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(aslol) 7.1 aigas alies
1>
(oS oo
S e sl e 1y OB S ol dep 0
+>ZME =0:
—(2400N)3.6m)+ F(4.8m)=0 F=1800N
2 F,=0:
~2400N+1800N+E, =0 E, =600N
>F,=0: E, =0
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N o2 S o0 5 0 |y, BCD oly] ass 5
ZMB =0:
12m
[-24m—— —(2400N)(3.6m)+C,(24m)=0  C, =3600N
By Cy J 2400 N Y M =0:
e O & ~(2400N)(12m)+ B, (24m)=0 B, =1200N
YF =0: -B. +C, =0
oS o0 A5 0 1y, ABE Sljl e 5
DZMA=O: B,(24m)=0 B, =0
SF =0: B -4 =0 A, =0
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2 F,=0:

—V +(1800N)sin41.7° =0
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SF and BM diagram
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Vector Mechanics for Engineers: Statics
Sample Problem 7.3

7200 N/m SOLUTION:
a Eeﬂ o D }; A . Taking entire beam as free-body,
E calculate reactions at 4 and B.

g o

o | Ey1s00N . . .

= = | * Determine equivalent internal force-

0.3 m—> 005 N couple systems at sections cut within

08m segments AC, CD, and DB.

Draw the shear and bending moment
diagrams for the beam AB. The
distributed load of 7200 N/m. extends
over 0.3 m of the beam, from A to C,
and the 1800 N load is applied at E.

¢ Plot results.

Sridlgl e dazme 1l 5 55008
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Sample Problem 7.3

7200 N/m SOLUTION:
A& C I D _Lals + Taking entire beam as a free-body, calculate
2 reactions at A and B.
E E 1800 N ZAlAZOZ
m—> ; I = !
- L TomN] B (0.8m)—(2160N)0.15m)~(1800N)0.55m) =0
§ 2160 N
v ZMB =0:
o W 75 (2160N)(0.65m)+(1800N)0.25m)— 4(0.8m) =0
2 D
"TIR
1800 N
R L | 0.25m ! L F=0: B, =0

» Note: The 1800 N load at £may be replaced by
a 1800 N force and 180 N.m couple at D.

Sl (i dazma telilS 5 (55105

Vector Mechanics for Engineers: Statics
Sample Problem 7.3

» Evaluate equivalent internal force-couple systems
at sections cut within segments AC, CD, and DB.

L 03m 015m  035m

| 7200 N/in

1
180 Nem ‘
N

B

=)
ng\ FromAto C

|
|
x| Y F,=0: 2318-7200x-V =0
Ty | V =2318—7200x]
P
f"'““L ol S M;=0: —2318x+7200x(1x)+M =0
I 2160N |
B e M =2318x —3600x’]
FTLTTL, | From Cto D:
S,
:‘siwr v ZFy=0: 2318-2160-V =0
M V =158N

Y My =0:-2318x+2160(x—0.15)+ M =0
M =(324+158x)N-m|

Sridlgl e dazme 1l 5 55008

12/2/2025
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Sample Problem 7.3

i 03m i”- 15m _035m + Evaluate equivalent internal force-couple
7200 Nim 180 Neun ‘ systems at sections cut within segments AC,
P CD, and DB.
2sw,xf o2 {D 'si +\m:\
1800 N } | From Dto B:
|
| ‘E’iﬂiqm—ﬁ‘ ZFy=0: 2318-2160-1800—-¥7 =0
80 N-m {
_;_;.__;54 V=-1622N
I8N |1(;()\'LT${ :
T i, il > My=0:

—2318x+2160(x —0.15)—180 +1800(x —0.45)+ M =0
(M =(1314-1642x)N -m|

Sl (i dazma telilS 5 (55105

Sample Problem 7.3
_ 03m_ 015m  035m * Plot results.
l 7200 N/m | — From A to C:
A IV =3218-7200x]|
A B
_— 1r n czt]o 3l v , M =3218x—20x7
2318 N N I ‘ 1642 N
X | |
ol et L From Cto D:
v V =158 N
SR 158 N ‘M =(324+158x)N-m|
0.45 m 0.8m l,
U'? m [ lieen
MI" 395 Nem 575 Nem From Dto B:
372 N-m | V =—1642 N
g M =(1314-1642x)N -m|
Sl oz tadiis g (55105
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Sample Problem 7.4

SOLUTION:
90kN 54 kN 225KN/m o Taking entire beam as a free-body, determine
‘ l reactions at supports.
4l B C & p E" . Between concentrated load application
| | ‘ | points, dV/dx=-w=0 and shear is
.8m 24m fm = 24m constant.

