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1 REPORT ANALYSIS MODELL

1.1 Materials

Materials
Mat |Classification
1|STEEL

Cross-sections static properties

SNo  |Mat A[m2] Ay[m2] Iy[ma]| ye[mm]|ysc[mm]| E[N/mm2]| g[kg/m] I-1[md]
MRF It[ma] Az[m2] Iz[ma]| zc[mm]|zsc[mm]| G[N/mm2] I-2[md]
Ayz[m2] Iyz[ma] a[®]
1 1| 1.6741E-82 4.461E-85 a.a a.a 218888 41.9 1.829E-83
1.853E-86 1.829E-83 a.a a.a aa769 4.461E-85
= Link 1
2 1| 1.6741E-82 1.829E-83 a.a a.a 218888 41.9
1.853E-86 4.461E-85 a.a a.a ae7e9
= Link 2
SHo section number wc[mm] , zc[mn] ordinate of elastic centroid
Hat material number ysc[m],zsc[mm] ordinate of shear centre
&[mz] sectional area E[K/mm2] ¥oung's modulus
&y[m2],Az[m2],8yz[m2] transverse shear deforsation area glkg/m] weight per length
Iy[ma],.Iz[ma],Iyz[m4] bending moment of inertia
I-1[m4],I-2[m2]),0[*] principal moments of inertia and angle of the principal axes
MRF reinforcesent material number
It[ma] torsional moment of inertia
G[Nfmmz Shear modulus

Spring Material 111

Connection type: 'Implicit Hinge' work law(s)
Material type: Elastoplastic, anisotropic hardening

Force-displacement law My

Number  $ur[kNm/rad] u[mrad] My[kNm]| S[kNm/rad]
111 (My 18588.23 =13.888 =-28.58 a.8a
=3.888 =-28.58 B@76.92
=2.568 =24.38 B431.37
=2.858 =28.88 9819.61
=1.548 =15.48 9238.77
=1.828 =18.68 18196.88
=8.51@ =5.48 18588.23
8. 888 a.8a 18588.23
B.51@ 5.48 1l@aaa.aa
1.838 18.68 9411.76
1.548 15.48 9819.61
2.858 28.88 B431.37
2.568 24.38 B@76.92
3.888 28.58 a.8a
13.888 28.58 a.8a
t
[} — ™~ — ™~ — [} — ™~ — o~ — ™~ — [} — ™~ — ™~ —
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material and hinge definition
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Force-displacement law My
1.2 Nodes
Nodes
Number X[m] ¥[m] Z[m]| eq.PX| eq.PY| eq.FZ| eq.Mi| eq.MY| eq.MZ

181 @.a8a @.088 @.088 PX Py Pz 1 2 3
182 B8.584 B.68a B.68a 4 5 B 7 g 9
183 1.168 @.088 @.088 11 12 13 14 15 16
184 1.752 8.888 8.888 18 19 28 21 22 23
185 2.338 @.088 @.088 25 25 27 28 29 E:]
186 2.928 8.888 8.888 32 33 34 35 £ 7
1a7 3.584 8.88a 8.88a ) 48 4 42 43 44
188 4.888 8.88a 8.88a 45 47 48 45 58 51
1ag 4.672 8.88a 8.88a 53 54 55 56 57 58
11a 5.256 8.88a 8.88a 68 61 62 63 64 65
111 5.8448 8.88a 8.88a 67 68 62 78 71 72
112 6.424 8.88a 8.88a 74 75 76 77 78 79
113 7.888 8.88a 8.88a 2 82 23 24 85 86
114 7.592 8.888 8.888 28 29 o8 91 92 93
115 2.178 @.088 @.088 = 96 o7 o8 =5 1aa
116 g8.768 8.888 8.888 laz 183 184 185 laa 1a7
117 9.344 @.088 @.088 lag 118 111 112 113 114
118 9.928 8.888 8.888 1156 117 118 119 128 121
119 18.512 @.088 @.088 123 124 125 126 137 128
128 11.896 8.888 8.888 138 131 132 133 134 135
121 11.688 @.088 @.088 137 Py Pz MK 138 MZ

