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Geometrically Nonlinear Analysis of Plane Frames

1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate
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1 Member, Force-Deformation Relationship in local Coordinate

J J J J

[withitemtion - 9,29, &> q - (C,C, > M ,M,,Q

3l hate (1) sles) S

El C
7[C101 +C202] =0 = 91 :_erz :f(ez)]
|

a2l hake (2) slesl S

C2

El
[Mz :—[Czel +C192] =0 = 92 :_F@ :f(91)]

’
1

a3l Lsio Ll 55 3]

{MI:M2:6?1:02:0 =N Q:Afu]

12




Geometrically Nonlinear Analysis of Plane Frames

1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate

Member Tangent Stiffness Matrix in Local Coordinates
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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1 Member, Force-Deformation Relationship in Global Coordinate
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O  Example
I
I
Undeformed 250 |§ W 25 Liaw <
I W o2
Ny — Configuration ’ ok g 2
TS o wesl
h=/sinx X /,I\\P S Deformed
/ Configuration
.,\.CLL GLM L@.’l." 93 Jf |

29




Geometrically Nonlinear Analysis of Plane Frames

O  Example

P, Sl b s
RYS g IV R DUt SPLINVE] P ¥ 1 VS S FER

30




Geometrically Nonlinear Analysis of Plane Frames

O  Example
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O  Example
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Geometrically Nonlinear Analysis of Plane Frames
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Geometrically Nonlinear Analysis of Plane Frames

O  Example

P=1500 kips ,b il dbis olbuls s

Linear Incremental Method with no Iteration : ! 9
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Geometrically Nonlinear Analysis of Plane Frames

O  Example

P® =pPD + AP =300+300 P? =600 (ki (1)
— (kips)| &) [r<2> —121.42 (kips/ in)]

x? =x"+ AW =242.20 x? =4.20 (in)
(Equation22)
S =80 0 o (A =247 (i)
% 12142

PO = PP +AP=600+300 _ E><3> =900 (kips

1 IR 3) _ : .
3 = @ LA — 4904247 ¥ = 6.67 (in) = [T =104.46 (klps/zn)]

s @ AP 300
" 104.46

N [Ax(3) =287 (m.)]
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Geometrically Nonlinear Analysis of Plane Frames

O  Example

x® =x® + Ax® =6.67+2.87 x® =9.54 (in)

P =P+ AP=900+300 P® =1200 (kips)| @V
@ = [ ( lpS)J N [r<4> — 84.76 (kips | in) ]

TET w2850 [Ax® =354 in) |
T 84.76

AP (kips) Iteration X (in.)
150 10 13.97

100 15 14.35

50 30 14.81

10 150 15.26

1 1500 15.37 .
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O  Example

1,800 T

1,200

900

P [kips]

x=13.08 (in.)

v

x =15.38474 (in.)

600

300

0

P =1500 (kips) \
1,500 :

0 2} 10 15 20 29
Linear Incremental Method with no Iteration X [inch]

30

38




Geometrically Nonlinear Analysis of Plane Frames

O  Example

Linear Incremental Method with Iteration 093 9

a) Simple Newton Raphson Iteration (Simple N.R.It)

AP =1500 (kips)
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Geometrically Nonlinear Analysis of Plane Frames

O  Example

®

AQ® =1500- P2) =1500-1326.836 =

(Equation22)
—

(10)
x® =xP+AxY =10+2.274 = [x(2) =12.274 (in)] =

[Pﬁ? =1326.836 (kips)]

CAQ® 173164

Ax? = —
¥ 150

AO® =173.164 (kips)]

= | Ax® =1.154 (in.)]

(10)
¥ =x? + Ax? =12.274+1.154 = [x<3> =13.429 (in)] = [3}33 =1398.684 (kips)]

®

AQ® =1500 - P2) =1500-1398.684 =

(Equation22)
—

_AQ® 101316

Ax® = _
7@ 150

=

A0 =101.316 (kips)]

Ax® =0.675 (in.) ]
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Geometrically Nonlinear Analysis of Plane Frames

O  Example
Iteration P (kips) x“ (in.) 7 (kips/in.)) AQY (kips) Ax“” (in.)) x"*V (in.)

