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( SUMMARY >
1. Purpose
Development of fundamental analysis technologies of the floating
long-span bridges and investigation of feasibility of the 2.0km long-span
grand bridge with floating towers
2. Contents
© Development of fundamental analysis methodologies of the floating
long-span bridges
* |nitial shape analysis of the floating cable-stayed bridges
= Global performance analysis based on hydrodynamics
= Motion and structural safety analysis of very large floating towers
» Ultimate analysis of the floating cable-stayed bridges
» Cable failure analysis
Purpose & * Mooring failure analysis * Mooring fatigue analysis
Contents |© |Investigation of the structural behavioral characteristics of the
foating long-span bridges
= |nvestigation of the static behavior of the structure with various
cabe-arrangement and initial tension distribution
= |nvestigation of the effect of environmental conditions on the global
per formance of the floating long-span bridges
= |nvestigation of the structural safety and stability of the floating
towers
» |nvestigation of the effect of the sudden cable failure on the change
of the structural states and behaviors
* |nvestigation of the effect of the sudden mooring failure on the
change of the structural states and behaviors
= Evaluation of the global performance of the 2.0km long-span bridges
with floating towers
© Method and developed program for fundamental analysis of the floating
long—span bridges
Results © Investigation of significant structural behavioral characteristics of the
floating long—span bridges
© Feasibility study result of the 2.0km long-span cable-stayed /
suspended bridges with floating towers
= Technology point of view
— Developing very fundamental and significant analysis technigues of
floating long—span bridges
— Increasing the basic engineering abilities for analyzing and designing
the 2.0km long floating grand bridges
» Economic/Industrial point of view
Expected

Contribution

— Leading the world long—span bridge market by development of the core
technologies of analysis and design for floating long—span bridges, the
new—type future bridge systems

— Increasing the competitiveness of Korean industrial groups by enhancing
the fundamental engineering abilities in construction industry

= Social point of view

— Developing the new—type long—span bridges which can be constructed

_9_



at any environmental, geographical, and design conditions

construction industry

Keywords Long—span Flogting Suspended Cablefstayed Engineer ing
bridge bridge bridge bridge
6. & =X
1 INETOQUGT [ QN weereeseeseesemseesemssmms e s 1
D Background and |iterature Fevi@w s 9
3. RESEAICN [ESUI LS «rrerrrsersrrssrssemsemssssesserisesess e s 13
4. AChievement and CONTiDULION - rwrrrrrmsrmmmmsirsinssesssnsssiessssesnsssssnsssssssssnsnsssenss 156
5. Plan for application of the aChi@VEMENT :rrrrssrresrmeiirrnisrreiessreeeess 157
6. Collected international science and technology s 157
7. SeCUfity [ @VE | e 158
8. Registered Research faci ity and 100l s 158
9. Implementation of safety management in a laboratory - 158
10. Main reSearch ACHTEVEMENT «-rwrrsrrrrrsorsirmemsiranesssesses e ssnnsnes 158
1 ELQ  wereeseesmesemsomsemsensse s 160
10 RETEIENCES  -wrrerrersrsrrssmesemsinssessemses s 160

_10_

— Contributing to evolution of theory and technology of mega structure
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E39 Fjord Crossings
Statens vegvesen
Key Flgures (Width, Depth) Worgn ol Boacs
Halsafjorden, 2 km, 5-600 m zn,,,%t'\:u,,e M\“f\
s Vol
Moldefjorden, 13 km subsea N rd, % aa
tunnel - 330 m + 1,6 km bridge, °&$ S %"'ﬂm
5-600 m =
Sogn, 2
Storfjorden/Sulafjorden, 3,4 km, <Hiorden @ FORDE
500 m ?
. P 3
Voldafjorden, 2,5 km, 600 m Bi"”'eﬁmden |
—Lefjorden 2
Nordfjorden, 1,7 km, 3-500 m ]
b
Sognefjorden, 3,7 km, 1250 m "'
Boknafjorden ,\ a )
. . — S L Ay
Bjernafjorden, 4-5 km, 5-600 m E Z B
Boknafjorden, Rogfast Subsea \ ) A
tunnels, 26,7 km, - 390 m
(Floating bridge option, 7,5 km, A N
550 m depth) N g
B KRISTIANSAND

a8 2.1 =29I0] E39 ZEHME (E3AHH| US$ 25.0 Bilion, SAZ|ZF 2014-2033)

Bjgrnafjorden, Norway
Tension Leg Platform Suspension Bridge (TLP) ’ 4850~ S

oating at]

Steel towers * <

Steel or concrete fuun,datton[plagp:mr r
_ ~ Steetl plpe teﬂsjon 1e'gs 5-6'% Pr. '[-L L

'_r_a‘.E-.rgt"foWHS Sn NS Hud (40m water 'depth, N)

&
= Gl‘thotroplc steel g[rder =7 :
Steei or.c ncre? méduct,brldge g%der

3.

2 2.2 Bjgrnafjorden W ZHE2H 7|2 MAH HE-1 (COWI)

ol <al 22|o] mE=, COWI, NTNU (Norwegian University of Science and
Technology) €2 #®/4 FEES = ZTUAOCISXIX| | Cieket MEATFE s &
Z =AM 2 IN=siEE Saf A7 MuE LESO|cE ™ MAM JHE
2 uFxastets & stetel IABSE (International Association of Bridges and Structural
Engineering)2l 20174 9" =X &=tHs| (Vancouver, BC, Canada)ollM= “Floating
S MZ HMsto] 6Hel =28 HASIHL, o MEdAM =

|->-

Suspension Bridges” 2l= MM
2 o|ZAH 7| HES 3Ho| Al
of, 1H2 tighal=7|&ollM ) HE=E2 32t &)

A DYTEESU ATS LESUCL (1HS AU A

- Basic design for a Submerged Floating Tube Bridge across the Digernessundet
- Hydrodynamic analysis of the submerged floating tunnels under irregular waves
- Dynamic Analysis of a Suspension Bridge with a Floating Girder
- Concept overview of a multi-span suspension bridge on floating foundations
Effect of Triangle Cables Configuration on the Behavior of Reinforced Concrete
Submerged
Floating Tunnel under Hydrodynamic Load

Coupled wind and wave load analyses of multi-span suspension bridge supported by
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floating foundations

GENERAL LAYOUT

CONCEPT OVERVIEW OF A
MULTI-SPAN SUSPENSION
BRIDGE ON FLOATING
FOUNDATIONS

Norwegian Public Roads Administration

FLOATERS

TLP TETHER

——

FLOATER ANCHORS

YT *" Tendon Size: 44° OD, 1.5
| WT

— - R
| Steel floater: 12 per hull

Concrete floater: 16 pr
hull

Pile/Foundation
receptacle

TOWERS: FLOATING

| |

N jvegorosiekterferiefri£3e
jons: parjen@vegvesen.no
regd ot R 2123, 2007

M
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> AASt=ofl thet Liste "HIE fIet Bw4l ZEHAHOIEX X nEe EX S SaHA
(ultimate analysis)

p F7A ZZCHAHOIEX|X|Ee| HolE =M A (cable failure analysis)

» tdstsol| et BExal ZEHAOISX X el MAHAH =2 aiA (global performance
analysis)

» FEF obHM A (tower hydrostatic stability analysis)

» AFA 2= 2 TI[Z54A (mooring analysis)

» AFA meHsHA (mooring failure analysis)

> HFA XX F=-sHX X[t MSEESHA (mooring support-seabed interaction analysis)

ofgf OE2 E=FU AHOISAIXmEFe| HMsiAT|Ho| &E== HACA R 2F LA A

[

2to| oiAME mBCH

_13_



=0id B34 F=§ MY

FE eFHY 14 (Tower-tendon
coupled hydrodynamic analysis
in time-domain)

(Hydrodynamic analysis in
frequency domain)

+ Penel methad 7[tte| S HO|BAA DY F o
s 2 WA FH-TEEYS NS AT 2R
Hel w4 H/5Y 28 304

+ Total mass 7S b

o oy ETSEIAQWA

* Hydrostatic stiffness iy Ay

+ Radiation/Diffraction damping iy,

2
PS simuLIAa

i — ;‘!gﬁgazﬂaf s (et
. %ﬁj%aﬂm ASA BT A UzENS
4 - G AAE £ S
bl Orcing g~ 55 sirmuULIA 5
TSR AQWA
. =
. & =,
- %ﬁgigﬁ“;-ﬁggg & « B AOHAIAFERe| £7|40f FEE WY
T  (Global performance analysis) a;ﬁ‘ %; ;T‘Efgq g féz;&gg ?Qi’;{ ;w sh Flolz
a 3 ] + Nonlinear Finite Element Analysis 714!
M bl - BT E HANE sj0lHel B ve
- o = = o ZFHCAO R X FER SN BR Vs G+
*'6— A e
ks 5 i L ilsole Eanm e 9 se w) CICRYE 2T BF 2L
f: = p NIALHE e iR ERE T (ultima:anulysls)
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EE s | 7 XAQWA S497] $RY TRUIIOIERIN TS|
= R s & 9 B 3 Lot By
o L . HABE B0 el B pxEel
34 ek ; intact/damaged #FEf QHEIA ‘.,“»,?}
i s 5 FED = Nonlinear Finite Element Analysis 7|2
E [ 0\%c\¢_ % ;
= . Micrasaft Visual C++
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HEEEA g o)
- EHA §H-PEE SAD B0 &
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+ eI oyBlo] i A SHRC 5
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gq e (Mocring failure analysis) ®
" [ « AEA £ Al FEAACA0NE el
Remssay o
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— S el st ok
Orcina puges @ python
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= olundel 2a Mot ol welg el chgrt 2ot
O ool riset o g
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B MEM 24 S Al ez £EE
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2 pus £ @0 Bl 2oz E7
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=

x Aol Mol Aol
=

sin(kx — wt)
sin(kx — wt)

ir

A%

aTE
o

sinh (kh)
cosh(k(z+h))

cosh (kh)
gktanh (kh) (wave dispersion relation)

= (angular wave frequency), ¢=%

acos (kx — wt)
cosh (k(z+h))
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n(z,t)
[}

w

to| ztx

=1

w=

017IM, nlz,t)=AZtt, 5
(wave velocity potential),



wave speed = ¢

[

z wave length
TN\ Tﬁﬁ\ /X

free surface\/ \\L/\ \/q(x,t) = \/
wave height wave elevation
=2 x wave

amplitude

seabed
(a) Mo ol
propagation direction
.............. p—
i o AUSINPC. . <0 i AP ..
3 2 L i & = =) &
- . ot - - -«

Al s = LAEsH 7| & NES Zt= & mEo| obdl, £ wave energys %
= =& TZo| Z&s5tn, oo w2l dukMol ik FxE2| MA A= EFE F7U|

t
(peak period) % 2| Tt1 (significant wave height)S = & DS Sd A
= MAsic sl == MAAo ol MEx= &I 22Z= I1SSC spectrum, JONSWAP
spectrum, Ochi-Hubble spectrum, Gaussian swell spectrum, Pierson-Moskowitz &O| Cif4&t

ool uz SMof w2t MFEct 38 3.3 2 dATolAM HES 247 uEe| by

MMUD2[EE MHHstn, O8 3.4 2 LiglEs Sl Z&xc =3 uHe =4
(st E LiEtHCH 2 odle /4 shaTx==2 A 2 MAo =2 HE5 s I
g ZH = SHQIJONSWAP wave spectrums X &35t01 7Y ZEE ASSIUCEH 2 H32
=4 (6)2 sl &8 2+3 o (%9 oD m,=1579m, BF FI| 7,=1540sec,
y=24)0 CHEt K] AHEHZ FMstD, 0|F S7t A& 2= 2Oy O5S ¢
olo| |Atm & MAMSID ZES0] I8 3.4(b)2t &2 AlZtEY mudsSE HAgct O
= FFT (Fast Fourier transform) 248 Sal 18 3.4(a)2 2 Moz EdE Fu
Yodo| me ofHX| AHEHS UM FAXo=Z FHEH oKX AHEZHD AT H| w50
2 YiglEge2 4d3sict. #3 Zu 2 dne2|Fe Sxske =nFoE (Target
irregular wave)2 9 EOXMo=Z FHY F+ Us W22 ASEHUCH

S(f) = (ag®/167* ) fPexp(=5/4lf/ f,, 1) (6)

047|M, ¢ BHIIEE
b=exp(—=1/20" 2[f/f,, —11%)
o=o, for f < f,., oy for f> f,,
y=ddAT, £, =1/T,

7 =85 F7| (peak period)

H=2| 1 (significant wave height)
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Irregular wave spectrum & 2| . Ireemutar wave: FU e
(JONSWAP SPECTRUM] — III spectrum components with

i I random phase
Input: Folot HEF7 ! [

Shape parameter i I\

| e

S7t X E %= Regular - : :

t A .H Generated irregular wave motion:

wave components group ‘s jwave elevation in time-domain
Input: Number of regular

components <0

ﬂ % 0h
i
7§ Regular wave components g
Ol CHEF wave elevation 3 4=H a0
0|5t Yo| S YA 2& A4t
(T|me-domain) e T,
O 3.3 23 g A Y3 MM L2 E
100
—— JONSWAP wave spectrum
90 —e— Generated wave height
g w
S
2
o~ 70
E
z 97
z
3 504
&
£ "l
T 304
H
& 204
104
0 T T T T T T T
0.0 0.2 04 0.6 0.8 1.0 1.2 14 1.6
frequency (rad/s)
(a) =mt& mig o x| AHEH

‘Wave height (m)

=20

T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

3.1.2 =& (Current)

= 53 Azt 772 YoM = greko|ut HEo| #Eyt X 2ot JHEE
of w2} steady flow ZEH=Z 13 7tssict 5, 2 == =43 Do ofst
a0 olst Fx=of| &88st= & /A= (hydrodynamic load)& AHl&HStI, OCIMF (0il
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Companies International Marine Forum)2l Z=F2 (current load) MAERH S S5 =Fo
olet HA #H = (hydrostatic load)E TAXH2=Z Mg 5 UCH.

