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Internal Loading

e Using the method of sections we can
iInvestigate the loading acting within a
member




Internal Loading

e Using a free body diagram of the ... beam
we obtain the reactions,AA,, B,, B,.




Internal Loading

e Consider SectioAC only, equilibrium of the

sections requires adding three components
— ForceN along the axis of the beam is called axial loading
— ForceV perpendicular to the beam axis is called sheaeforc
— MomentM eliminates the moments of the forces N and V




Internal Force: Analysis
Procedure

Example:

Determine the internal 6KN
normal force, shear force, l
and the loading moment m‘)
acting just to the left at i e S |
point B, and just to the

right at point C of the 6 kN )

force




Internal Force Analysis
Step 1

« Draw a free body diagramof the entire
frame and use it to determine as many of the
reaction forces at the supports as you can.

>Mp =0=9KNm+ (6BKN)(EM - A Om) =0 l -

A =5KN  — T}




Internal Force Analysis
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 Dismember the frame and draw a free body
diagram of each of its members:

— Write as many equi

necessary to fino

a

member on whic
located.

Nt

Ibrium equations as are
| the forces acting on the

ne point of interest is



Internal Force Analysis
Step 3

o Cut the member at a point of interest anc
draw a free body diagram of each of the two

portions.
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Internal Loading Analysis

Step 4

 Select one of the two free body diagrams you
have drawn and use it to write three equilibrium
equations for the corresponding point of the body
— Summing Moments about the point of interest
> M_ =0 gives bending moment at point P
— Summing Forces along the axis of the member

Z F, =0 - will produce axial force in the
member

Z F, =0 - shearing force



Internal Loading Analysis
Step 4

Segment AB

M,
A [ _“H;B-l- N
F 1' Tl - ;
S kN A
il

quFX:O NB:O
+1 Y F,=0 5kN -V, =0 — V; =5kN
+SM, = (~5kN)(3m) + M, =0 - M, =15kN [in



Internal Loading Analysis
Step 4

ks
Segment AC ] l M

- e -

T- 1 m - -."rr
3 kM

LXF=0 | Neo
5kN —6kN +V. =0 - V. =1kN
+1 Y F,=0 PR

y (—SkN)(3m)+ M. =0 - M =15N mn




Example

o Determine the resultant internal loading acting on
the cross section at G of the wooden beam AE.

Assuming the joints at A, B, C, D, and E are pin-
connections

D, and E are pin-conne




Solution

Step 1. Support Reaction

+1 > F, =0
L Y Sty = 620010

-1500+ % (6 ft)(300Ib/ ft) A{ i

+E, = 0 E,= 62000

Ey = 24001 ; E, = 400 1b

1500 1b

+ Z M E = 0 i 3 (61)=40—

| ]

150040) +900(4) - F; (3)=0 (6 )00 11) =500
F. =6200b
M- > F,=0 gl
—E, +6200=0 T
E, = 6200




Solution

Step 2: Free Body Diagram at point G
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Solution

Step 3 Equations of Equilibrium for segment AG
- > F =0
775C{gj+NG =0

N, =-6200b

+1 3 F, =0 Pk

, 4 N,
~1500+ 775{—} -V, =0 B ]

5 —ap —ait Mg
V, =3150b t
+2 Mg =0 1500 Lb
M, —775@](2)+1500(2) =0 (d)

M =6300b LTt

T7%0 1h




Question ?7?7?

 Will we get the same results by considering
segment GE rather than AG?



Determining V and M in a Beam:
General Procedures

1. Draw aFBD of the entire beam, find reactions and supports
2. Cut the beam at the point of interest

3. Draw FBD of the section of interest including :
— the external loads and reactions
— the shearing force and bending couple represetiteamternal forces

4.\Write theequilibrium equationfor the portion of the beam
you selected

5. Record the values and signs of V and M obtained



Determining the Shear and Bendirmg
Moment in a Beam

 Draw the shear and bending moment
diagrams for the beam shown below




Step 1

 Draw the free body diagram of the entire beam, to
determine the reactions at the beam supports

