The SecPropFEM program

The SecPropFEM program computes the geometric properties of thin-walled open cross-sections.
It was written and tested in MATLAB 7.3.0 (R2006b). The program is a function with the syntax:

Section = SecPropFEM(Nodes, Elements, WarpNodes)

where:
Nodes — array containing the consecutive node numbers and their coordinates (y, z),
Elements — connectivity array defining the quadrilateral elements,
WarpNodes — array of selected node numbers (may be empty); for these nodes the coordinates
in the principal centroidal system and the warping function values are computed,
Section — output structure.

The program solves the Neumann problem
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with the natural boundary condition on the cross-section contour I' with the outward unit normal
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and the essential boundary condition
w(y57 ZS) =0

at the shear centre S with coordinates (yg, zs).

Example script:

Nodes = |
1 0 0
2 10 0
3 0.5 0.4679
1031 9.5517 0.8977
l:
Elements = |
1 304 305 484 482
2 305 1 306 484
3 482 484 485 3
869 1031 340 341 1027
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Rys. 1. Cross-section of a thin-walled profile

MarkNodes = [6 5 92 3 4];

Section = SecPropFEM (Nodes,

s

Elements ,

MarkNodes)

As a result, the program returns the Section structure:

Section =

Area:
Sy:

Sz:

So:

Jy:

Jz:
Jyz:
Jr:

Jt:

Jo:
Jyo:
Jzo:
Jry:
Jrz:
Jro:
UserYc:
UserZc:
UserYs:
UserZs:
Ys:

Zs:
Gamma:

Transform:
WarpNodes:
My4

59.0995
2.3358e—012
3.3640e—013
—8.0602e—012
8.0853e+003
493.9747
—6.5694e—010
8.5793e+003
39.2345
6.8183e+004
3.4987e—009
—1.5277e—-012
1.0099e4-004
1.1253e+003
352.0739
2.7050
14.9184
—2.6243
14.9593
—5.3292
0.0462
9.9697e—004
[2x2 double]
[5x4 double]
1.0903e+004




Mz4: 1.4808e+006
Mo4: 2.0518e+008
My3: 1.4323e+003
Mz3: 1.1066e+003
Mo3: 2.4420e+4004
Moy2: 8.0718e+003
Moz2: 2.1468e+003

Moy: —2.7319
Moz: —314.9520
My3z: 175.1253
My3o: 654.6312

Mz3y: 1.9298e+003
Mz30: 5.1253e+005
Mo3y: 1.9469e+005
Mo3z: 2.3138e+007
My2z2: 8.2034e+004
My202: 1.4098e+006
My20y2: 8.1960e+004

My20z2: 3.9380e+004
My2z: 18.7441
My2o0: 113.1077

My2oy: —4.0762
My2o0z: —4.0549e+003
Mz202: 1.2342e+007

Mz2o0y2: 1.4663e+4006

Mz20z2: 3.9891e+005
Mz2y: 8.6669e+003
Mz20: 238.9662

Mz2oy: 745.0466
Mz2o0z: —5.1755e+004

Mo2oy2: 1.2385e-+007

Mo20z2: 4.9927e+006
Mo2y: 1.6276e+005
Mo2z: 8.7164e+003

Mo2oy: 5.5594e+003
Mo20z: —5.2791e+005
Myoy2: 8.6934e+003
Myoz2: 6.4417e+003
Mzoy2: 374.2829
Mzoz2: 29.7665
Myoy: 3.2428e—-004
Myoz: —474.3565
Mzoy: 8.0657e+003
Mzoz: 0.0035
Mooy2: 155.6904
Mooz2: 190.9111
Mooy: 109.2331
Mooz: —7.0502
My2zo: 2.4241e+005
Mz2yo: 1.1355e+004
Mo2yz: 4.0196e+004
Myzoy2: 1.1321e+003




Myzoz2:
Myzo :
Myzoy :
Myzoz :
Myooy?2 :
Myooz2:
Mzooy?2:
Mzooz2:
Myooy :
Myooz:
Mzooy :
Mzooz:

451.5591
7.0166e+004
8.6619e-+003
—24.8622
4.8034e-+003
1.9853e4-003
5.5781e+005
9.4859e+005
7.0318e+004
—112.2013
201.2043
—6.6912e+004

The following notation is used in the formulas below:

a — cross-sectional area,

w — warping function,

y, z — coordinates of a point in the cross-section.