* With uniform loading between D and £, the

. shear variation is linear.
Draw the shear and bending-

moment diagrams for the beam
and loading shown.

* Between concentrated load application
points, dM/dx =V = constant. The change
in moment between load application points is
equal to area under shear curve between
points.

» With a linear shear variation between D
and Z, the bending moment diagram is a

S rtllyl oo a5 5 (5591055 parabOIa'

Vector Mechanics for Engineers: Statics
Sample Problem 7.4

12m. SOLUTION:
o s P * Taking entire beam as a free-body,
2t I [ I l - determine reactions at supports.
T:\,’ B C 3 Dﬂrn“m ZMA =0:
M B sk D(7.2m)~ (90 kN)(1.8 m)— (54 kN)(4.2 m)
Al ; @; - (54 kN)(8.4 m) =0

T B li & b T

kN |
|
|
|

2 F, =0:
A, —90kN—-54kN+117 kN -54kN =0

S1 kN

V{kN}
+81
T

(+145.8)

+5

(-21.6)
i

(+64.8)
4

)

- 63

‘ (—189)

Sridlgl e dazme 1l 5 55008

+ Between concentrated load application points,
dV /dx = —w = 0 and shear is constant.

» With uniform loading between D and £, the shear
variation is linear.
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Sample Problem 7.4

SR e T » Between concentrated load application
points, dM/dx =V = constant. The change

[ HE in moment between load application points is

B|1 Cc D

T _ 1 equal to area under the shear curve between

‘ points.

s—M, =+1458 M,=+1458kN-m

-My=-216 M, =+1242kN-m

p—M-.=-189 M, =-648kN-m

-M,=-648 M, =0

(+145.8)
! +5

(-21.6) ‘

(+64.8)
4

(—189)

SXxX

E
M(kN.m)| +145.8

1242
¢ With a linear shear variation between D
and £, the bending moment diagram is a

g ) parabola.

Sl (i dazma telilS 5 (55105

Vector Mechanics for Engineers: Statics
Sample Problem 7.6

SOLUTION:

* The change in shear between A and Bis
equal to the negative of area under load curve
between points. The linear load curve results
in a parabolic shear curve.

» With zero load, change in shear between B
and C'is zero.

* The change in moment between A and Bis
equal to area under shear curve between
points. The parabolic shear curve results in
a cubic moment curve.

Sketch the shear and bending-
moment diagrams for the
cantilever beam and loading
shown.
* The change in moment between Band C'is
equal to area under shear curve between
points. The constant shear curve results in a
linear moment curve.

Sridlgl e dazme 1l 5 55008
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Sample Problem 7.6

<

Sl (i dazma telilS 5 (55105

SOLUTION:

» The change in shear between A and Bis equal to
negative of area under load curve between points.
The linear load curve results in a parabolic shear
curve.

atA, VAZO’ dl=—w=—W0
dx
VB _VA = —%W()a VB =—%w0a
at B, d—Vz—w=0
dx

» With zero load, change in shear between Band C'is
Zero.

Vector Mechanics for Engineers: Statics

Sample Problem 7.6

1 2
—_— Wy
3 s

= éwoa(BL —a)
S rlla] Crmmazms 1l 5 (55105

* The change in moment between A and Bis equal
to area under shear curve between the points.
The parabolic shear curve results in a cubic
moment curve.

atd, M, =0, M_y_g

dx
My —M, =—Lwya? =—Lywya?
p—My=—-3wa MB——3w0a
Mc-Mpg=-3wa(l—a) Mc=—{woa(3L-a

» The change in moment between B and C'is equal
to area under shear curve between points. The
constant shear curve results in a linear moment
curve.
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GCabloes
Caliles Subjected to Distributeil Loaus

w(xX)(A x)
——k(Ax)—‘-!
il E T +AT
: oL~ 0+a0
' Y 4/’) Ay
| I |
4‘__\"‘ As
]
Sl s ilaS 5 5515, 7 — £0/90
Galles
Galiles Subjected to Distributed Loaus
iR ZFX =0: —Tcos@+(T+AT)cos(0+A8)=0
1D F,=0: —Tsinf- w(x)Ax + (T + AT)sin(6 + A8) =0
ZM0 =0: w(x)(Ax)k(Ax)+ T cos 9(Ay)+ T sin Q(Ax) =0
w(x)(A x) | ang lelde by Ax
e limit as Ax — 0
_—— also Ay — 0, A0 — 0, AT — 0
013 0+A0 d(Tcos9) _ 0
| A ax
RO N G
As
T e \/ Ay _ tan@
| Ax dx
) o el 5 5,515,3 7—£1/90
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o i G
Caliles Sulijected to Distributeil Loaus
d (T cos 0) —0
e
W@ k(A x ) T cos0 = constant = F,,
! Horizontal Tensile Force at any point
- T +AT

d(T sin0)
i 0, 159+A6 dx —w(x)=0
i 5 d T sin0 = J‘ w(x)dv

Ay
| T sin6 _ﬂ _i w(x)dx

. y TcosH_tbc_F,,
' 1

Note : there are two more constants of intergrati on C, and C,.

