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This document presents how AquaEdit calculates cross sectional properties of beams generated from the Wizard. The
properties are validated against analytical solution. Results show good correspondence.
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1 Introduction

This document describes how cross-sectional properties are calculated for cross sections
generated from the Data source wizard beam elements in AquaEdit.

2 Theory
2.1Tube

ZOI?@T'

Zunder

Yunder

yOl)E’?'

A tube is a circular cross section with an outer diameter D and a thickness t.

Formula
d=D-2-t

Description
Inner diameter of tube

2

= (-

Cross-sectional area

Second moment of area

d

2

)

s
— — 4 _ 4
due to bending h=L=% (D" =dh
Second moment of area o _ 4
due to torsion e=l=h+1L =% (D% =dh
Zoyer = D /2
Bending: distance to Yover = D/2
neutral axis Zynder = D /2

Yunder = D/2

Comment

The second moment of
area due to bending for a
tube is equal in y- and z-
direction due to axis
symmetry.

For circular cross
sections, the second
moment of area due to
torsion I, will correspond
to the polar area of
moment ,,. See e.g.,
(Larsen, 1990) Ch. 5.2.2
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Zoyer = D /2
Torsion: distance to Yover = D /2
neutral axis Zynder = D /2
Yunder = D/2
Ay = 2A
vy — o
Shear area %
Ayz = §
A
Ky = A_
Shear constant, Kappa A’y
K, = —
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2.2 Hollow rectangular
Z Z
' i i
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i Zunder |
i i
\J I I
[/{/ Yunder ! Yover
Description Formula Comment
. A=H-W — (H - 2t)
Cross-sectional area (W =20
[ = WH3? (W —2t)(H — 2t)3
Y12 12

Second moment of area
due to bending

Second moment of area
due to torsion

Bending: distance to
neutral axis

Torsion: distance to
neutral axis

Shear area

Shear constant, Kappa

L W3H (W —20)*(H — 2t)

z 12 12

_2W —t)*(H - t)’t

t H+W -2t
Zoyer = H /2
Yover = W /2
Zynder = H/2
Yunder = W /2
Zoyer = H/[2
Yover = W /2
Zynaer = H /2
Yunder = w/2
A,,y =2-W-t
A,,=2-H-t
A
Ko =
y Avy
A
K, = —

For references see e.g.
(Johannesen, 2002).

See figure below for
illustration of shear
area.
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Z

Shear area
y — direction

Shear area
z — direction
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2.3 Massive rectangular

¥4
4
1

Description
Cross-sectional area

Second moment of area due
to bending

Second moment of area due
to torsion

Bending: distance to neutral
axis

Torsion: distance to neutral
axis

Shear area

Formula
A=H W
LW
Y12
L _WiH
2712

1 w
I, = HW3 <§ - 0.21—(1

H

Zoyer = H/2
Yover = W /2
Zynder = H/2
Yundger = W /2
Zover = H/2
Yover = W /2
Zynder = H/2
Yunder = W /2

5
Avy = EW “H

5
A,,==-W-H

6

ZD‘IJET

Zunder

W4
B 12H4>>

1
* 13
Yunder Yover

Comment

Valid for H > W. For
reference see e.g.

(Larsen, 1990) Ch.
5.2.3.
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A
Ky =
Shear constant, Kappa Xy
K, =—
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2.41-beam (length of Bottom flange = Top flange)

W . t A
N I i
— I T ;
i i
@ ; :
'\-_i ZO!JE‘E' i
i, 5
H | oo | R SV i N | DR SV
: 0
i :
i Zunder I
r_ | tr i
o | !
7] : |
. 1 !
(1) W Yunder Yover
Description Formula Comment

A=2 'A(l) +A(2)

Cross-sectional area
=2-Wer+(H=-2"¢t) "ty

we?
I}’(l) = 12
ty(H—2-t;)°
I}’(Z) = 12

1
Z1=E(H—tf), Z2=0

Second moment of area I, = 2 (Iy¢q) + Awyzi) + Lz

due to bending + Ay75
w3t,
to(H—2"t;)

IZ =2- 12(1) + IZ(Z)