The output structure Section contains the following fields:

Area — cross-sectional area of the thin-walled profile,

A:// dy dz,

Sy — first moment of area about the y axis,

Sy://zdydz,

Sz — first moment of area about the z axis,

sz=//ydydz,

So — first moment of warping,

Sw://wdydz,

Jy — second moment of area about the y axis,

Jy://ZQdydz,

Jz — second moment of area about the z axis,

Jzz//:fdydz,

Jyz — product of inertia,

Jyzz//y'zdydz,

Jr — polar moment of inertia,

JT:// (y2+z2) dy dz,
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Jt — torsion constant,

Ow Ow

2 2

= -— —z-— | dyd 12
Jt // <y + z + y 82 z 8y> y Z? ( )
Jo — warping constant,

Jo = // w? dy dz, (13)

Jyo — warping product of inertia,
Jyw://y-wdydz, (14)
a

Jzo — warping product of inertia,

sz://z-wdydz, (15)

Jry — higher-order moment,

Jry = // (y2 + 22) -y dydz, (16)

a

Jrz — higher-order moment,

I :// (v* +2%) 2 dy dz, (17)

a

Jro — higher-order moment,

Jrw = // <y2 + z2) -wdy dz, (18)

UserYc, UserZc — coordinates (yc, z¢) of the centroid in the user coordinate system,

UserYs, UserZs — coordinates (yg, zg) of the shear centre in the user coordinate system,
UserYq, UserZq — coordinates (yq,2q) of the principal point of zero sectorial coordinate in
the user coordinate system,

Ys, Zs — coordinates (Yg, Zg) of the shear centre in the principal centroidal axes,

Yq, Zq — coordinates (Y, Zg) of the principal point of zero sectorial coordinate in the
principal centroidal axes,

Gamma — angle v of the transformation from the user coordinate system to the principal
axes,

Transform — transformation matrix from the user coordinate system to the principal axes,
WarpNodes — coordinates of the selected nodes and the warping function values at these nodes,
in the principal centroidal axes,

My4 — higher-order moment,

My = // yt dy dz, (19)

Mz4 — higher-order moment,

M, = / / 24 dy dz, (20)
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Mo4 — higher-order moment,

My3 — higher-order moment,

Mz3 — higher-order moment,

Mo3 — higher-order moment,

Moy2 — higher-order moment,

Moz2 — higher-order moment,

Moy — higher-order moment,

Moz — higher-order moment,

My3z — higher-order moment,

My3o — higher-order moment,

Mz3y — higher-order moment,

Mz3o — higher-order moment,

Mo3y — higher-order moment,

2
szz// (&u) dy dz,
'z az

-zdy dz,

-wdydz,

-~y dydz,

-wdydz,

-y dydz,

(22)

(23)

(24)

(25)

(33)



