Chapler . Srefhness

Ana/;,s rS

of Fremes - L

4/ Stes - sTrah k&laz«,'mch",e:
ln ‘J&}' wh s 9—)(:'@( eSS
Ld"
-]: e a = % E = elastz MDJ“/“J
| !
e e
' \
V= porsten’s ratip
Te = v
=
tunder /awhz: Sh e
<
—_—
— ——
/)’ / )/= E_. 7:’ 2 Exn}
I~ / C’T
, / (engiheerng ¢ heér
~ &9
E S'fm'")
2 HV)
7~ ‘
7 [Mobr cirefe
4 —;7

— &~ «
-& ¢-&) , 4
=T
‘/ =
3 (- _ & _
e= T oV o rEa T T
tonder pure thear z = 6

2L ]+V)



/\/l &.f",/_h;d /9 o ert, o

/é"g‘_—. 280 ~ pov M

V‘ = 0.3

E = 200, ocoo MFra

Relat r'v.«,ly 6X/9&n s/ve

—
< hish stremmh  ond  strfineds
/h _50'7“/) tensiom ond Compressiv)
Low e resistance
Con crete
foo = 2) ~ Sormla
=
v : 4”:[/))4"7 %,41_4,47‘ D)
for |- [ Vo= o008
{
\
| £ - w200 [F M
; Compressim '
Y
~7
Ten S NV S, = 0092 s eco nomical
7[_L ~ o\.063
~ s.o5~ p~/-F/,,K AIB)’I s‘—/)on)‘/'l! JV)/}/ ) C&Mf*&(jfm

: 17/‘517 e resci3Tan e

hoyh Juﬁaéi(v"fy



4. 2 W ovik on o 6)’)&77

ector wnth  m aj pitnde omd O rientatio

Work = seelor wi-ﬁ‘» omly mag artvde (= L bre K;bQZF/AWVﬂ‘)

M/W{C PF/VJOI‘,OL& coy be Ml/onﬂen-r% G bed

o Gl e\ e [< P a-fr/'x i

FIL J/

Z-
Ey Terned Work.
W = Wﬁ”/( = fFJA
* ~
w = éomp//menfar'y work
Kd _
4
[For [ near elastiz riaterysA
I _ n .
we g Lie =g 2TE2
/ ( T
w* =4 fA-24 = 2 R'd F



O

Internal Clork

U = Srem energy densiTy
= [ ode

U

N

Shrem energy C m ternad energy )

f&dv

= Comp /f/ne/)Tﬁfy STrarn er;erqy 9[2/)577‘7

—_—
rd
~

1}

X

U

I
——
A
Q_

©

Bor ) mear elastic meteriod /
— | _
U = z 9:. g = l_.} X
Eﬂergy Cd?’)j ey Va»T:M

Externad  Worlkc = Tntermed Lovic

W = J and Wx=.ZJ’<

Examplt 40 /



&2 Re Gf[)ra ai'f'y

SRR TR 3
—~ I3 JL

? } = Symmetry = com putect oned
4/ . Cll:j = CJS{.

MDX Wél{@ /Qgc,'PmCAJ T})GDV‘CM

=
A " &
sppy R, and The fF, = eork Wz
WI { ( 87 F’I) fest "Zl’: 4)1, F, = ‘é dl'FI F;,

|
Wz ¢n, Fo) = = dnfb. + A, R,

deBLF?_ -+ o[,;_ 52’[7’1

M-

WI = l/\/J-I + V\/ZL = ’Zf_.d”F’,z—{-J’Z‘FIH; + é Jllﬁaz

APP)V ﬁz and Then /ﬁ;, = work WZE

'Wz‘, = Wz 'I“V\/n-_z = 'ZI:JI,F,?'-(- c[z: F. R -/--7'-—0’2.;,/:&2

Por lnear elostic sysrem,
WI = WI

= die = doy 2 k2=t

Ctfcien vy

\’?' , 48, \f;j , (& +4,2.) / FZ A 5
, D

4-5



él_ §( Flexib ;/7 '(}/ — S'—r,}cfmgg Tyransformet: o1 s

G,/ )ﬂ‘ﬁ'ﬁhéﬂ — T - f)qerféili-m/ Franstormatien

{E{] ] {iﬁ{& 2
[.::.r ‘és{— &95 vaY;

— ~

% % Z 1[/‘6)(' L"[l.’(/ —Tto - f'f,'#n-éfj Troms 14’)’””42"1'0"’7

other Tems? %{g , é({/ Egg ?



