I PPRR 5ol o ot OV o8 el ol T aslilod

Wl B (63U (mtyoF (S 25lw 525 45 ] Ol g Jomo (o
WL S92 g0 (o855 (55551 () 4wl ks

Slows Lo S
oS5 028 oy ol lioiler 5 5Lt o LS (ol (pmiign 05T (6,55 syl

Ol 8 o codwl ol
R P RROWE R T SR VE

Sl ol oDl Sl3T ol8itils «lidizs ¢ pole axlg ¢ Sl o aulio 09,5 ¢ Lol
&Sl e

Sl eyl o oodheol of5T olKizils «liims g pgle axlg ¢ ol o pulio 05,5 ¢ Lokl
&HILS blem doze

Ol el S ol ciaiio oSiils (o cwdige cuSiisle ¢ Lzils

- AVY : oled oy )b 4/ £IVY 228l o &,
m.ghodsi@srbiau.ac.ir

ol

ke Sleal (203 13 0,0 oo Jsb 3 S Lnea ol slacslo Tl 51 Ll b slaesle b slassly
sade el s ehsar slael Col 5 (Say mlpal 3555 (o sme 53 Llls Lol ) (St slaejlo D s 05,8 e 13
ot o 3l g B Ol e 23S Ll gl il b ol Sl el Sl eslinad oS (slaGas 53 dimes T 2L
3l Ll (2 me 3 glassle Sl @ w5 L Geed nl 53 el 4Bl D50 LT Sl 5L L s baps 5 ol 513
Heil e asts 6l and lendlS 3 8 8 a3 b dlsse 23S 6550 s Sheslinal bidss ST VL (Sa 55 5 215l
S el s atls Ll 13 s e 53 xiy of OF 13l 4 U s ad e s @3l slasl il DL 5 slael
15 (il G2 L3) adsl s 4 S ool GO 3 6 5VL 35wl s g Iose 23S (6551 Lhas i e 0L
Al o (S e S35 L iy ol daw s by 5 oS S b Sk 5 SO Slaral (riean
S (555 e bl B slaojl (Jloge (23,5 (5331 Sealizd Gl by, eedles (il 1y E3lg S



yvaa ).ul.v X o,leds VY 0440

2 e | o b o) dad g) ol J) (S 298 (0 et
oy S gl 4 & Cuw Tojlo a3 (o3 (b)) sl 2
5, 6] a9 0 43,5 IS 4 pair (sl g3l SIS 5 oSS I
Joge Sluogad (il 1 (itee ol (alolid (sloedg) solod )
Slogad (b (390 2o 9 Ldge JS—5 ¢ puilS ) o5l
Sl gl 53 sl oalisol b (g5 s el ol (S50
o 5 9 Ll (Soed Slmogas 53 i ool (Sealis b
g0 2lowlid ol 1) adgl Jole 3 1) (lojla (slacel
5 SIS slraizze L e Lol Bl pl8 395 i
D355 (o 03l S I (555l

25 e & g oz 3 bojle 13 cuwl plolid (IS b &
gd (oo (s dib

bojls 3 (o3 529 pas b g 3929 paeis 1yl edaw

@ owiin Cusdge (mad + gl aw ipgd gaw

@l O S Hpgd aw ipgw

L7] oslo (3L sae (055 +p5 o 2 lar s

o cuaeal 4 295 b S5 g ol (gl (bles g pasets la b,
Olgie 4 Cuw L odgy (slod i 5 Cligiod £90 g0 0jl Can S5
sbol 5 ol o ojls 53 o] (ool gl e D gl 51 (S
Joo ol gy (padls plgs ] ojle (b bl
leMb! 31 03l b caolS gy g 592 50— [8] winges ) o]
V5wl s oy (o 5o 0 o] plwlid 4 5L
s90 JSb 5 uilS 3 ) g0 slagsilee sl Ll sl
Sl 15313 )5 o 1 3y90 g5 4 s 33 (550l b5 ol
abys pyr CoiS e jlEaS 5 55w P )3 s Al ye i )3yt
b pastie g 4B)S 18 )y 3y90 0ad Sl sl el
sobate 41 a5 )ily g eyl [9] st ol 31 5l oglite o]
03903 o3lil o3l (sladge S5 g uilSyd 5l o5le 1 o]  glolis
[10] 55505 (yans 095 sl B3 b1y o3 Ca b g Joxa
Sl Jge ()8 3Pl bl ]y (B9 hSen 5 Sidsg>
9 pade b ojlw (—ilS) (sladge jl asgere j So Sl
ol g oS [LA] 05,8 @01 LT 15 (6l ol ol s
8o slogSs 13 ol pliee e 5 (b S Sl (o)
s ) 030t ] b o] o w056 5 S s s 03905 )
Ibge sl yiall s sl (o8 95 o 9 431 Wadge JS5 5
o=3ls b jloslisal il g o8 [12] w3505 sty Jgo 8 03l
Wile s glo ojlw (sl Iy Jbge (S (551 0 (See 25