MIN 8.888a 8.88a 8.88a

MAX 11.688 8.88a 8.88a 132
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Load Case 181 3rd Order Theory (UPD.LAGRANGIAN) NONLIMEAR
Factor forces and moments 1.988

Loads acting on Nodes

Nade WX [ i ] W [ e ] WZ [ i ] DX [mrad] DY [mrad] DZ[mrad]
181 2.738
Nade PX[kN] PY[kN] PZ[kN] M kN ] MY [ kN ] MZ[knm] | ™MB[kNmZ ]
1 121 1398.8
| Beam Forces and Moments Leadease 181  NONLINEAR
i [Grp| Number o N Vy vz Wt My Wz
! [m] [kN] [kN] [kN] [kNm] [ kNm] [ kNmu]
a 1 d.aaa 12959.9 d.a8 13.86 d.88 -29.86 d.a8
d.584 1259.9 d.a8 13.86 d.88 -21.76 d.a8
a 2 d.aaa 1388.4 d.a8 9.73 d.88 -21.62 d.a8
d.584 1388.4 d.a8 9.73 d.88 -15.94 d.a8
a 3 d.aaa 1388.8 d.a8 7.17 d.88 -15.84 d.a8
d.584 1388.8 d.a8 7.17 d.88 -11.66 d.a8
a 4 d.aaa 1388.8 d.a8 5.38 d.88 -11.85 d.a8
d.584 1388.6 d.a8 5.38 d.88 -8.51 d.a8
@ 5| @.@98| 1398.3 9.088 3.92 8.88 -8.53 8.08
@.584 | 138@.3 9.88 3.92 8.88 -6.24 8.088
@ 5| @.@98| 1398.8 9.088 2.87 8.88 -6.27 8.08
9.584 | 138@.8 9.88 2.87 8.88 -4.68 8.088
@ 7| @.@9a| 1299.9 9.088 2.12 8.88 -4.68 8.08
@.584 | 1299.9 9.88 2.12 8.88 -3.36 8.088
@ 5| @.898| 1299.8 9.088 1.54 8.88 -3.38 8.08
9.584 | 1299.8 9.088 1.54 9.988 -2.48 8.088
] 9| @.898| 1299.9 9.088 1.15 9.88 -2.48 8.08
®.584 | 1299.9 9.088 1.16 9.988 -1.88 8.088
@ 1a| ®@.988| 1299.9 9.088 B.83 8.88 -1.83 8.08
®.584 | 1299.9 9.088 B.83 9.988 -1.34 8.088
@ 11 ®@.988| 1380.8 9.088 B.62 8.88 -1.34 8.08
9.584 | 138@.8 9.088 B.62 9.88 -8.98 8.088
@ 12 ®@.988| 1380.8 9.088 B.45 9.88 -8.99 8.088
9.584 | 138@.8 9.088 B.45 9.88 -8.72 8.088
] 13 ®@.988| 1380.1 9.8 8.32 8.98 -8.72 ?.99
9.584 | 138@.1 9.088 8.32 9.88 -8.54 8.088
] 14 @.988| 1380.1 9.8 8.24 8.98 -8.54 ?.99
9.584 | 138@.1 9.088 8.24 9.88 -8.39 8.088
] 15| ®@.988| 1380.1 9.8 8.15 8.98 -8.39 ?.99
9.584 | 1380.1 9.8 @.16 9.98 -8.38 a.89
] 16| @.988| 1389.1 9.8 8.14 9.98 -8.29 8.89
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Load Case