+> M, =0

B, (32) - 480(6) - 700(22) =0 L :
B, =364b 1 ° B
+> My=0 ‘

480(26) + 400(L0) - A(32) = 0 DU
A=5183b } "—:.HH—HL—H in=—"*
m — Z FX =0

BX =0 A = B




Step 2

e Cut the beam at the point C ( point of

Interest
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Step 3

 Draw free body diagram of the portion of
the beam you have selected showing:

— The loads and reactions exerted on that portion

of
eg

— T

the beam,replace distributed loads by
uivalent concentrated loads

ne shearing force and the bending moment

re

presenting the internal force at the point of

Interest



Shear and Bending Moment from A to C

K5 imi

‘—'-— I3 fan. —f———

A | ot

L =

d
.

51E - 40(X) -V =0
+TZFy=O V =515 — 40 Xlb
1

+ZM1: —515x—4ox(§xj+|v| =0

M =51E - 20 X °lb [in




Shear and Bending Moment from C to D

. —F_'.—I-

515-480-V =0
+13F, =0 V =35b

-515X —480(X -6)+M =0
+) M, = M = (2880+35X)Ibin




Shear and Bending Moment from D to B
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515-480-400/ =0
+1 3R =0
T y V =364b

+Z M, = ~515X —480 X —6)-1600+ 40Qx-18) + M =0
M =11[680-365XIb!in




Step 5

e Draw the shear and moment diagram
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W = w(X) is a distributed
load

Distributed load
considered positive when
acts downward, and
negative when acts
upward.

Positive sense of shear Al
force and bending “(’1!1 M+ a2
moments are given v



Shear Force and Bending

Moment Sign Convention

=) i = e
- "';.l-.l-. ki =-.:-L-|:|
=) (= =) (=

= 5 oameensl



w, V., M Relations

e Consider the equilibrium
of the element cut from
the beam:

+ 128 =) V=winAx=-(V+AVI=0

AV ==wix) Ax ¢
43IM, =00 =VAxr— M+ wix) Ax[k(dx)] + (M + AM) = 1) ‘.Ii .
AM =V Ar = wink(Ax)’* “(" 1:1 M+ AM
| V & AV



Relation Between V&w

e Using the limits theory, dividing b&xx and
taking the limit agA\x — O

dV ':
b= S
ddy
Slope of _ Negative of distrbuted
shear diagram load intensity




Relation between M &V

and
X

._-.1._Jl

Slope of

_ = Shear
moment diagram




Area Method to Find V( Shear Force)

e Change in shear between points B and C is equal
to the negative of the area under the distributed -
loading curve between these points

'h'vﬂ‘l. — _J ||'I'|:.'||:]' -[l',l'

Chanpge  Negalive of arca under
in shear loading curve




Area Method to Find M

(Bending Moment)

* The change in moment between points B and C is
egual to the area under the shear diagram within
region BC

-'11&’!”' = J .Ilrlf'ulr..l.

Change Area under
in moment  shear diagram



Example

e Draw the shear and
bending moment
diagrams for the beam i
shown . e i
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Solution

e Step 1: FBD and

reactions

o Step2: Cut a portion of

the beam

o Step3: Draw a FBD of

that section



Solution, Cont...

o Step4: write the equilibrium
equations for that section VKN

+1ZF, =0, 9“];11—13:“
1’={9~2—:JEN
(+EM =10 M+_]?r(—} = =0

o Step5: use the resulting
equations to draw the V and
M diagrams




Drawing V and M Diagrams

.................




Example : Area Method

e Using the area method draw the shear and
moment diagrams of the beam shown below

GO b

) ft == S - S =



Solution

 Notethat when having a
concentrated couple
affecting the beam at certain
point, that will not affect the

shear diagram, however, the o g s,
bending moment diagram - g e
will show a discontinuity at  wema

that point rising or falling
by an amount equivalent to
the magnitude of that couple




Practice !

 Draw a complete shear and bending moment
diagrams for the beam shown below
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Answer to Practice
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Practice

 Draw the shear and bending moment
diagrams for the following beam




Answer to Practice




