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ملاحظة: اذا كان خط الـ shear مستقيم افقي فان خط الـ moment يكون مائل نزولا او صعودا.
· لكي نرسم الـ Bending moment diagram يشترط اولا رسم الـ shear force diagram
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Example 3:Example 4:
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Example 7:

VA =  (-1217 - 129)/8 = -39.0 kN, VB =  +39.0 kN
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Example 8:
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ملاحظة: عند رسم الـ B.M.D يتأثر بوجود عزم كما في المثال بعزم مقداره 4800 Ib.ft . اما رسم الـ Shear  لا يتاثر اطلاقا.
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Moment Diagram/ Rectangular Uniform Load
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Solved problems
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Solved problems
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Example: A frame ABCD, with rigid corners at B and C, supports the concentrated load as shown in Fig. P-440. (Draw shear and moment diagrams for each of the three parts of the frame.)
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m, Mgc = 48 kN-m. When Mgc = 0, x = 2.154 m, thus the moment is zero at
1.154 m from B.

3. Mcp = -24x + 144 is again linear. At x = 4 m, Mcp = 48 kN-m; at x = 6 m, Mcp =
0:
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To draw the Moment Diagram:

1. The equation Mag = -30x is linear,
atx=0,Mpg=0andatx =1m,
Mag = -30 kN-m.

2. Mgc = 26x - 56 is also linear. At x
=1m, Mgc =-30kN-m; atx = 4
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Mep = =302 + 562 — 56 — 50 4 200
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From the load diagram:
XMp=0

5R)p) + 1(30) = 3(50)

Rp =24kN
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To draw the Moment Diagram:

1 M
Mag = 0; at x = 3 ft, Mag = 5700
Ib-ft.

2. For segment BC, Mgc = -100x +
6000 is linear; at x = 3 ft, Mgc =
5700 Ib-ft; at x = 9 ft, Mgc = 5100
Ib-ft.

1900x is linear; at x = 0,
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3. Mcp = -100x + 1200 is again linear; at x = 9 ft, Mcp = 300 Ib-ft; at x = 12 ft, Mcp
=0.
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Segment AB:
Vap = —20kN

Myp = —20xkN-m
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To draw the Shear Diagram:

1.

For segment AB, Vap = 114 - 10x is
linear; at x = 0, Vag = 14 kN; at x
=2m, Vag = 94 kN.

Vgc = 34 - 10x for segment BC is
linear; at x = 2 m, Vgc = 14 kN; at
X = 10 m, Vgc = -66 kN. When Vpc
=0,x = 3.4 mthus Vgc = 0at 1.4
m from B.
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10 kN/m Segment AB:
Vap = 114 — 102 kN

X Mg = 11da — 102(z/2)

Ra=114kN Myp =114z —52°kN -m

2m 80 kN Segment BC:
g 48 10kn/m  Vpe =114 - 80 — 10z
Vpe = 34 — 102 kN

% Mpe = 1142 — 80(x — 2) — 102(x/2)

Ra= 114 kN Mpc = 160 + 342 — 527 kN - m
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To draw the Moment Diagram:

1. Map = 114x - 5x? is a second
degree curve for segment AB; at x
=0,Map=0;atx =2m, Mpag =
208 kN-m.

2. The moment diagram is also a
second degree curve for segment
BC given by Mgc = 160 + 34x -
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5x2; at x = 2 m, Mgc = 208 kN-m; at x = 10 m, Mg = 0.
3. Note that the maximum moment occurs at point of zero shear. Thus, at x = 3.4 m,
Mgc = 217.8 kN-m.
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Draw complete shear and moment diagrams for an 8 meter long, simply- 3 kN/m
supported beam having a uniform distributed load of 3 kN/m.

Solution The loading is symmetrical, therefore the reaction forces R, and R 7AY O
8
are each equal to half the total applied load. R,= R,,:MST“E 12kN 12kN 14#4 12kN
m
V=12kN

Draw construction lines down from the load diagram at each reaction force .
The shear diagram is two triangles. Draw a construction line down from
where the shear line crosses the zero axis.

. " - M, 24N m
The maximum moment is equal to the area of the left-hand triangle: the base =

times the height divided by 2. The base of the triangle is half the length of the
beam, 4 m.

,nu‘:lzkl\lzX4m:24kN-m

The moment at point B is the moment at the midspan minus the area of the right-hand triangle.

