where these ordinates hq, ho, h3 are shown. These ordinates are

equal toh, =0, h, =0, h3:+%' 2=1m.




Then

1 1 , , 100 3
zB=E[wlhl+wgq2+qu3]=E[(-26,67) 0+ (- 40) o+(-100)(+1)]=-Ey, kg”;‘ .

100" 10° 3 L . .
=-13.2" 10 °m, which coincides with the result of calculation
2- 101" 3800" 1078
by Mohr’s method.

ZB:-

5.  Determining the angle of rotation of C section. Given beam also is considered as
fgrce system (F), and to design new unit system (1) we apply dimensionless unit moment

M =1 in C section in arbitrary direction, clockwise, for example (seeFig. 1). Also, we
draw corresponding diagram of unit bending moments M y(X) .

Dividing both systems onto portions in an identical manner, let us write equations of
bending moments in the ssmplest shape, suitable for substituting into Mohr’sintegral:
| -1 0<x<2

| ox° 2
Myr (%) =- Fx+7 =- 20x+5x“kNm,

My(x) =0 kNm.

-1 0<x<2

I _ a8 0_

Myr (X) =- F(a+x) +gac— +x+=-20 kNm,
&2 5

Mlyl (X) =- 1, dimensionless.

[ -1 0<x<2

Myr (X) =-F(2a+x)- M +qa§%+a+x2

a

=-50 kNm,

VUI (X) =- 1, dimensionless.

Substituting these equations into Mohr’ sintegral in pairs and integrating, we obtain:

&2 2 2 u 3
e :iéd- 20x+5x2)(0)dx +¢f- 20)(- Ddx +¢¥- 50)(- Ddxa=+ 140 : KNm :
El &g 0 0 g FEly Ey

Substituting the parameters of flexural rigidity Ely, we obtain

140" 103

2" 10t 3800" 10°8
Note, that (+) sign in solution meansthat C section isreally rotates clockwise.

To calculate the required displacement by Vereshchagin's method let us use the existing
bending moment diagram of force system to take areas wy, wy, wg. Under these areas

centroids we calculate new ordinates hy, ho, h3 on the diagram of new unit system
(seeFig. 1). Inour case, hy =0, h, =1, h3 =-1 —dimensionless value. Then

=18.4" 103, rad =1.05°.

Jc =+




e == [why +whp +whs] == —[(-26,67) 0+(-40)" (- +(-100)" (- 1] =

y
_ 140 KNm’
Ely," Ely
Finally, after substituting the flexural rigidity parameters we  find
- 103
Oc =+ 140 10 =184 103, rad=1.05°.

2”10t 3800" 10°8
This result coincides with calculation by Mohr’s method.