0 0.0 0.000 150.00 1500 10 10

1 1158.8 10.000 150.00 341.164 2.274426 12.274
2 1326.8 12.274 150.00 173.164 1.154427 13.429
3 1398.7 13.429 150.00 101.316 0.675443 14.104
4 1436.6 14.104 150.00 63.439 0.422925 14,527
5 1458.7 14,527 150.00 41.277 0.275181 14.802
6 1472.5 14.802 150.00 27.498 0.183323 14.986
7 1481.4 14.986 150.00 18.599 0.123994 15.110
8 1487.3 15.110 150.00 12.706 0.084709 15.194
9 1491.3 15.194 150.00 8.739 0.058263 15.253
10 1494.0 15.253 150.00 6.039 0.040257 15.293
11 1495.8 15.293 150.00 4.186 0.027903 15.321
12 1497 .1 15.321 150.00 2.907 0.019383 15.340
13 1498.0 15.340 150.00 2.023 0.013484 15.354
14 1498.6 15.354 150.00 1.409 0.009391 15.363
15 1499.0 15.363 150.00 0.982 0.006544 15.370
16 1499.3 15.370 150.00 0.684 0.004563 15.374
17 1499.5 15.374 150.00 0.477 0.003183 15.377
18 1499.7 15.377 150.00 0.333 0.002221 15.380
19 1499.8 15.380 150.00 0.232 0.00155 15.381
20 1499.8 15.381 150.00 0.162 0.001081 15.382
21 1499.9 15.382 150.00 0.113 0.000755 15.383
22 1499.9 15.383 150.00 0.079 0.000527 15.384
23 1499.9 15.384 150.00 0.055 0.000368 15.384
24 1500.0 15.384 150.00 0.039 0.000257 15.384




Geometrically Nonlinear Analysis of Plane Frames

O  Example
1800
P =1500 (kips) \
1500
1200 - .
2
'S 900 i
o
x =14.802 (in.)
600 - / i
”
x =15.38474 (in.)
300 .
O \ | l
0 5 10 15 20 25 30

Simple Newton Raphson Iteration (Simple N.R.It) x [inch] .




Geometrically Nonlinear Analysis of Plane Frames

O  Example

Linear Incremental Method with Iteration 093 9

b) Updated Newton Raphson Iteration (Updated N.R.It)

AP =1500 (kips)
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Geometrically Nonlinear Analysis of Plane Frames

O  Example

(10)
x? =xP+Ax" =10+4.18 = [x<2>:14.18(in)] = [Q<(33=1440.62 (kips)]

® AQ? =1500—- P2 =1500-1440.62 = [AQ<2> =59.381(kips)]

(1n (Equation22) (2)
= [T(fz)) =53.308 (kips/in)] = Ax®? = AQ2 _ 29381
- 7 53.308

= [Ax<2> =1.1139 (m.)]

(10)
xP =x® + AxP =14.18+1.1139 = [x<3>=15.294 (in)] = [13}33 =1495.86 (kips)]

© AQ® =1500— P =1500-1495.86 = [ AO® = 4.137 (kips) ]

(11) (Equation?22) (3) 1
= [r%)) =45.890 (kips/in)] = Ax® =AQ3 - 4137
X @ 45.890

= [Ax(3) =0.0902 (in.)]
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Geometrically Nonlinear Analysis of Plane Frames

O  Example
Iteration P (kips)
0 0

1 1158.836
2 1440.618
3 1495.862
4 1499.973

5 1500

x? (in.)
0
10
14.18004
15.29399
15.38416
15.38475

Z_(i) (klpS/ll’l) AQ(:‘) (klpS) Ax(i) (ll”l) x(z‘+l) (ll’l)

150.000

81.617
53.308
45.890
45.292
45.288

1500
341.1639
59.38181
4.137854
0.026937
1.17E-06

10
4.1800
1.1139
0.0902
0.0006
0.0000

10
14.18004
15.29399
15.38416
15.38475

15.38475




Geometrically Nonlinear Analysis of Plane Frames

O  Example
1800 . . | |
P =1500 (kips) \
1500 . /
1200 - .
A
2 900 |
o
600 x=14.18 (in.) i
x=15.294 (in.)
300 x =15.38474 (in.) :
0 I | | ]
0 5 10 15 20 25

X [inch]
Updated Newton Raphson Iteration (Updated N.R.It)

30
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