181 3rd Order Theory (UPD.LAGRANGIAN) MNONLINEAR

Factor forces and moments 1.0808
Loads acting on Nodes
Kode WX [mm] WY [mm] WZ[mm] | DX[mrad]| DY[mrad]| DZ[mrad]
181 8.73@
Node PR[kN] PY[kN] PZ[kN] MK [ kNm] MY [ khm] MZ[kNm] | MB[khm2]
121 1368.8
Beam Forces and Moments Loadcase 181  MNONLIMEAR
Grp| Number X N Vy vz Mt My Mz
[m] [kN] [kN] [kN] [ keNm] [ kNm] [lehm]
a8 1 B.B80a 1259.9 B.8a 13.B6 8.8 =29.B6 .88
B.584 12599.9 a.8a 13.8B6 8.8a =21.76 8.8
a8 2 8. 808 1388.4 8,88 9.73 8.8 =21.62 .88
B.584 1386.4 8,88 9.73 a. 88 =15.94 .08
a8 3 B.B80a 13668.8 B.88 7.17 8. 88 =15.84 8.88
B.584 13668.8 Ba.8a 7.17 8.88 =11.66 B.88
a8 q B.B8ea 1388.6 B.8a 5.38 8. 88 =11.65 B8.88
8.584 1388.6 a.88 5.38 8. 88 =8.51 B.88
a 1 8. 808 1388.3 B.8a 3.92 a.ea =8.53 .08
B.584| 13@@.3 B.08 3.92 .88 -6.24 8.88
a8 B B.B8ea 1368.8 B.8a 2.87 8. 88 =65.27 8.88
B.584 1386.8 a.8a 2.87 8.8a =i .68 B.88
a8 7 8. 808 1259.59 8,88 2.12 8.8 =i .68 .88
B.584 1259.9 B.8a 2.12 8. 88 =3.36 .08
] 2| @.ee@| 1299.8 2.08 1.54 .08 -3.38 e.e8
B.584 1259.8 B.8a 1.54 8.88 =2.48 B.88
a8 8 B.B80a 1259.9 B.8a 1.16 8.8 =2.48 .88
8.584 1299.9 a.8a 1.16 8.88 =1.88 B.88
a8 18 8. 808 1259.9 8,88 8.83 8.8 =1.83 .88
B.584| 1299.9 2.08 8.83 8.88 -1.34 e.e8
a8 11 B.B80a 13668.8 B.88 8.62 8. 88 =1.34 8.88
B.584 1388.8 B.8a 8.62 8.8a =-@.98 B.88
a8 12 8. 808 1388.8 a.8a 8.45 8.8 =@.99 .88
8.584 1386.8 a.8a 8.45 a.88 -8.72 B.88
] 13| e@.8ed| 1388.1 2.08 8.3z .08 -8.72 e.e8
8.584 1368.1 a.88 8.32 8.88 =@.54 B.88
a8 14 B.B80a 1388.1 B.8a 8.24 8.8 =@.54 .88
B.584 13868.1 Ba.8a 8.24 a.88 =@.39 8.8
a8 15 8. 808 1388.1 8,88 8.16 8.8 =-8.39 .88
8.584 13868.1 8,88 8.16 a. 88 =@.38 .88
a8 16 B.B80a 1388.1 B.88 8.14 8. 88 =-@.29 8.88
B.584 1368.1 Ba.8a 8.14 8.88 =@.21 B.88
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1.4 Results

Beam Forces and Moments Loadcase 181  NONLIMNEAR

Grp| Number ® N Vy vz Mt My Mz
[m] [kN] [kN] [kN] [ behim ] [ fehim ] [k ]
a 16 B.584 1388.1 8.8 a.14 8.88 =@8.21 8.88
(5] 17 8,888 1388.1 8.8 a.87 8.88 =8.21 B.88
B.584 1388.1 8,08 a.a87 a.88 =-8.17 8.88
a 18 8,888 13688.1 8.8 8.83 8.88 =@.14 8.88
B.584 1388.1 B.8a 8.839 8.88 =@.89 B8.88
a 19 B.88a 1388.1 8.8 @.a3 8.88 =@.89 8.88
B.584 1388.1 B.88 a.a83 8.88 =8.87 B.88
=] 2a B, 888 1388.1 8.0 a.a87 .88 =@.84 a.88
a.584 1388.1 8.8a a8.87 a.88 =g.88 a.88
Grp prisary group ramber
Humber elesent nusber
Nodal Displacements Loadcase 181  MOMNLIMEAR
Node u=X u=Y u=-Z phi-X phi-y phi-zZ
No [ i ] [ i ) [ i ] [mirad] [ mirad] [mirad]
181 B.Baa B. 888 B.Baa 2. 88a B.738 2.088
182 B.1%4 8. 888 =5.879 8. 888 B.668 8.88e
183 8,488 8. 888 =8.469 8. 08a 5.247 8.08e
183 B.612 8.88a =18.5%4 @.888 3.628 @.8ae
185 B.827 B. 888 =11.853 2. 88a 1.858 2.088
186 1.843 B. 888 =12.455 8. 888 1.828 2.888
187 1.259 8. 888 =12.599 8. 08a 8.886 8.08e
188 1.474 8. 888 =12.392 8. 888 =@.359 8.08e
189 1.698 8. 888 =11.%48 @.88a =8 .861 @.8ae
118 1.586 B. 888 =11.298 2.888 =1.181 2.888
111 2.121 B. 888 =168.524 2. 88a =1.372 2.088
112 2.336 B. 888 =9.647 8. 888 =1.582 2.888
113 2.552 8. 888 -8.699 8. 08a =1.649 8.08e
114 2.767 8,088 =-7.695 8. a8 =-1.719 8.08e
115 2.982 8. 888 =6.653 2.08a =1.798 2.088
116 3.197 B. 888 =5.588 8. 888 =1.836 2.888
117 3.412 B. 888 =i . 486 8. 08a =1.879 8.08e
118 3.627 8. 888 =3.377 8. 888 =-1.893 8.08e
119 3.841 8,088 =2.257 8. 08a =-1.928 8.08e
128 4,856 B. 888 =1.138 2.888 =1.929 2.888
121 4,271 8. 888 B.Baa 2. 88a =1.935 8.088
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Daformed Structurs from L 181 MISLTMEAR Dnlsmged by 1030

