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HYBER

State of the art technology for riser interference assessment

P Application:

Top tensioned risers on TLPs and deepwater platforms
susceptible to riser interface:

e Risk of interference
e Minimum riser distance
e Damage

The technology is based on strip theory and pre-established interaction coefficients
from lab tests and CFD computations. Databases for both smooth risers and risers
with strakes.
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1 INTRODUCTION

As a part of the Norwegian Deepwater Programme, “The Riser and Mooring Project”,
1998-2004, a series of laboratory tests has been performed.

The tests were performed at the research institute SINTEF, at the MARINTEK towing tank,
and covered bare pipes, pipes with strakes and pipes with bumpers /2/.

This document describes the results from the numerical simulations with HYBER for the
cases with smooth cylinders.

Top of riser, 0.5

Fr rf

-2.275 m

Lower end, -9.55

Test Setup in the Laboratory
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2 TESTS IN MARINTEK LAB. SMOOTH CYLINDERS

211 Test no 7010
U=0.40m/s, cc=10D, Dir=00deg, Tension=200N, Stiffness=1065N/m.

No hit

2.1.2 Test no 7020
U=0.50m/s, cc=10D, Dir=00deg, Tension=200N, Stiffness=1065N/m.

Marirtek Lab Tests 2003 Marintek Lab Tests 2003
Case F020U=0.50, co=100, Dir=00, Case FR20,U=0.50, ce=100, Dir=00,
Tens=200, SH=1065. 2004-05-14 Tenps=200, SH=1063 20040314
o 0.25 —
% 2 . |:|.2—_
[ . = ]
£ 4 = 0.15 3
= i} ]
= - f: ]
[ ] e o 0.1
o & ]
-k .
D g u
[rerrrrrrrrrrrrTyrTTTTTTTYT] m
o 1o il o 40 a0 nnﬁ n1 n15 nz |:l25 0.3
Murmber of impacts wela [nds]

Figure 2-1 Test number 7020
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2.1.3 Test no 7030
U=0.60m/s, cc=10D, Dir=00deg, Tension=200N, Stiffness=1065N/m.

Marintek Lab Testz 2003

s T o0 Case 7030,U=0.60, co=100, Dir=00,
ase L U=EG0, co=100, Dir=0a, _ .
Tens=200, SHo1065. 2004-05-14 Teps=200, SH=1065, 20040014
. 0.16
3 0.14
z & E gzt
% _4__ X _:% 0.1
=R 2 nos
o E | — 2
2] = 006
LI :
] 0.04 I
p 3 0.0z
[rrerrrrrrrrrTrrTeTerT T
0o W A 40 A 001 02 03 04 03
Mumber of impacts Welo [ms]

Figure 2-2 Test number 7030

2.1.4 Test no 7040
U=0.70m/s, cc=10D, Dir=00deg, Tension=200N, Stiffness=1065N/m.

Iarirtek Lak Tests 20035 Marirtek Lak Tests 2003
Case FO40,0=0 70, co=300, Dir=00, Case 7040 U=070, co=100, Dir=00,
Tens=200, SH=1065, 2004-05-14 Tens=200, SH=1065, 20040514
i} 0.z
2
% aﬂ.w
g £
= Z 01
O F [l
i &
v 0.05 I III
-10 0 u
T T T T T T 1 |.|.|.|.|.|.|.|
1} 10 0 30 <0 a0 a1 A 02 03 04 05 06 OF
Mumber af impacts “Welo [iniz]

Figure 2-3 Test number 7040
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U=0.80m/s, cc=10D, Dir=00deg, Tension=200N, Stiffness=1065N/m.

2.1.5 Test no 7050
Marintek Lak Tests 2003
Case FOS0,U=0580, co=100, Dik=00,
Tens=200, SH=1065, 20040514
09
o) -2 _
*ET ]
5 4]
‘g ]
S 73
07 .3 _:
10
| L I R IR N R R R
0 10 20 30 40 &0 BD YD OE0
Mumber of impacts
Figure 2-4 Test number 7050
2.1.6 Test no 7060

Case FOSOU=0 80, co=100, Dik=00,

Marintek Lab Tests 2003

Tens=200, SH=1063. 20040314

o 0102 03040506 0708

“elo [mis)]

U=0.90m/s, cc=10D, Dir=00deg, Tension=200N, Stiffness=1065N/m.

Marintek Lakb Testz 2003
Case FOEQ U=090, co=100, Dik=00,
Teps=200, SH=10648, 20040515

0=
24
-2 -

-F -

S-Coordingte
1

-3

-0~

1] 0 0 30 40 A0
Murmber of impacts

Figure 2-5 Test number 7060

211}

o

Marintek Lab Tests 2003

Casze 7060 U=020, co=100, Di=00,

Tens=200, SH=1065, 2004-03-15

o 04102 0304 0506 07 08

Yelo [miz]
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2.1.7

2.1.8

Test no 7070

U=1.00m/s, cc=10D, Dir=00deg, Tension=200N, Stiffness=1065N/m.