The second moment
of area due to
bending is calculated
applying the parallel
axis theorem (or
Steiner’s theorem).
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The calculation of
h=H-2-tf second moment of
2 - -
(tf + r) +t,(r + 0.25t,) area due to torsion is
d= based on empirical
fer 2 ata, see e.g.
Second moment of area a=ty + ( 5 ) ' (d —; ) (e, 2027
due to torsion )

1 /d
a=046 ——- (—— 1.15)
2 \a

2 3 1 3
+a-a-d3
Zoyer = H/2
Bending: distance to Yover = W /2
neutral axis Zynder = H/2
Yunder = W /2
Zoyer = tf
Torsion: distance to Yover = tw
neutral axis Zuynder — Ur
Yunder = tw
A,y =2-W-t
Shear area e !
Ay, =(H=2"t)"ty
A
Ky _A
Shear constant, Kappa /Ify
KZ N AUZ

See figure below for
illustration of shear
area.

Shear area

Shear area y — direction

z — direction X

S |
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2.5Double tube

S

SN S E— y
L
z
- ......... "

Yunder L Yover :
Description Formula Comment
Inner diameter of tube d=D-2-t

D 2
Ay =4 =T (5)
d 2

Cross-sectional area - (E)

A - A(l) + A(Z)T[

I =y =T p+_ 44 Forreference, seee.g.
v = lya = g5 ) (Johannesen, 2002).

I, =1 + 1

Second momentofareadue > Y® T Y®
to bending

T
Ly = Iy = a(DA’ —d*)
I, = Iz(l) + Iz(Z)

Second moment of area due

to torsion k=5 +1;
Zoyer = D /2

Bending: distance to neutral = y,,.r = D/2

axis Zynger = D/2

Vunder = D/2
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Zoyer = D /2
Torsion: distance to neutral vy, = D/2
axis Zynder = D/2
Yunder = D /2
A,y = - A
vy — o
Shear area %
sz = §A
A
Ky _A
Shear constant, Kappa ;{y
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3 Validation

This section presents results from validation of the cross sections. The validation is performed
for AquaSim version 2.17.2.

3.1Tube
Input parameters is presented in Table 1. Results and comparison are presented in Table 2.

Table 1 Input parameters

Description Abbreviation Value
Outer diameter D 300 mm
Thickness t 20 mm
Table 2 Results and comparison
Parameter Abbreviation Analytical AquaSim Comparison
(Wizard) [90]
Cross sectional area A 1.7593E-02 1.7593E-02 0.00
m2 m2
Second moment of L, 1.7229E-04 1.7229E-04 0.00
area, bending m4 m4
I, 1.7229E-04 1.7229E-04 0.00
m4 m4
Second moment of I; 3.4658E-04 3.4658E-04 0.00
area, torsion m4 m4
Distance from Zover 0.15m 0.15m 0.00
neutral axis, bending Yover 0.15m 0.15m 0.00
Zynder 0.15m 0.15m 0.00
Vunder 0.15m 0.15m 0.00
Distance from Zover 0.15m 0.15m 0.00
neutral axis, torsion Yover 0.15m 0.15m 0.00
Zynder 0.15m 0.15m 0.00
Vunder 0.15m 0.15m 0.00
Shear constant, Ky 1.50 1.50 0.00
Kappa K, 1.50 1.50 0.00
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3.2 Hollow rectangular

Input parameters is presented in Table 3. Results and comparison are presented in Table 4.

Table 3 Input parameters

Description
Height
Width
Thickness

Table 4 Results and comparison

Parameter

Cross sectional area
Second moment of
area, bending

Second moment of
area, torsion
Distance from
neutral axis, bending

Distance from
neutral axis, torsion

Shear constant,
Kappa

Abbreviation

H
w
t

Abbreviation Analytical

Zover
Yover
Zunder
Yunder
Zover
Yover
Zunder
Yunder
Ky
Kz

2.6400E-2 m2
7.8552E-4 m4
1.7632E-4 m4
4.5242E-4 m4

0.25m
0.10 m
0.25m
0.10 m
0.25m
0.10 m
0.25m
0.10 m
3.30

1.32

Value
500 mm
200 mm
20 mm

AguaSim
(Wizard)
2.6400E-2 m2
7.8552E-4 m4
1.7632E-4 m4
4.5242E-4 m4

0.25m
0.10 m
0.25m
0.10 m
0.25m
0.10 m
0.25m
0.10 m
3.30

1.32

Comparison
[%0]
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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3.3 Massive rectangular
Input parameters is presented in Table 5. Results and comparison are presented in Table 6.