(8] 188 4,88 8- .88 18, ea A28 B
1 | | 1 | | 1
Deformed Structure from LC 181 NOMLINEAR Enlarged by 188.8 H1l:5&
I_I Bean Elements , Bending moment My, nonlinear Loadcase 191 WONLINEAR |, 1 cm 20 = 22.@ kNm
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2 CURVE FITTING

The figure and formula below show the results from curve fitting for D=146mm. The beam
model as described in section 1 has been run for tensions between 1300kN and 3300kN.
Interlink moment between the first two links has been recorded and is plotted with the blue
line in the figure below. By means of the recorded values a curve function Mi has been
established. The curve is plotted in orange in the figure below.

37

35

33

31

23

27

25

23

Moment between first 2 links [kNm]

21
1300 1500

1700 1500

2100 2300 2500 2700 2900 3100 3300

—+— FE beam model

—#—Calculated analytical

Line tension [kN]

M, =f*( 843 + 1.16E-02 *F, + -1.03E-06 *F2)

fo = 0.5deg/qimeseries
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3 CONTROLL OF ANALYSIS MODELL
3.1

Cantilever beam with high spring stiffness which means stiff connection between links.
Applied loads are moment, point load and rotation.
Both links have same Crossection properties.

Case 1 - Cantilever with Stiff hinge

3.1.1 Input geometry and cross section

Two chain links modelled with a total length of 2m (1m per link). Hinge applied between both
links (at 1m). Force displacement law My defined for this hinge, see figure. Hinge for case 1
is modelled with high stiffness such that the two links perform as a stiff beam together. Fixed
support applied at end of link 2. The system performs similar to a cantilever beam.

0.200 0.400 0.600 0.800 1.00 1.20 1.40 1.68 1.80 20 |8
a.2e @.48 8.68 e.88 1.88 1.28 1.48 1.68 1.88 2.88 m
| | | | | 1 | | | |
» Deformed Structure from LC 183 NONLINEAR Enlarged by 2eee. MH1l: B.45
v X-coordinate in m (Max=2.88)
Force-displacement law My
Number Sur[kNm/rad] u[mrad] My[kNm] | S[kNm/rad]
111 |My 6.580E+11 -10.00011300000000. 0.00
-2.08041300000000. 6.500E+11
0.6000 0.00| 6.5600E+11
2.000|1300000000. 8.ee
10.600 |1360000000. 0.00
“!“]_J
1m.e:
LIIIIIIIIILIIIII’!II.I.IlI'IIIIIIL[!IIIIIlIL n\l[:_j
1 27
= 4

Force-displacement law My
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Crossection properties such as Iy and Iz for the links are calculated separately and given as
in put to calculation.