Tens=200, Si=1063. 20040315

farintek Lab Tests 2003
Case FOFOU=1.00, co=100 Dlr=00,

S-Coordinate

-10

o

10

20 30 40 A0
Mumber of impacts

Figure 2-6 Test number 7070

Test no 7080

G0

To

Marirtek Lab Tests 2003
Caze FOFO U={.008, co=100, Dir=00,
Tehs=200, SH=1065, 2004L05-15

o 0.z

0.4 0.6
Yelo [mis]

U=1.10m/s, cc=10D, Dir=00deg, Tension=200N, Stiffness=1065N/m.

Marintek Lak Tests 2003
Case FOS0U=110, co=100, Dik=00,
Tens=200, SH=1065. 20040515

|:|_
24
-4 -

- -

S-Coordingte
1

-5

-io ~

o 0

20 3 40 50 6O

Mumber of impact=

Figure 2-7 Test number 7080

¥o

harintek Lab Testz 2003

0.g

1

Case FO8QL=110, co=100, Dik=00,
Teps=200, SF=10658, 20040515

1]

0.2

S e
0.4 0.6
Yelo [miz]

0.2

1
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2.1.9 Test no 7111
U=0.40m/s, cc=10D, Dir=00deg, Tension=300N, Stiffness=1065N/m.

No hit

2.1.10 Test no 7120
U=0.50m/s, cc=10D, Dir=00deg, Tension=300N, Stiffness=1065N/m.

No hit

2111 Test no 7130
U=0.60m/s, cc=10D, Dir=00deg, Tension=300N, Stiffness=1065N/m.

Marirtek Lab Tests 2003 hiarintek Lakb Tests 2003
Case 7130,U=0.60, co=100, Dir=00, Case 7130,U=0.60, ce=100, Dir=0i,
Tens=300, SK=1083. 2004-05-13 Tens=300, SH=1065. 2004-05-15
0] 0.35 =
o 2] 0.2 4
B 1 =
% -4 ;E 0.15
] 7
8+ E 0.1
0 ]
& 0.05 I I I I
-10 - o .
L L N ML ML LR LN LA LA LR R
1} 10 0 30 < al G0 DD5D1D15|32|325|]3|335EI4
Mumber of impacts “elo [mis]

Figure 2-8 Test number 7130
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2.1.12

2.1.13

S-Coordinate

Test no 7140

U=0.70m/s, cc=10D, Dir=00deg, Tension=300N, Stiffness=1065N/m.

Marirtek Lak Tests 2003
Case 70 U=0 70, co=300, Dir=00,
Tens=300, SH=1065, 2004-05-15

N

010 I 30 40 A0 B0 FD
Mumber of impacts

Figure 2-9 Test number 7140

Test no 7150

Marintek Lab Tests 20035
Case Fi40U=0 70, co=100, Dir=00,
Tens=300, SH=1065, 2004-05-15

£ 0.1 3
E 013
Ennn;—'
[ E
& 005 3
0.04 3
0.0z I.

|I|I|I|I|I|I|I|
D2 03 04 D5 06 D7
“elo [mdz]

U=0.80m/s, cc=10D, Dir=00deg, Tension=300N, Stiffness=1065N/m.

Warintek Labh Tests 2003

Case F190.U=0.80, co=100, Dir=00,

Tens=300, SH=1063, 2004L00-13

D_
_2_
-4

-6 -

S-Coordinate
1

.

-0 =

[ T T T T T T
o 10 0 30 40 S0 6D

Mumber of impacts

Figure 2-10 Test number 7150

1
T

Marirtek Lak Tests 2003

Cage 7150 U=0.80, co=100, Dir=00,

Tens=300, SH=1063. 200403-13

014
0.1z

Prubabll'rty
=

=
[ =]
(=1

0.0z

0.0g

0.04 I.
r1rrrerTrTT T T TT T
1} 0.z 0.3 1

Yelo [miz]
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2.1.14

2.1.15

S-Coordinate

S-Coordinate

2 -
-4
-
-8

-0 -

=)
L

Test no 7160

U=0.90m/s, cc=10D, Dir=00deg, Tension=300N, Stiffness=1065N/m.

MWarintek Lab Tests 2003

Cage F160,U=0.90, co=100, Dir=00Q,

Tens=300, SH=1063. 200405-13

|:|_

Figure 2-11 Test number 7160

1]

1m0 @0 30 40 S0 60 VOO8D

Test no 7170

Mumber of impacts

Marintek Lab Tests 2003
Case FOS0U=090 co=100, Dik=00,
Tens=200, SH=1065, 20040515

T T T T T T T T T T T 11171
o 0102 03 04 05 06 07 08
“elo [mis]

U=1.00m/s, cc=10D, Dir=00deg, Tension=300N, Stiffness=1065N/m.