35 o3l 56T anlilad

dodie
b ojle 2 (2byd i 3 lasme )3 ()l 0 yes Jsb
ol )l )13 (xe38 g 03ig) Sy slaiap ] (3520 10 polao o
el 295 slagys 5 (52,98 5150 S5 by g obul Jd 4 el
ol 0ed 0 G ojl (gl (g M S lgis @ oS |
2 e b aS Mg b s sldel e Ol 4 il 0 Sy
OlFse 9 039 oy n BB ojlo (Bl 390 S g (anbo 8,8
Dged  2lolid ojlw )3 |y ol il yuis ol s b
3929 Jebdar ofugas 303 )18 (63L5 42g5 )90 L5 53 5L (558l 05 el
sl 4 Cauns ob)yd ool gYL ey 9 byd 30 w9 3ble
b by (Kiwge 9 (Sohae 5 (b ()l 95 I &) (Sas
Mg lp heagd auis o Gl 4 by o3k 3 elitl
&b 55 Sl el IS bl el gkae (655
Posd cuas ol b ool slealsys IS b b (GWEC)
L )il y5eb b g 0390 ClgSS YA Ll VN Jlw B L
055 gl &yl eplinng nly ) Jolw 51593 ool (6531 sl
S5l Cadylo SIS oloxy Sl G & 2950 A (e 29>
2535 cems VYF LYV olodlo oy o wds Jolald ool
el b cos Jlow ;5 5l z b ailg o o3b by
S slranga gl jglate 4 cplply S 8 0a it o e
oy it olaBl bl g joe Jobo (I3l e6) 0SS 5 o
120 35 15 codlo ik o pee o & s | o
Jbo (o 4 S (ol b (ool slagg oyl Sl @ a2 b
O roe lp Jgene sob 4 (0L lagyg g Slodd cad
oty Jloy ¢ [Blaigs oo (A Jlo g 5 G b G
3 e V03,8 Iy (535 Can) ol 15 (30 (slosmysf coodls
@ Sl 21> (b S myg 4 peS (s Sl (B)b
@ b lojle (Sl LS (Si s 5 #ly (ool sletys
il gy ©gli5 o (52,98 sl g b ol el S
Skalgys sl 298 (0 (2L 5 (S 3 b Gladng codlo
QBBL o390 b Lo Cond ol o o | 35505 ((Stid 5 Bl
Sly &Sl > el J15 959 ooy Jo g okid 2 g oy
[4] ) Glgl cumnl o3l o5 il el (o2 (sledaryss
o bbb pas g b b b e Ll S aaeg L
ol 3 e (il bl B o0l (e wl lp dgpitel
o apé b gy jloslate | eplply | (Seali ojl cuodles
S50 Candg 3l lisabl g gieal GalEl (sl ol Ll



