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r"'Chapter 7 Forces in Beams and Cables

7.1 Introduction
beams : long, straight prismatic members

cables : flexible members, tension only

7.2 Internal Force in Members

mber AB

in the case of straight two-force member, the internal for

the member are equivalent to an axial force

next, consider a multiforce member
D’

consider fhe free body D.J

F = vertical component of 7 B

V' = horizontal component of 7T

M = moment of T about J

it clearly that the action of internal force in member 4D is not limited to

producing tension or compression, it also produce shear and bendirig
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the force F' is called an axial force

the force ¥ is called a shearing force

the moment M is known as the bending moment at J

a two-force member which is not straight, the internal forces are also

equivalent to a force-couple system

P A Cc

Sample Problem 7,1

determine the internal forces at points J and K

the reactions and forces acting on each members
are determined in sample problem 6.5 i\”""“ :

200N 3600 N 2400 N L
3606-X-y 2N

' x \i\
TN

(a).fintémal forces at J, take free body A4J
X Fx = 0 F = 1800 cosa = 1344 N
2F, =0 V =1800sina = 1197N ./
XM =0 M = 1800x 1.2 = 2160 N-m

(b) internal forces at K, take free body BK
XF =0 F=0
SF, =0 V = 1200 N}
ZMc =0 M = 1200x 1.5 = 1800 NJ-II;I

7|
15m “VasooN

1200 N
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Beams
7.3 Various Types of Loading and Support
in most cases, the loads are perpendicular to the axis of the beam and will
cause only shear and bending in the beam
a beam may be subjected to concentrated loads P,
P; --- (expressed in Newton), and distributed load w
(expressed in N/m), or combination of both

when the load z per unit length has a constant

value, the load is said to be uniform distributed
(b) Distributed load

beams are classified according to the way in which they are supported
statically

determinate
beam

(b) Overhanging beam (c) Cantilever beam

statically
indetermir
beam

(f)Fixed beam

d simply supported
- at-theotherend-

the distance 1 between supports is called the span

two or more beams are connected by hinges

to form a single continuous structure is called

combined beam

7.4 Shear and Bending Moment in a Beam

- consider a beam subjected to various concentrated and distributed loads,

determine the reactions R, and Ry first
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to det‘enﬁine the internal force at C,
take free body AC

SF, =0 todetermine ¥V ac=

XM =0 todetermine M Tﬁq

Vand V’, M and M’ have same magnitude, but opposite direction

v

the shear force ¥ and the bending moment M

D e

at a given point are said t0 be positive when the \
. . . (a) Internal forces at section

internal forces-and couples acting on each portion  (positive shear and positive bending smoment]
of the beam are directed as shown

1. the shear at C is positive when the external

forces acting on the beam tend to shear off the (b) Effect of external forces

(positive shear)

2. the moment at C is positive when the

éxternal forcés actirig bﬁ the beam tend to bend the

(c) Effect of external forces
beam at C as indicated (positive bending moment)

7.5 Shear and Bending-Moment Diagrams
record the values of shear and bending moment at any point of a beam by
plotting these values against the distance x measured from the beam are

called the shear force diagram and bending moment diagram, respectively

consider the beam 4B, cut the beam at point
C between 4 and D |
V=~r/2 M= Px/2




V and M are positive at point’ C

cut the beam at point £ between D and B
V=-P/2 M=P(L-x)/2

V' is negative and M is positive

the shear-force diagram and bending-moment

diagram can be plotted

when the beam subjected only to concentrated
load, the shear force is of constant value between .
loads and the bending moment varies linearly

between loads

Sample Problem 7.2
draw the V- and M- diagrams

Ry =46kN . Ry = 14kN
at section 1
Vi +20=0 128
M =20x0=0

-20kN

1+

at section 2

Vo +20 =0 Vo, = -20kN

| M, + 20x25 =0 M, = - 50 kN-m

at section 3 (in a similarly way)

Vs = 26 kN M; = - 50 kKN-m
at section 4

Vi = 26 kN M, = 28 kKN-m
at section 5

Vs = - 14 kN M; = 28 kKN-m

7-5

Apphed Mechanics -- Statlcs

20 kN&

20 kN

B
A .E_}_-_ ) .»_N,s_.;m,
[ i 2
Jh kN
25m 3m—><-2 m>

)\:‘
\’l

) L\

20 kN ¥
[
20 kN ¥




v +26 kN
o TS
. l<2;.5m->-<—3_m -2 m~>
at section 6 y TEm L
+28 kN-m
Ve=-14kN  M; =0 /NS
the V-diagram and M-diagram can be plotted \:41\1

Sample Problem 7.3 |
draw the V- and M- diagrams !