MWarintek Lakb Tests 2003
Cage F170,0=0.00, co=100, Djr=00d,

Tens=300, S=1063. 200L00-16

=

Fa

o

o
M P T P |

o

Figure 2-12 Test number 7170

1}

0

20

20

<0

a0

Mumber of impact=

&0

o

Marintek Lab Tests 2003
Cage FI7OU=1.00, co=100, D=0,
Tens=300, SH=1065, 2004L00-16

016
014
0.1z
—
= 1
&
T 008
2 po6
(=
0.04
0.02
. [ |
Mot rrrrri
0 02z D04 DB D2 1 132

“Yelo [mis]
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2.1.16 Test no 7180
U=1.10m/s, cc=10D, Dir=00deg, Tension=300N, Stiffness=1065N/m.

Marirtek Lab Tests 2003 Marirtek Lak Tests 2003
Case FEU= 10 co=100, Dir=00, Case F150,U=1.30, co=100, Dir=00,
Tens=300, SH=1065 2004-05-16 Tens=300, SH=1065, 20040516
0 0.12
7 0.16
o 2 0.4
T Z 012
5 g o
2 5 L n.og
s o008
LU 0.04 I
] 0.0z
-10 - i o=
I IR I UL ML IR LR | "II'IIII'II"I'II'I
oD 10 W 30 40 50 B0 7O D2 D4 06 DB 12 14
Mutnker of impacts “Wela [mfz]

Figure 2-13 Test number 7180

2.1.17 Test no 7210
U=0.40m/s, cc=10D, Dir=05deg, Tension=200N, Stiffness=1065N/m.

No hit
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2.1.18

2.1.19

S-Coordinate

Test no 7220

U=0.50m/s, cc=10D, Dir=05deg, Tension=200N, Stiffness=1065N/m.

No hit

Test no 7230

U=0.60m/s, cc=10D, Dir=05deg, Tension=200N, Stiffness=1065N/m.

farintek Lab Tests 2003
Case F230.U=080, co=100, Dir=05,
Tens=200, SH=1083. 20040519

D_

.2

4{“——_}

R | E—

3—

BT
[rrerrrrrTrT T T T T Ty 1
1] 10 20 a0 40 a0

Mumber of impacts

Figure 2-14 Test number 7230

Marirtek Lab Testz 2003

Case F230U=060, co=100, Djr=035
Tens=200, SH=1065. 20040513

rr 1 1 111 1717
0 0.1 0z 02 04

Veln [mis]

1
0.4
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2.1.20

2.1.21

S-Coordingte

Test no 7240

U=0.70m/s, cc=10D, Dir=05deg, Tension=200N, Stiffness=1065N/m.

Marintek Lak Tests 2003
Case F240,U=070, co=100, Dik=05,
Tens=200, SH=1065. 20040514

|:|_

22—

4

-5

.

-io ~

rrrrrrTTrTTTrTrTYTTTTTTT
0 20 in 40 an

Mumber of impact=

= —

Figure 2-15 Test number 7240

Test no 7250

Marintek Lab Tests 2003
Case F240,U=0 70, co=100, Dir=05,
Tens=200, SH=1065, 20040514

Ry

0.15

Probability
=
]

; in
1117 17717 17717 17T 71T

1]

0.1

o: 03 04 05
Yelo [miz]

U=0.80m/s, cc=10D, Dir=05deg, Tension=200N, Stiffness=1065N/m.

Marintek Lab Tests 2003
Cage 7250 U=0 80, co=100, Dir=05,
Tens=200, SH=1065, 20040514

S-Coordinate
1

L L L L L
10 20 a0 40 50 &0

Mumber of impacts

= —

Figure 2-16 Test number 7250

1
0.6

farintek Lab Tests 2003
Case F280.U=0 80, co=100, Dir=03,
Tens=200, Si=1083. 20040519

o

0.1

0 03 04 05 06 0OF

“elo [miz]
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2.1.22

2.1.23

S-Coordinate

=
=

Test no 7260

U=0.90m/s, cc=10D, Dir=05deg, Tension=200N, Stiffness=1065N/m.

Matintek Lab Tests 2003 Marirtek Lak Tests 2003
Case 7280,0=090, coe={100, Dir=05,

Tens=200, SHf=1063. 20040314

Caae 7260,0=090, co=100, Dir=05,
Teps=200, SH=1065 20040514

0 0.16
g 0.1
o 2]
b 1 = 0.12
£ 44 =
T = 041
5] i
S .5 o 0.02
o &
s 0 0f

1} 0 20 30 40 &0 6O VO
Mumber of impacts

Figure 2-17 Test number 7260

Welo [mis]

Testno 7271

U=1.00m/s, cc=10D, Dir=05deg, Tension=200N, Stiffness=1065N/m.

