Stress Resultants in Straight Beams
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Beams are usually subjected to forces perpendicular to their axes. If there is no loading (external or reactions) in the

direction of the beam axis, the normal force vanishes N=0.

Beams under Concentrated Loads
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To determine V& M choose a coordinate system and cut at an arbitrary x. Represent V& Mwith their positive

directions in the F. B. Ds.; use Eq. Egs. for either portion of the beam.

Results are a shear-force & a bending-moment diagram.
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1. Reactions

2B —Ya;F; + ¥M; =0 — B = H[yaF-uM;]

3—lA+Y(—a)F+3IM; =0 - A= Xzu-apri+zm;]

2. Cutat X

m—V+A-YF,=0 5V =A-YF

Y M—xA+Y(x—a)F,+¥M; =0

M - M =xA—-Yx—a)F; —YM;
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Relationship between distributed Loading and Stress Resultants (General case)
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Any part of the beam is in Equilibrium
Eq. Egs. of [dx]:

dVv
TV—-—q)dx—V+dV)=0=> T —q(x)
dx
o (M +dM) + (7) q(x)dx —dxV —M =0
dM d*M
withdx - 0,=> a = V(X) & Tx2 = —CI(.X')
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Problem 2. Draw the shear force and bending moment diagrams for the shown beam.
12 kN/m

A . s 0. Reactions:

3m bm —— A ;=1
< >i< > +36 12 94, = 0> A, = 24 kN
| 12 kN/m - ( )( )~

1—6(6)(12) + 9B, =0= B, = 48 kN
A B 5
C N N
24 kN y 48 kN —-:N=0; T:V =24kN
H?—»N 2 M —x(24) = 0 = M = 24x,
24 kN =0:M=0;x=3:M=72KkNm.
\|||||||||||||||||||||||||||||||||||||||||||||| g > o

¢

24 kN x—3 y 2.Cut: C..B,3 <x<9m:
VIKN] * >N =0
< I]]]]]]]]] TV =24—-12(x—-3) = —-12x 4+ 60
x=3:V=24kN,x =9:V = —48 kN;

X =5 >wuunmmﬂﬂﬂﬂﬂ]]]]ﬂmumm@ V=0:x=60/12=5m

¥t M —x(24) +5(x —3)(12)(x —3) = 0

AM [KNm]
= M = —6x? + 60x — 54,
i x=3:M=72kNm;x = 9: M = 0.
Minax = Myy=o = Mz=5 = 96 KNm.
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Problem 3. For the shown beam find 22.5 kKN/m
(a) Reactions in supports A and B. A l B

(b) Shear force and bending moment diagrams.

4m %

(c) Determine the value and the location of the

maximum bending moment.

Solution:

(a) Reactions:
SM, = 0: —22.5(4)(4) + 6B,= 0 = B, = 60 kN(1)
SE, =0: A, +60—225(4) =0 = A, = 30 kN(T)
(b) Shear force and bending moment diagrams
For: 0 < x < 2:V(x) = 30,
M = 30x,M(0) =0,M(2) = 60 kNm

For2 < x < 6:V(x) =30 —225(x —2) = —225x + 75, V(2) =30 kN,V(6) = —60 kN

_2)\2
M(x) = 30x — 22.5 %2 = —11.25x2 + 75x — 45, M(2) = 60 kNm, M(6) = 0
(c) Maximum bending moment:
V(x)=0if x =75+ 225=10/3 = %, M, .. = M(10/3) = 80 kNm
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Problem 4. For the shown beam find

(a) Reactions in supports A and B.
(b) Shear force and bending moment diagrams.

(c) Determine the value and the location of the maximum bending moment.

36 kN/m AVIKN] Cutl:0<x<4:
A | 5 V(x) = 96 — 36x.
x =0:V =96kN;
—— x =4:V =—48 kN;
il V=0:x=267m
X =267m ;:W: 48
| | M(x) = 96x — 18x?
£ x=0:M = 0;
AM[kN - m] x =4:M = 96kN - m;
48 kN' B x=267mM
A,196 kN F.B.D. z P max
36 kN/m
A [ e Cut2:4 <x <6
I) V =—48 kN
X £} M(x) = 48(6 — x).

M
96 kN v (I/ B x =4:M = 96kN - m.
X T 6—Xx x=0:M=0.
48 kN
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Problem 5. Determine the shear-force and

bending-moment diagrams for the simple beam

shown in Fig. using the section method.

Problem 6. Determine the shear-force and bending-moment diagrams for the simple beam shown

in Fig. using the section method. Then determine the location and the value of the maximum bending

moment.

2kN/m T2

2m 2m 2m =——2m
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