1vaq )""l) Ay O)Lo.»:} AY 0)50

Cambye 3:55 lolid sl 1y (sl o jo 93 g, o e [23]
2 a8 2900 &l gl ol lhoiunpn o A K glb canw] U g
35 WlSe sl Jdge (S 35l pad s G o Jgl al> e
G epg alye )3 g 413,58 o3linl 3,90 03 S )3 ]
2l 5l ealinl b cl)d alodjl (o5le dig wiay93) 51 o3kl b apul
U5 ) oslis ol | Ky 59 [24] 433,55l dlo g
ol (gl 0 ol g ol o 3 03l Jlogo (i S (5551
il slos g et ld (o0l oy sl 4l 5 ol IS
S5 e Sl gy b Capns &S Sdgad )l Jage i3S
B9y ol R 9 st [25] bl (6 5Vl s S
o)l 5l (56 i) (65l e o] e Slulis (4l ],
53905 a0 o T g wllo s 93 5 il o 3)ly (Sl |
PB S gpas g shS S sy 2l Ghe) ool 2L
ol onl g 03908 (wyp (ldd b Sy sl aled e
5 on 2se sl il 05 Sy )L Jlesl b oS W
OKAWTOKA s ol 4 b oS ol als aw b
ly Jage (otiiS 5551 o9, 3 ) \Sa 5 S39 [26] o]
5 0350 o3l | Jolus 1593 (595 K4 (gg) p e | 2k S0
S b ol pase i gl ) (eleS (e Sl &S i8S aom
G | e et sl Joge (23,5 550 3 e sl g
S5l Sen g J2T] clla bgy plow 5 5 sk cons
2 ol lslid jolato 4y Jlage (i S (53] (Aol i)
st 9o ()5 (655l ey S sl 2 2l GbgS—
1y Jge (slauuslS 15 48 sgli5 ol 5,8 o3litsl ( skl a5L)
DP9 Y €83 odimd (LS s MBS HlaS )3 395 (g ) 5
3 ] Wb ey bl (aslis by 4y Cauns gl (ooleiuig
ohlSan g Sidisle [28] 55 2900 Joge (sla o3l j5 2>
39> 63k ladygp M il b lase Plsso 950 (o
D9y (rromly (b (il 8 Jolo o MBS ams Jo L
o & | sl (o0l g sl 3 9290 Slaw] (2l
2ol [29] wizan ST cEa b oS Eob b cainsny sl b
6] 2 it g et slb 4Sud ] oolito | b oK 5

[30] st oy (6L oy slar 3 ol (2l
YL (QUlg5 5 €8 oaimd (L5 (398 (340 A pol> (o 5
bl ojle )3 caw T gl ks )3 Jbge i3S (6551 o9,
ojbo 2 ol i e 9 e ol 4 Galos ol 5 ]
o | bge (58 (351 Utgy 4 (ol 13 03k (my <S>

s o5l },JL;T dslilad

03903 () V98 b S 59y 1) oy ol (2L 03l ety

9o [13, 14] a5 ol IS (lslis 4 850 (2 41 9
o 15 (6l onms sl uilS 5 5 o0kt | 350 55 (] alllne
b (SlaudlS 5 ) oolitl s & 8.5 a5 3l plos] ]
S ol )3 s 5o s (B ] (mS 90 lolid (4l
Sled 55 31 oy e sSle 9 )8 18] 48 L Soe vl |
03l gy el o o)l clasedio it | o LS
P s ey g0 JSB ol gy ( Idge 58 5l 25
U9y 5 P 3 lgSy )b bl )3 i (he) gy Sllaal
Wxal g 03900 (o—wyp V98 b Su 9y 2 ) (B ) e
<85 gl Jldge (S 55 B pasld gy o5 S
sl g 8 [16] sl onlizl 3,50 (Slabg) plos 42 Canms (5 5V
2 o WS €85 250 pslato 1) (Mo | 3 a3
958 Se g9y 2l ol @D g 00l dmgi sl slasl b (slo ojls
lolid sl 1y by o Kan 5 Siz [17] wogei halesl o
elmage JSCi 51 odlitul b (g aomios lall S5 sl ol lS0
5 e siladio b g 0,5 Wl 5 () (b, il el cony
ol (gl 2V bl gy ) o 200l (s 5 el
@b e & oSen 5 05 [18] o) a5tz 5 (S5 (sla o]
5 4l (lame (sl S0 0w oLl clagSs 1> ol
pie (Shy il a5 10,5 Bl ol pluslind gl i gy S
55 5 o gy 08 (o0 00litsl Joge (225,87 (65 s
Ihge ()3 (51 Sl o (i3 93 4 1) Sl Iage
Jose (23,5 (555 Slpts Cmd 50 5 (CMSECR) 5L
3> oo ) ool (a3l 93 5 03905 s (FMSECR) ses
S osli | b g sga0ma il Jao 4y 21 (b 5y 39 5 o [19]
g 390 JS1 g b uils )3 Jolds oS ojle (Sholsd luo guas
5 SSly [20] wols 0] o T s cyonni g ol L polaio &
13 s | s 1 st &y Jloge o2 558 (5551 Loy 51 o Sem
S 93 ) Al Jdge (sl ool sl el wl b (2> slagS
loainylee oo | ol gyl iy 03,8 oalitis | (gl 590
0 ey o) Sen g (b [21] wdges (gjlaw a1 (g kB
wiio g 5 5 e | pard 5 ln ) Jose (855 551 S
P 09l 1) (o0 &5 MBS aomih g 23154118 (o0 )9
dmivo g 5 i ()18 45 ey 4y g pald )3 ol ol
oo Wl ly caw 1 asls g9 9 90 [22] 3505 o0l | 355l