Marirtek Lab Tests 2003
Case 7271,0=1.00, ce=100, Dir=05,
Teps=200, SF=1068, 20040020

1} 0 20 30 40 50 60 VO 0 0.7
Mumber of impacts ’

Marintek Lak Tests 2003
Case 7271,0=1.00, co=100, Dir=05,
Tens=200, SH=10658, 200405-20

L ]
0.4 0.6 0.8 1
“elo [miz]

Figure 2-18 Test number 7271

E ' III-
(L L B LR R
1] 0.z 0.4 0.6 0.a 1
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2.1.24 Test no 7281
U=1.10m/s, cc=10D, Dir=05deg, Tension=200N, Stiffness=1065N/m.

Marintek Lak Tests 2003
Case 7281,0=1.10, co=100, Dir=05,
Teps=200, SH=1065, 20040520

Marirtek Lak Tests 2003
Cage 7280,0=1.10, co=100, Dik=05,
Tens=200, S=1060, 20040020

0.2 5

2 0.15 -

Prabability
=
]

S-Coordinate
=
=
“h
]

.

=

=
L

T
1.2

TT [T T[T [ TT [ T"T
. o: 04 06 0.8
Mumber of impacts Welo [mis]

3 R I
[ I
I 1

Figure 2-19 Test number 7281

2.1.25 Test no 7310
U=0.40m/s, cc=10D, Dir=05deg, Tension=300N, Stiffness=1065N/m.

No hit
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2.1.26

2.1.27

S-Coordinate

Test no 7320
U=0.50m/s, cc=10D, Dir=05deg, Tension=300N, Stiffness=1065N/m.

No hit

Test no 7330
U=0.60m/s, cc=10D, Dir=05deg, Tension=300N, Stiffness=1065N/m.
Marintek Lab Tests 2003

Case 7330 U=060, co=100, Dirk=05,
Teps=300, SH=1068, 20040520

Marintek Lab Tests 2003
Case 7330U=0.60, co=100, Dir=05,
Tens=300, SH=1065 20040520

0n— 0.3
2_ 0.24
= | L & 0z
-4 — =]
. —— T 015
B | P =
3 o 01 I
-8
] 0.05 II I I
-1 - 1 l .
| L LI DL DL DL I I I I
oz 4 & 3_ 01z 14 16 I:IIZI5 D1 IZI15 IZI2 025 IZIE
Mumber of impacts Welo [miz]

Figure 2-20 Test number 7330
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2.1.28 Test no 7340
U=0.70m/s, cc=10D, Dir=05deg, Tension=300N, Stiffness=1065N/m.

Marintek Lab Tests 2003 Marintek Lab Tests 2003

Case 7340,U=0.70, co=100, Dir=05, Case F340,0U=0.70, co=100, Dir=03,
Tens=300, SH=1065. 20040520 Tens=300, SH=1065, 200405-20
0 0.24
% .2___ . 0.2
4 =
% -4—__ E 0.15
[w] q
3 83 g o
¥ 5] - 0.05 I
. . ils
T T 7 T T T 17 1T 11
D 1 20 30 40 50 60 70 D 01 02 03 04 05
Mumber of impacts Welo [mis]

Figure 2-21 Test number 7340

2.1.29 Test no 7350
U=0.80m/s, cc=10D, Dir=05deg, Tension=300N, Stiffness=1065N/m.

harintek Lakb Tests 2003 Marirtek Lak Tests 2003
Caze F350,U=0080, co=100, Dip=05, Cage F350,U=0.80, ce=100, Dir=05,
Teng=300, S=1065, 20040520 Tens=300, SH={065. 20040520
0 - 0.16
E 0.14
= 2 L0123
__% -4 E 0.1+
‘g— . _— _§ 0.03 =
L] E e 0.06 E
? o I
-10 - = - i
I T T T T T T 1 T T 1T r 1T 1T r 1T 111711
1} 10 20 30 40 A0 G0 YO o o102 0304 05 06 07 0.8
Mumber of impacts Welo [mis]

Figure 2-22 Test number 7350
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2.1.30

2.131

Test no 7360

U=0.90m/s, cc=10D, Dir=05deg, Tension=300N, Stiffness=1065N/m.

harintek Lab Tests 2003
Case FI60,U=030, co=100, Dir=05,
Tens=300, SH=1065. 2004L058-20

S-Coordinate

Mumber of impacts

Figure 2-23 Test number 7360

Test no 7370

Marintek Lab Tests 2003
Case F280,0U=090, co=100, Dir=05,
Tens=200, Sk=1065, 20040519

0.16
0.14
=012
=
= o1
E
2 0.0
= o o6
0.04 II
0.02 -
(IR BN B B B B B
0 02 04 06 08 1

“Yelo [miz]

U=1.00m/s, cc=10D, Dir=05deg, Tension=300N, Stiffness=1065N/m.

