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In the structure ABCDEFG shown in the
next figure, C is a pin, E and G are roller
supports, and A is a simply support.

Determine:

a) Reaction forces (Ha, Va, Vg, Vg) using
the equations of equilibrium.

b) Shear forces and Bending moment
laws in the beam. Analytical
expression as a function of x
(horizontal coordinate from A).

c¢) Draw the Shear force and Bending
moment diagrams of the beam
(showing maximum values).

d) Knowing that the  maximum
allowable normal stress of the cross
section of the beam is 100 MPa and
considering a safety coefficient equal
to 4, determine the HEB profile that

optimizes the structure.

4 kN 3kN.m 6 kN/m

Solution:

a) Reaction forces

ZMC=0—>2VA—4=O—>VA=2kN

1 4
2.7—4.6 -3+ 3Vg —'E.EL2.<1.+'§> =0
Vg = 9KkN

ZFy=O—>VG:—1kN
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b) Force laws

0<x<1

2-V, =0V, =2KkN
2Xx—M; =0- M; =2xKkN.m

1<x<3

V,=2—45V,=—-2KkN

M, =2x—4(x—1) > M; = -2x+4KkN.m
3<x<4

V; = —2kN

M; = —2x+1KN.m

4<x<6
960 =0 (1-7) =6(1-3)

V,=—-2+9-V;

X—4 X—4

6(1-3)dz=[ez (1= )],

Vo (x) = 6(x — 4) (1 - #)

Vr(x) = f

0

v4=7—6(x—4)(1—¥)

M, = —2x+1+9(x—4) — Mg

Mo (x) = fOH 63(1 - %) dz = [6 <§ - %)]X_
0

Mr(x) = 6(x — 4)? (% _x-= 4>

1 X—4>

M, =7x—35—-6 —42(——
4 X (x ) ) 12
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dM(x)
Mmax - dX

=V(x) = 0 - Ax € (4,6)

Mpax = My(x =4) = =7 KkN.m

6<x<7
Vs = 1kN
M5—ZkN.m

Considering that z is the horizontal

coordinate starting from G (x +z =7):

M; =7 —xKkN.m

C) Force laws diagrams
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d) Selection of the HEB-profile

o — Mmax.Ymax — Mmax — &
max IX ( IX ) WX
Ymax
100 MPa
Gall = T = 25 MPa
WX 2 Mmax
Gal
W > 7 kN.m — 230 3
x=25Mpa 00 ™

And now entering the chart:

Perfiles HEB
Dirnensiongs Témir
Perl
hfbele ool AlS] K [W
e e e e A e O s
HEB 100 (100{100( 6,0 10 12 |55 (567 | 260 (52.1| 450 | 90 |4
HEB 120 |120{120 65| 11|12 74 | 666 340 |826| 8B4 | 144 |¢
HEB 140 |140{140\ 701 12 |12 92 |BO5 430|123 | 1509 (216 |¢
N
HEB 160 |160{160| BO | 13 |15 (104)918 [543 | 177 | 2432 {311[
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216 < 280 cm® < 311cm?® —» HEB — 160