7 —£v/90

In a suspension

bridge, the load

is uniformly

distributed along
D(X,y)’/ the horizontal.

¢ 7 The load supported

by portion CD of

the cable is

W= wx.

The curve formed by the cable is a parabol/a of equation

_ wx
Y

il oz el 5 5591555 7 — £A90
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Slide 47

MF10 Divide both sides by Tcos 6 and substitute tan 8 by dy/dx from previous slide.
My Friend+A/+0/Y++Q ¢



Sampie Problem 7.2

Determine the maximum uniform loading w; that the cable can support if
it is capable of sustaining a maximum tension of 60 kN before it will

break,
Given: T  , geometry
Find: w,

Solution:

IE 60 m |
g —
—_ 7m i e

Y Y Y Y Y Y Y Y Y YYYYYYYYYYYYYYYY

wQ
il oo iela 5 5 pplo S 7 — £4/90
Sample Problem 7.2
- 6dm |
(%) ‘? =
“*»ﬁ%_v__% 7m . T
B -—-__I__ —T
Y Y Y Y Y Y Y YYYYYYYYYYYYYYYYYY
wo
TcosO=F,
dy 1 = —1 w(x)dx
—=tan0=—jw(x)dx y=
dx F, F,
(Sl (rmdazma 1okl 5 (5515 7 —°+/90
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| CHE ] T
Cafilés Subjected to Its Own Welght

wi(x)(A x)

S Iyl > dazme kiS5 559105 7 —©1/90
_ Cables
Cables Sulijected to Its Own Welght

w(x)(Ax)

k(A x)— TcosO=F,
’ o al FAAT T sinf = I w(s)ds
E, /OE G+A0 % = FLH w(s)ds
-~

A
A Ly ds = /dx* + dy*

{
r(/‘:ﬁj As 2
o b w_ (&,
| Ax \ dc  \\ax
dg 1
; 1
= 2 ds 1 (j 2
* {1+I:2(J.w(s)ds)z} E_{I_FF_: w(s)ds)z}
Ay s il 5 5 ,310,5 7 —2°Y/90
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y B For a cable hanging
under its own weight,
the load is uniformly
A D(xy) distributed along
the cable itself

c The load supported
by portion CD of

the cable is

o x W= ws.

Choosing the origin O at a distance ¢= 7,/w below C, the
relations between the geometry of the cantenary and
cable tension are

X X

S=csinh—c y=ccosh—c y2-s2=¢2
6yl oo 1SS 5 555105 7 — °¥/90
Samiple Problem 7.3

The chain has a weight of 3 1b/ft. Determine the tension at points A, B, and
C necessary for equilibrium.

Given: w,, geometry
Find: TA, TB, TC

Solution:

| Bt~ 10t

il ppmimhazma fenla 5 5 y515,5 7 —°£/90
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Sample Problem 7.3
TcosO=F, ds B j
Tsin0=Iw(s)ds x=j {1+ ! (IW(S)JS)Z}; i‘-‘
dy 1 F,
— =tan0=—.[w(s)ds . ¢
ds = \Jdx* +dy* a | TR ek "y
H 0 t
dy _ (d) :
de \|\dx)
| 81t~ 10 fi
Srol e s 5 59105 7 —©¢/90

§ 7.1-7.5 Internal forces; shear force &
bending moment diagrams

Recall:

Internal forces are forces in structural members that are
generated by straining of material (deformable bodies).

Procedure for finding internal forces:

1) If appropriate, draw FBD for the whole structure and find
any unknown reactions.

2) Identify the cross section where internal forces are
desired.

3) Take a cut through this cross section, draw FBD, and
introduce the appropriate internal force unknowns.

4) Apply equations of equilibrium and solve -

12/2/2025
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2-D: Imagine we are interested in the internal forces on
cross section aa:

Internal forces: N=normal force
M= moment
V= shear force

Observe that the particular values we get for N, Mand V'

depend on the orientation of cross section aa. |

3-D: F and M are internal force
vectors. In component form, these
are:
F,, F,  shear forces
F, normal force

M,, M, moments (bending)
M torque (twisting)

c

12/2/2025
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Internal
forces in

bars &
beams

/9

Example 1: Determine the internal forces on cross sections

aa and bb.