Marintek Lab Tests 2003
Case FI70.U=1.00, co=100, Dir=05,
Tens=300, SH=1065, 20040520

S-Coordinate

-10

Raaaawaa s e e i
o 10 20 30 40 &0 GO FO O8O
Mumber of impacts

Figure 2-24 Test number 7370

Marintek Lab Tests 2003
Case FI70.U=1.00, co=100, Dir=05,
Tens=300, SH=1065, 20040520

Probability
=
= o =
—_ h b2

=
=
=

=

L
1.2

L L B L B B B L B B N
1} 0 04 06 08 1

Yelo [mis]
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2.1.32 Test no 7380

U=1.10m/s, cc=10D, Dir=05deq, Tension=300N, Stiffness=1065N/m.

Marirtek Lab Tests 2003
Case F380,0=110, co=100, Dir=05,
Tens=300, SH=1085. 200405-20

S-Coordinste

o 10 20 30 40 S0 6O FOOOED

Mumber of impacts

Figure 2-25 Test number 7380

2.1.33 Test no 7410

Probahility

=
(el

=
h

=

=
=
h

=

Marintek Lak Tests 2003

Case F380,U=110, co=100, Dir=05,
Tens=300, SH=1085, 20040520

I
1]

IIIII.
T
4 06 08 A

oz 0.
Yelo [miz]

U=0.40m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=1065N/m.

1.2

No hit
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2.1.34 Test no 7420

U=0.50m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=1065N/m.

No hit

2.1.35 Test no 7430

U=0.60m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=1065N/m.

No hit
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2.1.36 Test no 7440

U=0.70m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=1065N/m.

No hit

2.1.37 Test no 7450
U=0.80m/s, cc=10D, Dir=10deg, Te

Marintek Lab Tests 2003

Case F4S0 U=0 80, co=100, Dir=10,

Teps=200, SH=1065. 20040521

nsion=200N, Stiffness=1065N/m.

Marintek Lab Tests 2003
Case F450 U=0 80, co=100, Dir=10,
Tena=200, SH=1065 20040521

—

S-Coordingte

0.5

(=]
(o5

0.25

0.05
IIII II I|

L=
Th b2

F'rl:ll:labilrty
=

[=]
—y

=

o o5 1 158 @ 25 3 3458 4 I:II:IE El1 I:I15 I:I2 025 I:I3

Mumber of impacts

Figure 2-26 Test number 7450

“elo [miz]
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2.1.38 Test no 7460
U=0.90m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=1065N/m.

Marintek Lab Tests 2003 Marintek Lab Tests 2003
Case F4e0,U=0.90, co=100, Dir=10, Case 7480,U=090, co=100, Dir={0,
Tena=200, SH=1065 2004-05-21 Tens=200, SH=1065, 20040521
1} 0.25
o -2 0.2
B L =
g .8 S o
] &
LU 0.08 I
-0 o =l
| I I LS ML RN ML LA | 1 1 v 1 71 ° 1711
1} 5 o 15 20 25 30 35 i} o1 02 03 04 05 06
Mumber of impacts Welo [mnfz]

Figure 2-27 Test number 7460

2.1.39 Test no 7470
U=1.00m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=1065N/m.

Marintek Lab Tests 2003 Marintek Lab Tests 2003
Case FLFOU=1.00, co=100, Dik=10, Case F470U=1.00, co=100, Dir=10,
Tehs=200, SH=1065, 20040021 Tens=200, SH=1065 20040521
0 0.18
7] 016
o 2] 0.14
T Z oz
g 4] 2 o1
§ i ] £ 003
d 3 & D.06
e 0.04 I I
3 0.0z I
-p o -
| I D N R B I 1 r 1 r 1 rr1rrr1r
1] b 10 15 20 5 30 1} 0.1 0z 03 04 05 06
Mumber of impacts Yelo [mis]

Figure 2-28 Test number 7470
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2.1.40 Test no 7480
U=1.10m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=1065N/m.

Marintek Lab Tests 2003 Marintek Lab Tests 2003
Case 7450,U=1.10, co=100, Dir={d, Case F480 U=118, co=100, Dik=10,
Tens=200, SH=1065. 20040021 Tena=200, SH=1065 20040521
0] 0.2
2 E
% ; EDJE ]
s 3 B
g 5
T - o ]
W = 0.08 g I
10 o N
[ IR RN IR IR B [ LI DAL LA L IR |
1] 10 20 30 Ll a0 0 0.2 0.4 0.6 0.8 1
Mumber of impact= Wela [miz]

Figure 2-29 Test number 7480

2141 Test no 7530
U=0.60m/s, cc=10D, Dir=10deg, Tension=300N, Stiffness=1065N/m.

No hit
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2.1.42 Test no 7540

U=0.70m/s, cc=10D, Dir=10deg, Tension=300N, Stiffness=1065N/m.

No hit

2.1.43 Test no 7550

U=0.80m/s, cc=10D, Dir=10deg, Tension=300N, Stiffness=1065N/m.