CALCULATION LINK PROPERTIES

lJ—mD-UI -4
Maximum rotation Rz from global analyses:

Maximum Tension Ft incl. pretension and
tension from pontoon displacement:

> COMMON LINKFOR  m  mm. STUDLESS CHAIN
> Matarial Quality: GL-R3
> Project

Be aware that qurve may In the weld area the tolerance on dameter
not be o croumferentiol Line

will be up to £ mm.
\

\ Approx R “C* mm

\ Be awwre fhis rodus shol ot be used Y
W /s dmension for inferface comnecions
1 /

v

Cross section

oo
‘ average
DIMENSIONS IN mm. (Approx.) N _
066 [ 3;2 6 | 1:1 122
Chain diameter D:=111 mm
Link length A:=666 mm
Link width B:=372 mm

N | B APPENDIX B - INTERLINK STIFFNESS MODELL
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z_cammmmmmm

Radius D

R:=—=>55.5 mm
2

Cross section area A:=n+R*=(9.67689-107°) m?

Momenet of Inertia il

==2-[—1~-ﬂ»R‘ ]:[1.49036- 10-°] m*

2
Iﬂ:g.[%.,—;.ﬂ‘-{-(%—g) .A]=[3.44503-10“] m'

Cross-sections static properties
SNo |Mat A[m2] Ay[m2] Iy[m4]| yc[mm] |ysc[mm]| E[N/mm2]| g[kg/m] I-1[m4]
MRF It[m4] Az[m2] Iz[m4]| zc[mm] |zsc[mm]| G[N/mm2] I-2[m4]
Ayz[m2] Tyz[m4] af°]
1 1| 9.6769E-83 1.490E-85 8.0 8.e 210000 24.2 3.445E-04
6.180E-07 3.445E-04 0.8 0.8 79300 1.490E-85
= Link 1
2 1| 9.6769E-83 3.445E-84 8.0 0.0 210000 24.2
6.180E-87 1.498E-85 8.8 8.8 79388
= Link 2
Sho section number yec[mm],zc[mm] ordinate of elastic centroid
Mat material number ysc[mm],zsc[mm] ordinate of shear centre
A[m2] sectional area E[N/mm2] Young's modulus
Ay[m2],Az[m2],Ayz[m2] transverse shear deformation area glkg/m] weight per length
Iy[ms],Iz[m4],Iyz[mé] bending moment of inertia
I1-1[m4],I-2[mé],a[®] principal moments of inertia and angle of the principal axes
MRf reinforcement material number
1t[ma] torsional moment of inertia
G[N/mm2] Shear modulus
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3.1.2 Input loads

LC101 = Rotation 20 mrad
LC102 = Point load 10 kN
LC103 = Moment 5 kNm
20.0
. 2
) E 0Os 7]
e.ee 8.28 @.48 8.68 @.88 1.e8 1.2 1.48 1.68 1.8 2.6 m
| | | | | | | | | | |
x Load (rotation), nonlinear Loadcase 181 NONLINEAR , (1 cm 3D = unit) Support rotation about M1: 8.51
i global ¥ (Unit=10.0 mrad === ) (Max=20.8)
- @
o [ d
. k1
l 8 _|
Ue
a.e8 @.28 @.48 a.6e e.88 1.8@ 1.2 1.48 1.68 1.88 .08 m
1 | | | | | | | | | |
- Load (force), nonlinear Loadcase 182 NONLINEAR , (1 cm 30 = unit) in global Z (Unit=5.00 M1: 8.39
i ) (Max-18.0) (total: 10.8)
5.00
G -
U L]
a.ee 8.28 a.48 a.60 a.88 1.80 1.2 1.48 1.68 1.88 2.8 m
| | | | | | | | | | |
= Load (moment), nonlinear Loadcase 183 NONLINEAR , (1 c¢m 3D = unit) about global ¥ (Unit=5.0@ M1: 839

kil ) (Max.5.00) (total: 5.88)

N Ie &% l l DR.TECHN. APPENDIX B — INTERLINK STIFFNESS MODELL
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3.1.3 Results - Moments

@

wh
s
8 _|

s
-1.58 -1.ee -98.50 2.58 3.00 3.5 m

| ] 1 | 1 I
, Deformed Structure from LC 101 NONLINEAR Enlarged by 18.e Mmi: A
1 Beam Elements , Bending moment My, nonlinear Loadcase 101 NONLINEAR , 1 cm 3D = 500.8 khm

g _
.

