Shear and Moment in Beams:

A beam is a bar subject to forces or couples that lie in a plane containing the
longitudinal section of the bar. According to determinacy, a beam may be
determinate or indeterminate.

Statically Determinate Beams Statically determinate beams are those beams in
which the reactions of the supports may be determined by the use of the equations
of static equilibrium. The beams shown below are examples of statically

determinate beams.
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Types of Loading:

Loads applied to the beam may consist of a concentrated load (load applied at a
point), uniform load, uniformly varying load, or an applied couple or moment.

These loads are shown in the following figures.
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Shear and Moment Diagrams:

Consider a simple beam shown of length L that carries a uniform load of w (N/m)
throughout its length and is held in equilibrium by reactions R1 and R2. Assume
that the beam is cut at point C a distance of x from he left support and the portion
of the beam to the right of C be removed. The portion removed must then be
replaced by vertical shearing force V together with a couple M to hold the left

portion of the bar in equilibrium under the action of R1 and wx.
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The couple M is called the resisting moment or moment and the force V is called
the resisting shear or shear. The sign of V and M are taken to be positive if they

have the senses indicated above.

INSTRUCTION:

Write shear and moment equations for the beams in the following problems. In

each problem, let x be the distance measured from left end of the beam. Also, draw
shear and moment diagrams, specifying values at all change of loading positions

and at points of zero shear. Neglect the mass of the beam in each problem.



Example 1:

Draw the shear force and the bending moment diagrams for the beam shown in the
figure.

30 kN 50 kN

r o E .
- | &

1m 3m
Sol. :

From the load diagram:
SMg =0
5R,, + 1(30) = 3(50)
R, =24kN
XM, =0
5R5 = 2(50) + 6(30)
R; = 56kN

30 kN Segment AB:

| Vp=-30kN
"= My =-30xkN-m

X



30kN ,  Segment BC:
. B Vae =30+ 56
A A —— V,.=26kN

My = —=30x + 56(x—1)
Rs = 56 kN MBC* = 26x—56kN - m

i X —  Segment CD:

l3okn 50 kNwer Vep =—30+56-50
AL —% s Vep = 24kN
| el I My, = —=30x + 56(x—1)-50(x—4)

camlem = 30+ 56x-56-50x + 200
Mqp = —-24x+ 144kN - m

To draw the Shear Diagram: Load A
Diagram

1. In segment AB, the shear is
uniformly distributed over the
segment at a magnitude of —30 kN. ;

2. In segment BC, the shear is i .
uniformly distributed at a ; | 25 i
magnitude of 26 kN. Shear |

In segment CD, the shear is Diagram |

uniformly distributed at a 30 k! I 24 kN

magnitude of —24 kN. -

To draw the Moment Diagram: ; . i
I 11.154 m -
, o Moment : e
1. The equation MaB = —30x is lmear,  pjagram ' : : ]
atx=0,Mag=0andatx=1m,
Mag =-30 kN'm.

2. Mpc = 26x — 56 1s also linear. At x —30 kN-m
=1m, Mgc =-30 kN'm; at x =4 m, Mpc = 48 kN'm. When Mpc =0, x = 2.154 m, thus the
moment 1s zero at 1.154 m from B.

3. Mcp = —24x + 144 is again linear. At x =4 m, Mcp = 48 kKN'm; at x = 6 m, M¢cp = 0.
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Example 2:

Draw the shear force and the bending moment diagrams for the beam shown in the

figure.

Sol.:

NM, =0
12R , + 4800 = 3(2000)
R, =1001b



M, =0
12R , = 9(2000) + 4800
R, =19001b

Al > Segment AB:

t—= v, =19000

Ry=1900b M ,» =1900x1b - ft

Segment BC:
o _’lm b Pge = 1900-2000
Al S Vge=-1001b

A

b i ’| My, = 1900x—2000(x—3)
M. = 1900x—2000x + 6000

Mye =—100x + 6000 Ib - fi

Segment CD:

Y Vep = 1900-2000
|(— 3ft >f¢ 6 ft >) .
& L il) . Vep=—1001b
1 MZREORR | My = 1900x-2000(x3)-4800
= - Mcp = 1900x-2000x + 60004800

My =—100x+12001b - ft






Example 3:

Draw the shear force and the bending moment diagrams for the beam shown in the
figure.

Sal.

YM,=0

10R . = 2(80) + 5[10(10)]
R.=66kN

XM, =0

10R , = 8(80) + 5[10(10)]
R,=114kN



10kN/m  Segment AB:

A‘H; I ]i Vg = l 14—10ka
i X \ M 5 = 114x-10x(x/2)
Mz = 114x-5x*kN - m

Ry = 114 kN

ge. 3N kN Segment BC:
8 wkym Vg = 114-80-10x
A Fr ¥ ¥V W VWV W W WY VBC — 34_1()ka

b ] My — 1145 80(x2)-10x(x/2)
Ry = 114 kN My = 160 + 34x-5x* kN - m
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Load
Cc A Diagram

10 kN/m
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Example 4:

Draw the shear force and the bending moment diagrams for the beam shown in

the figure.
30 kN/m
. [TTLILITL
B C
Im ——3¢—2m —€1m:
Ra Rp

SM,=0

6R;, = 4[2(30)]

R, =40kN

SM;,=0

6R , = 2[2(30)]

R, = 20kN

}  Segment AB:

L | V3 =20kN

=20kN Mz =20xkN - m

12



30kN/m  Seoment BC:

A 3m B¢y VBC — 20—30(.76'—3)
'y | Vge = 110-30rkN
P My = 20x-30(x—3)(x-3) /2
My = 20x-15(x3)> kN - m
30 kN/m Segment CD:
Al B ¥ W Y Y WY WYY > VCD = 20_30(2)

Vep = —40kN
M, = 20x-30(2)(x—4)

| M, = 20x—60(x—4)kN - m

EX Dl Load

C Diagram
2m —xne€l m)T

Ro=40kN

Shear

, Diagram
>
0.67

' Diagram
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Example 5:

Draw the shear force and the bending moment diagrams for the beam shown in

the figure.

L_ s M 5 =—wox(x/2)
MAB = ——;woxz

Ao Segment BC:

Js e

— L2 —>] \ Ve = _%WGL
* Mpe = —wo(L/2)(x—L/4)

_ 1 1 2
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Example 6:

Moment
Diagram

Draw the shear force and bending moment diagrams for the following beams.
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Example 7:

Draw the shear force and bending moment diagrams for the following beams.

270 Ib/ft
4 kN/m—
¥ Y

Al |

W i k B

Al 5 = 1< 6 ft >~< 3 ft 4
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