12kN x4 m

AR k-

My=M
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1800 Ib.
12ft. 8 ft.
600 Ib. 12001b.  |== >
R 12 fi. R,

V=600 Ib.
v 4

v=o

V,=-1200 I,




image50.jpeg
Draw complete shear and moment diagrams for a 12
foot long, simply-supported beam having a wedge-
shaped nonuniform distributed load of 0 Ib./ft. at the
left end of the beam and 300 Ib./ft. at the right end
of the beam.

Solution Draw an equivalent load diagram, placing
the equivalent point load at the centroid of the
distributed load. The centroid of a triangle lies 2/3 of
the distance from the tip of the triangle. Use the
equivalent load diagram to find the reaction forces.

The centroid of the triangular load profile lies at
Lyl
o3 3

=8ft. , measuring from point A.

The equivalent load is the average of the minimum
and maximum distributed loads times the length of
(20+300) Ib. 12ft _ 1 e00b

the distributed load: W= Ny
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The moment about point A is ¢ z M ,=0=—18001b.-8t.+ R, 12ft. . Rewrite the equation to find the reaction force

RF%:umlb, Sum of the forces t+ 3. F,=0=R,—18001b.+1200Ib. Solve for
R,=18001b.—12001b.=6001b.

Draw construction lines down from the original load diagram at the two reaction forces. Calculate the shear loads at these
points.

V,=R,=6001b.
V,=V,~18001b.=—12001b.
V=V, +R,=—12001b.+12001b.=0

Draw a construction line down from the shear diagram where the shear line crosses the zero axis — this construction line
marks the location of the maximum moment. We need to find the location of this point in order to calculate the maximum

moment.
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Consider that the value of ¥ at any point along the shear diagram equals the reaction force R,
minus the area of the distributed load, a,: V=R ,—a,, . The area of the triangle-shaped
distributed load at any point equals one-half the base times the height of the triangle. Let the
base be x, the distance from the left end of the beam. The height is a fraction of the

distributed load w at point B. By similar triangles, height :% W, 5o area

2 2
aw—lixiw: X' W and shear force V:R4—% . Where the shear line crosses the zero
3 - 2LR 121t.-6001b.  ft

line, V=0, therefore x=4 A |2 e L D 69281t

AT 3001,

The maximum moment is equal to the area of the shear diagram to the left of this
construction line. Since the shear diagram is a parabola, the area of the shear diagram to the
left of the construction line is 2/3 of the base of the parabola times its height.

20 2:6001b.6928 1

=2770ft.-Ib.
3
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(®) Plot V and M versus x.
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(1) Plot V and M versus x.
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(3 Plot V and M versus x.
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() Plot V and M versus x.
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) Pt V and M versus x.
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(i) Plot V and M versus x
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To draw the Shear 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
uniformly distributed at a
magnitude of 26 kN.

3. In segment CD, the shear is
uniformly distributed at a
magnitude of -24 kN

Shear Diagram

=30 ki

To draw the Moment Diagram:

1. The equation Mag = -30x is linear,
atx=0,Mpg=0andatx=1m,
Mag = -30 kN-m,

2. Mgc = 26x - 56 Is also linear. At x

Moment Diagram

-30
1m, Mgc = -30 kN-m; at x = 4 m, S

Mgc = 48 kN-m. When Mgc = 0, x
from B,

3. Mcp = -24x + 144 Is again linear. At x = 4 m, Mcp = 48 kN-m; at x = 6 m, Mcp =
o

2.154 m, thus the moment is zero at 1.154 m




image78.jpeg
2000 Ib
‘ M = 4800 Ib-ft

A =

T





image79.jpeg
=My =0
12R)p + 4500 = 3(2000)
Rp=1001b

My =0
12R 4 = 9(2000) + 4800
Ry =19001b

Segment AB:
x| Vag=19001b

Re=1900 My =1900z1b- ¢

Segment BC:

r_sn—-lzmoln .
A = Vac 1001b

=

Misc = 1900z — 2000(z — 3)

1900 1b
Mpc = 1900z — 2000z + 6000
Mpo = —100z + 60001b- f¢

Segment CD:
Vep = 1900 — 2000

—1001b

M = 1900z — 2000z + 6000 — 4500
Mep =100z + 12001 - ¢
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To draw the shear diagram: 2000 lbl M = 4800 Ibft

A < D
1. At segment AB, the shear is [ 1
uniformly distributed at 1900 Ib. t( 3ft ,|< 6ft 3ft ,t
2. A shear of -100 Ib is uniformly =19001b; Load Diagram Rp = 100 Ib

distributed over segments BC and
CD.