=
-3.88 ~2.88 ~1.89 8.ee 1.e8 .08 3.ee 4.09 5.8 a

| | | | | | | | |
x Deformed Structure from LC 182 NONLINEAR Enlarged by 1eee. M1: 38
z Beam Elements , Bending moment My, nonlinear Loadcase 182 NONLINEAR , 1 cm 3D = 18.2 khm

@
@ _J

s
-1.80 -8.50 0.00 0.50 1.e0 1.58 2.00 2.50 3.00 m

| | | | | | | | |

Deformed Structure from LC 183 NONLINEAR Enlarged by 2008. M1: 20

X
}— Beam Elements , Bending moment My, nonlinear Loadcase 183 NONLINEAR , 1 cm 3D = 5.80 kNm

Control Moment for LC101

E = 210000 N/mm?

Iy = 3.445*%10% m* (Section SNo 2 is used in this check, both links have same stiffness in)
M = a * EI/L = 20mrad/1000 * 210000000 kN/m?2 * 3.445*10% m*%/2 = 723.5 kNm

- Moment calculation is correct.

Control Moment for LC102
M = P*L = 10kN*2m = 20 kNm

- Moment calculation is correct.

Control Moment for LC103
M =5 kNm

- Moment calculation is correct.
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3.1.4 Results - Rotations
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3 ¥ ¥ 1
¥ ¥ v
l y ¥ ¥ 9
a.ee a.28 8.4 8.68 @.88 1.ee 1.28 1.48 1.68 1.88 2.8 m
| | | | | | | | | | 1
- Deformed Structure from LC 181 NONLINEAR Enlarged by 18.@ M1: 8.3
v Nodal rotation about global ¥, nonlinear Loadcase 181 NONLINEAR , 1 cm 3D = 1.8 mrad ==
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a.ee 8.28 .48 @.68 @.88 i.ee 1.28 1.48 1.6 1.80 2.8 m
| | | | | | | | | | |
T Deformed Structure from LC 182 NONLINEAR Enlarged by 10808. M1: 8.39
v  MNodal rotation about global ¥, nonlinear Loadcase 162 NONLINEAR , 1 cm 3D = ©.200 mrad =
w w @ ] — o~ m g [N} 0 o ™~ w 1]
W ~ s r~ - g w0 [ o~ o =] o~ wn - x ~ @ m o
m ] o~ - - L] w w0 r~ {Ts] [e] i g g o~ o - @
— — - — - — ] @ @ -] [~] L] L] @ @ @ @ @
o9 o & ¢ S 9 2 ©° o G 9 o & o o o o o § S
l l l 1 1 T4 3 0 F g g % o et E
a.ee 8.28 B.48 e.68 a.80 1.e8 1.28 1.48 1.68 1.80 2.08 m
| | | | | | | | | | |
- Deformed Structure from LC 183 NONLINEAR Enlarged by 2e€e. H1: 8.3
¥

Modal rotation about global ¥, nonlinear Loadcase 183 NONLINEAR , 1 cm 3D = @.10@ mrad =

Control Rotation for LC101
Omax = ZQ mrad,
amin = 0 mrad,

- Rotation calculation is correct.

Control Rotation for LC102
E = 210000 N/mm?
Iy = 3.445*%10% m* (Section SNo 2 is used in this check, both links have same stiffness in)
Qmax = P*Lz/(Z*E*I)*IOOO =
10 kN*(2m)2 /(2*210000000 kN/m? * 3.445%10% m#)*1000 = 0.276 mrad

- Rotation calculation is correct.

Control Rotation for LC103
E = 210000 N/mm?
Iy = 3.445*%10% m* (Section SNo 2 is used in this check, both links have same stiffness in)
amax = M*L/(E*I)*1000 =
5 kNm*2m /(210000000 kN/m?2 * 3.445*10-4 m*)*1000 = 0.138 mrad

- Rotation calculation is correct.
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3.2 Case 2 - As Case 1 with variable Iy and 1z for links

3.2.1 Input geometry and cross section

Same input as for case 1. However, Crossection stiffness for link2 is 90deg rotated in regard

with link 1 (due to chain characteristic).

