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(Elastic - Perfectly Plastic) 2.2



c N
f .....................
cc
oF: - T el s
cC
¢ Confined
J S
BBGE, P :
c -
el S W NN SR VSRR AN .
cc 5
i 5
7
€y €ggs € €gs €0 €
2.1
S
N
compression
f L.
y
arctan ES
} t > e
-e e i
y y
tension -f

2.2




A1lB

Az 1Ag Ay
A 1B I 11 I
L 2.3
EA-El- EAVEIM EAYEl-
M
1B
L2 L2
2.3
6 di 6
6 2.4
( Total Potential
Energy 17 )
p5
/2 i
deflected position ,
)%
A

M originaIAposition Eq*
It L T

24 (Chen and Lui ,1991 )



= +V

( Strain Energy )

= j*jadste = 0I“\(ads)dAdx
a =
8 =
Ve =
A =
L =
V (Potential Energy )
V=N I o= [ds)
§ =
4 =
(Hooke * Law) : a = Es
E
R4 @)

= é‘-df 2dAdx

( Strain - Displacement Relationship )

= EU +_:|'fqu +£/dV
dx 2UxJ  21dx)



strain tensor)

_du I(dvy  d
dx 2vdx, wd7

@n @5

o R @R qiadyy fduAd
U 'szk Fc& +l(x)vdXZy R dx vdx, N

[(x)=y 2A
Pe=l dA = 71AA+4AM+AB]
| YA
(Small Displacement)
(28)
P=EAe —
edx
(28)

zal0+a,x
v=bh0+Db X+ b2+ b3

11

(28)

(29)

(2.10)



=dp U
g Codv
Ix=0 _d2 dX _dn ) |_ 5 6
= (1-0) {44
3223. 22X3 3x2  2x3. X2 X3.
V= (55 #5n e aD )
U(x)=[NZKdL}
v(x)=[Nv]{dv}
N1 Ny (Shape function)
(2100 (23 ()
_1 dn d 2vA fdav] 1 dv
T zgl;Fde EAdI(dxy agd> E'(X)[dszd”zc(pmu

u2
d,
d

12

(2.13)
(2.14)

(2.15)

(2.16)



13

Taei
b R e )
&[S -G,
i - [5] e -eLf,
Fravis

m=— ﬂd [dXN EA dN“ {d Jox + rﬂd ]{ -~ }EI( )[dZNV {dvjdx
L (2.20)
b J[d" ] dx’ dx ! {avidx-[d)s)

( Principle of Stationary Total
potential Energy) ()

oTT=0 (2.20)

| {d;“ }EA [d;" ]dx{d ulj{ N, }EI(\)[dZNV dx{dv)
X dx

’ (2.22)
+] {dN } [dN ]dx{d ){s} = 0
([t + ) ={ (223)
[kq] = ( Modified Linear Stiffness )
= kLM
L N
dN. dN d2N d2N v
f o A dx+] i El(x) i) dx (2.24)



14

@=[d d2 d3 d¢ d5 o

hoh
b ¢ b
dh 2.2

] 1
O 5O o o =
S —h D =

SYM.

a,n,c,d.ef>g h

0 —h @D o O o

E
I
L

Ac
A
A
A,

1

EAe/L

(12A, IL3+6A, [L2+24A3/5L)

(6A,/L2+2A2/L +TA3/5)

(4A /L +A2+8A3L/15) (2.26)
(6A,/L2+4A2/L +17A3/5)

(2A,/L +A2+13A3L/15)

(4A, L+3A, +38A3L/15)

%IAA+4A M+ Ag] ( Effective Area)
El-

- (E/L)[-31j+4ls -1 ]

(2EILN[1]-21H+15 ]



15

[kG] = (Geometric Stiffness Matrix)
fdN dN
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(Local Coordinate )
(Global - Coordinate)
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(Non-Linear Analysis)
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(Poisson’s effect)
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(Central difference)
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Ly L Displacement

2.14 (Chen and Lui ,1991)
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(Unbalanced force vector)
( Bathe and Wilson, 1976 )

1Q11*=jIX (2-66)

1Q = fu}
| = {a}

(Zienkiewicz and Taylor, 1991 )
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(Diagonal elements”

( Rigid body motion )
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