FXczl/QCchch‘LPPT (7)
Fy,=1/2Cyp.VLppT (8)
My, = 1/2 Cyys CVC?LJQ?PT ( 9

)
017|M, FyFy, My, =Surge, sway current forces and yaw current moment, Oy, C,.Cyy=drag
coefficients for longitudinal, lateral and yaw direction

X =2 IFotE2 V[2M2z FH gt AHEYH ZYAMEE A|RSHCH o 2t
EWEES Zaol iy sy FxE2 =8 Y S /st 5 AHEZH ZH2 AP
spectrum 2 NPD spectrum= LEMOZ Blo| M ISt Ol= CtSof &2 Aoz Mot
7t=35tctH

U 2(i)04s )
-l bl ) 1) (10
(1+7) 10/ i1
17| M, S(f)(m% 2/ H:) = 2HER o 4X| 2 &
2(m) = HTHZ2RE =0| B
Uy(m/s) = M ZREH 10m &32 1At Hd 35

2 AFo|M= APl wind spectrums &% 21& &% (lIrregular wind velocity in
time-domain) A Ln2|EF2 ZMStL 0| ASSIUCEH Olof st 3L =13 utzte|
A5 Yot WHo=z fAHJCH HA A (10)e =12 vHIHS & AHERS &
st (U, =48.0m/s) & AHEHEZ 0|Zct A|lZHFEHEZH (a8 3.5(b))2 & L2lES
=off MAsto{ Ol CiAl FFT EME Sdff Futsdd LASE SN ol st FH0
et ATEZ (AP| wind spectrum)@t 2 Bl (28 3.5(a))35ld AZ S 225 Ct

—— API Wind spectrum
3504 —e— Generated wind velocity

300

250

Spectral energy density (m/s)’ (s/rad))
g

T T
0.0 0.2 0.4 0.6 0.8 1.0 12
frequency (rad/s)

(a) =7t viZe| ol H4Xx| AHEYH (E5)
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flel HMEtEA T2t ofefe ddztadulgio|HE ErMZAMMHN 2 Telstod ZAHe| Y
2™ H|EMSIE TS =ch (& 2F &4 2002, Z =2k 0F 2003, SongZt Kim 2007, Kim 2009)
n=1 (a<05) (13)
n=4a(l— o) (a>05) 14
07|M p= ZHE ZItol| |t HAStAMSIE 12{ste um2fo|E 0|1l o= THHE I Fukek
g4 ¥ AMDUHES H|Z2 O|FO A Tl & 7oA = AISC-LRFD(1994)2] 4
Alg mct
M, M
L2 20 oy,
P,~ 9 M, 9M,
P 8 M, 8§ M,
a=—+— + = (15)
P, 9 M, 9M,
M, M.
£<2 Yy +2 z ol [[H,
P, 9 M, 9M,
rp M, M
a= + + (16)
2P, M, ' M,
o47|M, M, M, : 2+ Foll st 2MRHE
[m]

Bending in z—y plane. (k] = 17
Uy aza Uy ezb
3,4 +6m,m5+30, 3ny+3nmp 30y +6nump+3ng 3np+ 3nng
r? L L? L
314+ 30415 314+ 31415
— 7 dmatnms T 1 2n4m5
_ 3na HOnampt3ng  Bn, +3nymp 304 FOMp 30 3yt 30,y
L2 L L? L
3np+ 30475 30zt 3n4n5
7 20.4mp B I 3npt nangp
(17)
R £l
Bending in z—z plane. (k] = T X
wy aya, wy 9gb
314 + 61,45 +30, _ 3y T3n4mp 3ny +6n,4mp+ 30, _ 30+ 3047,
L’ L L? L
3nat3nmp 304t 3n.mp
- 7 304t nanp 7 2n4mp
3y H6nmpt3ng 30+ 3nunp 30y H6nump+3n,  3npt 3nmy
L? L L? L
31+ 31415 31+ 31415
- 21 4np 3npt nanp
L L
(18)

Bl 1) g, —g,7b 108 HE A BollAE 2E BRIl EX).
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~

2) nya=mng7t 00| HE A, BRF 2YolX|S
Et

3) 0<n, <1,n,=10lH HEE A= H|

Alolg 24 FHHO gecks =dol ofsl, i = 2let J2o| &= pol wat
EtMA 2 20t 20| =Hs5td ZAe Mz vMEMHdE n2sict. 7olE2 a2 4
2, HRSHAEDE THSHA| L2 Lol 2ol M Etad MefE 025kt

E, =E (pP<p) (19)

E, = (P=pP,) (20)

3.2.3 H|ME &AM
Controlgtdl)

© Newton-Rapshon 2t

jo

elst %A o|dl gtek(Newton-Rapshon 2 /Generalized Displacement

0| S Sl oM 2=z

ol A "7t

i k.[u:]
F=AQ =5
Lnbalance -

lun'i‘.\n | I I I

(N

I (R

I (N

I I

I (N

I (N

| 1

iy ;> 3 Ny

12 3.6 Newton-raphson g
? JEM 2= Hi2t Zo| ZE5tE A ol thet s S fls =724 K ofl tish HA
s S salistn Llet HeIME o tish LS AHESHH W=Dt 22| Xfolel =&
st32 T8 % Utk of 2YRsHE0| $77|F0| 0lxIx| kW 0 SHES CHAl Xf5totod
SHAS ST CAl HRAME o, 2 Toich Ol WMol LS ChAl AEStT = oDt U
2ol xt0|E TH0I SEOIFE BLISICL $EI|ES BISE Gkl HENoE S 5
A5ty FEsE A ol ot gtssiME oiRlct. olg{et EFE-gh=E siAMO|
Newton-Raphson 4] 7|20|3, N—1SHHZIA| si40] ZR M N SHAlOIAE N-15HA

=
7t ol&l o M S A
2t HtEsi|A ool d2{st= ZAol w2l Newton-Raphson EHHS
254 mojct ZM=2 XAESE Full Newton-Raphson gHHnf x7| UM s dt=sfA S ot
o

= o
A= AF25k= Modified Newton-Raphson EHgHo| yct. duiMoz £=HZEZTI} Modified
H 7

P
\J
o
0%
0
Hu
\J
02
_O'L
N
°
03
0
=)
i
:IOL

|
Newton-Raphson BtEH0| =& HWE = U2} BM, E= 5t5-
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i 82 25t 2M7F JLD AR BX] 22 Fx=29| dModM= 2352 Full
Newton-raphson el =FHXEJt o wt27| 2ol & AF0o|A= Full Newton-raphson
HH S XM Zstc.

© Generalized Displacement Control &HH

= 30| A= Generalized Displacement Control 2+ (YangZl Kuo 1994, Kim 2009, Z!
S 2010, 2011a, 2011b)E 0| &35t0f &stzof st I&HslA Al S2-HH=E M2 = sIA
Ct. o ghH2 of cHAolct HIZ M S2EHESHA CHAoAM ghd st SEH 2 Eof w2t 1
2ot S2otEAHTE Z™sH ==l olo whzl ZAo| oo 7tk Ssh Alef 2 7 2
M FZH(Negative Stiffness Zone), Aol E57} dHip= F24So| s o =&X0|2
TX[Hol ot Mg 0 HMY BEZ9 FHo| Jtssict. i-3& j-dhE AMEAML] B
=otEATE N2t EdstH chSzt 2ol 72 & Aot
A =+ A | Gsp|Y? (7=1)

{a U7 A U}
N = (j=2) (21)

' {a o'y a U}

04 7| M
AUV U _
GSP = { - i 1) , ukstEl 24 ul2tolef(General ized Stiffness Parameter)
{a vi="y"{a Uy}

{a U}, @ iS5l HA & ) B ghEsiM ol =

gt SR HAE
(o U7} iBEsA SolA -1 BhEsA Bl £ 3

g Fx=9| 44 [k;_,]2 0|835t0{ Tt

= StaYE [plof CHEE HYME
{a U} @ iZEoHA SHAOAM j-1 BiSsHA oA = T

dE Fx=o 44 [k ]2 0l85t0] Fet

j-1olil A = LSt EHASHSHH (7o

CHEH HYME
Jeln -5 j-EtssAMEA 3 = wMSH SEHLAHE R & sIESEATE ctsHl
20| LIEHH %= UCE,
{a UYi=XAA UM HA U} (22)
Al= AL (23)
(Ag=4;"")
3.3 RAlsgst ol A 7|dte| M| A ol A
3.3.1 &AM =& F2lo o ZHAE 2 JiE ZEIAHo ost FA= Mo

ool <olsf +=F FEI e otF (#M™ )2  Incident wave force

A ol =

(Floude-Krylov), Diffraction wave force, Radiation wave force S22 F&2& = U:s
dl, ool cH&t Meo|l= Al (24) wave potential 2 Al (25) Aol ZEst= 2| &4
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M| gt

6=0,+6p+dx (24)
017 M,

#~incident wave potential

¢,=diffraction wave potential

¢p=radiated wave potential

(08, 09, 00,
p= pg%’?‘f’wﬁ’g + (25)

A= (1st order)= Zt wave potentialoll 2|8t

_ 8¢] ~
-=(Froude—Krylov force)=[[ —p —; ToyndS (26)
S
F=(Diffraction wave force)= 20p ndS (27)
—p
body ot
F,=(Radiation Force) ‘Zy‘ —p )nd&' —myU—d;; U, (28)
body

m;;=added mass
d;=radiation damping
3.3.25& & =FFxE2 nY U =Fol tist YA
3.3.2.1 §Y 22 L ol B 720 &Ests 7MY ¥ 2swdALet

ool olst FFA Fx= 8 FAE2 a. M+ T BERAe =32s Al 7ASY
StM glaf ZHE 3 b, FHE FRAM fE o A Al oiEZEHD RHES SHE2 &
s 12 Jbssict. miEol| ost 8 /A3 F,= wave potential® T+2 % 2t ghol| o|sh
FH HelE Sl FRAMd &3st= & FAHZ AHHSH{ cfEat 2ol Helg = U
1, ol & Soll uE & FrAe 25 Sd¥AS FRE = Ut
et 7 Fx=2 FAHH
Fp=F+ Fot Fp= FU+ F?) (29)
ek 7 =2 2aUE4
[M+ M(0)]é+ K= Fi(t) + F(,) + F, (&8) (30)
07| A
M B A
MY o0) = MYw R ) coswtdt

pRel//‘ —gzﬁdS}
002, O
t

~ [ RG-DE@dr

F]:F[(l)( F<2) f h t_T)dT+f / h2(7_177—2)77(t_Tl)n(t_TQ)dT1d7_2
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h,=linear impulse response function, h,=quadratic impulse response function, n(t)
=ambient wave free surface elevation at a reference position, F =

m

force by Morison
equation, ¢=normal velocity)

3.3.2.2 & M =& (Line structures)oll 2r2st= |2 2 2z9UHA QoF
T35 M =20 gt FA-FESYs MM 2 Garrettl| Slender rod O|E2 &3l A2
O| 7}s35tct.

