VIRTOAL WORK PRINCIPLES

P ( E xtermnal
F'ovcas)

§Db¢

S

~ N (Virtal
’! ‘LG'P (slhrisﬂs) \ "\ D'Slolacefmnh)
{ “13&%}»‘] II
\ v SEp (\:I;‘v t Shfqihs) ,l
/
O Y@ I nal
Cm(f‘ ?(M'a.bah D stovted Coﬂ(f"juvaft'on

oftev Vivtusk Displasments

Consider Thn Defwmable. Body Shown abour which
(S in cgou‘/l'b'ﬂ'um pondav a Sy@fem o} /Gvc_u "p'/‘

The Bod? s then cvbjecked fo a vivivel olistevtion

whrch vesults im  vivteed olisflacmen ts "SoiY at pornts

o/ Kocl va/a/ica-h'm.
Note 2 Tha f"m/éo;w( v iviuel oL(‘Jf%th‘a'n fr
+the S‘uﬁgay/- boum(arv.y coneclt Fons .

efed J’at:;s'/,'@

Cp = Shessesr 1M ’%A—k 7809‘2 olew to Tha a/o/v/f'eo(
Keck (ooels /OL'

Sep= Vivtuad Shaums Genevateod /7 Fhe Bocly
e te /m/ooud Vivbuel Orgpleccament e /el

SWe = Urtvel wok ol by fhe external Jovers
undav iy Fook ASp laceremt field

= ZPL EOf

SWd =  Shtram Eﬂev?? stoved v 1ho booly oo The
Qctuel Shesys Cp undavge Ny buah Skasns §€p




VieToAL WORK PRINCIPLES

The virtvel Work olona /-’243« o Smell efern ent
of the body 1 Olenoted by o (Swi)
A (8 W&) = (JF' dﬂ) (560 .OLL)

The 7o fal SH um E"C"ja 9%&YM0( in tho bad;,
Swp 15 glven by
' Cwol =j(6',o.olﬂ) (SED'OLQ)

Vol

j oe. 5€p Avo| j

Vo lL
N i/rrtuct WKravk

5 W

I

Equabng The EXFeT fo Hhoo Virfect

Shrown Ey,ey% We hav
YSWG’_ = SWOL\

Actoal Fovess/stresses .

| l

2 pP.ED;) = 5 Ce QSED) olval Principle of
ol Vi ook Wk

T ] ~ Using irtueR
D’lgﬂwmenh

Virkaol Oispl [Stains

wohich ed‘fenh‘aﬂy slokes That I[q o(ﬁfavmaé;/g Aol -

/M ewlibw'wm Unov a &c#% /’aYCe: P ol s &aé:y‘e:d
bo  viviwak o(fslb/cpmeanl-“.g/df&/-ﬂh‘o'rr +hot- J’af)lr%'c.r 7‘7{;_ (
essem hok beuvndavy Comolihons “+he Vivtual Wovic olene %
o 7S e%ai to Ftu mtevrral vivituwal woevk d:ng

the 4
197 o ctuck Shesseo OCp




VIRTUAL WORK PRINCIPLES

By Se/cch’na— a /bVO/oenf cet-of SO viv fual df'J/a/a.mw,
. oleoivede F ]ﬂm/c,a, cam b rsolated o1 The ﬁ%/-

hand  sroke % Mo vivtusl wok exforession ancl henca
olekov min e

I/ RTUAL W ORI METHOD
USIN G VIRTUAL FORCES

The FPrinciple ytual Wevke (7 Conjunchion with
Th1 28 fWCeI can be used 1° ,,z'no*t “h s ol e5irech
displasgments A0 -,%//Owr:

Virtoeld Force [ Shesres
l \
Z(SPE) p¢ = S @GP) Ep dhvol Prl'nd/-h. OJ_

Vol — Urrtvel Wlovke
T Usig Wrtond

[ovees.

| Actuvel FOYgeS/ S’/Y&fﬂ.ﬁ

By &e&c,h‘njr a propev Sek 7 5P Virtuol Fov s A
olegivedt o(llr/ﬂ/CcamM/c&#ew-mf&f olesivect bocations
cam he oleferymine ol

Fov example The Comit Load [Oummy Loadk AMethod”

/¢ bastd on afolb/y,‘,qj o ont wirtael foad ot 1A f:o;‘ry/-
where oﬂ%cﬁm sy olesrrest TO b ole Fev miinecl

- i . op) E o
S A Pl = Di __j(ﬁ P) p o Vol ONT T

Vol : LOAD
]\ \v IV L Actvok S koins L~ METHOD
Unit loadd

pesireot Vivived Shesser o Fo
Digpleceement unib lose




R/ <
PRINCIPLE OF MINIMUM POTENTIAL ENERC
=NE b4

U — . N N
The Frincile Minimom Fek :