No hit
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U=0.90m/s, cc=10D, Dir=10deg, Tension=300N, Stiffness=1065N/m.

2.1.44 Test no 7560
hMarintek Lakb Tests 2003
Case FHEQU=0230 co=300, Dir=70,
Tens=300, SH=1065. 20040521
o
o -2
E
5 4
= _—__________F——
,57' -6
g
-10
Mmoo
o i1 10 15 a0 26 30 35
Mumber of impacts
Figure 2-30 Test number 7560
2.1.45 Test no 7570

Probahility

Marintek Lab Tests 2003
Case FHOEQU=020, co=100, Dir=1714,
Tens=300, SH=1065. 20040521

[=]

i

0.z
014
0.1
0.05 I
il =
T T—T1TT1T T 7T T 71T T"
1} 0.1 o 03 04 05 0

ela [mis]

U=1.00m/s, cc=10D, Dir=10deg, Tension=300N, Stiffness=1065N/m.

Marintek Lab Tests 2003
Case FA70.U=1.00, co=100, Dir=10,
Tens=300, SH=1065. 20040521

|:|_

-2

) B—

e

S-Coordinate
1

-io -

[rrerrrrrrrTrrTr T e e T TT
0 0 0 a0 40 50

RMumber of impacts

Figure 2-31 Test number 7570

Marintek Lab Tests 20035
Case FE70U=1.00, co=100, Dir=10,
Teps=300, SH=1085, 200405821

L L L L L L
o o1 o2 03 04 05 06 07
Yelo [miz]
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2.1.46 Test no 7580
U=1.10m/s, cc=10D, Dir=10deg, Tension=300N, Stiffness=1065N/m.

Marintek Lab Tests 2003 Marintek Lab Tests 2003
Case FagoU=140, co=100, Dik=10, Cage FHEQU=118, co=100, Dir=10,
Tehs=300, SH=1065, 200-05-21 Tens=300, S=1065, 20040521
0 025
o 27 - . 0.2
] =
% .4___ = 0.15
§. -Ei—_: ’/) E 0.1
“ -3 0.05 I
BT o . . .
[ T R I B FTT T T T T T T T T T 1T 11171
0 10 20 a0 40 A0 0O o102 03040506 070804
Mumber of impacts Welo [miz]

Figure 2-32 Test number 7580
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2.1.47 Test no 7610

U=0.40m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=532N/m.

No hit

2.1.48 Test no 7620

U=0.50m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=532N/m.

No hit

2.1.49 Test no 7630

U=0.60m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=532N/m.

No hit
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2.1.50 Test no 7640
U=0.70m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=532N/m.

Marirtek Lab Tests 2003 Marirtek Lab Tests 2003
Case FEL0U=0. 70 co=100, Dir=10, Case FELOU=0. 70 co=100, Dir=10,
Tens=200, SH=532 20040521 Tens=200, SH=532 20040521
1] 0.1
0.16
p 2 0.14
2 4 | —— £ 012
= T 041
o _— § 0.0g
0 [~ & 0.06
LI 004
o.oz I
-0 1] -
[ R R AN A T e
I} 3 0 15 0 5 ] o oosS0d 01502 02503 035 0.4
Mumber of impacts Yelo [mis]

Figure 2-33 Test number 7640

2.1.51 Test no 7650
U=0.80m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=532N/m.

Marintek Lak Tests 2003 Marintek Lab Tests 2003
Cage FE30,U=0.80, co=100, Dir=14, Caze FESQLU=0 80, co=100, Dik=10,
Tehs=200, SH=532. 20040521 Tens=208, SH=532 2004-05-21
0 0.25
o 2] 0.z
E 43 £
? -4—__ % 015
(=] i
S 3 E 0.1
[0} ]
-2 0.05 I I
BT i . m H
[ S A R AR LAY LA BN L L DL
o5 0 15 0 25 M x40 1} o1 02 03 04 045 06
Mumber of impacts “Yelo [miz]

Figure 2-34 Test number 7650
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2.1.52 Test no 7660
U=0.90m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=532N/m.

Marirtek Lab Tests 2003 Marirtek Lab Tests 2003
Case 7660,U=0.90, co=100, Dir=10, Case TEE0,L=0.90, co=100, Dir=10,
Tens=200, Sif=332. 2004-03-21 Tens=200, SH=552. 2004-05-21
0] 0.25
z 2] 0.2
p -
5 4 = 0.5
o 7] i
S 6 S 01
] =
# 0.05 I I
Ao 0 I Hmm
R e T L NI B B B RN B IR B
o L T 0 02 04 06 08
Mumber of impacts el [miz]

Figure 2-35 Test number 7660

2.1.53 Test no 7670
U=1.00m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=532N/m.

Marintek Lab Tests 2003 Marintek Lab Test= 2003
Case FEFQU=1.00, co=100, Dir=10, Case FEIOU=1.00, co=100, Di=18,
Tens=200, SH=532. 2004-05-22 Tens=200, SH=532. 2004-05-22
il 0.13
0.16
o 0.14
E 4 Z0.12
=] -% oA
2 & =Rl
Q & 0.0
LR 0.04 I
0.0z
-0 I I |
[ T T T T 1 L L L L N L B
D 10 I il 40 50 0D 0402 03040506 07 DB
Mumber of impacts el [inis]

Figure 2-36 Test number 7670
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2.1.54 Test no 7680
U=1.10m/s, cc=10D, Dir=10deg, Tension=200N, Stiffness=532N/m.

