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Abstract

To study the large displacement and large rotation problems, geometrically nonlinear form-
ulation of eccentric degenerated beam element has been developed, where the restrictions of
infinitesimal rotation increments are removed and the incremental equations are derived using
the Taylor series expansion of the displacement funtion at time t--dt.

The geometrically nonlinear analyses are carried out for the cases of cantilever, square
frame, shallow arch and 45-degree bend beam and all of them are compared with each of
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the other results published.
The element developed in the present research can be efficiently utilized for analysis of
the nonlinear behaviours of structures when displacements and rotations are large.
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Nomenclature

: Component of tangent constitu-

tive tensor at time t referred to
the configuration at time m

: Finite element interpolation func-

tion associated with nodal point k

: External virtual work expression

corresponding to the configuration
at time t+dt

: Natural element coordinates ,
: Component of 2nd Piola-Kirchhoff

stress components in the config-
uration at time t, t+dt referred
to the configuration of time m

: time t and t+dt, before and after

time increment dt

: Component of displacement vector

from the initial configuration at
time 0 to the configuration at
time t, t+dt

: Increment in displacement com-

ponent

: Displacement component of nodal

point k in the configuration at
time t

:Increment in displacement com-

ponent of nodal point k in the
configuration at time t

: Derivative of displacement com-

ponent to the configuration at
time t, t+dt with respect to
coordinate mX;

: Volume of body in the configu-

ration at time 0, t t+dt

: Components of unit vector V¥

in direction s at node point k

: Components of unit vector 'V

in dircetion t at node point k

: Catsian coordinate in the config-

ol &, FIH

uration at time 0, t, t-+dt

ak gk yk : Finite rotational increments at
node point k

d : Denoting “variation in”

& : Component of Green-Lagrange
strain tensor in the configuration
at time t, t+dt referred to the
configuration at time m

mé&ij : Component of strain increment
tensor referred to the configuration
at time m

tey, tHdte; : Component of total infinitesimal
strain tensor at time t-+dt

€ : Increment in ‘e

m€ij : Linear part of strain increment
m&ij

i : Nonlinear part of strain increment
méij

&En ¢ : Local coordinates system

tg, W : Rotational angles at time t
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Fig.3 Load-deflection curves of the cantilever
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Table 1 Load-deflection characteristics of the
cantilever
Case : Present approach(0.25KN)

TOTAL Z-ROTA- NO. OF
X-DISP. Y-DISP.

LOADKN) TION ITERRATION
0.24518 - 1.16073 —4.40102 —0.T13M4E+00 4
030157 — 444119 -765817 -0.158399E+01 5
0.63350 ~ 659975 —8.47597 ~0.200705E+0} 5
0.81620 — 963756 ~B.520653 —0.260065E +01 4
0.97865 ~—11.98846 ~7.58374 ~0.313855E+-01 4
115777 ~13.79972 —-5.71136 —0.374615E+-01 4
1.33923 ~14.55029 ~351% —0.438168E+01 4
1.53073 -141572 —14772%6 -0.50829E+01 5
1.72605 ~12.85499 -0.19174 —0584197E+01 5
1.83340 ~11.99073 —0.00002 —0.628818E+01 7

TOTAL
LY
. ITERATION

LINEAR STATIC(f=02)

0.2 00 -3769911E+00  ~6.283185E-01

CASE:SK. SURANA (3]

TOTAL Z-ROTA- NO. OF
X-DISP. Y-DISP.

LOADKN) TION ITERRATION
0.2 -~ 0.76523 ~362328 ~0.63763 7
04 - 28947 ~6.57447 ~1.27781 7
06 - 595518 ~B.32848 —1.92466 7
08 - 929273 ~8.61971 —25829 .7
10 ~12.2150 ~7.50693 —3.25884 7
12 ~1412230 ~5.37612 —3.96051 8
14 ~14.66210 ~287708 —4.70038 8
16 ~13.85440 -0.79721 —5.498% 9
18 ~12.18030 ~012317 —5.39686 9

TOTAL
68
ITERATION
LINEAR STATIC(=0.2)
0.2 00 —3.769311 -6.283185
S
§T -0 predemt o~
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Fig.6 Load-deflection curves of the shallow arch
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Table 2 Load-deflection characteristics of the
square frame

Present Surana (3}
Disp. load factor * Disp. “load factor .
WL PL*%/EI iter. WL PL*%2/EI iter.
0.153786 0.690938 4 0.41421 064829 6
0402196 145078 5 0.28284 1107221 5
0695543 23906 5 0424264 151764 5
0916924 346732 4 0565685 1.94354 5
1.05885 461305 4 0707100 243889 5
116577 602711 4 0.848528 307627 5
124744 77842 3 0.989949 396978 5
131279 100367 3 113137085 54919 5
1.36624 1261 3 1212793 851549 5
141149 16.7026 3 14142135 16.75346 6
total iterations : » 52
* iter : number of iterations.
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v« 00
V- 1/12 in®
behei(0in
L —
48 .
g
ﬁ
R=100 in.
TOTAL
ITERA-
U-DISP. | V-DISP. | W-DISP. FORCE
TIONS
(psi)
Bathe-Bolourchi(2) -134 -235 534 - 600
Surana(3) -3% | -230 | 2% I 583.4
Dvorkin-Onate(d] ~136 -n5 533 K’ 600
present ~1392 | -2404 | 5383 3 618

Fig.7 Analysis of a 45-degree bend
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