T N I I AN
(Br”) +(\r") +¢=mr, \=T—Bk, (r-r 1)—AtE~ AP

5 (31)

0{7|M, B=bending stiffness 7=tensile force, k=local curvature, m=mass per unit
length, Z:distributed force on the rod per unit length, x=Lagrange multiplier, E=
Young’ s modulus, A4,=effective sectional area)

detrdoz =35 M Fx=20| 2= gol tish AE, £, =/t &2 & ot53 utE
of olst S& sIE2Z FE0| Jtssich olet &2 M/sH stE5s e 5 M =9
Aojo| 2L A2 Al (32)E &8l 740l Jtsstl, o Mf FAIt g= =/ 2 mizo| 2|
gt S22 Morison & mem1mwhmﬂ%-%ﬂ.EﬂEOEJUHN%%Eé'MW B
o| 7tsstct

=5 M FxEE0| e o 2 =/l o[t RME2 Morison AlE Solff A
(inertia force) ¥ &2 (drag force)el &2z XMe|g = ot

a4y, = ClpAevn+ CDépD| U | Uppr + C'mpAe;n ( 32)

and r

n

o1Z7IM, (¢, ¢, and c,inertia, drag, and added mass coefficient, v,, v

m n nr

=normal fluid acceleration, normal relative velocity, and normal structural

acceleration, p, D, A=fluid density, outer diameter, and outer cross sectional
area)

m2tA A (31)2f (32)E St 3 M FxE9 RA-TFZSYs M S 2 2sUEA
2 ch23} Zo| $yE £ Aok,

mr+ cApA[.f"n +(BERF) — (') =w+ 7 (33)

0 7[A,

sY(-53-72)

fol

ﬂjinrB:-ﬁ’-
7= T+ P=7 &% (=Wal | tension-tension due to pressure)

F = CypA v +1/20,p4,| vi— i (v =)

oM & = £X Y2 HE PRA PE2 U 23 M Px2 |A-TESYS
OlZol oizteh Alujo|EYHAIS SRBIC £RA Rx2L A8 AIE O




oMoz Zef XM E o AFAAED AZ= 0] Uct LEHEQI HFAIAHS A
elzd3 2 etolof/EelolAaHEZE 2x2 FMHE AHARFM (Mooring) % Zsh ZIZAEHE A
st ZIZA (Tendon) &2 Alez FE2& £ Uct. &, BEFHAe MFos 230 S
5t7| 2let DP (dynamic position) A|AEIES X e|stn LutMol HFAAHMES 25 =5 M
TE=E MEECH metM BERe FXER2 FF M FEREE 1HY T U AFAIAH
I AZEO UL oo w2t BR FEE F=F ML 7He| MSAES 12{sh sfAo|
EAl =3 =|ofo} StCt. O|E flsh X|uf o|EWHY A2 ct33of ol Melg £ Uct.

(B A (0 N+ [ RU—Viydr+ Ky, = Fy+ B + B+ B+ B+ F o+ Py (34)

0
17| M,

M, M, : mass and added mass matrix
R @ retardation function (inverse cosine Fourier transform of radiation damping)
matrix

E?H . Hydrostatic restoring coefficient
?b . drag force matrix on the hull

}3”, E%ﬂ . first-and second-order wave load matrix on the hull
F, = K(Tu,—u;)+ Clu,—u;) : transmitted force matrix from the interface
F,

F

C

dynamic wind loading
- current loading on hull
Fyp - wave drift damping force matrix
u; - column matrices for the displacements of the hull and cnnection point

up,

K, C : stiffness and damping matrices of connectors at the connection point
T : transformation matrix between the hull origin and connection point

3.4 R7|EMall A

HOISX|X|mFe| =I|grto|al &2 AlstESAEfdA FE 2 2Ll HIF F 2Tt &
of AlZlgdMaes BHEsty FE 2 240 st E2HET #S35| EXst= HElE 2
o|Stet. AtstE0| 2835t HO|SX X[ nHe HM Haes2 F=Eo =X EMo| w2t 7
o9 =7| &=Ho| ZF™Xel Asks gh=ct. olof wmzt =7|gAsiM S Sall Aol =7
ol 37| ¥ BEIt ZYED, &stF Mot Mo AlstE AEjolAMe] Tx=Eo| AN S2
ZYsH =22 ol i FL% siAMolct,  =7(SHM sHM2 Aldh, =XsiH, XJ|F
M, TCUDY Sol Ut 2 T 2 AFoMeE 72X S o =7(gM6i =20
S 2dstict
FI7|1 82 M H 2 Wang(1991)0| = =2 A ot

do
N

P el &etAlol ZEE w7tk ghsMel siM S sdske
st mf O M A chAolAM ghg st 7

Aol=el =7|d3Hs

= ZU2R 5o SEEEE 0|7
s il

ez 2
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£ gl dEY 5+ A oM Eoh dH s g 5+ As oA
ACH = fM7|Hel HXE 2otstH o3t 2ot

Li={3} 9l 2i0] E¥d o HH 74

=43 ojSHE 2= 9P
Hl i 2Esiy 8

3. 25H=0] tieh B M Fsi A

a8 3.7 8 ol A

e

Analysis 1 : Full time Create model
0 ~ 3,800 sec
v
Setting the restart analysis input file Create time |
domain load Element remove -
1 111
v
- . + f Analysis 2
Analysis 2 : Sudden failure Time domain nawsts
2,000 ~ 3,800 sec analysis T
all in the
. Remove the
2,000 s time increment restart analysis restart a;gg’;'sseit ™ failure element
Remove the tendon element ‘
Time domain
Same wave load , same time 4 analysis
. . . Intact condition Failure condition
Restart time domain analysis
results results
3 3.8 & aiAM 7|8te| thMsiA ARt
3.7 T Z3lA
a4l sl =2 XX[ste AFM ¥ ZIZAe njz2 dA= A V(A o2 41
B. B7[d mz 249 Jfds S A 5+ Act. EY| m2 2M EHAAM= i 8l
Aol 13 St FEEXIL B m2EME "HISHD, o] 42 Y92 Fo n25HE
Hibsto] sfle Fx=2 MdA+H 2 o2MA et tES I2{sto] L2+l Xgt
TE mEtstAl Ecob. Y| m2 24 oAM= Falet et stsol S 7|7 s¢t X5
2 mf, o 7|2t S¢t FHE= L2 &MEE Hllsts WAc=2 ZAHECE 2 AFolAM Cf
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28k S-N =M (S-N curves in seawater with cathodic
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4.1.3 S2XZ FAsE5E2 e AHOEZ XX|E &£
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of tiet +x& HASE Z|ls=sict. & siMg flsi 1070 6AtRE EAlt =7|EH
1,068kNO| =-Z3st= 1712 #Holg AR Fx=22 ZE2YsI¥D 2ot #Hol=2e| AE g
1T 2o &8st SEXEs5tE0| et 7 st H{ MM S Solf M A7 Z ket vl wshkict
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30.0m

98.1kN/m
Zd ¥ ¥ ¥ ¥ ¥ ¥~

beam

40.0m

O8 3.16 sS=X£5t8S Ye E-7olg ##x=

T 3.2 == 7|2 A
Beam Cable
E(KN/m?) 2.1x10° 2.1%x10°
A(m?) 2.0 0.03
I (m*) 0.04167 -
y (kN/m®) 77 77
a2 3170l He

Yertical displacement(m)

-0.05
-0.10
-0.15
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-0.35
-0.40
-0.45
-0.50
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=
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—Developed code O Yund&Lee (2001)
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O 3.17 2o Zo| wek Zf x| E He =

4.2 Z7|dMl MY |H HE
4.2.1 0™A AHO|EX| X|mEe| =7[ alsl A of A
= AFE Soff HMLE A AOSXXwWH| =U|dasiMr|se AdEsd AE52 ol

MY 2 HolMz= ™A AHOo|SX X Lo CHall =76 AM S Flst¥ct 2 AS oA
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1993) ol C}

/9/ / I

6@ 45.72=174.32m 60.96m G 45.72= 1'."1 IIMm
|" il 'I"' '|
2 3.18 2xt2l AFEMW 2 (Wang & Yang 1996)
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HHA 0.320m 0.2280mi 4.199%10*m
O 2xF DHE 1.1307m* 0.3542m* -
AL5HE 87.672 kN/m - -
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4.3 RHSA Jluke] MAM HATY HE
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431 2=z XX = iy E]A £=Z(TLP: Tension Leg Platform)el FAl=dsk sHA

=7/
H=
(= =)

4 |
ydrodynamic analysis in frequency domain) sii4l& 3 3sto] Cl=22|

|
S siAfs ¥, 1SSC TLPo| A A Ttet bl W50
|

@® 1st order wave forces (Diffraction + Floude-Krylov force) in surge, heave and
induced pitch moment

@® Added mass in surge and heave direction
@ Radiation damping in surge and heave direction

@ Motion RAO due to regular waves with 1.0m wave height in surge, heave, and pitch
direction

(&)

86,25

2
7
&
s |"
e—a P [€ T3
is0

(b) Hydrodynamic model for the floater (ANSYS AQWA)
T2 3.22 ISSC TLP EZEiZE &4t

_39_



H# 3.5 ISSC TLP 2 &F A&

Parameters Value
7| (Column) 2+ SAI7HA 86.25 m
7l g4 8.44 m
Z& % (width) 7.50 m
ZE =0| (height) 10.50 m
£ (draft) 35.00 m
Hi==2F (Displacement) 54.5 X 106 kg
=2 (Weight) 40.5 X 106 kg
A 7M™ =72 14.0 X 106 kg

Roll moment of inertia

82.37 X 109 kN - m2

Pitch moment of inertia

82.37 X 109 kN - m2

Yaw moment of inertia

98.07 X 109 kN - m2

ZE sifHozRE FAEA

2 A

38.0 m

2R 4ol

415.0 m

0.813 X 106 kN/m

1.501 X 106 kN/m/rad
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ol tiet SHsiMs St MBS deAdFZANet MY v WSt M| =2 HE
SICH 2 slndEH+o H8& == & =72 # 3.62 Lot
I 3.6. 45229 &4 & T M
Parameters Values
1. Environmental conditions
Water depth (h) 80.0 m
Tunnel clearance (hc) 30.0m
Wave period (T, sec) 6.5, 8.0, 10.0, 13.0
Wave steepness (s) 0.013,°0.027
0.040, 0.053
2. For tunnel
Outer diameter (m) 23.0
Length (m) 98.0
Thickness (m) 0.275
Elastic modulus (GPa) 200.0
Buoyancy-Weight ratio 2.6
Drag/added mass coefficient 1.2/1.0
3. Tether
Outer diameter (m) 0.12
Specific weight (tonf/m3) 8.0
Elastic modulus (GPa) 197.0
Pretension (kN) 6.29E+04
Drag/added mass coefficient 1.2/1.0
a3 3.28 0h 52 (2013) ASAH
= d30 nHE 5 FE= 24 23.0m, 40| 98.0mE = AT @ FE=E MEH
g, 2 FxE=2| Fakg WXEY| fo dxlE ZEM= AE 0.12n2 ZAMe=zE M
Z2dct 2 FX=2 80.0m Ao FodUCLD IHEHEUL, AFFH2ZFE 30.0m of
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Sway, Heave, Roll, Pitch, Yaw

S 5
=
XXt ARME B £ EMARLE ALEE FEULLZUZ DAS 0| 5
7 A

S uEgn =7, 55 ol thet AlZdFsHsliA ol Jts

st= 2ZstE StolM =20 2dsts ZE MAA 7= 28 (B ¥ Mex Z
HolMel #e, &5, 75, Uy & S, ARM A7 2 F)2 HYgHez o
T QUAct. = siM7|Hol tiet HEHel &= 8 3.209 ot

1. Radiation/Diffraction analysis for floating 2. Floating tube-mooring (tethers) fully
tubes in frequency domain coupled analysis in time-domain
A. Input A. Input
- Panel model of the submerged floating - Qutput of the Radiation/Diffraction
tube analysis for the floater
- Mass information - Structural model of mooring/Tethers
- Wave direction and frequency range - Environmental information
- Environmental information - (wind/wave/current)
B. Output B. Output (in time domain)
- Motion RAQ, 15t order wave force - Motion of the floating tube
(Froude-Krylov force, Diffraction force) - Motion of the mooring/tethers

2nd order wave force (sum- and different - Internal forces and stresses of the
frequency QTF) mooring/tethers

Added mass, Radiation damping

ool Tx ol YHAM EMo| w2t BF MRAZ DHHIL JHssiohE | BERAol st F
e o| 2N F2|Ze| X|dj=zdol X 7| m=zol %M dgE B xS Fule Y
si4l glol HIZ2 Az JFsiM g S8 RA-FESH siAol Jtssict. &5, 8 FE H
Al B o FZE22MH 351 0|5 3T MLz AL 7St AgolztH AFRMS
Zoet BE X FME B4z ZAGHD, 2 FEFMIE H= FHME2 Morison AE
soff &t Mg g8XMo=2 Jeh A|IZEA S oMol Jtsstoh olof gk shAM A
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Time-domain analysis for the submerged
floating tube and mooring (tethers)

A. Input

- Coupled structural model of floating
tube-mooring/tethers modelled by dynamic
line elements with Morison equation

- Environmental information
(wind/wave/current)

B. Output (in time domain)

- Motion of the floating tube

- Motion of the mooring/tethers

- Internal forces and stresses of the
mooring/tethers

Direct time-domain analysis for line structures (0|3t DT M) 25

sgstol 59 7
zm2o| MEduet A u|mIGCH FCI sHAS ANSYS AWAS Ol83H0] S84 SHo F
o4 o £ Zalze] EARE AZledd EX 7N ASAEAMS USRI, DA
2 SIMULIA AQUAE Ssolf ™5t ct. sl = 2t Futol et 400.0x afiAS AU
il

XX oMM e flall 5= ZIH+ZF (Ramp-up) S 200.0% F1 HAMS +HFIFCE.