i 1900 Ib

Shear Diagram

To draw the Moment Diagram: i

=100 Ib

1. Map = 1900x is linear; at x = 0,
Mg = 0; at x = 3 ft, Mag = 5700
Ib-ft.

2. For segment BC, Mgc = -100x +
6000 is linear; at x = 3 ft, Mpc =
5700 Ib-ft; at x = 9 ft, Mgc = 5100
Ib-ft. Moment Diagram

3. Mcp = -100x + 1200 is again linear; at x = 9 ft, Mcp = 300 Ib-ft; at x = 12 ft, Mcp
=0.

5700 Ibft i
5100 Ibft
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TMa=0
10Rc = 2(80) + 5[10(10)]
Re = 66kN

=Mc =0
10R = 8(80) + 5[10(10)]
Ry =114kN
10KUm  segment AB:
Vap = 114 — 10skN
3 Myp = 114z — 102(z/2)
Ry=114kn  Myp =114z 52 kN-m

80 kN Segment BC:
2m .,‘B okym  Veo =114 80— 10z

Vi = 34— 102 kN
. Mpc = 114z — 80(z — 2) — 102(2/2)

Ry= 114 kN Mpc =160+ 34z — 52 kN -m
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To draw the Shear

gram:

1. For segment AB, Vag = 114 - 10x is. l 10 kN/m
linear; at x = 0, Vag = 14 KN; at x

=2m, Vag = 94 kN. C
5 amsfE gm

. Vpc = 34 - 10x for segment BC is Ra = 114 kN et
linear; at x = 2 m, Vpc = 14 kN; at i Load Diagram

X =10 m, Vgc = -66 kN. When Vgc
.4'm thus Vpc = 0 at 1.4

To draw the Moment Diagram:

1. Mpg = 114x - 5x2 is a second
degree curve for segment AB; at x
0,Mpg=0;at x=2m, Mag =
208 kN-m.
2. The moment diagram is also a
second degree curve for segment
BC given by Mpc = 160 + 34x - Moment Diagram

5x2; at x = 2 m, Mgc = 208 kN-m; at x = 10 m, Mgc = 0.
3. Note that the maximum moment occurs at point of zero shear. Thus, at x = 3.4 m,
Mpc = 217.8 ki-m.




image3.emf

image84.jpeg
=My
12Rc = 4(900) + 18(400) + 9[(60)(18)]

Rc =17101b

=Mc =0
12R, + 6(400) = 8(900) + 3(60(18)]
R4 =6701b

60D/t Segment AB:
Vap = 670 — 60z b

| Man =670z —60a(z/2)
-
Re=670b Map =670z —3021b- &

200 b Segment BC:

4% oy Voo =670 90060z
Vie = —230 - 60z 1b

Mpc = 670z — 900(z — 4) — 60z(z/2)
Ry=6701b Mpc = 3600 — 230z — 3022 1b - ft
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To draw the Shear Diagram:

1. Vag = 670 - 60x for segment AB.
is linear; at x = 0, Vag= 670 Ib;
atx =41t Vag =430 b.

2. For segment BC, Vpc = -230 -
60xis also linear; at x= 4 ft, Vac
=-4701b, at x = 12 ft, Vgc =

-950 b,
3. Vep = 1480 - 60x for segment CD

is again linear; at x = 12, Vp
760 Ib; at x = 18 ft, Vicp = 400 b,

To draw the Moment Diagram:

1. Mpg = 670x - 30x2 for segment.
ABis a second degree curve; at
x=0,Mag =
2200 It

2. For BC, Mgc = 3600 - 230x -

; atx=4f, Mag = i )
|
b o7 a

Moment Diagram

30x2, is a second degree curve;
atx= 4R, Mgc = 2200 -, at x

=12t, Mgc = -3480 Ib-ft; When

3480 Ibft

Mgc = 0, 3600 - 230x - 30x2 = 0, x = -15.439 ft and 7.772 ft. Take x = 7.772 ft,
thus, the moment is zero at 3.772 ft from B.
16920 + 1480x - 30x? is a second degree curve; at x =

3. For segment CD, Mcp
12 ft, Mcp = -3480 Ib-ft; at x = 18 ft, Mcp = 0.
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Segment CD:
Vep = 670+ 1710 — 900 — 60z

Vep = 1480 — 60z1b
X —s
9001 )I
1 60 b/t

B [
74n~)|4—8ﬁ
Ru=6701b Re=1710b

Mgp = 670z + 1710(z — 12) — 900(z — 4) — 60z(x/2)
Mcp = 16920 + 1480z — 3022 Ib - ft
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