Marirtek Lak Tests 2003 Marirtek Lab Tests 2003
Case FEA0,U=1.10, co=100, Dik=10, Case 7680,U=1.10, co=100, Dir=10,
Tens=200, SH=532. 2004-05-22 Tens=200, SH=532. 20040522
] 016
014
2 2 L o2
£ 4 £ 01
= E 003
[w]} o
5. - 2008
“a 0.04
002
A0 : im
AR R RS R L L B e e S s B B
i} 10 20 30 <4 a0 G0 ] 0.2 0.4 0.6 0.8 1

Mumber of impacts “ela [mis]

Figure 2-37 Test number 7680
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2.1.55

2.1.56

2.1.57

Test no 7750

U=0.80m/s, cc=10D, Dir=15deg, Tension=200N, Stiffness=532N/m.

No hit

Test no 7760

U=0.90m/s, cc=10D, Dir=15deg, Tension=200N, Stiffness=532N/m.

No hit

Test no 7770

U=1.00m/s, cc=10D, Dir=15deg, Tension=200N, Stiffness=532N/m.

No hit
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2.1.58

2.1.59

2.1.60

2.1.61

2.1.62

Test no 7780

U=1.10m/s, cc=10D, Dir=15deg, Tension=200N, Stiffness=532N/m.

No hit

Test no 7850

U=0.80m/s, cc=10D, Dir=15deg, Tension=300N, Stiffness=532N/m.

No hit

Test no 7860

U=0.90m/s, cc=10D, Dir=15deg, Tension=300N, Stiffness=532N/m.

No hit

Test no 7870

U=1.00m/s, cc=10D, Dir=15deg, Tension=300N, Stiffness=532N/m.

No hit

Test no 7880

U=1.10m/s, cc=10D, Dir=15deg, Tension=300N, Stiffness=532N/m.

No hit
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OVERVIEW. COMPARISON WITH TESTS

# 1D U cc _Dir Tensionl Tension2 Stiff. Bump Strakes
7010 0.40 10 00 200 200 1065 N N
7020 0.50 10 00 200 200 1065 N N
7030 0.60 10 00 200 200 1065 N N
7040 0.70 10 00 200 200 1065 N N
7050 0.80 10 00 200 200 1065 N N
7060 0.90 10 00 200 200 1065 N N
7070 1.00 10 00 200 200 1065 N N
7080 1.10 10 00 200 200 1065 N N
7111 0.40 10 00 300 300 1065 N N
7120 0.50 10 00 300 300 1065 N N
7130 0.60 10 00 300 300 1065 N N
7140 0.70 10 00 300 300 1065 N N
7150 0.80 10 00 300 300 1065 N N
7160 0.90 10 00 300 300 1065 N N
7170 1.00 10 00 300 300 1065 N N
7180 1.10 10 00 300 300 1065 N N
7210 0.40 10 05 200 200 1065 N N
7220 0.50 10 05 200 200 1065 N N
7230 0.60 10 05 200 200 1065 N N
7240 0.70 10 05 200 200 1065 N N
7250 0.80 10 05 200 200 1065 N N
7260 0.90 10 05 200 200 1065 N N
7271 1.00 10 05 200 200 1065 N N
7281 1.10 10 05 200 200 1065 N N
7310 0.40 10 05 300 300 1065 N N
7320 0.50 10 05 300 300 1065 N N
7330 0.60 10 05 300 300 1065 N N
7340 0.70 10 05 300 300 1065 N N
7350 0.80 10 05 300 300 1065 N N
7360 0.90 10 05 300 300 1065 N N
7370 1.00 10 05 300 300 1065 N N
7380 1.10 10 05 300 300 1065 N N
7410 0.40 10 10 200 200 1065 N N
7420 0.50 10 10 200 200 1065 N N
7430 0.60 10 10 200 200 1065 N N
7440 0.70 10 10 200 200 1065 N N
7450 0.80 10 10 200 200 1065 N N
7460 0.90 10 10 200 200 1065 N N
7470 1.00 10 10 200 200 1065 N N
7480 1.10 10 10 200 200 1065 N N
7530 0.60 10 10 300 300 1065 N N
7540 0.70 10 10 300 300 1065 N N
7550 0.80 10 10 300 300 1065 N N
7560 0.90 10 10 300 300 1065 N N
7570 1.00 10 10 300 300 1065 N N
7580 1.10 10 10 300 300 1065 N N
7610 0.40 10 10 200 200 532 N N
7620 0.50 10 10 200 200 532 N N
7630 0.60 10 10 200 200 532 N N
7640 0.70 10 10 200 200 532 N N
7650 0.80 10 10 200 200 532 N N
7660 0.90 10 10 200 200 532 N N
7670 1.00 10 10 200 200 532 N N
7680 1.10 10 10 200 200 532 N N
7750 0.80 10 15 200 200 532 N N
7760 0.90 10 15 200 200 532 N N
7770 1.00 10 15 200 200 532 N N
7780 1.10 10 15 200 200 532 N N
7850 0.80 10 15 300 300 532 N N
7860 0.90 10 15 300 300 532 N N
7870 1.00 10 15 300 300 532 N N
7880 1.10 10 15 300 300 532 N N