(a) Frequency domain affAd =&l

(b) Fully-coupled 344 =
T2 3.31 FCI silA =& (ANSYS AQWA EH2)

=
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= il 3 —— Heave direction
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=
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——Tether tension (kN)
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Error (%)

Error (%)

10

10

. . » T=6.5sec, DT
§ g T=8.0sec, DT
: », ® T=10.0sec, DT
T=13.0sec, DT
0.02 0.04 0.be® T=6.5s5ec FCl
» T=8.0sec ,FCI
® T=10.0sec ,FCI
e T=13.0sec FCI
Wave steepness
(a) ZAZ2 2R
®
™ - » T=6.3sec, DT
®
H T=8.0sec, DT
H ‘ ¢ T=10.0sec, DT
T=13.0sec, DT
0.02 0.04 pe® T=6.5sec FCI
» T=8.0sec ,FCI
# T=10.0sec ,FCI
e T=13.0sec ,FCI
Wave steepness
(b) ZtHE 2%}
O 3.37 X8 2oz
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2 AFE Soll JHLE FRA AHOISXXuwZHe| =J|HMMMI|=e AN HES 26
2 HoM= 74 AO|SXIXuHo| sl =7|d@MHMS FasQct. 2 245 dHME «
off =7|dAsliAMol F=3lE het D2 ofeff O 2 Fet &t 2 oM AZ AFdM=
atM ol =& ZIZMII MBE BERA FEE ¥ 0 o2} AAR ZIEXIE EE AR
of tHallM = ZHet=l =7|gAV|He| Alg Mo tisl AZSshct
E 3.7 siM2d He
Girder Mast Cable Floater Tendon
Elastic modulus £ 8 5 8 s 3
(kN/mZ) 2.1x10 2.1x10 2.1x10 2.1x10 2.1x10
Sectional area A (m?) 0.75 7.5 0.02 3.76~12.56 0.036
Unit weight y
, 77.01 77.01 77.01 77.01 77.01
(kN/m?)
CcCl1~C10 Cl1~Cc20 Cc21~C30 C31~C40
A, | L 3,
F 1 1 _
[Ca1] C4
130.0m
= l J_ o3 : 25.0m %/ Water surface
k * % *—k *— —* |
10@20.0m=200.0m 10@20.0m=200.0m 40.0m 10@20.0m=200.0m 10@20.0m=200.0m
40.0m 40.0m 40.0m 40.0m
500.0m
(water
depth)
JANAN JANVAN

Seabed %7
(a) dE ZE MA-ZAL

c1~C10 y C11~C20 J C21~C30 C31~C40

™
.t
o~
4

C20 C21 9@8.39m
54.49
v 33.0m
7 7
L i Je T | 3

. A~ * ax * T T
10@20.0m=200.0m 40.0m 40.0m 10@20.0m=200.0m 40.0m 10@20.0m=200.0m 40.0m 40.0m 10@20.0m=200.0m
(b) HE 2Y A4-H &
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Cable tension {kN)

1.4E+04

1.2E+04

1.0E+04

B.OE:03

6.0E:03

Cable tension (kN)

4.0E+03

2.0E+03

0.0E+00

1.4E+04

f) 70°

s, (
Zo|dddsi s Set R4 HOSXX g AHHS| M EHet

ZAb ZIE A

& 7ol Bixl, BVR=1.4)

m After first iteration

o After final iteration

= =

(a) =%

# ofthe cable

FAESN I B
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1.2E+04
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B.0OE+03

6.0E+03

4.0E+03

2.0E+03

B After first iteration
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Cable tension {kN)

Cable tension (ki)
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W After first iteration

m After final iteration
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B After final iteration
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Cable tension {kN)

Cable tension (ki)
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Cable tension {kN)

Cable tension (ki)
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m After final iteration
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# ofthe cable
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B After final iteration
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M Initially assumed
1.2E+04 m After final iteration
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14,000
13,000
Z 12,000 _
= B w vertical tendons
2 B 88deg inclined
£ 11,000
“ E 86deg inclined
E = 84deg inclined
£ 10,000
= B 80deg inclined
B 70deg inclined
5,000
8,000
Tendon 1 Tendon 2 Tendon 3 Tendon 4
Tendons
(a) ZAtE 70l2 Hi%|, BVR=1.4
14,000
13,000
Z 12,000 )
= B w vertical tendons
= B 88deg inclined
£ 11,000
= m 86deg inclined
: [ 84deg inclined
£ 10,000
= B 80deg inclined
® 70deg inclined
5,000
8,000
Tendon 1 Tendon 2 Tendon 3 Tendon 4
Tendons
(b) ™ & 7olE vi%l, BVR=1.4
T8 3.44 B4 AO|EX X ZIEMN M Fx
5

-3

(%]

(=]

B w vertical tendons

B 88deg inclined

[

= 86deg inclined
= 84deg inclined
B 80deg inclined

Tendon 1

Tendon 3

¥
(=3

B 70deg inclined
-3

Difference from equally assumed tension (%)
o

Tendons

(a) &AL 70l Bix|, BVR=1.4
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o] A= HEof| FEe A=z=zAH0| &% 35t A= =2Holct
3 3.8 Section properties
Mast
Girder & Floater Cable Tendon
Mast-Cross
Elastic modulus E
2.1x10° 2.1 108 2.1x10° 2.1x 108 2.1x10°
(kN/m?)
Sectional area A (m?) 0.75 0.37 2.51~7.54 0.01 0.0364
2nd moment of inertia | 125 ~
1.45 3.14 - -
(m*) 3392
Unit weight y (kN/m?) 77 .01 77.01 77 .01 77.01 77.01
Compression Y Y Y N N

0.015m

| 7.5m

I \‘ If \‘\
12 3.48 Mast & cross section of mast

SR RS ZE M(FAN) HA ARDE HMH
=}

{ MAA ASS stelsty| 95t cherst

N 2=, FRAdel Tt &7l Fiuls ISt FwAel x|zt 2ZA(0D, Floater
outer diameter)2 0D=20m~60m 7Z7}X| oiZ7fei=2 MASIFCE FRAel &7l Fil= 22
37|ol22 F3eo| 37|E& 1HAIZl ZHo|c}.

5 HWZ, AlFMel Hix HAls £ - HiXZ2 &M HeE MYsIct AFM
o £&2 mel 7|127| 90° 7|ESZ, 60° ~120° 7|27|9 oj7H¢H

M Mz, 2 55 oy Fo| Hg3 Moz MESI ofME2 A5t FRAL
¢ o

-|>
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I_E
mo
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OOI'
_O'L
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_|'—|_

ZZ1 BI|E W35A|17{ =2 5= Cfd| H£24d|(BVR, Buoyancy-vertical load ratio)2l oDH7H
He M S FSHHCt ol FRAel Adn FHe= D™AZIZ BERAe & 20|
(draft)E =HAsto] E&HH|E 1.6~2.471X| shA HE=2 MAE S
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(a) OD=20m  (b) .OD=4O

T2 3.49 Floater ou

m (c) 0D=60m (a) 80° (b) 90°

ter diameter

i '

BVR=1.6 (b) BVR=2.0 (c) BVR=2.4

(c) 100°

1% 3.50 Tendon inclination

(a)
1% 3.51 Buoyancy-vertical load ration
MRl stE2 MAM Fx=2 nY™orETE et HA Mg sAIct = [of &
A Ae BFrAet AlFMe 49 =0 &zl RuE 12{sto] S vrHSIUCE siAM 2R
2 o= xtM T RO WHOR JIMSYPD TRmAMAT|Eo Lzstd & E 27m, T
0.25me| Z32|E HiZEE 124sto] dvi=mo| ZAs w35ty o Mejo| HiEE NHSHE
of A2 1z{sle MstEZ22 AMstUCt
e BVR=1.6
0.090 T T T T
—e— 0D=20
g' —o—0D=30
= 0,085} 105 o
—4— OD=60)
BVR =24
0D =20
84 deg
Scale Factor 100
0070 L L L L L
60 70 80 90 100 110 120
Tendon Inclination [deg]
BVR=2.0
0.090 0.090 T T T T T
—e— 0OD=20 —e—0D=20
vg —o— 0D=30 g —o—0D=30
= 0,085 Jo o = 0,085 1o o
":E —a— OD=60 'g —a— OD=60)
¥ o
£ 0080 £ 0080
0.075 0.075
0070 L L L L L 0070 L L L L L
60 70 80 90 100 110 120 60 70 80 0 100 110 120
Tendon Inclination [deg] Tendon Inclination [deg]
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BVR=2.2 BVR=24
0.090 T T T T T 0~090 T T T T T
—e— OD=20 —e— OD=20)
rg\ —o— OD=30) g —o— OD=30)
=..0.085 Jo oo = 0.085 Joop
2 —a— OD=60 2 —a—OD=60
& &
& 0.080 £ 0.080
0.075 0.075]
0070 L L L L L 0070 L L L L L
60 70 80 90 100 110 120 60 70 80 0 100 110 120
Tendon Inclination [deg] Tendon Inclination [deg]
12 3.52 Mast-Top horizontal displacement
AFMe 7|27|2t BRAe &, F&d|o e F PSS
g 9 Jef=et Zo| LiEpACE BEFA e = < A7 M
7| 27/0lA F=E0| SIS HSstes A =l , Al
z|e[Zt 2 ZA0| 20m, 30me| & +d HJl E0=E= &4
—e— 0OD=20

'g‘ —o—0D=30
i) - a- OD=40
e 1|-©- OD=50
2 —+— OD=60
5
BVR =24 5
0D =20 | g
84 deg =
Scale Factor 100
-0.08 1 1 1 1 1
60 70 80 90 100 110 120
Tendon Inclination [deg]
BVR=1.8 BVR=2.0
0.00 T T T T T O-OO T T T T T
- —e— OD=20 (| —e— OD=20
'g' —o— 0OD=30 'g‘ —o— OD=30)
= - a- OD=40 = - a- OD=40|
% 1 - =~ oD=s0 7 002 - op=s0
3 —a— OD=60) = —+—0D=60
3 3
v v -0.04
g g
< <
2 o
B = 006
-0.08 1 1 1 1 1 -0.08! 1 1 1 1 1
60 70 80 90 100 110 120 60 70 80 90 100 110 120
Tendon Inclination [deg] Tendon Inclination [deg]
BVR =24
0.00
8f —e— OD=20) 84 —e— OD=20)
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o D 00
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2 3.53 Floater-Bot horizontal

displacement
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% 3.54 Girder maximum vertical displacement
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i 3.12 Main particular of the considered floating bridge models

Girder Tower Stay cables Tendons
Axial stiffness EA (kN) 1.58E5 1.57E8 2.10E3 7 .65E3
Bending stiffness El, in-plane
3.04E5 1.32E6 - -
. (kN - m2)
Bending stiffness El, out-of-plane 5 766 6 91E7 ~ ~
(kN - m2)
Unit weight (kN/m3) 77 .01 77 .01 77 .01 77 .01

O3 3.99 FE model for ultimate analysis
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Aol EX X e =2 FMel HHef FE, 4FH0s & M2 FH=HAL, 24 7=
FHe ASsSEES 135 ANt FE, M= 6AwE HUdE EQ4E ALEStD &
FAHOIE2 AR BIMY EA 24F ALESH0] ZASIFCEH AHHeb FE ZF wxiHo
Mz HAZRAE ALESH AZSIFLN, Aol & chFE et ZITA #Stch2 BIX| dAZHE
FoistAct. MEA LdstE DHSHY| ol AU 4770, M 5362 4
380.0 MPa, 1,800 MPa, 482 MPaS M E5t¥ 11, 7HMEl 2MIX|HE Saff £ & FZHE

of ofet M=2A A~dstE 125Ut
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S 2 sl EMs siMxoz 2AMsIYCt. ol& fldl Fx=2 AXEn £ AEejollA e
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S Z-st¥ 1, O 42 165.54 kN/mO|C}.
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—sStyabletension(cty [ Tendon tension (591)
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(g) live load factor=3.34 (h) live load factor=3.389
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5.8.2 {=oto| MA HXt % HHH
il Eoto| & MAHSH| fsiM= m=otolo| 2Est= stE2 JHEHS .
cotole] MU MAH SFE(RSF : Resultant sling force)2tstnd, mf=otolo| AMx|
2iA Z2pRict,
o G XA © RSF=14XF
o 2-, 3-, 471l X|H™(spread bar7} 812 &)
1.2XSKLX PLXF

