2.1

2.2

2.2.1
{

(Elastic-Perfectl.y Plastic)

(Strain Hardening)

2.2.2

2.2.3

2.2.4

2.2.5

2.2.6

(Global Buckling)

(Residual Stresses)
(Plastic Hinge)

(Irreversible)

(Local Buckling)
(Twisting)



2.2.7
2.2.8 I '
2.2.9 '

2.3

]
(Direct Stiffness Method)

150-250 250-300

. T 71 2.1

*

(transformation of

axes) 2.1 2.2
cl c2
c2 cl 0 2.1
0 0 1
{val = pLa: {r } (2.2)



I_s c2

v = ' cl 0 : (2.3)
g E © é re
Cvb T l a {rb> (2.4)
2.1 2.2
A ca 0
b 0 : a3 r. (2.5)
{) |
CVv}) = A3{r > (2.6)
]
a
{ ai = [ a { 63} (2.7)
b
{ b} = a 3tm{ eb } (2.8)
|
. = c a3 [ 0] 04 (2.9)
b Co0 3 L a3 ob
{
() = A *{ 0} (2.10)
[ a] = (rotation matrix)
cl c2 0
-c2 cl 0 (2.11)
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ca * = a :
[A] =
cl c2 0 0 0 0
-c2 cl 0 0 0 0
= o 0 1 O 0 0 (2.12)
0 0 0 cl c2 0
0 0 0 -c2 cl 0
0 0 0 0 0 1
A * = A
c1q = cos 6 N C =sin O
6 =
1
{ v} =
{r} =
{ } =
{ 61}=
tin
a b c -a -b bL-c
d e -b -d dL-e
c e f -C -e elL-f
-a -b -C a b - (bL-c>
-b -d -e b d - (dL-e)

bL-c dL-e elL-f -(bL-c) -(dL-e) dLZ2elL+f
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{ 6}= [ke] {V} (2.14)
a,b,c,d,e f

a =EAIL (2.15)
b =0
c =0
d =12El/(L3(I+2a))
e =6EIl/(LZ(I+2a))
f =(2EIl) (2+<x)/(L(1+2<x) )
© =6EI/(LZGAY (2.16)
E =
| =
L =
G =

= E/2U+V)
vV = (Poisson’ Ratio)

= 0.3
A =
Ar =

= A
B =

= 1.14

= 1.20
Ck =

2.6 2.14 2.10

{ } = T1TAJ4alke] [A]{r}=0Tk]{r} (2.17)
[k] = [A] I [ A] (2.18)

(2.17)



2.4

P-A

{RI1

—~
-~
-
11

—~

)

—
1

{ 0}=
{ Fo } =

[ K] {r}
(2.19)

L kT

tke] | AJ{r} +{ Fo}

P-A

Second-Order Analysis

P-A

(flexible structure)

12

(2.19)

(2.20)

(2.21)

P-A
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nonlinearity

Geometric nonlinearity

P-A (Iterative)
2.3

P-A pPS*
M* = Vh + PS* (2.22)

V' = PS*h =ks * (2.23)

{R } = I Ki ¢Cr} (2.24)
{ R}
{R}Y+{R*} = 1 K3{r} (2.25)
P =
Y%

V7 = P-A
M = P-A

P-A

P-A



{r}
[ [ Ks] { R* }
(2.25)
P-A
P
0.1% 3 6
40
2.5
2.4 A o
k
B -
B a
[ P-A
2.6 -
-

2.6.1

14
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2.6.2 (Load Factor)
2.6.3
2.6.4
2.6.5 n
2.6.6 2.6.1 2.6.5 [
(Unstable)
2.6.2 2.6.6 ' ' ' '
] .
2.7
1-2
(Multistory Frames)
2.7.1) 2.5
P/Py + 0.85 M/Mp <= 1.0 P/Py > 0.15 (2.26)
M/Mp <= 1.0 P/Py <= 0.15 (2.27)
2.6.2) 2.6
(P/IPy)2 + M/Mp <= 1.0 (2.28)

010249



P =
M =
Py = Fy A
Fy =
A =
M = Fy Z
Z =
2.8
2.7
(A1) AAL
(toterance)
0.0U1
+ AAl
Al
(Lagrange interpolation)

2.7

AAl

{ R >

2.26 2.28

16

Al



Al+X ,.+1 =

Al + A\, +1 = " (f) (A 1+ ~ J>
X () = (£-£1) (f-f  Hf-f )
A > e (f -A-1) (A +i>
f =1.0
f = M,/M_ p/p_. <= 0.15
f = (P PY)ZAE iy
Al =
Al+l n+1 =
AAN+1 =
i+1
2.9
AJ 1C1R}

AlLl {RT +AL{R}

AJC =2 Adm =

Adm + AJ 1C

17

(2-29)
(E-£11) (2.30)
<F -En>
> 0.15 (2.31)
(2.32)
(2.33)
i
i+1
i+1
j
j-1

(2.34)



., 151 ApQ #
Ad, Pl AJd, pjk +
=1
M, |k =Z AJ, My, Adpy MJj, +
=1
J-1 -
= i
= i
A _ i
= k
M = i k
2.10
[
?
[
' 2.7
[
] -
2.10.1
(Left Plastic Hinge)
2.7 2.13
a = EAL
b = 0
c — 0
d = 6EI/(L3(2+a))
e =0

f 0

18

(2.35)

(2.36)

(2.37)

(2.38)



(Right

2.9

2.8

2.10.2

Plastic

2.10.3

o o

(@]

2.10.4

o o

o O

Hinge)

2.13
EAIL

0

0
6E1/(L3(2+«))
BE1/(LZ(2+«))
BEI/ (L (2+00))

2.13
EA/L
0
0
6EI/(2(xi3+xz3)+a(xl+x2)3)
B6EIxi/(2 (xjiB+x23)+«(x1+x2)3)
B6EIxiZ/(2 (xi3+X23)+«(x1+x2)3)

2.10 , 2.11 2.12
2.13
EA/L

o O o o

19

(2.39)

(2.40)

(2.41)



2.11

FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY
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