Cross-sections static properties

SNo |Mat A[m2] Ay[m2] Iy[ma]| yc[mm] |ysc[mm]| E[N/mm2] | g[kg/m] I-1(m4]
MRf It[m4] Az[m2] Iz[md]| zc[mm] [zsc[mm]| G[N/mm2] I-2[m4]
Ayz[m2]|  Iyz[ma] al®]
1 1| 9.6769E-83 1.490E-05 0.8 e.e 21e000 24.2| 3.445E-04
6.180E-87 3.445E-04 0.0 0.0 79300 1.490E-05
= Link 1
2 1| 9.6769E-083 3.445E-04 0.8 0.8 210000 24.2
6.180E-087 1.498E-85 0.0 0.0 79300
= Link 2
Sho section nusber yc[mm],2¢[mm])  ordinate of elastic centroid
Mat material nusber ysc[mm],2sc[mm] ordinate of shear centre
Alm2] sectional area E[N/mn2] Young's modulus
Ay[m2],Az[m2],Ayz[m2] transverse shear deformation area glkg/n] weight per length
Iy[ma],Iz[ms],Iyz[m4] bending moment of inertia
1-1[m4),1-2[ms],a[*] principal moments of inertia and angle of the principal axes
MRF reinforcement material number
1t[ma] torsional moment of inertia
G[N/mm2] Shear modulus
1 +PROG SOFIMSHA
2 $ Dat : C:\...\Interlinkstiffness_02.dat (#002) 11.04.2019
3 % Job : NX-C1D9E-007:000281 10:43
4 HEAD GEOMETRY DEFINITION
5 ECHO VAL NO
6 UNIT 5 ; SYST SPAC GDIV 1eee
7
8 NODE NO X Y 2Z FIX
9 201 © e o
10 le2 1.9 e o
11 202 2.0 e o PPMM
12
13 BEAM FIT 201 102 NCS 1 DIV 10 $EHIN 111
14 BEAM FIT 102 202 NCS 2 DIV 18 AHIN 111
15
16 END

A
+
D

Link 1=SNo 1 Link 2=SNo 2
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3.2.2 Input loads

Input loads are the same as for case 1.

3.2.3 Results deformation

Link 2 stiffer than link 1

@
™~
5 —
m m Vo) =l x
o R 83
[fe}
o~ ] = - ® © @ @
a2 @ o o © o o (] |
0O
@
~
<
@
=T
-
a.ee e.20 .48 8.68 e.80 1.0 1.28 1.48 1.60 1.88 2.8 m
| | | | | | | | | | |
T Deformed Structure from LC 181 NONLINEAR Enlarged by 28.8 M1: 8.4
1 Nodal displacement in local z, nonlinear Loadcase 181 NONLINEAR , 1 cm 3D = 10.8 mm —_—

The deformation plot shows parabolic deformation in the weaker link (link 1) and rather
linear deformation in the stronger link (link 2).

Link 1 stiffer than link 2

@
~
-
m -
m M
o 0 O
o S @ o M ©
m © s W0 .
o M~ 33 . - . % @
mmf\F.'"NF_'___—_—‘:‘I’Q ° _|
wn P w_r_____f_:‘__:_—;:—_—_-‘ e Os
s P~ /1
] ?’f’l' 1
@
L .
L]
L]
= _|
-]
a.e0 .20 B.40 .68 2.0 1.8 1.20 1.48 1.68 1.80 2,08 m
| | | | | | | | | | |
o Deformed Structure from LC 181 NONLINEAR Enlarged by 18.8 M1: 8.4
:  Nodal displacement in local z, nonlinear Loadcase 101 NONLINEAR , 1 cm 3D = 20.8 mm —

The deformation plot shows parabolic deformation in the weaker link (link 2) and rather
linear deformation in the stronger link (link 1).

Conclusion
The results above appear reasonable.
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3.3 Case 3 - As Case 1 with Interlink stiffness for spring
between links

3.3.1 Input geometry and cross section

Same input as for case 1. However, force displacement law at spring between links is defined
according to interlink stiffness.