Cos (v)
o170l M, v= &dallaet =29 ZE (470 X[™ o|stollA v < 60deg), SKL2 Skew loadZ
452 (=1.25), 22t 3&&(=1.1), PL2 Percent loadZ 453 & 0.25(25%L!)
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= tch

a8 3.110 Z{=oto| A&

mf=oto] 228 X 3A(DNV 2.7-1 Appendix D, DNV 2.7-3 Appendix A &F=x)
e Tear-out stress

R > 3 X RSF
© 7 2xH(or R,,g) <t— Dy <t

e (Contact stress

RSF

> 23.7%
B, =237 5

e (Cheek Plate welds
RSFX<t,

R>——
‘ tXDcth

e Bearing pressure

it D, =094xDy

o = 0.045x | EXE

¢ D, <t

if D, <0.94xD,

1 1
X | ——— —— | X
RS, o DH) E

o, =018

t

of7|olAM, R, = wl=olole| =2 &=5Z=(MPa),
RSL2 Resulting sling force(N),

HR,)= BEE° 3Mo=28f mj=olo] <AZzixiel & 2HE((mm)

—

= T =olol2| FH (mm)

R,2 MEl2258 Z0|E 2/&tx|o| Az
R, <= cheek plate2| HtA(FIH2] FHII SLstctil JHY)

C

%%JWEMMEI$W
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o =oto| 2} A{H A7t

t, = cheek plate2| S|

a 8 =54

t cheek plateE I
E ERAAZ=(210 GPa for steel)

EYF dAETFE dAZ|IE -

EY=FM(s)

t, >85> 4/2t,
- CIRlZolg R ME YT
R, 0.707TwF,
” 2.0
. ERIZolT meleriel Meh YE
, ) 06Ft 0.6Ft
o~ min
o MA 24 7E'
_ RSF
weld shear strength
17|l M, ¢, MM HZHe| FH (mm)
t, T =0otol2| A (mm)
s(w) m=oto] E =57 (mm)
2 CHHAHF=(=2)
£, ZAel =2 (MPa)
fo, BHel AXZE(MPa)
F,= 8352 o XUz (MPa)

Padeye
Rud paint Core It prositasn W s 12 0
= ‘ / —_—
Gronunel D_____‘:::-—-ﬂ&gg—__:-_-_j_ HEERE=—
',/
| Fuck prosition
H
ot —
()w ral F Hronunie t length

Sl e— e - -

12 3.111 Pad eye2| +A

i
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STATIC SLING LQAD: T

MAIN PLATE THK: Tm b3 - X

MAIN PLATE RADIUS: Rm fofpe— -
CHEEK PLATE RADIUS: Ral- 1_.‘ (-
CHEEK PLATE THK: Tct Y 191 ‘ C : _
- O

PIN HOLE DIA: D—

L R

Hm e

A TYPICAL PADEYE - SIDE VIEW A TYPICAL PADEYE — TOP VIEW

T2 3.112 m=ofo|e] AN 7A

W Sofole] A TAS 27 31122 Zch mlZolErt T of FHES Este A

3 Zao|=0t YUct. E8t A3 9ZEE HEO| ok HSolo|E TESO DHE ol
£ 52 ANESUSHES S50 WES Stof, FIINO=Z oM =] st 2=
Z0|E5 Mot B 8BS sich. MYl TSoto|st Mx|7t slofob £RA P
22 227 A22 0/8310 THE & AUct

5.8.3 A2 mf{=oto[2| HA H HEOH

SRAl AFEOIA LA Eo) mee FMx PEA siA Zz Z3p 22 3.1133) 2ol
17700.07kN2 2 2M=ACt. S2EH-ZIIN-7|=FE AZsP| flsiM= =t ZHo| of<
37| wj2of 2t 7H9-l M E Hix|shHs Holl= eHAZE emf, o272l ZIZAE vl x|sHof
sk Zdo g2 IchE .

20000
18000 - Max : 17700.07kN

16000 -
14000 -
12000
10000
8000
6000
4000
2000 ~

0 1 ! ! I 1 ! 1
0 500 1000 1500 2000 2500 3000 3500 4000
Time(sec)

Axial force(kN)

t

tol

2 3.113 cylinder type floaterol| 4Z = ZIZX| 2ol Atz

mj =otole| MAH 3SHEE 17700.07kNo|ct. o] 3t&
= = Al R =1, 770kNS 2 MAISoF ok, O3 3.1149]
MA AEE 0| 3stod MASHHE # 3.142t Zct. di=otole| F7+= 80mm, cheek platel|
SH= 20mm, E=2| AAZ2 400mm, = IAMNZHE Z0ol/E ELhyiX|e| Hzl= 500mm,
m=oto| dHEE Zol= 1200mm, I{=ololel =0[= 1200mmO|Ct. I E=otolel Mz EMX=

>
ASE
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I
=z
Rl
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rir
™Norr




o

SM4Q0Z M E A -Zs5t0o] Q&L E= 490MPa0| !, SIE8L = 295MPaZ SHCE.

I 3.14 drt2e| wj=oto| MA chH

Design load (F) = 1,770,000 N
Thickness of padeye(t) = 120 mm
Thickness of padeyeplate(tpl)= 80 mm
Thickness of cheekplates(tch)= 20 mm
Diameter of pinhole(DH)= 400 mm
Radius of cheek plate(Rch)= 400 mm
Diameter of cheek plate(Dch) 800 mm

min.distance from centre hole to edge of
500 mm

plate(H,Rpl)=

Diameter of shackle pin(Dpin)= 334.00 mm
Thickness of suction anchor= 75.00 mm
Weld throat thickness for padeye(mm) 56.56 mm
length of bottom for padeye(Lb) 1200.0 mm
Height of padeye(LH) 1200.0 mm

# 3.15 H{=oto] M= =HX|

Elastic modulus of steel( E ) 210000 MPa
Tensile strength of steel 490 MPa
Yield strength of steel 295 MPa
Tensile strength of weld 175 MPa
Allowable shear strength of weld 100 MPa

J8 3.114(a) m{=oto] SHE
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J8 3.114(b) @ =olo| M=

HAE mEotolel ME AHTS flsto] HEHAM Tz
E 3i%ct. m{Sotols &£2/=24(C6R) 2 2HPY =Ayct. HE ZHEMe @ ot
2toll Reference point& 7 A

o, ZA SolES nYXHE2 S 0lES

o oY
N

L, )
MPC - Z3| Zgjjo|=2| ¥® g

O 3.115 oA =2 2 HA =7
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5, Mises

(fwg: 75%)
+4.668e+08
+4.281e+08
+3.894e+08
+3)5076+08 325MPa
+3.120e+08
+2.7338+08
+2.3468+08
+1.8959a+08
+1.572e+08
+1.185e+08
+7.9792+07
+4.110e+07
+2.399e+06

JaoMra 475MPa

3.116(a) aHA ZH(Von-Mises Stress)

Y, Magnitude

+0.000e+00

008 ome 22006 AbsqudErbel BAT1 Sun Moy 1013:1617 GHT408:05 2013

8 3.116(b) a4l Z2H(displacement)

O3 3.1162 A2 ZHo oA Zu HIEdMES Hepd Zolct, I8 3.116(a)2t &0l
Von-Mises8& S ZESH At ZHEZLA | | StoiolM JHE 2 80| YYst=s A2 L}
Ettct. ol= m{=oto] MAH Al Tear-out AA 2 Bearing pressureol| CHet ZE Alof oHH
g2 3A st¥7| 2o m=olo|2t Cheek platedllAl II|7} HA SMSIX| ke Ho=z

chEICE 8 3.116(b)= mj=oto| ZHES| B¢l Hd S LtEHA

= o
Ch=l ZHoe =z m=olo| o m1|
Bohe MMYF So| BRjolM mvl ¢ 2 JhsMol 2 Aoz £

S fegl C}.
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12000

10000
g 8000
=
3
£ 6000
=
S
£ 4000
ko
2 i Designload =1770kN —————
0

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
Displacement(mm)

a8 3.1172 I8 3.1162 siMAE stES-Hel A2 HEHA Zo|ct. mf=ofo] 4F =2
AESts st Hel2 Jfz=E LepH ZDp &= StE2 2F 6000kNoln{, MA stEel

1770kNECE 2F 38 O|AF 2 W2 Z LIEFRGCE.

5.8.4 A2 dj=otole] HA

I 3.159] M2e| dj=oto| =H =0[|7F 1200mmoO|0, XS XX MM HH &
X ZefolEel T 7ommEAM MMM HAEBSH7|ol= o of{Z@cCt. m{Z=otole] MA Al
Eof ATl &e|HelX|E HdESH| floiM FS22HE HASH] o4 A MEMezE HE
StOX} st E=EA42H 2 ¥ 3,159 AR ZHIO 1/209 2EHE F 3.161 Zo| MASHH
Ct. m{=otol2] FH+= 20mmoOlo{, W{EMAH =0|l= 192mm, I{=ofo|E M| LN FH<=
25mmO| C}

# 3.16 S22l mf=oto| MA tHH

Design load (F) = 88,500 N
Thickness of padeye(t) = 20 mm
Thickness of padeyeplate(tpl)= 20 mm
Thickness of cheekplates(tch)= mm
Diameter of pinhole(DH)= 64 mm

min.distance from centre hole to edge of
80 mm

plate(H,Rpl)=

Diameter of shackle pin(Dpin)= 54 mm
Thickness of suction anchor= 25 mm
Weld throat thickness for padeye(mm) 21.21 mm
length of bottom for padeye(Lb) 192 mm
Height of padeye(LH) 192 mm
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08 3.118 412 mf=ofo| =Y

Hz=He 8 3.1171f sLdstHA 718 sto] Seteko=2 oIz 0| 88500N0| =t
St E ZHZ S SIQUCE cheek plates SH7F Q7| w20l 112istX| 2ttt s 2H
o| m{=oto| FH= 20mmolct. sHA =El2 & 3.1182F &0l Solid & (C3D8R)E AL-E st

¢ond, Explicit Dynamic shA S S+l CF.

A
k>
Hd
e
lo
oY

S, Mises
(Avg: 75%)
+4.3640+08

+4,
13550008 445MPa

+2‘554e+u

+1.9040+06

207MPa

308MPa

D8 crze_t-1.930 B131 fun Ma101E

% Sicp St
R Dommet 6585540, Slap Time = 1230
Frimary ar: 5, Maes
Gelor t .

a2 3.119(a) 20mm 22 siAf ZDb(Von-Mises Stress)
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U, Magnitude
+1.4878-02
+1.363e-02
+1.2390-02
+1.115e-02

+2.4788-03
+1:238e-03
+0.500e+00

a8 3.119(b) 20mm=ZE s AT

20m 2 siA Znp 37 31191 2o HEsEAS
Sotol WESBOIN TITE I TN LMt S3o|
TEsh WO R LEHtCH mSoto| He 3

4
Mol 7tE 2 RS =eld & AU

500

2}(displacement)

LIEFLH AT, &

—

—

=
S/
X

4450Pa=2 7HE

A17(b) b= =

450
400
350
300
250
200
150

Tension load(kN)

100 Design load = 88.5kN

50
0

0 0.0005 0.001
Displacement(mm)

0.0015

T8 3.120 sHA AT SHE-H 2 2HAH)

a3 3.1202 AA stEzb m{=otolof M
RS LIEILEX| = EX[2F 2F 350kNZE F7H
EfLf M otzEl Al AEJ e2|Hez MA =He A=

MSH Ao 2 20mmEE 2

ZEct 2F 3,084
LIEHGCE,

0.002

o| A} ﬂrm of|
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5.8.5 412 dj=olole] MA L AMEHES S5 A
E 3.172 =FQlZAMeA o AY 5 HaS LIE

of X|Qtmu7} LMt Hoz LIEMGCH ASA

M3stod O F&o 2lzo| wMSH AS Eol & 5

8, Mises

(Avg: 75%)
+4.904e+08
+4.496e-+08
+4.088e+08
+3.680e+08
+3.272e+08
+2.863e+08
+2.455e+08
+2.047e+08
+1.639%+08
+1.231e+0B
+8.224e+07
+4.142e+07
+6.016e+05
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600
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400