5 f

“br, Fri %
17 b U me
¢ = EZJ/[/

= 247 = kg 2y
ks = 2 d”

Example 42

%7



“s /?ram&uuar/c E/e/menf 3‘1“:’&%’)5;5 Moatrix

B Vi o
¢ ‘{4 3 Fy, Ve %
ﬁ/\u, X, ﬁM"’-'gkz /[
2{7(5 g Lﬁ§ =
z,, L 22, Lo /
s d

FEI'W
! Fza, W2

b Desree of freedorg  per each node

For 3 dimensiomed frome  elemert P /2 al‘af

U = K U v, W Gx, Gy, Bz, U Vo Wy Bx, Oy Bz: )
0= A, Py Far My My My, Prs Bye Fap Mae My May )
Afxumm; ®) small  dtormativy

) crosS-Secfivy S éf.; ymm etrie
¥)  »o Mr/om;t ( distortwm of Lroisgecrim)
The behavor 0/ o 3-D  Frome element con be

Ah Cor /-ecj s %qr a1 w/,,'v/‘) s /))44’, enJa'?’L
P L3 P

/) &\XI‘PV/ Vém 'l:f/: < u, "“}-7
2) pure Tors v Uow & v, , Gx.>

3 e 7
mpUpr ax:s é&nc[/"} U = 4 ‘\/', Oz , Va y%»>

4 mhor Awd  bendm :
n 2 %_— < W/ 97[ WZ. C;L73_>

4-8



(arge defrrmet — csupled actmS of Llexwre — ond

oxiod  comp s

\/7, h duece S Wiz’ o /‘47 /

W loced &S

w""Pl‘d acnuvy af major Syl

MJ«*} ond MY Axis bendrg

A ( W”“’P”‘ﬁ Torsom  Versas  purt 7orsim )

/| Gol,.f(l/l acy-v af

& ~fsrsim and iH O
( 0.X‘IJ A‘ﬂ!ﬁ’?

g —

when & +eorsnal momen'{' 3 aﬁp&‘&é{ o a a,symm-m'.—, Sectod)

or  open seaM She cross gecuwl (S distpried .

Rs o r“eJu/'IL, nu’)’M'/( SPread bl “re W"fd Ly Fhe 1“0)’!;'-/17

o pmsmRe gie HAUES S

ro MT,}! ?’ .



4=/

2.5, Axiod Foree Member

y /gx;, aa.
g - S
77
L L L
ML'[ZC/7L=f-2—\CZ"' =/ Fuclx— f
o 5 o EA EA
L - _ EA
R R

- EA
R - # 47
fo o sore

4.5, 2 PMI‘C 72)'5,“&/)“,[ Mem bt r

2' o MZZ/ yxz
1 2
Y 7-dx = Fdo
S8 _ede
\\@ 7/— 2 do» }Fﬁ
{= G 7 - é?k/z da= r=34>d>-
da
T f?»rol/hg &r33 dpdr
= él'jﬂ 3—: '7"0f$f00aj Cdyu-fan-f

‘[/ﬂclﬂljﬁ



Mz
rote af +wist /3 (= %): -—C:;_'

L - _ @T
d- 25 Re- 4=
My = =Mza 3 @ ==
£ . @[ -
i - 74 -1 l
46,3 Beon bent obont [+s 2 axis
O
g
gy |
%&iﬁ—% s _yle
g - _%%z
l dx : ‘
Jdv
gx_ = - ‘3 ':[;:z
v

6‘7(,: -Ec? Z_;L_"

/\41 = —(Gx %‘JA = EIZ C(CZS:; = EI; #

C Mx = Crepercdized  streas
2
JZ;UE,, = Genwmlized Strem

: LT: = Generalized §'7"/'1£fness

&=/



M’E—l
‘fj QMZZ Bz
;// o
2:1(( TF“’I;, Vo
‘ iy M-Zz

Moment - aree merhod C corvotue ared methed )

% %Iav

a0 - (@ = (e (- fae)

& U = b(cl@-x = f%.xéx

ho.L L
Oz, = /‘:fzz sbe  *F e
EZ = 2
4 L
U—l = ZL = + L[LL‘ -E -_é_l_
ez 2 = 2 3‘



O

[ = é ff
Jd7 | dTeT
A
| ed | a4y
i ﬁ v, 4] v &y )
D?/e = P[?,/I_z ( é/L_ -/L/L:. é/L
- EL
— b/ 4 /| 2 _
R ARARAEA
L Y| 2 |l 4
see  exampls 43 and 44
YE Y Peam bent about TSy ey