ﬂ < ) 'anhfb‘f 5"‘-’:9 Stofes
{—/m,{— /n a 5’7& ern {o be m egcu../f/on‘um’ Fha l/aM'aerq
jn Ahe Totol Pafmh‘au( En«:g;' must amish ‘/éya/n‘f
vivy st o(‘%ovmoﬁm":' T othev wovele The Potemhak

Tha fn'nuf’/c_ 07'Minimww Potenhral 5’78'77 can he

olvi uedd ,fmm +ha /ﬂlﬂ‘"Cfﬁ/t 7 \/'y Fosl WSovi

6WC = SWOL

CWe = Entevnok Vevbual Wore

SNt = Intevnek v/ iviued W avik oler
ot/ pforhron,

fo /‘mfa el WY fual

SWd = oV = Viv il Cham?L in The SHaen C’nc@i

gy -EWe =

of 8(()-—\/\[8—) =

0

S Cﬁ;o) = O L /ﬂ'nc!}ﬁ/c_ o/,

rMivymom

Ths quuombity p = O-We 14 ¢ otk
the PotentieX Erergs 57 the Systerm,
Anothev 2y % stabhng A ‘%”MU}’\/«-_ S A imom [%Fevtol
Eoeyz" man okeo bt Stated 0o Y Prongngst atl ﬁo.ffl‘/s&\
g{yavmaﬁ‘m.s , that which ensores thot all The
Livnn  condlihons Mr.fuﬂ/f//eal wil! lead 10 o iMimigatfien

fol Pstenh ol Enegy 7p &

57p _;Z__g%’f__ soc = 0

seks

ef/,ul l'b
of 10




PRINCIPLE OF MINIKaUM FO
TENT/AL En
ERGY

The §O¢ are ’n”d‘ﬁMdM/" /t‘ﬂ/’ varviotont o/ o
d/;y/o/acmmbs . Sine 80C are ovbifravy Fha_ |
in Toral Petenhol boevgy 7p /or ety iom

yarioh’on
can only b 3o i
a'ﬂ'F o ):'a/ all o(,‘&/g/?.amm(— O(Cﬁne,r
= / /rceaiam Or
) 01
—— Aimciple of Minimom Potom bol
bnergy- Ew/lbrr'um/w~ ~
\ N Ay
JH/( _ C"”'o(.f‘b‘m,'&

The Primegple of Minimum Potonhal Erergu /s
vodidk fw lineay amdl vanlineov Systems.

CASTIG LIANOS F1esST THEOREM

When The chom?u P Totol fotemhiol 57&()7(77;0)
yesulbs fmm o virtueX chomge (77 the. Ith Oisploem ent

D%gve.; ..7 _f/wm Ot , we haux .ﬁrm o
ﬂrinu‘pu of Minimum Potenhal Entfjar:

577,0 = SU-—SWQ = oYV SOy — Fr §0¢ .=0
J D¢

Sy = Virtval C/:am;Lin' SW&GW
£ xtovned. Viviuol Work.

sWe =

D0 = VivFusl Displacement myuﬁwd{"? o
' Fovee PC

aU — Pi 5’01- = O

oc , |
As §0¢ be owbtFroxy virfvel D(I_f‘/:/w,rﬂcnf-

oV - Pr ;.. C'M@I’a"""—' | SF Theovem
oDr




AS NO |

CASTIG LIANOS | ST THEOREM

Cashy liam.0) clates thot~ Pavhal Derivabye
Qj[ the SFrasm Ef)&vﬁa w tth Yed’/ée,cj— /o omy o(@b/m”,m
qie?—/ee. 7' %fego(om or /s egueld fo . /WC.L V25
coffcw}:andl):j to The d.é}b/w ent .

w - F
Q0 |
10 cotle (® linear o1k

le@h‘mno’),' st Theovvrm 4 aﬁ"’
nonlineav efoshe Shrudhores,

s+ Theoyvm

no5s 280 THEORENM

CASTIGUA
¥ +thae Chcvr?'— n Totel Fotentrok Ehev(jg,(%) yesulls
%m o virtusk chang i o 2th Fores. Quamfity PL')
the Principle 7 pMinimore Potenpral Enelgy ves:
Cap = OV~ Swe = OY sPc— 8P Pt =9©
o Pi
= oY _ Di) SP. = © omce SFPC#FOC
> P
= o _ D¢ Caifz'j-f:‘ano': Onol Theovem .
0 FPr -

[ CQJ’E?_/"@”O:Y ond. Theorem otates thek FParpel ©
Qf‘ﬂ‘u/ Strawm 506\37 with V&P/DCcF- fo amy /oyat_ Wb’? =
I:f EW 0 ’fh.z, de‘/a/ame Dz,‘ Cm"’e'r/‘m’a&/‘v to ‘/';Laj-