Mo3z — higher-order moment,

Mwsz://w3-zdydz,

My2z2 — higher-order moment,

My2,2 = //y2 22 dy dz,

My202 — higher-order moment,
Myz,» = // y? - w? dy dz,
a

My2oy2 — higher-order moment,

Ow\ 2
My = // v (ay) dy dz,

My20z2 — higher-order moment,

2
Myz, 2 = //?f (gj) dy dz,

My2z — higher-order moment,

My2o0 — higher-order moment,

M2

yw://y2’wdydz7

My2oy — higher-order moment,

Ow
Myzw:y = //y2 : 872] dy dZa

My2o0z — higher-order moment,

ow
2
My, ://y S dydz,

Mz202 — higher-order moment,

M,2,2 = //22 -w? dy dz,
a

Mz20y2 — higher-order moment,

2
MZQw,Z = // 22 (gi:) dy dz,

a

Mz20z2 — higher-order moment,

2
M,z = // 22 <gj) dy dz,
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Mz2y — higher-order moment,

Mzzy://z2~ydydz,
Mzgw://zg-wdydz,

Mz20 — higher-order moment,
Mz2oy — higher-order moment,

Mz20z — higher-order moment,

M2, ://22-8&)dydz,
' 0z

Mo20y2 — higher-order moment,

2
szw% = //w2~ (?{;) dy dz,

Mo20z2 — higher-order moment,

2
M2,z = // w?- ((;o:) dy dz,

Mo2y — higher-order moment,
M2, = //wQ-ydydz,

szzz//w2-zdydz,

Mo2z — higher-order moment,

Mo2oy — higher-order moment,

M2, = // w?- g(; dy dz,

Mo2o0z — higher-order moment,

M2, ://w2-8wdydz,
’Z 62,

Myoy2 — higher-order moment,

2
Vg = [[v-(5,) v

Myoz2 — higher-order moment,

2
Myw,g = //y : (gj) dy dz,
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Mzoy2 — higher-order moment,

w2
Mzw% ://z (83/) dy dz,

a

Mzoz2 — higher-order moment,

Myoy — higher-order moment,
Myoz — higher-order moment,
Mzoy — higher-order moment,
Mzoz — higher-order moment,

Mooy2 — higher-order moment,
Mooz2 — higher-order moment,

Mooy — higher-order moment,

Ow
My, = //way dy dz,

Mooz — higher-order moment,

My, = //wﬁw dy dz,
’ 0z

My2zo — higher-order moment,

Myzzw://gf'z-wdydz,
a
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Mz2yo — higher-order moment,

]\4zzyw://,22-y-<,udydz7
a

Mo2yz — higher-order moment,

szyzz//w2~y-zdydz,
a

Myzoy2 — higher-order moment,

o= f[or5 (%) ava

Myzoz2 — higher-order moment,

yzw,z //y “n <> dde,

Myzo — higher-order moment,
My, :/ y-z-wdydz,
a

Myzoy — higher-order moment,

My..,,, = // z— dy dz,

Myzoz — higher-order moment,

yzw,z // 27 dy dZ

Myooy2 — higher-order moment,

w2
Mywwé ://y'w‘ <3y> dy dz,

a

Myooz2 — higher-order moment,

Mzooy2 — higher-order moment,

M

2
zwwé://z'w' <ZZ) dy dz,

Mzooz2 — higher-order moment,

M

2
sz,gz//z‘w' (gj) dydz,



Myooy — higher-order moment,

Myww,y = //y :

Myooz — higher-order moment,

Myww,z = //y

Mzooy — higher-order moment,

Mzww,y = //Z

Mzooz — higher-order moment,

Mzww,z ://Z
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Rys. 2. The SecPropFEM program window

The top toolbar contains the tools:

Zoom
Rotate
Raoll

Pan

— panning the sketch,

11

free rotation of the sketch,

zooming the section sketch in and out,

rotation of the sketch in the screen plane,

(81)

(82)



U=er

Principal
Modes
Elements
Edge
Wersors

Warping

view in the user coordinate system,

view in the principal centroidal coordinate system,
display of node numbers,

display of element numbers,

display of the outer boundary,

display of the outer boundary normals,

display of the warping function,

The following parameters can also be changed:

“ersars Multiply

Wyarping Multiply

— scale factor used when drawing the outer
boundary normals,

! — scale factor used when drawing the warping

function.
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Rys. 3. The SecPropFEM program window with the warping function plotted
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