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Moment Diagrams by Parts

Basic Principles

1. The bending moment caused by all forces to the left or to the right of any
section 1s equal to the respective algebraic sum of the bending moments at
that section caused by each load acting separately.

M= XM) = (EM)r

2. The moment of a load about a specified axis is always defined by the
equation of a spandrel.

y=kx"
where n is the degree of power of x.

The graph of the above equation is as shown below

a b

b
Area and centroid of moment diagram (spandrel)

and the area and location of centroid are defined as follows.

A= L bh
n+1
1
X . = b
“ n+2
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Cantilever Loadings

A = area of moment diagram

M, = moment about a section of distance x

X = location of centoid

Degree = degree power of the moment diagram

Couple or Moment L.oad
A=—-CL
M_ =-

1

X=—L
2

Degree : zero

Concentrated Load

—_Lpp
2
M _ =-Px
F=iL
3

Degree : first

Uniformly Distributed L.oad
1

Degree : second

Uniformly Varying Load
A=ty A
24

Degree : third

-1/6 w,L?
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Example 1 1000 N
For the beam loaded as shown in the figure , gl iy l
compute the moment of area of the M diagrams A _2n .
between the reactions about both the left and the 2m L
right reaction.
Ry R
Solution
M ,,=0 1000 N
6R, =400+1000(2) = R,=400N
M = 400 N-m
EMRI =0 A 2m 2Zm ' 2m B
6R, +400=1000(2) = R, =600N A e |
Moment diagram by parts can be drawn in g, = 400 n R, = 600 N
different ways;
< 10/3 «F 8/3 —>
1st Solution _
2400 N-m
800 MN-m
i
-2000 M-m
e 4/3 +‘ 14/3 >
< 8/3 - »e——— 10/3 >

Area, ), =3(2)(300) 3+ 2()(2400) 22222000

e of 2} Socen( oo 2
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2nd Solution

1000 M
M = 400 N-m

A 2m S 2Zm ' 2Zm B

[ [ | & |

A Ny A
Ry = 400 N Ry = 600 N

im 5m
s » >
400 MN-m
®

3600 MN-m e 4m >

-4000 N-m- |
i > >

" 4/3m 14/3 m

(A0, )T, = 400(2)(1)+3(6)(3600)(2) ~3(4)(4000)

(A 150 ))?A =11733.33N.m’

1 1

(Area, )7, =400(2)(5)+—(6)(3600)(4) —5(4)(4000)(%]

(Area,; )X , =9866.67 N.m’
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3rd Solution

1000 N
M =400 N-m
A 2m ~ 2m Y 2m B
[ i = |
| N A
Ry =400 N R =600N
< 4m > 2400 N-m
”,’/"-;

8
~400 N-m \T\
I
-2000 N-m
4 - .
16/3 >|<.2 /3 )|

(Area,, )T, :%(6)(2400)(4)-4oo(4)(4)-%(2)(zooo)g]

(AreaAB ))FA =11733.33 N.m’

(Area,,) T, =%(6)(2400)(2)—400(4)(2)—%(2)(2000)(%]

(Area,; )X , =9866.67 N.m’
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For the beam loaded as shown in the figure,
compute the moment of area of the M
diagrams between the reactions about both the
left and the right reaction.

Solution

M, =0
4R, =400(3)(2.5)+500(2) = R, =1000N
M, =0
4R, =400(3)(1.5)+500(2) =R,=700N

(Area,, )X , = %(4)(2800)(9

1

_5(2)(1000)@

(AreaAB ))?A =5450 N.m’ Ans.

(A red,, ))7 2800 (%)

1000 (—]
;(3)(1800)(2 ]

(AreaAB ))?B =7750 N.m’ Ans.

W | =

@

DEFORMATION OF STRUCTURES

Moment Diagrams by Parts

500N

«——— 2 m 1m——1m —>
400 N/fr

W!IH

I AAAARERE vvvvvlvwf ARR

A

!

Ry
S00 N

400 N/m

T— 2 m —— 1m »e—

W Y
A

R, = 1000 N

—— 4/3 m —>e —— 8/3m

2800 N-m

-1000 N-m

L
[2/3m | 4/3m

"— 2™ degree

-1800 N-m

34 m ! 9/4m
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Example 3 400 Ib/ft

For the eam loaded as shown in the figure, , .

Y Y Y Y YWY WYY

YYVYY *:' v B
compute the moment of area of the M diagrams | |
between the reactions about both the left and the Ll ﬂﬂL_ 3 ft 4,L 1 ft,T

Ry Rz

right reaction.

Solution
400 Ib/ft

By symmetry

AI ¥Y VWYY Y WYY YWY VY WYY IB
R, =R, =%(4oo)(3) § l- J- }
R,=R,=6001b :
and
(AreaAB ))FA =(AreaAB ))?B

Ry =600 Ib

- £3 I
+ deMegree

(drea,, )X , = %(5)(1500)(3] _§(3)(450)(3] -450 Ib-ft

(Area,, )X , =8250 1b.ft’ Ans.
Thus,
(Area,, )X , =8250 Ibft’ Ans.
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Example 4 200 N

For the beam loaded as shown in the figure, ,

compute the value of (Areasp)(X)a. From this | «TITTTRRITR
result, is the tangent drawn to the elastic curve at B '«—’1 - L—ﬁ"“—J
Ry R,

directed up or down to the right?

Solution
200 N

EMRZ =0 mmo N/m
1 A LB ¥ v Yy B '

4R, +200(2)==(3)(400)(1) =R, =50N | '

2 k T
M, =0 T Im ' T
1 Ri=50N R: =750 N
4R, =200(6)+ 5(3)(400)(3) =R,=750N
M 8/3 m :
/-l/ 200 N-m
e i
— 1 8) 1 17 i1
(40, ) T, =5 ($)200)(§ | -0 o00)( PO
(Area,, )X, =—-46333 N.m’ Ans. - R
| ~— Tangent thrgugh B
The value of (Areaup)(X)s is negative, therefore == —_—
point A 1s below the tangent through B, thus the Elastic CUWN

tangent through B slopes downward to the right.
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