STRAIN ENERGY OF A L/NEAK ELASTIC MEMBER

‘6'
Comﬁ/l‘mcn/'u,y
31l / E”’e@y
< i
X N/ P
? /]
2— F—
r STRAIN € E
£ i
4 —
// = 4——@—"6’
e
< L

STRAIN ENERGY OF A BAR
UNDER AXIAL FORce

The Strain Bnergy Density -
ok o point unolev CaioX Shest =4 =

' | _ |awolv
Fotol Strain Enevgy in The bov = U = f

1 Vo 8 dooyody
* Vol
c = E
/Af__f_’—_'i O(vto{yd?; __f_f'_ fo(xo(yda—
U =7 Jae 2AE  Val
2
v ‘%fZE(A % = U=_2L F:EL

S7TRAN ENERC;y



STRAIN ENERGY OF BENOING




STRAIN ENERGY OF SHEAR-

TZ{{ Tl Eiﬁ:%_

/A
Y
L % 5
.
Stram Enexgy Oensity = a.: _2L_';)4,‘_2 Yxg
fo = Tz o V&
Y=gt o T Th%
S"’i
=
v Y& - L viR®
Y TaTe 16, 2 72,76
' 242
KAl = = L _\/__9__ , ooly di-
STRAIN ENERGY = S“’d" Lo\
_ 1 szdm g_Q_"’; dyda
267 I*p?
.i‘_?.-— 0(?: A
NowA Tap oly _ I?- \fe__) @L

yA
‘ / VS ala

L

STRAIN ENERGY OF SHEAR.




STEAIN ENERGY ©F SHEAR

E%U"Ve_ Sheor fAreo (/%) af a ’YWMW SechHm.

| b4 g
Lo L g
S bd

CAN

f’m/a. vectom 9. Sechon




ol ’ffua gor@anfai |
2

- [ooo v

FoY -H’:e,- Tyuss shown

MOL E = QGO@P&O
7,V(‘r}ua,t wovk.

ion VSt ﬂ&

amdl o ethod
Vivtvod Foveeo (S

Vivtool W ovle Exfpress

EGPC)D 580'9 Ep AVl
Vel

s 2ot

_ FFDd
_ZSSPEA x

“EFo Y D1 m g Fi aﬁ Viytvak LS
XSPL)J DL 2 ( P' )_ EXPV&J‘J/W /ﬂ"’ Trusses
J=! d




Exaxrn/ole_Pfob lem

Membev A Memb e Virtual
o) | T | RS e’
K A) W) m
o b 3 + 209 + ! 6O
be 3 +20 -+ | &0
c 3 o o) o
ai -O;F +2°\F + | e
k72 - 20 9
: b Z —VZ + ro2oV2-
| S gFrFol 349.708°  KnEm

7r}
A'c. hovia = —-é'; 2(8 Fe. FD‘Z').
5o

= B49.7%€ X 4000 ";" _ 1748 mwm
Jo00 x 200 T . .
Y Divechon Od'

Unit Loads




Enample Problom

. lp-_- fOKkN
s < 8
;74(1‘,
2 gm ‘
< 27 ﬁ%@lc
E - 200 GF& I ’

7 = 500 """m"

ndl  Deflechom o Tha i -
Paint oﬂjy ofeplicahrom

F-'|
ol Hhe - '
d, Joo L Uf/n? CM@//‘MOJ’ gl Theoy
enn,
00 - D¢
o Pt
Ue_ ! MTob
2T ’ i 5/2' “
U= | —— 7B I
- | 55 JQEn%%w]xz.
;'.0/2.
) .‘
= Z——“EPI \gf?t?'dh P \%3 i ) I
5 = == \% | "7z
LEL V3 ) 4 ( )
’ . 4ET 24
v= Pt
g6 EL
v L 2P0 o LE
2P 9¢ EL T 4g€L = Oe
P’

L Defleckon ® midlgpon = —5
Fov P= JoKN £ = 200G/% 48 &L
andd Z—:_-_ S'OO?Y)m‘/

D eflech m L'{-Q) (6.) 10004
. g 125 ™mm ¢

48 x 200 X/0°X 5°° -




£rnam é/c.

Fov tha Beom Shown below /fno( . cembrek

Oﬁ#ﬂ)m dur to Uﬂ%vmh oishi bubed lood < U-‘"“”?'
COL-II’BM\W“O’J 27”0{ mWM‘"

U’/Um'-"lcﬂj‘ﬂa
] L 1 ,
ALJLL \C-L-\-ll.\lg
L 7z ‘L Ly -‘
r 3
IR LW
A \ . \ YV lw”s
Y2, ! L
7 = Ml 16
__U:‘_--|-/2_ 2
2
| o Durn'my QGM P
To -f!‘no{ abjl-uh'm'a C we O’h"‘f
w P+ C
b Mol
U =5Fr
Y b S g M [2M ) dx
o UM M) e
- EX g (W)
(o]