A
on section aa:
M= 9600 ft-1b
N=-36001b
V=-12001b
on section bb:
M=9600 ft-1b
N=-16971b
V=-33941b

6yl oo 1SS 5 (555105

7-1+/90
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example: For the straight bar, point C is located at position
y from point A, and for the curved bar, point C is located at
position q from point A. Determine the internal forces at
point C for each case.

absolute values
of answers:

straight bar
V=0
N=P
M=0
curved bar
V= Pcos 0
N= Psin 0
M= Prsin @

7=1/90

Example 2: Write expressions for the internal forces on the
cross section located at position (r,[ /) in the curved quarter-
circular beam under tip loading P. Use a cut consistent with
a cylindrical r,[ ],z coordinate system.

M, = -Pa sin0
M, =-Pa (1-cos0)
M, =0

r — 1Y/9¢

6yl oo 1SS 5 (555105
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§ 7.3-7.5 Shear & moment in beams

In the analysis and design of beams, knowledge of
the shear and moment as functions of position is useful.

Sign convention:

7 =1v/90

To draw shear and moment diagrams (as well as for finding
V & M by integration as in §7.6), it is important to have a
consistent sign convention:

* Distributed load w(x) 1s positive downward (-y direction).

* Positive moment M gives positive curvature.

 Shear V is positive as shown:

S

il e domn s g (5915, 7 —1¢/9(

12/2/2025
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Example 3: Draw shear and moment diagrams for:

7 —12/90

Example 4: Draw shear and moment diagrams for:

7 =119

33



Example 4: Draw shear and moment diagrams for:

il oo iela 5 5 pplo S 7 —1v/9(

§ 7.6 Relations between wi(x), V(x) & M(x)

Equilibrium
of a small
piece of
beam:

(Sl (rmdazma 1okl 5 (5515

7 =AM9(

12/2/2025
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ZFy =0=V-V-AV —wAx
AV
— =W
take lim for d—V =—w S &
Ax—0 dx

D M, =0=-M+M+AM -~ VAx +wa%

AM
A A
Ax 2
2
take lim for dil =V | So.. g ]\24 =—-w
Ax—0 dx dx

7 —=14/90

The slope of the shear V(x)is equal to
the negative of the distributed load

w(x).

The slope of the moment M(x)1is equal
to the shear Vix).

If w(x)1is known, then the shear V and moment M can be
easily found by integration:

12/2/2025
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) (-

Constructing these diagrams is generally facilitated by using
the relationships

av_ a_
dx W dx

Integrating these, we find

V- V- = -(area under the load curve between Cand D)
M- M = area under the shear curve between Cand D

il oz el 5 5591055 7 — YY/9(]

Example 1: Using integration, determine V{(x)and M(x)
for the uniformly loaded simply supported beam shown.

6yl oo 1SS 5 (555105 7 — VY/9(Q

12/2/2025
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Example 2: Using integration, determine V{(x)and M(x)
for the cantilever beam and loading shown.

Sl e sazme ipalaiS 5 3155 7 —VY/9(Q

How do we use these procedures when there are discrete
forces and moments (external forces or reactions) that
appear on the beam? Discrete forces and moments result
in “yump conditions.”

Discrete
Force F:

Discrete
Couple C:

il oz el 5 5591555 7 — V£/9Q
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Example 3: Determine V{(x)and M(x) for the beam AB.

Sl pmmmazen il 5 53915, 7 — vo/9(

Vi=-15kip M;=0

V,=-15kip M,=-1.8 kip-ft

V,=7.5kip M;=-7.2 kip-fi

V,=7.5kip M,= 1.8 kip-ft
7 = V190

38



Vi=1.5kip M= 1.8 kip-ft

Ve=15kip M= 3.6 kip-ft

V;=15kip M,;=-1.8kip-ft

Ve=15kip M;=0

7 —=vv/9d

6yl oo 1SS 5 (555105

7 —=YAN9d
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6yl oo 1SS 5 555105

7 —v4/90

example: Draw Vand M diagrams for beam ABC.

il cppmmias a5 (53510, 7 — A+Jj9d

12/2/2025
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step 1: Compute Vand M at keypoints along the beam.

S riellagl G dazms taelaii g (5,91,5 7 — M/9(

step 2: Use knowledge of dV/dx=—-wand dM/dx= V'to
sketch curves between key points.

G riellagl G dazms taelaii g (6,91,5 7 — AY/9(]
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The greatest events,
aren't the logdest,
but the miost.quiet

! hours
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