Table 5 Input parameters

Description Abbreviation Value
Height H 500 mm
Width w 200 mm

Table 6 Results and comparison

Parameter Abbreviation Analytical AquaSim Comparison
(Wizard) [90]
Cross sectional area A 1.0000E-1 m2 1.0000E-1 m2 0.00
Second moment of L, 2.0833E-3m4  2.0833E-3m4 0.00
area, bending I, 3.3333E-4 m4 3.3333E-4m4  0.00
Second moment of I; 9.9805E-4 m4 9.9805E-4 m4 0.00
area, torsion
Distance from Zover 0.25m 0.25m 0.00
neutral axis, bending Yover 0.10m 0.10m 0.00
Zunder 0.25m 0.25m 0.00
Yunder 0.10 m 0.10 m 0.00
Distance from Zover 0.25m 0.25m 0.00
neutral axis, torsion Yover 0.10m 0.10m 0.00
Zunder 0.25m 0.25m 0.00
Vunder 0.10 m 0.10 m 0.00
Shear constant, Ky 1.20 1.20 0.00

Kappa K, 1.20 1.20 0.00
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3.41-beam

Input parameters is presented in Table 7. Results and comparison are presented in Table 8.

Table 7 Input parameters

Description
Flange width
Flange thickness
Height

Web thickness
Radius

Table 8 Results and comparison

Parameter

Cross sectional area
Second moment of
area, bending

Second moment of
area, torsion
Distance from
neutral axis, bending

Distance from
neutral axis, torsion

Shear constant,
Kappa

Abbreviation Value
w 250 mm
tr 38 mm
H 300 mm
ty 25 mm
r 20 mm
Abbreviation Analytical AquaSim
(Wizard)
A 2.4600E-2 m2  2.4600E-2 m2
L, 3.5176E-4 m4  3.5176E-4 m4
I, 9.9250E-5m4  9.9250E-5 m4
I; 1.0647E-5m4  1.0647E-5m4
Zoper 0.150 m 0.150 m
Vover 0.125m 0.125m
Zynder 0.150 m 0.150 m
Vunder 0.125m 0.125m
Zoper 0.038 m 0.038 m
Yover 0.025 m 0.025m
Zynder 0.038 m 0.038 m
Vunder 0.025 m 0.025m
Ky 1.29 1.29
K, 4.39 4.39

Comparison
[%0]
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
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3.5Double tube
Input parameters is presented in Table 9. Results and comparison are presented in Table 10.

Table 9 Input parameters

Description Abbreviation Value
Outer diameter D 300 mm
Thickness t 20 mm

Table 10 Results and comparison

Parameter Abbreviation Analytical AquaSim Comparison
(Wizard) [90]
Cross sectional area A 3.5186E-2 m2 3.5186E-2 m2 0.00
Second moment of L, 3.4658E-4 m4  3.4658E-4 m4 0.00
area, bending 1 3.4658E-4 m4  3.4658E-4m4  0.00
Second moment of I; 6.9316E-4 m4 6.9316E-4 m4 0.00
area, torsion
Distance from Zover 0.15m 0.15m 0.00
neutral axis, bending Yover 0.15m 0.15m 0.00
Zunder 0.15m 0.15m 0.00
Yunder 0.15m 0.15m 0.00
Distance from Zover 0.15m 0.15m 0.00
neutral axis, torsion Yover 0.15m 0.15m 0.00
Zunder 0.15m 0.15m 0.00
Vunder 0.15m 0.15m 0.00
Shear constant, Ky 1.50 1.50 0.00

Kappa K, 1.50 1.50 0.00
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4 Conclusions

The validation cases show that there is good correspondence between analytical calculations
of cross sectional properties and AquaSim.
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