INTERNAL FORCES -
Beams, Frames, Arches -




APPLICATIONS

| These beams are used to
support the roof of th|s gas

.;_;-}:;Why are the’ beams
tapered? Is it because of
the intema’l force___s_?__}.._,_,

-~If so, what are: these N
forces and how do we
determlne them? >




‘Statics Rules

APbLICATI_ONs

A flxed column supports

this rectangular b|llboard

Usually such columns are

“wider at the bottom than at

the tOp Why7 '__-_-:'}-
Is it because of the |nternal
forces?.

If SO, What are: they and, how
do we determine them?




™
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The concrete supportlng a
b”dge has fractu red. _;:f_};.?l"

What ‘might have causec! the
concrete to do thrs? A

How can we aﬂalyze or design
“these structures to make them
safer? ,




- INTERNALFORCESIN BEAMS .-
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The: mternal forces in a beam’can be. made v151b|e and thus

accessible to calculation W|th the aid of a free-body diagram.

__Accordmgly, We pass an lmagmary 'section perpendlcularly to
Fthe axis of the beam. ; ,
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INTE RNAL FORCE SIN B EAMé

\e’/ i /%

M,

Ccut

The mternal forces p (forces per unit area) actmg at the
cross-section are. dlstr|:>uted -aCross the Cross-= sectlonal area.
Their intensity: is callec stress -
¥t was shown previous y. that any’ force system can- be
replaced by a resultant force R acting at an arbltrary point C




INTERNAL FORCES IN BEAMS

I'cut
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-, = Cls)—
— .
y i .
= v R

and a correspondlng couple M. When carrying this out, we
choose the centroid C-of the cross- sectlonal area as the
reference point of the reduction. o NS

1 The resultant force Ris resolved into its components N
(normal to the cross-section, in the direction of the axis of
the beam) and V (m the cross sectlon orthogonal to the’-
axis of the beam) The quantities N Vand Mare called the
stress resultants. In particular,

I NV is called the normal force, V/ is the shear force and M is

the bending moment




INTERNAL FORCES IN BEAMS

. The deS|gn of any: structural member“
” requires finding the forces acting
e, within the member to make sure the

C ~ material can resist those Ioads

For example we want to determme
s, < — | ~the intérnal forces actlng on the cross
4_”‘? T section at C. First, we first need to
& B determlne the support reactions.

F, Then we, need to cut the beam at Cx=
Jr and draw a FBDof one of the haIves
of the.beam. This FBD- will include the
internal forces acting at C. FlnaIIy, we
need to so,[ve for these unlg_n,ewns
using the E-of-E. |

Dii=GRayati=rialiake



[shearforel  NAL'FORCES IN BEAMS

In two- d|men5|onal cases typlcal

\Y
A Normal force -

N internal loads are normal-or axial forcee
¢ > (N, acting perpendlcular to the sectlon),
Y shear forces (V;-acting along the

Bending moment] SUrface), and-the bending moment (M).

Fl - -
Left section l /Fz Right section

o M, M -
g AR SR

%

The Ioads on the Ieft and rlght S|des of the’ sectlon at C are
équal in magnitude but opposite in‘direction. This is*
“because when the two sides are Feconnected, the net loads

are zero at the section.’







STEPS FOR DETERMINING INTERNAL FORCES

1. Take an |mag|nary cut at the place where you need to -
__“determine the internal forces. Then, decide which .=
resuItlng sectlon or p|ece ‘will be, ea5|er to analyze. -

2. If necessary, determlne any support reactlons or Jomt
forces you need by drawing‘a FBD of the ent|re structure
and solving for the unknown reactions. e

1 3 Draw a FBD of’ the p|ece of the structure you've. deC|ded
- to ana1yze Remember to show the N V, and M Ioads at -
the “eut” surface G

4 Apply the E- of-E to the FBD (drawn in step 3) and soIve
< for the unknown |nternal Ioads s

S




INTERNAL FORCES IN SPATIAL STRUCTURES




EXAM PLE

A5 0N leen The Ioadmg onthe -
' beam N

Fmd The mternal forces at
> poth “ 5

Solution

..1 Plan on taking, the |mag|nary cut at C.- It will be ea5|er to

I workwith the Jeft section (pomt A to the cut at C) smce
the geometry is- simpler. <& N

2. We need to determlne A and A, usmg a FBD of the

entlre frame - ..

St



EXAMPLE -

Appiymg the E- of—E te th|s FBD we get
A + 400 O

: y(5) 400 (1. 2) o

3 Now draw a FBD of the Ieft sect|on Assume dlrectlons
{ for V, NC _and M. & 5 |




EXAMPLE -

x> P,
© 400N T

\ 1A

<3m— 96 N

4, Applyl ng the E of E to thi s, FBD we get

S H3F, = NC = 400 0 NC = 400 N

L—

. FTF = Voo 96 = 0;: Vo= — 96N




_:;:*_’_f EXAM PLE _ 400 N/m
Determlne the normal - II l
force, shear force, arid _-fr-rT'l } I l
moment at a section R
{ passing through point D . i

of the two member )
frame: *-
w —4OON/ m, @ = 2.5, m

b=73 m, c=6m &85
| Solution: &

Cz Mc =-0; S,
Ax ><2 5+ (400><6/2)

x(2x6/3) 0
Ax =—1920 N
| ._~;+ZFX 0; Cx + Ax =0

ICx=-Ax=1920N

0 <€

3m




EXAMPLE

W

q ZMA-o —) Iy X6 — (400><6/2) ><(2><6/3) 0
By 800N

-

s 2y =0, Ay + 800 (400><6/2) =0..

——>+ ZFX 0 ‘ AX — 'X 0 o
58 Bx = Ax = =1920 N

e

e N




EXAMPLE =~
Internal Forces at Domt D: 12low bre) b

& __ P__»"fi:?_ \ - M

—>+ 2 Fx=0; Nb + Ax=0"" 2l - # | q—f"'”r

1 Mo —-Ax—bND = 1920N | f b ¢ J
t+ ZFy 0; S48
Ay - Vp— 1/2><(400><3/6) ><3 0
A |/ = 100 N -

g SMp=0; ~Ay x3+ (400><3/6) x(3/2>< 1/3X3)+MD—0—-
o e Mp=900N.M &




—4 Z fx=0;, Cx+ BX 0 mup Cx = — BX— 1920 N
A ZFy 0; Cy By 0 o )= By 800N .

—+ Z FX 0~ CX 'J—JNE = Ou‘
T'J_ ZFJ/ O Cy y— VE O ||~ T
VE = Cy = 800 N ' Cy

|G sMe= 0; —Cy X3+ M= 0.~ Me= 2400 N.m