Load(kN)
w
o
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200

100

0 2 4 6 8
displacement(mm)

a8 3.121 siE-He J4

—

= 2HAUS e stE-He IMS OzEH AMFZH0| HWEtstA LIERX] 2=
O3 3.1209| sifA Zufel FAlet HE& HOol= A2 LIEHGCEH Alge| doles B2E
=2ES0| A2|E &= THAM siM 2ot H{7F IA LiEtRCh o= AEMAM AF 2
st= Y2M Z=7[0f HEEo| YHst= o|fx o FFo|2f EEHEICEH E[CHSHES 2 500kNO|
Ct
= 5%9
% 40(}’:
—_— | "f'\\“ !
E ‘ "-\,\ |
<1 ~__ 300
© )
(@] |
= | \
:\ 200)
¥ \
\‘ 100 -.
I‘l _
9
-40000 -30000 -20000 -10000 0 10000
Strain

—Al —AZ2 A3 A4 A5 A6 —AY

T3 3.122 ATH2| StE-HAEE
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Load(kN)

-40000 -30000 -20000 -10000 0 10000
Strain

—B1 —B2 —B3 B4 —B> B6 —B7

B _ x|
o B2oll M JHY 2 & HE S0l LIERen], A1(B1), A3(B3)oIME &
o] LMt HE dlole{Z Zhelgt 4= QIQict m{=oto| st ZHI} 2|EE
o U= 2EZelAHOIX|o= Ql&=d0| WMt ooy, TJz{Lt O A7|7F ERMEFZES oL

A prel=z Aol pigdo| LHSHX| b2 W22 LIEHGCE

H* 3.182 HalZAA o HYYAS LEHH Aolck eIt TS St LM X2
E HoHM =70 2 HEo| Wsts A& LIEMCt. =oto|E stE7 Yetnt 2%
StAl ARISHA| 7| mZoll E=7[of stSYSFRZ Z{ojuz(= Hidddol HEHREL O
Biet HY2 stEo| weko| SEAEI HHHAS ZEFo 2de = Us HYoz pehaE
C AH dAAol= stSeekst &5 mj=olo|E Hx|six|et SEFol 4FF==2
Mol gle Zoll= olzgt Higo| 2l £ UAS A2z PehECh
Ste-Hels4dE =AMeh Aot I8 3.124zf Zo| EHMMEfRE 5t50| XHH2=z FItE A
O=F LtEtgon], E7[of H=Fo| LEtE olf= olmf mj=oto|7} ZHo|HAM stE0| =2t
1 o|Fol= m{=olo|7t A2 E HS22M 5HE0| X[F
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0 5 10 15 20 25
displacement(mm)
38 3.124 stE-gg I
A B2 2ol FBEe| otZo|od, BH2 2(F0|ct, O WS HWelE2H AHOIAM O 2 &F
HIEEE Holod 2|2 E80|E2t mjE=oto|stHoAe] HEE0| BHEC HSsHH 2 A
= T Uct 2|EEH0lES FHE FAUA o7 W&ol =2 LMSIX| LUpCE oref
2leZeol=2] £AE o o sIActe o REoA mBo| WM JpsMo| off 2 A

HEollM AM1IF A3ZF 1 ghel FAZ(7F e AE 2 + AUCH ol 9 HevyznsE 2H
mf=otole| Ealoll 2E3t= Zo| ofd ik &R Fo=z Mol o IA LHSRY| M2
of Hel &2 Ztol LIEIIX| g2 Ao 2 EHehEch
-(/7 - 5
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5.9 A Flolg tM F 2R HolSXIX DL HH TEME|HE 24
= AFoM= JeE siM=Z=2OM S St FRA AHO|SX X LEFe| ME HolE =M
T FMEfHEIE MM Z EAMSIQICE ol OJBE2 2 AFoAM ChE WH¥RES LIE
LHE}
9@20.0m=180.0m 40.0m 40.0m 9@20.0m=180.0m 40.0m 9@20,0m=180.0m 40.0m 40.0m 9@20.0m=180.0m
k *—k—k +—k *—k—% H
Ci~C1o Cii~C2 C21~C30 C31~C40
k | k 5
K 1 F A
C20 C 21 C 40 9@4.0m
94.0m
= 2= T250m v
water surface
floater — —
itz water depth=500.0m
JAN A A _ 2
seabed P
a8 3.127 M2 T
2 ool HMotst shATlMe Soff B & PxMEjHsENg EAS el O
2 3. 127ﬂ+ 22 & Z0o| 920.0me| E/4Al =& AHO[E X X|wEHo|ct, & Ogloll & LIE}
S HE RRA FEH2 EE2 HZHSZE XX FHO Y12, of BEFAMe= sliA Xkl D™E 7
‘éHU%mmgﬁ.%ﬂ7}WMﬂE-?£& EME Zt=Ct. E 3.192 2 s zdlol J|=2
Mels LIEfin, O3 3.1282 AHol22| ot M Fx=HEHeHAS LIEHHC]
i 3.19 Main particular of the considered floating bridge models
. Sta
Girder Tower y Tendons
cables
Axial stiffness EA (kN) 1.58E5 1.57E8 2.10E3 7 .65E3
Bending stiffness El, in-plane
9 P 3.04E5 | 1.32E6 - -
(kN - m2)
Bending stiffness El
y 5.76E6 6.91E7 - -
out-of-plane (kN - m2)
Unit weight (kN/m3) 77.01 77.01 77.01 77.01
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(c) C5 #Holg cttA

(d) C7 #olg ctA
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(e) C10 7Hlolg ©tM
a8 3.129 F472te] AHolg oM = MAA™ HEHA (scale factor=5.0)

(a) C12 Ho|E ctA
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(a) Superstructure

0.2m

A
Y

12m

(b) Cross Section of Mast

Deck

Tendons

(c) Floater & Tendons

J8 3.133 2 #x=FA Heo

E 3.20 WEHZE K

o

Mast
Girder Slab ast & Cables Tendons
Cross
Elastic modulus E
2.1x10° 2.5 107 2.5 107 2.1x10° 2.1x10°
(EN/m?)
Sectional area A (m?) 4.75 8.5 10.64 0.015 0.101
end moment of inertia | ,g sog  0.044  260.910 - -
11 (m?)
5 : .
nd moment of inertia |\ oo, nac gog g3 366.602 - -
122 (m?)
Unit weight y (kN/m?) 77.01 24 .53 24 .53 77.01 77.01
Drag coefficient - - - - 1.2
Added mass coefficient - - - - 1.0
Compression - - - No No
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Deck : 165m x 165m x Sm

130 m|
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a3 3.134 /A ZIZA i x| A

,005m
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8 3.135 HH i "4t

= 242 RYYS FASACH FRA
aHe HAS e 4% chddAay oo 2 JRYSIQICH

5.5m

- 142 -



6.1 F7A =T 7ol XX |nFe ASd 4

NAA A Al e g vl A A T A avs el
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712 3.136 FE model and traffic loads

0.7 X traffic 3+&0| &3
Ct. Design basisollM HA|SH=
=@oll st AN Y|FEO| ofd YFFEE
(freeboard)oll Cist Z|Z2=2, & H T

BDE T SAME MFOIDR MOIE 0{RIE JIXIE M|l szl wet It
HMoz H8™ 4+ rt
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Rotation about bridge axis (roll) [deg]
(=

0.5

0

-0.5

-1
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Time [sec]
12l 3.137 Rotation about bridge axis
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12 3.138 Vertical acceleration
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% 3.139 Horizontal acceleration
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(a) Horizontal acceleration of Mast top
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(b) Horizontal acceleration of Mast bottom

12 3.140 Horizontal acceleration of Mast top

i

L
100
-

o HlWE

o}

7t

700
0
0

1)

LFEFL A CE.

3.1400]|

1.78m/s2,

=H

of

[tHZt2 0.61m/s22 HO{of| H]

e
Fol&2 HSSH

It E ol

FRACE AHet =8

S

S =
S

HE=ES HO|L}, Design basisollAel A

L2t FEI AES flexiblity2

- 145 -



SAFHE $X Y SHUS JIETE ALY SHoMS MENO| RES HO=2 Liefin,
SeHot FE, AUel FIHel UM HEE S8 £F olof it 240l e Hoz
mete ot

6.2 FREM LT M5 24
SRA ZF Aol XXTBe FLEM LT M5 BHS 95 2 AToME Do
RE o AYIE, 1 +wave) 2 S5 HINE SN HE 24

.21 Minimum and maximum stress of cables

No. of cable Min stress Compressive Max stress Margin of

[Mpa] stress [Mpa] safety
1 651.87 0.K 1041.78 57.88%
2 743.94 0.K 1064.04 59.11%
3 755.09 0.K 829.71 46.10%
4 753.73 0.K 861.87 47 .88%
5 755.81 0.K 830.51 46.14%
6 754.40 0.K 862.70 47 .93%
7 651.07 0.K 1040.92 57.83%
8 743.04 0.K 1062.97 59.05%
9 693.92 0.K 1030.57 57.25%
10 769.99 0.K 1049.44 58.30%
1 816.49 0.K 899.63 49.98%
12 809.44 0.K 918.03 51.00%
13 817.11 0.K 900.31 50.02%
14 810.01 0.K 918.76 51.04%
15 693.13 0.K 1029.68 57.20%
16 769.20 0.K 1048.45 58.25%
17 731.04 0.K 1012.90 56.27%
18 793.05 0.K 1029.02 57.17%
19 851.60 0.K 946.09 52.56%
20 845.50 0.K 954.59 53.03%
21 852.24 0.K 946.67 52.59%
22 845.98 0.K 955.20 53.07%
23 730.27 0.K 1011.98 56.22%
24 792.40 0.K 1028.13 57.12%
25 761.29 0.K 989.02 54.95%
26 810.98 0.K 1002.67 55.70%
27 868.22 0.K 970.36 53.91%
28 863.17 0.K 972.60 54.03%
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29 868.78 0.K 970.83 53.93%
30 863.56 0.K 973.08 54.06%
31 760.57 0.K 988. 11 54.90%
32 810.52 0.K 1001.91 55.66%
33 783.67 0.K 960.27 53.35%
34 822.63 0.K 970.96 53.94%
35 869.19 0.K 974.94 54.16%
36 864.81 0.K 974.09 54.12%
37 869.67 0.K 975.31 54.18%
38 865.13 0.K 974.48 54.14%
39 783.05 0.K 959.38 53.30%
40 822.43 0.K 970.40 53.91%
41 797.85 0.K 926.93 51.50%
42 827.59 0.K 936.05 52.00%
43 857.32 0.K 963.76 53.54%
44 853.20 0.K 961.05 53.39%
45 857.73 0.K 964 .07 53.56%
46 853.45 0.K 961.36 53.41%
47 797 .41 0.K 926.20 51.46%
48 827.79 0.K 936.03 52.00%
49 802.49 0.K 891.55 49 .53%
50 826.11 0.K 902.18 50.12%
51 835.83 0.K 940.52 52.25%
52 831.87 0.K 936.68 52.04%
53 836.19 0.K 940.76 52.26%
54 832.06 0.K 936.92 52.05%
55 802.36 0.K 891.06 49.50%
56 826.91 0.K 903.14 50.17%
57 799.56 0.K 855.69 47 .54%
58 818.41 0.K 867.76 48.21%
59 807.66 0.K 908 .66 50.48%
60 804.51 0.K 904.39 50.24%
61 808.00 0.K 908.85 50.49%
62 804.65 0.K 904 .58 50.25%
63 799.90 0.K 855.66 47 .54%
64 820.38 0.K 869.63 48.31%
65 788.15 0.K 821.42 45.63%
66 797.74 0.K 834.60 46.37%
67 776.53 0.K 872.00 48.44%
68 774.47 0.K 867.65 48.20%
69 776.83 0.K 872.15 48.45%

