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1-1 Loads and Loading Diagrams in Mechanical Members

Axial -—> F  Axial Force

{ Transverse

Forces

Shearing Force

Loads —

M
1-2 Axial Force Diagram in Bars

Rule 1: Take unknown internal forces in the positive direction.

— Moments

Rule 2: Positive forces are tensile and negative forces are compressive.

Rule 3 (Diagram method for axial force): For positive concentrated axial forces move downward in F-X
diagram and for negative concentrated forces move upward.

Axial Force Direction Convention - Internal Forces are Action and Reaction

Example 1: Draw the axial force diagram in the following bar, using the “section method” and “diagram
method”.

@ @

10 kN

R+10—-20=0->R =+4+10kN
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Section 1:

, 20 kN

L

R=10kN
F; Fi 10 kN
)
R+F =0 —F,—-20+10=0
F; = —10 kN(Compressive) F; = =10 kN (Compressive)

Section 2:

10-20+F, =0 —F+10=0
F, = +10 kN (Tensile) F, = +10 kN (Tensile)

F oA r-
10 {———""""""7"7"""7""7"77—~
ends at zero
L

> X
—10
k F, =—-10kN
Example 2: Draw the axial force diagram using the diagram method.
v
R 10 kN
—;

R—-54+20-304+10=0->R=+45kN
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F,=-10kN F,=0kN Fy = —20 kN F, = +10 kN

1-3 Torque Diagram in Bars
Rule: It’s similar to axial force diagram; for positive torque move downward in T-X diagram and for
negative torque move upward.

I~ <o
1-4 Shearing Force and Bending Moment Diagram in Beams
Direction convention for shearing forces and bending moments:

B

OR
M

¢

%4 4
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Example 3: Draw shearing force and bending moment diagrams for the following simply supported
beam, using the “section” method.

Pa

L§+ZMA=O—>RBI—Pa=O—>RB=T

Pb
l

O+ZMB=O—>—RAI+Pb=O—>RA=

Section1 (0 < x < a):

O+ZM=O _>_RAX+M1=0—>M1=RAX

>
T+2Fy:O d RA_V]_:O—)Vl:RA
M
v V_dM1
1 1= ;.
TRA dx

Section2 (a < x < I):

O, XM=0—> M, —Ryx+P(x—a)=0
M2=RAx_P(x_a)

X
=, 1, XE =0—R,—P-V,=0
V2=RA_P=_RB

RA+RB=P_)RB:P_RA

T -
Ry dM,
V, =——
2 dx
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v
=

(R4 — P)x+ Pa=—Rgx + Pa

\%
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1-5 Diagram method for drawing shearing force and bending moment diagrams

Rule 1: For positive concentrated transverse (shearing) forces move upward in
V(x) diagram and for negative concentrated transverse (shearing) forces move
downward.

Rule 2: V at any point represents the slope of M(x) at that point.
dM
~dx

Rule 3: Change in M from x1 to x; is equal to the area under V(x).

X2

X1

Rule 4: For positive concentrated bending moments move downward in M(x)
diagram and for negative concentrated bending moments move upward.

Rule 5: w at any point represents the negative of the slope of V(x) at that point.

av
dx

Rule 6: Change in V from x1 to x; is equal to negative of the area under w(x).

w =

X2
AV=V2—V1=—j wdx

X1

Example 4: Draw shearing force and bending moment diagrams for the following beam, using the
“diagram” method.
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Section1 (0 < x < 1/2):

>
MA<

Section2 (I/2 < x < ):

2
/
Z

Ry

T+sz=o
)
Vi

R, — l
A—wz
wl(l l) 0 M 3wl?
_ = — ] = — =
4 2\2 4 A 8

5, Y u=o

M1+MA—RAx=0_)M1=RAx—MA

RA—V1=0_)V1=RA
1
v, =—1L
VT dx

O+ZM=0

A § ?
w —Mz—w€§=0—>M2=—a)7—>M2
. (U=x?
M =W 2
G 1) B =0
v, :r_| V2—w€=0—>V2=§)<§’—>V2=w(l—x)
2
27 dx
4 2
A Area = ol wl?

wl / 2 Area = —

7 = RA & | 8
: tana = —w
i
i 2> x

L ! i
2 ! i
! H
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