D
i TTNE
| 1J800 N

YMy =0 Byx08-2160x0.15-1800x 0.55=0 o
B | T s 0T 0B m
By = 1642N 1 08 m
SMy =0 2160x0.65+1800x0.25-4x 0.8=0 .
v
A4 =2318N ¢ IR . B
SR -0 B-o : e
, A ;:i B,
1S00 N
from A~C 0<x<03m : 04m—fere
: ‘ 0.15m -
LF, =0 2318-7200x-V=0 F=2318-7200x |, 0% o oo
SM =0 -2318x-7200x(%x)+ M=0 ] |180N-m
M = 2318 x - 3600 x2 b I
from C~D 03m<x<045m e
SF, =0 2318-2160-¥V=0 ¥V =158N E@'&)Mg
SMy=0 -2318x - 2160x(x-0.15) + M =0 """ |
b
M = 324 + 158 x il

from D~B
XF, =0

XM; =0

the V-diagram and M-diagram can be plotted

045m<x<0.8m
2318 - 2160 - 1800 - V=0

s

: 2160 N

V = - 164‘2N {y x- Ob%_ o L
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-2318x - 2160 (x-0.15) - 180 +  {itii
1800 (x-0.45) + M =0

M = 1314 - 1642 x
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7.6 Relations among Load, Shear, and Bending Moment
consider a simply supported beam carrying

a distributed load @ per unit length

relationship between load and shear

V-wonrx -+ AV)=0
AV=wa)Ax wAx

as Ax — 0, it is obtained

M + AM

davide = - D

(]
or dV=-wdx | l‘iéj’vwv
intégrating the above equation between points C. and D
Xp XD
§ dV=-§ wdx
Xc Xc
Xp
VD'- Vc.= *S w dx
Xc
ie. Vo - Ve = - (areaunder load curve between C and D)
the formula dV/dx = - w is not valid at a point where the concentrated

load is applies [dV/dx = oo for concentrated load, and the shear force has
a sudden jump or drop at this point]

relationship between shear force and bending moment
ZMC’ =0
M+ AM) - M - VAx + o Ac(ax/2) = 0
AM/px =V - wAx /2

for Ax — 0 dM/dx =V

i.e. the slope dMldx of the bending-moment curve is equal to the value of
shear force at that peint
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integrating the above equation between points C and D
. : Xp
: MD - MC = S de

Xc

or My - Mc = area under shear curve between C and D

[the area under shear force should be considered positive and negative for

the shear force are positive and negative, respectively]

for a simply beam supported to uniform loading

RA=RB=COL/2
VA::RA:COL/Z
V-Vy=- SOXCde.

S VEVasox = wl/2 - ox = w(l/2 - x)

M- My= [V = a)S:(L/Z - x)dx

thus M= Yow (Lx - x%)

the bending moment ctrve is a parabola
M occurs at x = L/2 since dMidx

(shear force) is equal zero at this point

My = Vs (L12 - [/4) = ol*/ 8

in most engineering application, the moment needs to be known only at a
few specific points
loading —> shear force diagram — Sor_ne specific points (7 = 0) —
My or My
load curve : horizontal straight line (0 degree) —> shear curve : oblique
straight line (1st degree) — moment curve : parabola curve (2nd degree)
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load curve : oblique straight line (1st degree) — shear curve : parabola
curve (2nd degree) — moment curve : cubic curve (3rd degree)
thus the shear and bending moment will always be, respectively, one and

two degrees higher than the load curve

500N 500N Z4f()() Nam
Sample Problem 7.4 : B'l' l
draw the V-diagram and M-diagram for the beam  ## .L J
04m 0.4 m—i=0.4 m»LOS—m—

XM, =0 500x08 + 500x0.4 - 720x0.15 - AX012

0.15 m-

A =410N ¢ . L%.%720N
' 500N 500N 2400 N/m

LF,=0 410 - 500 - 500 - 720 + Dy, = 0 l
D, = 1310N ¢ -

Z FX =0 D x = 0 : - 104 ml 04m I 04m "1 0.3m

the shear-force diagram and bending-moment

diagram can be plotted ' 50N 500N 2400 N/m

4

for the shear force-force diagram A1x3 . Df —eE
|
VBC=410-SOO: -90N -‘llONSOONI l>l()N
Vep=-90-500= - 590 N '
for the bending-moment diagram (M, = 0) 410N
Mz - M, = 164 My = 164 N-m N 410
41 ;
Me - My = -36 Mc = 128 N-m G180 (s
/,mm \/\
My - Mc = -236 My = -108 N-m Al—1Bs € N
-90 (~236) D E X
ME-_MD=108 ME=0 __:5_9_6___ :

note that the slopes of moment diagram at points B, C and D are

discontinuous because the shear forces are discontinuous at that points

Mox at point B (V'=0) = 164 N-m F(N-m)| +164

Muin atpoint D (V=0) = - 108 N-m /l\\[\\
A




Sample Problem 7.5

draw the V- and M—diagrams and determine

the location and magnitude of M.,

R = 80 kN

VA:RAZSOkN

RB = 40 kN

Ve = Va -wx6 = 80- 120 = -40kN

x/80.= (6-x)/40

MD - MA = 160
My - My = -40
Mc - M = - 120

Sample Problem 7.6

Mp = My = 160 kN-m

Mc:O

sketch the shear and moment diagrams

Va=0
VB" VA=1/260()C¥

Vc = VB

MA =0

VB = -1/20)00

MB-MA=-1/36006{,2 M, =—1/3a)oa2

Mc - Mg = -woa(L-a)

Mc = -woa(3L-~a)/ 6
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Sample Problem 7.7

draw the shear and moment diagrams for the
beam
RA:T/LT RBZT/Ll/

for the bending moment diagram, a couple T
is applied at B, the diagram is discontinuous
at B, the bending moment decreases suddenly
by an amount equal to T
Cables
7.7 Cables with Concentrated Loads
7.8 Cables with Distributed Loads

7.9 Parabolic Cable

7.10 Catenary
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