N
N
|



70 774 .61 0.K 867.79 48.21%
71 789.31 0.K 822.02 45.67%
72 799.57 0.K 837.27 46.52%
73 759.36 0.K 802.76 44.60%
74 763.05 0.K 811.91 45.11%
75 745.75 0.K 834.14 46.34%
76 744 .33 0.K 829.82 46.10%
77 746.01 0.K 834.26 46.35%
78 744.44 0.K 829.92 46.11%
79 761.36 0.K 804.52 44 .70%
80 766.66 0.K 816.46 45 . 36%
81 732.23 0.K 788.13 43.79%
82 730.84 0.K 795.02 44 17%
83 718.31 0.K 798.42 44 . 36%
84 717.45 0.K 794 .47 44 .14%
85 718.53 0.K 798.52 44 . 36%
86 717.54 0.K 794 .51 44 .14%
87 735.58 0.K 791.30 43.96%
88 737.00 0.K 802.18 44 .57%
89 709.05 0.K 774.25 43.01%
90 704.59 0.K 779.39 43.30%
91 696.92 0.K 767.89 42 .66%
92 695.91 0.K 764 .21 42 . 46%
93 697 .11 0.K 767.97 42 .67%
94 695.97 0.K 764.20 42 . 46%
95 713.38 0.K 779.06 43 .28%
96 714.50 0.K 790.19 43.90%
97 689.42 0.K 763.41 42.41%
98 686.47 0.K 767.15 42.62%
99 683.62 0.K 745.57 41.42%
100 682.09 0.K 741.92 41.22%
101 683.79 0.K 745 .62 41.42%
102 682.11 0.K 741.86 41.21%
103 695.45 0.K 770.02 42 . 78%
104 701.80 0.K 783.07 43.50%
105 679.69 0.K 758.26 42 .13%
106 678.62 0.K 760.67 42 .26%
107 680.04 0.K 733.71 40.76%
108 678.00 0.K 729.59 40.53%
109 680.16 0.K 733.72 40.76%
110 677.93 0.K 729.49 40.53%
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111 687.10 0.K 766.34 42 .57%
112 701.80 0.K 783.81 43.55%
113 681.42 0.K 761.32 42 .30%
114 682.87 0.K 762.01 42 .33%
115 688.42 0.K 733.90 40.77%
116 684.01 0.K 729.27 40.52%
117 688.43 0.K 733.83 40.77%
118 683.84 0.K 729.08 40.50%
119 688.79 0.K 769.58 42 .75%
120 717.44 0.K 795.56 44 .20%
121 694 .53 0.K 774.46 43.03%
122 699.96 0.K 772.22 42.90%
123 708.16 0.K 747.05 41.50%
124 701.35 0.K 742 .41 41.25%
125 707.97 0.K 746.83 41.49%
126 701.00 0.K 742.12 41.23%
127 697.84 0.K 778.66 43.26%
128 751.38 0.K 821.31 45.63%
129 716.56 0.K 796.64 44 . 26%
130 727.99 0.K 789.94 43.89%
131 736.41 0.K 771.96 42 .89%
132 728.09 0.K 766.27 42 .57%
133 735.97 0.K 771.53 42 .86%
134 727.48 0.K 765.83 42 .55%
135 706.73 0.K 787.23 43.74%
136 804.50 0.K 863.77 47 .99%
137 741.09 0.K 821.62 45.65%
138 756.04 0.K 810.14 45.01%
139 767.99 0.K 801.71 44 .54%
140 757.03 0.K 793.32 44 .07%
141 767.19 0.K 801.01 44 .50%
142 756.06 0.K 792 .61 44 .03%
143 697.46 0.K 777 A7 43.18%
144 321.74 0.K 379.22 21.07%
145 222.93 0.K 303.57 16.86%
146 236.58 0.K 289.93 16.11%
147 258.34 0.K 291.45 16.19%
148 245 .11 0.K 279.78 15.54%
149 257.04 0.K 290.20 16.12%
150 243.79 0.K 278.85 15.49%
151 213.45 0.K 293.92 16.33%
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152 317.42 0.K 374.74 20.82%

153 237.61 0.K 315.17 17.51%

154 250.87 0.K 301.70 16.76%

155 274.07 0.K 308.86 17.16%

156 260.85 0.K 294.15 16.34%

157 272.14 0.K 306.74 17.04%

158 259.16 0.K 292.96 16.28%

159 245.48 0.K 322.89 17.94%

160 308.08 0.K 361.83 20.10%

161 223.38 0.K 289.50 16.08%

162 237.09 0.K 279.89 15.55%

163 257.08 0.K 287 .52 15.97%

164 246.58 0.K 280.44 15.58%

165 254.29 0.K 283.98 15.78%

166 244.30 0.K 279.21 15.51%

167 237.81 0.K 303.06 16.84%

168 279.45 0.K 322.31 17.91%

169 171.12 0.K 211.59 11.75%

170 190.43 0.K 215.39 11.97%

171 193.47 0.K 026.44 12.58%

172 188.04 0.K 234.32 13.02%

173 188.29 0.K 223.42 12.41%

174 185.08 0.K 233.90 12.99%

175 185.32 0.K 224.05 12.45%

176 219.71 0.K 246.91 13.72%
wEkel AXE 1 xtEstE, 1004 MMHEF7|2| EHstE0| & ESIFS = 176702 #H 0|
=0 st z4, Fof 2N S2H2 Table 3.192F Zct. 176702 #Ho|E& 7i=20 =[cf 24
282 1064.04Mpa2 #H 0|2 40| sH=Sa ol 1800Mpacl HIsH 59.11% F==o S2do| LM
slod sh=of Cisf obBt HmbE LlERfQICH A 24o| HS 171.12Mpaz, o4=of
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200

0 500 1000 1500 2000 2500 3000 3500
Time [sec]
12 3.141 Time series stress of min and max stress cable

F 3.22 Minimum and maximum stress of tendons

No. of tendon Min stress Compressive Max stress Margin of

[Mpa] stress [Mpa] safety
1 202.31 0.K 420.34 93.83%
2 198.38 0.K 421.52 94.09%
3 196.35 0.K 42426 94.70%
4 196.56 0.K 428.53 95.65%
5 170.51 0.K 395.48 88.28%
6 165.36 0.K 395.84 88.36%
7 162.41 0.K 397.88 88.81%
8 161.79 0.K 401.58 89.64%
9 188.65 0.K 408.77 91.24%
10 184.59 0.K 409.81 91.48%
1 182.66 0.K 412.46 92.07%
12 182.94 0.K 416.65 93.00%
13 155.83 0.K 393.46 87.83%
14 151.03 0.K 393.85 87.91%
15 148.43 0.K 395.91 88.37%
16 148.11 0.K 399.58 89.19%
17 188.50 0.K 408.75 91.24%
18 184 .44 0.K 409.79 91.47%
19 182.51 0.K 412 .44 92.06%
20 182.79 0.K 416.63 93.00%
21 155.80 0.K 393.37 87.80%
22 151.00 0.K 393.76 87.8%%
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23 148.39 0.K 395.82 88.35%
24 148 .07 0.K 399.50 89.17%
25 202.29 0.K 420.28 93.81%
26 198.35 0.K 421 .46 94.08%
27 196.32 0.K 424 .21 94 .69%
28 196.54 0.K 428 .47 95.64%
29 170.41 0.K 395.50 88.28%
30 165.26 0.K 395.86 88.36%
31 162.31 0.K 397.90 88.82%
32 161.69 0.K 401.60 89.64%
500
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400 | | A
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'S 300
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=250
o
= 200
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T3 3.142 Time series stress of min and max stress tendon

6.3 AEZAA

= AFoMe Y F MEE MY [=S &850 2.0km FRA =EO AHO[EX| X[ FH
of MAA H=ol et A Fo7F 2 FEXo| st Z=/IZ2MHsHIE S &N
=2 2AMsHCct

AMEd "ot Jt2dl wEe| MEM taliMes wEF LR 2F 1.74ne =2 X Eo| Ly
5to] Mgk 7|&Eel 1mE THESHA| RSt e 7|&2 xtEe| 2ol st 7|F0| ot
AT x==2 0o4F(freeboard)oll st Z|Z=2=2 Ato|st O 1E JIX|= WEO|L} s L=
Aol w2} JHHMe 2 MEE 5+ US A= HerElch wEe| FMHLR(rol 1) &2, A
Sk 7I=2l 2.5deg(1deg + 1.5deg)oll H|5H 0.01deg Z=H5t= Zto| ZAMSIFOLE, =2 Ao
Me FI7tMel mEstsEe| gdao| Zat=Eo Az 2|Hel FMEe| ez mEhEICEH
A /guer JIEEoMe 25 Aot 7EE Hojite =2 VISR ghol 2dSidct w
2ol st THRlSol| oist AREA FHAM BERAMuU FE, Aol Zd2 =HESHH £
A = AolE XX wEe| M sl FIHACl EAMo| P A= HHHHEICE

Holg AFMe Z4E FHAAM= 1004 MSEFI|E JHX|= LI5S H3siUS M,
A =0l st M&o| gle FAel AHol=2x AFMol ==o| LMK fon], zof 2y




ol o|X|X| 25t 3

i
2
X
H
]

I

0lo

JHJ

o

e ot

0
fl

7. AT

7.1 =2AMM T}

O ZFUH==2(KCI ) AR AX
AXMA L A XA | AFA
s =sH= THAS gy | T A
(H, 3,1 0|X]) = 27|
S22 A x et =
AEA SasFol wE s | Do s
1 Hlo| Ex Zolm & —,,_—,:,(29,()3,401—409 (mAD 2017.12 O
274 FEE d= st d T xets= A
2 Aolex|xlnze 2t & M | 27/(30,4,205-216 “X_‘{:’”I 2018.08 | O
HE )
HFM i xlof wE FF7A sh=eATxes = StALS
3 AFEIC MAM M A HE=EM =72(30,4,193-203 “_,cfl'r 2018.08 O
2y ) ()
ErMdgaln se=Ad ¢
ZIZ el x| EAH 0| =& ulEo| St d T = . o
4 A 2eHE BRA FES ZE 27(31,2,107-118 THCI>1)I 2019.04 | ")
ALEel 58 Hsol o|x|= ) '
ek A
TR FEE 2o AONSANDL | o rsse | 2az  2019.06| O
5 PPN Ee] Aot uizhof| et o x| (7 7Y 2H) (A1) of (0.5)
TN @2 sy e o - '
O =Z2==(SCI &) AN AX
B} HAH™ L HZ A | ARAL
o5 oy = =~ XX
. = (2,3 mo8) | | w | B9l
L International
Feasibility Study of Submerged | A
. Journal of Steel | Zd&&
1 Floating Tunnels Moored by an 2018.11 O
Inclined Tendon System Structures ()
y (18.4,1191-1199)
International 2018.11
Ultimate Behavior of Steel Journal of Steel | _, . (*oniin
2 Cable-Stayed Bridges During Structures THOJ . O
Construction (online first, first)
1-20)

- 153 -



7.2 2T EQO

- o - .
oll — < | |®
WKl ~N [0 oo m
Ljo S o oS
A (Q\] Al
M3 E B D
H_Al ol @l [qol {1l @l
Kl T ol | ol|TT ol
T | & @ izl @ izl @
T < T AT <
3 of|  of
o] RS
| Al
oS & &
3~ |l Sl S
r P I L
o5 g 2
o N N
= S
I .__._u:m.__._u_.m_”_
N3 NI
ofu oy ™ op ™
ul _ Al Bl
kb o ke 2k X
o | WO H|__ |__ T
O A:m__u_Aﬁa_A?ﬁ
7l |0k o+ |0F fr|0F
M E.NAHH_.Iu_.I
W o[- ol ol |_ ol
gl |9 o <0 ol o
Ko K HK H
ZHW_XWIW
MH M Ky K
.  Flh=zh
K0 KO © K0 ©
~ NECNINEGN
Hnw._ — Al (ep)
I

==

b

=
=

O ==

oV
o —
4 ol N~
T N
I_A_ll_ArA_ox_._H
R E
>
> o
O.I
- - >
4 528
2 o R
KO . |5 © w
S
ooK|ES , S
[l O - O
|5 2P
-t -
ol © S
—
— O
w
[
T O
o <
N -
—
o ®©
c O
Ol
—_— Y4
© C
—
— =
o =
or ® 9 o
_ |- —
K o O o
ik (>22 3
H |18 5"
IS
ge)
o o
= =
= ©
C +—
c w
> |
S ©
Ol
Z O
T ®©
> O
T
o]
—_ h
i

<0
H
oll

k

=TCH 3

L

S
=

O =

i S S
4 ol o e}
Eall S S
(V] Al
K Ko ., =|z0 , <3
- Ko _A:ux.\a_ oE/m\_)
o} o}
wor W wr U
A k0| g0
KO M- m M-
- N0 Ry R0 Ry
oM g oo
[} __o._ ilo} __o._ 1ol
ooz | =
I T
pay ol pay ol
Al Al
iy
=L
&0
W | 3
NKour | M m0
=r | IHH
o X K
i S
o K | o
3 -r mo | o8 5 <0
<r o
i ok M TEE ujr
4l = | = W
IF K o = -
K H___._._ |_Mo ™
ko s K]
mo o | W® _
END oA_m
I+
__O._ — Al
.