Eg. (432)

% ﬁr this  actim con be in A/n,/oene/errfﬁ drived

M Fhe same naranner

fea B (4.33)

#-13



Eyam,ok &5
6 em Jugete beom method
dM y Iy
da B dy = I
i
dv P .
i x N W e = qb - &1)
M CD(.)
Loex)
= g(n) .
- * = >
Moy = G eorm
e feze Ue) =0 V(L =o
CmJ»Msai-c beem ot b
Mz—'q C‘\
P =
i -
_ Ma
7T e J/ 1 T
- %
L
ML _ =
Vic&'s Vor &1
I U
v
étl Ql-z_



Y=15"
4 Eo Y CompleTe Element Crrifness matriX

’?S/ = @Ayid -+ é torsmm T ‘% .Z—Lcn;b’l?_ -+ é g7_/>.emJAﬁ_

Al aeTions  con be Ssuperm posed btcoine —May are

osSowmed +o  bre h :c_/(ﬂoer)Jean = E—},_ (Y L34 )

Vi
!
i
$ Myl' 8}“1 ? Myl‘.* 9}'2
Tfyl' vy A Favy

v
M,xb eﬂ_ Fx].u] el d 2 Fxl’,! iy Mﬁl‘ atl
s T 4 B e

. > 1 x
/ /7?
Fqywy Young’s modulus = E / Fa.wy
/ M., By g Sl = Cr My 8,
: L
Figure 4.6 Bisymmetrical framework element.

¢ | - | -
F % o 0 0 0 0 ;*‘—2 0 o0 0 R R
' 2 6, | 21,
Fa 0 3—5’3{’ 0 0 0o FFio0 }L; 0 0 0 -61—_1;- v
i

121, 6I, ! 121, 61,

Fyy 0 0 73 0 ~iz 0 3 0 0 T 0 ~Iz wy

J i J

M‘:] 0 0 ¢] 3+ 9L ¢] % 0 0 -i?m 0 8.4
61, 41, i 61, 21,

M, 0 0 . 1 0 T 0 i 0 0 7z 0 T 0 L

61 al, ! 61. 2
M, 0 13 0 0 —f i 0 -z 0 0 0 —;:— 6
o m o B ‘;;- —————————————————————————————————— -‘;-:4 ****** e e § =

Fa - 0 0 00 ‘T 0 0 0 0 0 uy

Fyo 0 ~3—§-§i 0 0 -—%E 0 -}»1:2% 0 0 0 —% v,
121, 61, i 121, 61,

Fp g 0 - i 0 iz 0 E 0 0 IE 0 iz 0 Wa

M o 0 0 -— N T o o ||a

A2 201 + WL | 21 + v)L
61, 21, ; 61, 4,

A’{_‘q Q O “"Z‘,‘Z‘ 0 ’z* 0 |: D O L2 0 —L“ ayz

61, 21, | 61, 4f,
M| R 0 0 0 | 0 0 0 o Tl



,4_{ . ‘

4 b A Cammen‘('an} on  defrrmatims  pad displacement verables

Kb . /Uej/eaf-ecl Sefrrmatnn g

Troansversc Jshea?r l

SN
-

A = Aﬂx/xun + A cheor

A LJarpm b Torsiw)

4 | |
Yy Y"1,
7 | —>> / [ —>
J 7 !
: ” , pPure forsm
P AN Torsaum -+ War/nma, Torsivy
T — T — T £ 0~

Tursvnm  —F  pyinor ovid JMJJ))‘},
(& warp ™y Torsion )



EYW,,(,‘

Ctifbners of

LT

G4

| g9,

element LAh o AMJ‘

M,

CjML:D

e
[

Z///MD‘ICQ

5 @

4"
T e,

_ /2 __é__ -
R fr, 1 8,
’—é = e, 4,
L* /A .
2 .
0 - vy &,
- ’ 3
Oy=-S7 U — g8 3T v
2
N I v A,
—l &, 2 M,
LL
3
- L e @Z



e

E}(p.mf(l. C[". /g

C i

=)

By

$
—~A)—
—
AN~
AN —

A AN b

dv
- dV _ — & U
M (T J/ ) M +EM oo o
Vv i dM
*r o =V
ds M J2M
s Ea M _
=) T;’— - et dar v
d*r
-—j — -——
C EL T * U
Rle =0 V(o) =0
o = JZU_ [»] =
M ( )’ —c—/,—;,"() —0