Force-displacement law My

Number Sur[kNm/rad ] u[mrad] My[kNm] | S[kNm/rad]
111 |My 4705.88 -10.000 -16.80 0.00
-4.360 -16.80 3188.480
-3.670 -14.60 3428.57
-2.978 -12.20 3714.28
-2.270 -9.68 3857.14
-1.570 -6.98 4142.86
-8.870 -4.00 4571.43
-8.17@ -9.80 4785.88
©.eee 0.00 4785.88
e.17e 9.88 4571.43
©.87@ 4.00 4142.86
1.570 6.98 3857.14
2.270 9.60 3714.28
2.970 12.20 3428.57
3.670 14.68 3188.4@
4.360 16.80 e.ee
10.000 16.80 @.ee
(]
we
L-IIIIIIIIIL-IIIIIIII.-I.IllllllllL‘lllllllllL- ﬂ“l!’{':?

Lidiaialiaiiitiia

My

Force-displacement law My
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3.3.2 I t load
A

Rotation applied on free end. Rotation increased in with equal steps over 13 load cases.

@
%
s
o
~
5 —
'
8
= =
6.8 e.28 B.28 8.60 @.88 1.8 1.20 1.48 1.68 1.88 2.88 m
| | | | | | | | | | |
Deformed Structure from LC 181 MONLINEAR Enlarged by 58.@ M1: B.a2

x
r All loads, nonlinear Loadcase 181 NONLINEAR , (1 cm 3D = unit) Support rotation vector

LC|LC-title |Number| phi-Y

[mrad]
101 [NONLINEAR 201|-7.230
102 [NONLINEAR -6.825
103 [NONLINEAR -4.828
104 [NONLINEAR -3.615
185 [NONLINEAR -2.418
106 [NONLINEAR -1.2085
187 [NONLINEAR 0.008

108 [NONLINEAR
109 [NONLINEAR .418
118 [NONLINEAR .615

1.205
2
3
111 [NONLINEAR 4.828
6
7

112 [NONLINEAR .25

113 [NONLINEAR .238
LC Load Case
|LC-title Load case description
|Number  Node (Filter: -201)
phi-¥ Nedal Displacesents

phi-¥ [mrad]

7.000 —

4.000 —

3.008 —

1.000 —

113
Y
"

108 —
109 —
110 —f
111 —
113 —

~1.808 —E
-2.000
-3.000 —
~4.008 4
-5.808
-6.000 —

-7.080 —

———Musber: 201
LC: 181-113, Nodal rotation about global Y
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3.3.3 Results Moment

Moment in beam plotted over loadcases, see figure below.
My [knm]

16.89 —
14.00
12.80 —
10.0¢ —
8.00 —
5.80 —
4.00 —

2.00

.80

-2.00

-4.08 —

-6.00 ]

-16.80 —

-12.80 —

-14.00 —

-16.88 —

NR: 1 X: @
LC: 181-113, Beam Elements Bending moment My

NR: 1 X: 8.1 —lRi 2 X8

LC: 181-113, Nodal rotation about global Y

LC[LC-title |Number| phi-Y
[mrad]

101 |NONLINEAR 102 |-6.998
102 |NONLINEAR -5.793
1083 |[NONLINEAR -4.588
104 |NONLINEAR -3.433
105 |NONLINEAR -2.283
106 |NONLINEAR -1.138
187 [NONLINEAR 0.080
108 |NONLINEAR 1.138
189 |NONLINEAR 2.283
118 |NONLINEAR 3.433
111 |NONLINEAR 4.588
112 |NONLINEAR 5.793
113 |NONLINEAR 6.998
Lc Load Case
LC-title Load case description
Number Node (Filter: -182)
phi-y Nodal Displacesents

The moment curve shows maximum moment of 16.8 kNm. This is correct with respect to the
defined displacement law. Moment is constant 16.8 kNm for load cases 101-103 and 111-
113. For these load cases the hinge rotation is larger than 4.36mrad (see table above). With
respect to the defined displacement law the moment plot is reasonable.

3.4 Conclusion

Modelling of geometry, Crossection properties and hinge works as required. Basic model
verified.
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