Y S
4 o ~
fe S
" Ko ., —
=
iof =
SRR
— —~| o &
o0 K| gr <
Ko e
< ol &8
N = —
4
ol
ol
o
E
K
_A
o __
= T
o
|
= | ok
N | W
o ©
i
K-
T
0
s
o] _
Bl

7.5 7|E}

™
4 o

-,

Falll

KX
<o 2

lof

o

I

- 154 -



E]
i\l

g

o

—L.

ull
0l0

-
[I[e)

ol
J0

o
ur
ol

=
=i

447

5

CAFA =2

=
1o

IH
X0

i

<A
ok

.3.
m]

- AHE Nt

A Its

of sfA{T}

NES

=

(1S

= O|2i X

ol
AL

2 M MA

ol
oH

F

A

ol

7ol

[m}
=

M
=

0f0
ol

oK

oll
KT
<k
el

1

T

4
ok

=
oF
i
[}
Klo
20

=

2 A

=]3
=

B. X|ttatefoll whE =X AHFAIAEH 4

C. 2nd order wave©i CH

ulo
<

motion isolation 22} &

- 155 -



H

0

=
or

oo

i

or

ro| FAA FH-T

=1
o

XX

=
=

XX

=
=

Ch7i ol

8

K0
_x._

<r

0

=5
=i

K442

o

- AFA H 2

=13
=

7+ AsEtATY Y

H & x| EF

=
X=-0

L ARA KK

M
2

FTREM =

4

-

A
(=

of MHH/ZEH HE S

ti# ol

E}
=

oK

20
ujr
Ho

al
=

SAX| g A A

E3S

T
IH
20
__o“_
pl
70l
o
o

il
o

-

X0

ol
pail

T
1o

-

N

70!

4
or

o
il

7ol
Klo
T

o

lod

oju

K]

RI
LHo
KO

ol

4

7o

7ol

KO
mju

tod 11H2| JHE

5]

M F3==Hof of

2t
=

7ol

ufl
-

o

D=2 474, ATEQ0] 3 52 £

<

——
1o

1ol

=
=)

A AR Mol LR EHE,

FEB(R

Kl
H

1l

foll 7|04

Zs

X 7ls A

d=t

tjo

Hofl
M7 7|=2te| Hlw Z2Fo|L}

st
=4,

A
=

7

H

o

=
10

r

—_—
1o
KO

oju
M.

ol

<

T
=3
1o

ol

1

o

[¢)

|

- whaba] AH AIx|HojE ¢

—_

=N

J
o

Toll

ol

o oo

oln

- 156 -



O AN HEAMEBS et ==
p FFA ZECHwEFe| sHAMMOl siA 2 MAZ|so Os] =Ll 72 HEXo =2 §12
£ Sl Z¥UuE 3 A ZUETATE Foke| A, MAA, AFH MEIISHA A
Mot HdE52 ®E
p ZHEOF IR ME st=UsloM A7ZEn=F UEE S5 2 Ao ek H=3EHel
JlsMER
O =5 st A4
> FRA wmEe| M U AlSEHA e AR MM SHE st 5AHAF T[=
= HC} CIksE Bl EAHo| e = Ues F74A HOIEXXLEHe el & 3 &8
o ZUHE Qs =HHAT= 25X
= U2 2 HAFZEIE V[Htez2 BRAl A WEe| Ciefst & o7 T Hestd, &2
HATZ 2 Cclg3 &2 HAFTFHE A otet
A. F74A AHO|SX|X|LZEe| AlZHHH A7
B. X[HtALENO]| 2 =X HFA|AH Jfwr
C. 2nd order waved| & = U= AFAIAH 7HE
D. /4 =& e +=xH= 2 motion isolation 22 &M &
» O 2ot =il AXHOE ! AlSHZF FUEFE et AlstedFe| 7(= 2 & et
» 2RA ZFCHAOIS XX Bl MA 2 S XSS 7=
= 2Ol AlFZ7|& (ICT-IOT Z|l&, EE, Al & 4XRMA7|=7(4H
s A B 2E F Xsy s ZUHY 7|H fX[Ee|7[= (ICT-I0T 7|&, EE, Al &
AXRIMRAT | S 7|8

H6Z.

o7 BhEolM 27

!

ol

Hel =t

I

7l 2

rok

Oz rum, C., Sha, Y., Storheim, M. (2017) Multi span suspension bridge on floating foundations — behaviour under

ship impact,
Papinutti, M., Aas—Jakobsen, K., Kaasa, L.H.,, Bruer, A., Marley, M.H., Veie, J., Holtberget, S.H. (2017) Coupled

wind and wave load analyses of multi-span suspension bridge supported by floating foundations, IABSE
Symposium Report, IABSE Symposium Vancouver 2017, pp. 3052-3059.

Papinutti, M., Bruer, A.. Marley, MH., Kvaleid, J., Hatami, A., Pathak, R, Bhide, S. (2017) A frequency domain
tool for investigation of wind response of TLP suspension bridges, IABSE Symposium Report, IABSE
Symposium Vancouver 2017, pp. 198-205.

Villoria, B., Veie, J., Holtberget, S.H,, Jena, P. (2017) Multi span suspension bridge on floating foundations —
behaviour under operation, IABSE Symposium Report, IABSE Symposium Vancouver 2017, pp. 509-516.
Villoria, B., Holtberget, S.H., Dz rum, C, Veie, J., Jena, P., Madsen, P. (2017) Concept overview of a multi-span
suspension bridge on floating foundations, IABSE Symposium Report, |IABSE Symposium Vancouver 2017,pp.

3030-3037.

IABSE Symposium Report, |ABSE Symposium Vancouver 2017, pp. 1257-1263.

- 157 -



—_

oJ

Mo
ulo
oJ
T

NTISZEH|

H|

o

A
M

4
(=)

AT A/
AR

29l
ek

M

ol cc

AL
0

oA 7 L abA|

9%t

00
ol

ol

10

&)
0
ol
ioll
o
ok

i

——
1o

Rr

00
o

ESPN

ol
70
2

e

1

b0

AN LA o o

H10%.

mwo Q_o — _n_l E= ==
B _%0 R 1 al=3 =3 =3
<gd 31U — Tl — H___A_ o
R i R R TR
o3 == nr ol U I
P23 ol B ol = ol = i
- — = ol K ol =3
X
<<
U g E_..r_M E_._r_M Erm o
I U M0
ol ol 2
=z W . H = 5
= llo = 3 2 g
k3 I~ 0 ] =
Hoour < S S =
ur S S S S
T
w0 & e 0 ©
xR o o s o
(@) (@]
~ Mr ]
HWE w0 e o M %l OH o o
W o ! o e
ol Ki ol Ki ol Kd
ol UK 3 UK
K K = <d K K
i ERC3 KR < EN3 i K
4B 3 = = =
4= x 3 2 e 2
= ) = m_ or RY
= o =
n_._uo — ;| ) Kl < =
B zepta FO,Cri RT®Y S.biF
ur ur momnﬁ_ﬂn 7x_.___ﬂ%.__/.uumo_nlw Mﬁd_xl%___aam%
= ~ K0 7o l or K0 — = E] IF o 3 Mo@ NN F o o H0| Kk &0 -
g ~ < e KMl ERG = M = 20w - < D
2 w3 _ Ry z) R = X0 R0 g <
A NT RS S T B R R e
» 1+ = = 2 = IR T o =g 4o
I T ifd [
Jur < T
= Hur < H 4l A mﬁ
__O._
m_-ﬂ — Al (a) <

- 158 -



T ®
Tl oUo — m
E.HX — m
ol = &) =
_on__A A S
19}
LHo
0 m_._|_| r
_|_._ o _._.__l
ul Tl Hr
< 2 5
O.xﬂo - = S
o 2 o - Z o N
[ gy R ~—
[Q\ o 0 O .
o~ - — N~
< s
© <
o NG <
: 2
() .
ml._._._ = _ _ o 2
N0 iof KI T _ © 8 > = _ -0
M o Of mnmmmﬁﬂs mnlamwu r
—_- Ou = - rl..l...l_ - _|I|
ol Ki = > . = 5 S 5w 8 @ ol - rr
< R = 23, & 7ol o ol
K - . = P ogk = ol 2
K < <K = = oo
iy In K T0 —
7 & = — ol o K g0
= ol .__Au_._mu_ N — I K
L I T " R 7 R
Ir i 4 ol 0 P > e = [ — ol Kl —
x M ___MpnwﬁTomnmydseo < 5§ z 2 0
2Rz NI Ry s z3 3 & B2 53882 pw A P e B NTRE
N WSw My 35385 3¢ g5g345H 55 8 I opo L KK H| E_O_HL__I H
mtAﬁ___olathuulumcmtvta_uirrp Im_Ao_:_uxnu_. = o7 "R H|
1+ = 0 ur_n_eSSFTonIaSIruton_o_Emla K < of I zux IF rR_="
nr - 3 2o 5 b & oT S % e = o o = K R ol X &0
1) o O m W™ K= IE._L_an__o_i_oIo_e 9l i
= @ aal T S KO KK HN > WUZ I KO g 20 O a0 & T
O S = Kk KK 3 o | ST o
O oM " ﬂx_.ﬂ nr Ky 2 <
W A1 il - K = |
Hl = =
o @ > =
© ~ [9p)
e0]
S o

- 159 -



HM11Z. 7|E} AbsH

H12%. #2

Ao
ot

T2 HAAZIE (SHAMEf M A ™) 2012

T2 HAAZ[E (SHAMEfEAY) FHolSwEH- 2014
DESIGN BASIS , COWI

DNV-RP-C205

ONV-0OS-E301

Eurocode NS—EN 1991

Eurocode NS—EN 1991

Eurocode NS—EN 1993

ASE, 43| (2017) S5 LY S i3 HE HRHS S| T2
3|, H29&, M1Z, pp. 49-60.

=0 ASS, BIIE (2015) B4 IIE-ASS S§ LEAIARC] SOIEAT) JI8 M0 248 A7, st=oiY
2 HuXIE2lAl, H 183 XMl 3%, pp. 135-142.

Cifuentes, S., Kim, S., Kim, MH, Park, W.S. (2015) Numerical simulation of the coupled dynamic response of
a submerged floating tunnel with mooring lines in regular waves, Ocean Systems Engineering, Vol. 5, No.
2, pp. 109-123.

Dz rum, C., Sha, Y., Storheim, M. (2017) Multi span suspension bridge on floating foundations — behaviour under
ship impact, IABSE Symposium Report, |IABSE Symposium Vancouver 2017, pp. 1257-1268.

Garrett, D. L. (1981) Dynamic Analysis of Slender Rods, Journal of Energy Resources Technology, Vol. 104, No.
4, pp. 302-306.

Kim, Y.B. (2003) “ Dynamic Analysis of Multiple—Body Foating Platforms Coupled with Mooring
Lines and Risers” , Ph.D Thesis, Texas A&M University, TX, USA.

Mohamed, AMAH. (2011) “ Hydrodynamic Loading and Responses of Semisubmersibles” , Ph.D
Thesis, Newcatle University, UK

Oh, S. H, Park, WS., Jang, S.C, Kim, DH. (2013) “ Investigation on the Behavioral and
Hydrodynamic Characteristics of Submerged Floating Tunnels based on Regular Wave
Experiments” Journal of the Korean Society of Civil Engineers, 33(5), pp. 1887-1895.

Papinutti, M., Aas—Jakobsen, K., Kaasa, L.H., Bruer, A., Marley, MH., Veie, J., Holtberget, SH. (2017) Coupled
wind and wave load analyses of multi-span suspension bridge supported by floating foundations, IABSE
Symposium Report, IABSE Symposium Vancouver 2017, pp. 3052-3059.

Papinutti, M., Bruer, A.. Marley, MH., Kvaleid, J., Hatami, A., Pathak, R, Bhide, S. (2017) A frequency domain
tool for investigation of wind response of TLP suspension bridges, IABSE Symposium Report, IABSE
Symposium Vancouver 2017, pp. 198-205.

Taylor, RE., Jefferys, ER. (1986) “ Variability of Hydrodynamic Load Predictions for Tension
Leg Platform” , Ocean Engineering, 13(5), pp. 449-490.

Villoria, B., Veie, J., Holtberget, S.H, Jena, P. (2017) Multi span suspension bridge on floating foundations —
behaviour under operation, IABSE Symposium Report, |IABSE Symposium Vancouver 2017, pp. 509-516.

Villoria, B., Holtberget, S.H., Dz rum, C., Veie, J., Jena, P., Madsen, P. (2017) Concept overview of a multi-span
suspension bridge on floating foundations, IABSE Symposium Report, |IABSE Symposium Vancouver 2017,pp.
3030-3037.

At

t

K, SRUYPESE =L, SRYPES

-,

HI

- 160 -



s
e

H
m
R
ofm
N
>
Iy

Rl pAtiel A DALt

—

bAtdel oAl

- 161 -