Table 3-1 Overview over cases without strakes and bumpers
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The comparison between the laboratory tests and the simulations with HYBER covers
following:

Collision or not (Yes/No)

Highest recorded relative impact velocity (center-center)
Are the impacts frequent (if hit)

Location of hits.

000D

The recording of impacts is very different in the lab and in the numerical simulations. In
the tests, the extent of the measuring device is limited to the riser length 40-60%. Hits
outside this range are not detected. In HYBER, all impacts are recorded.

The definition of a hit is different in the simulations compared with the tests. On impact
record in the lab could be recorded as several, especial for the cases with low impact
speed. Static contact, will in the lab, result in one hit. Due to the contact formulation in
the numerical simulations, such events could be recorded as frequent “ON/OFFs” with
very low impact velocity. It is therefor used the terms : Frequent impact / Not Frequent

impact.
100%
Hyber may record
hits over entire
riser length

Marintek tests limit

recording of hits to

60% this area. (40-60%)
0
40%

0%

Figure 3-1 Location of Impacts along risers
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Peak Velocity Frequent Location of
CaselD  Contact? [m/s] Impacts? Impacts [%]
' Lab Sim Lab Sim Lab Sim Lab  Sim
7010 No No - - - - - -
7020 | Yes  Yes ? 020 No No 50-55 40-60
7030 Yes Yes 0.35 0.45 Yes Yes 40-60 35-65
7040 \ Yes Yes 0.40 0.60 Yes Yes 40-60 35-65
7050 Yes Yes 0.70 0.80 Yes Yes 40-60 30-70
7060 \ Yes Yes 0.70 0.75 Yes Yes 40-60 30-70
7070 Yes Yes 0.90 0.90 Yes Yes 40-60 30-70
7080 \ Yes Yes 1.00 1.00 Yes Yes 40-60 30-70
7111 No No - - - - - -
7120 | No No - - - - - -
7130 No  Yes - 0.35 - Yes - 40-60
7140 | Yes Yes 055 0.65 Yes Yes 40-60 35-65
7150 Yes Yes 0.85 0.90 Yes Yes 40-60 30-70
7160 \ Yes Yes 0.80 0.75 Yes Yes 40-60 30-70
7170 Yes Yes 0.85 1.00 Yes Yes 40-60 30-70
7180 \ Yes Yes 0.95 1.20 Yes Yes 40-60 30-70
7210 No No - - - - - -
7220 | No No - - - - - -
7230 No  Yes - 0.40 - Yes - 40-60
7240 | Yes  Yes ? 055 Yes  Yes 40-60 35-65
7250 Yes Yes 0.65 0.65 Yes Yes 45-60 35-65
7260 \ Yes Yes 0.80 0.85 Yes Yes 40-60 30-70
7271 Yes Yes 0.60 0.85 Yes Yes 40-60 30-70
7281 \ Yes Yes 0.70 0.90 Yes Yes 40-60 30-70
7310 No No - - - - - -
7320 | No No : : 5 g : :
7330 No  Yes - 0.25 - No - 40-60
7340 | No  Yes - 0.50 - Yes 40-60
7350 Yes Yes ? 0.70 No Yes 45-60 30-70
7360 | Yes Yes ? 085 No  Yes 4555 30-70
7370 Yes Yes 1.00 1.05 Yes Yes 40-60 30-70
7380 \ Yes Yes 0.90 1.00 Yes Yes 40-60 30-70
7410 No No - - - - - -
7420 | No No - - - - - -
7430 No No - - - - - -
7440 @ No No - - - - - -
7450 No  Yes - 0.25 - No - 40-60
7460 @ No  Yes - 0.55 - No - 40-60
7470 No  Yes - 0.60 - No 40-60
7480 \ Yes  Yes ? 0.85 No Yes 45-60 35-65
7530 No No - - - - - -
7540 | No No : : 5 g : :
7550 No No - - - - - -
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Frequent
Impacts?

Yes

Contact?
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

45-60
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