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Abstract

In order to present the geometrically nonlinear F.E. formulation of space frames, two beam/column
elements including the effects of transverse shear deformation and bending stretching coupling
are developed. In the case of the first element (Finite segment method), the tangent stiffness matri-
ces are derived by directly integrating the equilibrium equations, whereas in the case of the second
element (Finite element method) elastic and geometric stiffness matrices are calculated by using
the hermitian polynomials including shear deformation effect as the shape function. Both elements
possess the usual twelve degrees of freedom. Also, the bowing function including shear deformation
effects is obtained in order to account for the effect of shortening of member chord length due
to the bending and torsional behavior. Numerical results are presented for the selected test problems
which demonstrate that both elements represent reliable and highly accurate tools.
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8 4. Cantilever beam: geometry and material
data

¥ 1. Load-deflection behavior of the cantilever
beam under a end force
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1.0 | 0302 0.302 0.302 0.302 0.302

20 | 0493 0.496 0.494 0.496 0.454

3.0 | 0603 0.607 0.605 0.607 0.605

40 | 0670 0.675 0.672 0.675 0.672

50 | 0.714 0.720 0.717 0.720 0.717

60 | 0745 | 0.752 0.748 0.752 0.748

70 | 0.767 0.776 0.772 0.776 0.772

80 | 0.78 0.794 0.790 0.794 0.790

90 | 0.799 0.809 0.804 0.809 0.804

10.0 | 0.811 0.821 0816 0.821 0.816
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B 2. Load-deflection behavior of the cantilever beam under a end force

Load factor Analytic Surana F. S. M. F. EE M.

f Sol. [13] 4 element 8 element 4 element 8 element
0.2 3.040 3.019 3.042 3.040 3.042 3.040
04 5.497 5479 5.519 5.504 5519 5.504
0.6 6.945 6.940 7.003 6.959 7.003 6.959
08 7.198 7.183 7.304 7.224 7.304 7.224
1.0 6.366 6.256 6.506 6.398 6.506 6.398
12 4.790 4.480 4931 4.822 4.929 4.822
14 2.976 2.398 3.053 2.981 3.049 2.980
16 1.375 0.664 1.382 1.367 1.376 1.366
1.8 0.338 —-0.103 0.327 0.354 0.325 0.354
20 0.0 - 0.078 0.096 0.089 0.101
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¥ 3. Limit loads

according to variation of arch’s

thickness
Limit load(PR¥/EI)
f,=0.0 fi=12
t= lin 9.03(9.24) 9.03
t=10in 70.238 70.238
t=15in 237.385 229.360
t==20 in 552.038 521490
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B 4. Load-defiection behavior of the curved cantilever under a end force

"This study
Surana’s results*?
4 elements 8 elements
Load U Vv W U \Y w U \' w
0.1 —1.5132 0.9088 15.012 —1.5525 0.9019 15.201 —1.5679 0.9309 15.262

0.2 —5.1380 | 3.0690 27217 | —5.2646 | 3.0450 27539 | —53042 | 31351 27610

0.3 —-9.3998 | 55793 36.106 | —9.6067 | 5.5280 36488 | —9.6579 | 5.6758 36.532

04 ~13478 | 7.9481 42428 | —13739 | 7.8619 42826 | —13.789 | 8.0539 42.833

0.5 —17.110 | 10.028 46996 | —17291 | 9.8832 47301 | —17.330 [ 10.116 47.276

0.6 —20.268 | 11808 50394 | —20453 | 11.628 50.701 —20483 | 11.886 50.645

0.7 —23.004 | 13325 52.996 | —23.189 | 13.116 53309 | —23.209 | 13.393 53.227

0.8 —25382 | 14.621 55.046 | —25565 | 14.400 55370 | —25577 | 14.683 55.264
0.9 —27464 | 15.737 56699 | —27636 | 15500 57.033 —27.649 | 15789 56.906
1.0 —29.299 | 16.703 58.062 —29462 | 16447 58405 | —29467 | 16.754 58.259

11 —30.929 | 17.547 59206 | —31.085 | 17.261 59560 | —31.087 | 17.584 59.396

1.2 —32.387 | 18.288 60.181 | —32534 | 17.981 60.547 | —32.537 | 18312 60.364

13 —33.701 | 18945 61023 | —33.833 | 18622 61403 | —33.841 | 18952 61.201

14 - 34.891 19.530 61.760 -35.011 19.189 62.155 —35.021 19.519 61.933
15 —~35.976 20.054 62.411 -37.535 19.694 62.821 —36.097 20,022 62.580
4) 3% 2 HYSFE dueFE &3t I 200.0
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g 2[K]
a=EA/L

b= 12EL- 6,/L?

by = 6EL;- ¢z/L?

b;=4El;s- 0s/L

by=2El;* /L

Ci— 12E]3' (‘p1/L3

c;=6El;- go/1*

c3=4Elz- /L

[ ZEI;; M (p4/L

d=(GJ+P-r*)/L

R2E 2 g43E HEHA[K.]
a=EA/L, d,=GJ/L

er= 12EL/(T,- L%
e;=6EL/(T:"L?)
es=4(1+3S)El/(T,-L)
e;=2(1—6S)EL/(T,-L)
g1=12EL/(T,-L?

g =6EL/(T, 1%
2;=4(1+3S)EL/(T,-L)
2=2(1—6Sp)EL/(T, L)

S;=1; EL/(GA-L?

1=23

T,=1+125

REE 3 73HAQ FeviEY2(K,]
a=1/L, d,=r*/L

m; = 12(12S:2+ 25, +0.1)/(T2- L)
my=0.1/T.?

my=4L(3S,2+ 0.5+ S, +1/30)/T,?
my = 2L(6S,2+ S, + 1/60)/T
m=12(125:°+ 25, +0.1)/(T:%- L)
n,=0.1/T5* °F,-

Ny = 414352+ 0.5- S, + 1/30)/T,?
ne=2L(6S;*+ 5,4+ 1/60)/ T,
Si=14-EL/AGA-L?

i=23

T;=1+12S;



