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Numerical Investigation on Structural Behavior of
a Lid with Stiffeners for Suction-installed Cofferdams
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Abstract With increasing demand for large offshore infrastructures, suction cofferdams have been large,
and the lid stiffener arrangement for a suction cofferdam has become a key element in cofferdam design
to constrain the flexural deformation effectively. This study analyzed the changes in the structural
behavior of a lid for a suction cofferdam due to lid stiffeners to provide insights into effective stiffener
arrangements. By investigating conventional suction anchors, several stiffener patterns of a lid for a
polygonal suction cofferdam were determined and analyzed. The structural performance of the stiffened
lids was estimated by comparing the stress and deformation, and the reaction distributions on the edge
of lid were investigated to analyze the effects of the stiffener arrangement on the lid-wall interface.
Finite element analysis showed that radial stiffeners contribute dominantly to decreasing the stress and
vertical deflection of the lids, but the stiffeners cause an increase in shear forces between the lid and
wall; the forces are concentrated on the lid near the areas reinforced with radial stiffeners, which is
negative to lid-wall connection design. On the other hand, inner and outer circumferential stiffeners
show little reinforcement effects in themselves, while they can help reduce the stress and deformation

when arranged with partial radial stiffeners simultaneously.
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Fig. 1. Construction process of suction-installed
cofferdam [18]
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Where, ¢ denotes uniformly distributed load on

o))

w =

the plate, R denotes radius of a circular plate,
denotes distance from the center of a circular
plate, £ denotes elastic modulus, v denotes

elastic modulus, t denotes plate thickness.
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Fig. 2. Conventional lid with stiffeners for suction
anchor [20-22]
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Table 1. Scenarios for Suction lid with stiffeners

Table 2. Specification of lid and stiffeners

CASE Component c " Diameter or HA"/gEt Thickness | Weight
omponen Width (m) (elg) (mm) | (tonf)
A Lid cm
Lid 10 - 30 16.65
B Lid + Radial stiffener (long) Radial stiffener
(long, 1EA) 5 75 20 0.59
C Lid + Circumferential stiffener (inner) Radial saff.
o ts“lEZn)er 23 625 20 0.22
D Lid + Circumferential stiffener (outer) short,
Circumferential
E Lid + Radial stiffener (long) stiffener (inner) 5 75 20 1.85
+ Circumferential stiffener (inner) P forential
ircumferentia
P Lid + Radial stiffener (long) stiffener (outer) 10 50 20 2.47
+ Circumferential stiffener (outer)
Lid + Radial stiffener (short)
G + Circumferential stiffener (inner, outer)
. g on) . Table 3. Material input parameters for von Mises
Lid + Radial stiffener (long lastici
H + Circumferential stiffeners (inner, outer) plasticity
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3. A—-IIIA_:I AOHII_I‘ ?}_BHL_‘! Value 340 490 0.0017 0.01
3.1 g oy =2 32 AT BN HY 1 24
A4 7HEto] el thet F2ei4e st Sisl 3.2.1 REZ A HE A
7]‘51;-!-0] Bkl 74'/30] 80| 31, A BE A% zu7 A 7pata]o] mAE]of|A] S8 x2o] iy
o o3 4 R SHelu AL AP ofF 7} o ogzoz ol ;
o ot ol e e o ey SISiCH (CASE ) 8AYFOR Aw AUl WA
o E A <) AL T XA L — &
el T 8 sioj Eglon}, BARIE $40% 150m o]z et

gt AR @A 5 Sl
A 93974 10.0me 87 GHEA: 30mm)= 7t
otglon, dutal B30l thgk A A9 Table 2
of 2t} Aue] SM4900] A=A H|AE As
S AT 4 JEZ, von Mises FE7/|ES 14-36}93\
o} A ‘?:b— A AsE FEs] Asl A

200 GPa, 0.3& #83l3oH, /\*étﬂ
/g Table 39 HetiQIth. o714 0 0=
O, = T, gJO“: 27 & A H
FEolth. B3 FAE FAe H|s]
HAY AsS vrgdstaltt. SM490

o 7PgAE el =1, =24 Wako] of
el :ILiTO]'M—]— Ao FESE
AHAY 100kPag =02 HE513]rt.
el e Regasid maIHel
ABAQUS ver.6.142 AF&319c} 814 Axfare] 27]e
oF 0.lmo& W& usiAol dis) -8 itk

> o]
IF2

O_u_l

L

gfon=g 7|5}g} —'1
7 SjAamEo] At
3 HYE
9.81m/s°z}

SEUED)

10

ot (Fig. 4). AZ02 gt AL 988MPao| 1

AR Ast & 282 350MPacltt. 2, %ﬂ&«]
$A ML= 717 3. 5em, 13.4cm= A9 1/100 &
7HA] BrAEtATh. AISC T+43F AASHTO AldbA7F wak
o) Fol% 9 FAsH5ol gt A7k dju] AW 47

1/3607}+ 1/800 °oJHE 32316t Urt= He 1H
2 o Ao Aoz P 4 Jlow, BYE S A

A 258 Fart Zasith
A= 7)stere wiAdg/gel uiAlE

Azt Aest Anmo] e 74 7}

273MPa, 10cm®] got A4AU71A] 2-851H A

A7t 9 el o] 2] ek, ol Tt HHAA
o a4 Au Jlstety BARAS Ao Tefshe

Zo] Wa3g HojRo) X5 9 A4S = £
A 7)skets BldRgo] EE o), A A%
(tension stiffening) A3H24]0] Q&) n|4AHE 42
Tt o] WL 9 S2o] Ads] AAEH



HA Fheeto] B ARe 72 ATl e $XHA A7

(a) (b)

Fig. 4. Stress and displacement of octagonal plate
(CASE A)

(a) Von Mises stress (b) Vertical displacement
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CASE Stress (MPa) . Vertical
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A 350.8 - 133.7
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Fig. 7. Comparison of reaction distribution on the
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Table 5. Maximum reaction forces on the edge

Maximum reaction (kN)
CASE
Radial direction Vertical direction
A 472.8 -147.2
B 449.8 477.6
C 467.7 -149.5
D 4257 -295.1
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Fig. 8. Stress and displacement of stiffened plate
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(a) Von Mises stress (b) Vertical displacement
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Table 6. Maximum stress and vertical displacement

(CASE E~H)
CASE Stress (MPa) Vertical
Plate Stiffener displacement (mm)
E 245.0 3193 214
F 221.0 325.0 21.6
G 296.0 324.8 627
H 192.0 2854 18.4

Table 7. Maximum reaction (CASE E~H)

Maximum reaction (kN)

CASE
Vertical direction

508.50
-434.17
-733.44
-385.33

Radial direction
472.08
227.47
373.87
358.22
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