L3l Az_wgl Jl.!}o u_m); d)).:l UP9) u.u‘_w] » L@)g 5 o]



VAR 5ol o ojled Y o0

¥ s g 45 ol il i ol | Sk e
o3l 3)90 10 0+ B YD Ol Boe (sl g Cowl ords S5 algiw]
[31] 5,5 (o )18

Monopile Jacket/Tripod
0-30m, 1-2 MW 25-50m, 2-5 MW

[32] oo 51 195 ool sladyss sl 29290 mliioh gl ) USG5

Floating Structures
>50m, 510 MW

Floating Structures
>120m, 5-10 MW

&3 Oy 05l 53 (395 3 (WU ]

25 el Jolo yiare glsis 4 (S5 o ol
(SN xS 2 B —n D90 (2 @b ey Sl
L ober—d Slo—isSly Jl 5 ol S o 55 (op il
“ 8 (S8 o Jos ol o] BT e b (olor9,)
Jub oo dlse b Lo Ol odgll (lsm il s Jalse
sl 50 48 |y sl Umojlas sl ogilly o (S 395 oo Sl
@ gojle 2l ok el plply g ond dlge (58w > 5l
2 b Bl oo (52,8 w118 80 coui ) o el egilly yobo
2 Cenglio Yloinl 5 (ol eojlow Salind 5 SVl slosSTis
2REES dbnl b opis )b jl g 4l 155 )86 ojl (St s il
M8 1 o)lee lolaBl cod sy azeis 3 5 0l Flygw dlol
slo e Gl ojlw el (ialS 4 Sl (o (53)08 Wil
2o b oS Slinass o 4y 00l (g30)a0l (D905 (loj g yrass
2090 33 3290 (S)lo] Cle bl (glive 395 i mdg CBlge
Slllo () 93 LDl g s 3)90 YFOF IS g ks (glagSs
5Bl @algs ol Y oy ooy cul ol (555 Yo V0 YAy
Cuwl b po 055 Jelge plo 9 (53)9 5l (8L (SHlSe conss
133]

o ol e ialS 4o ) 5 38 Jlgj (a5 pslate &
Sr935 O Sl yite 503 y05 by lasee 3 (535 Ghogs by
o (A9 JB 90 4 Slg5 oo (53)95 5 (L 55 ]
»cblis s gl by Ol ) el ojle sl jugpw

i —osle 5JbT aslilas

Jlasl Jowo oS ads yo oS pl do g B goud g0 .05 dlgs aidls
@ ol Gl 4l paien g 039 (3L oy hol o3l g 03l 5
oo ojl pj slasl plo jl i (Gly (a8 Sad 5 5 W
350 1l La el ady 51 g 1)1 )18 (53,58 51 o5 b (slag |
045 (o yy 4538 Olidss ) Epoge U”I .\.s)..f)‘)ﬁ Ceo s u,».ul.:
4l g adye ) @l slasl ) 3 385 cnl 35505l pls sl
o lwlyd (3L Sl )95 sl 29290 AL £l
93 63k Sledygs sl oad ol | sl ol o5 il (98U
b S s A s o el o33 Bliign £55 5 oL
BTV Sl 3 33 o ety Y05 L b 0l (sl
WY 50 5 kligise srliigh il sleiys ooy M oS
Blos! gl a8 b ool Ialo i g 4l )lhe oS 5 K> do
8 ool 13,50 35 (58 gloal L slolio )3 5 50 YO 3l 2 o ]
Oygpo @ Glo 18 ool ety b ojle pj il w WS e
(A yos 0)93 Sy P B g d (o ALk ()il 4 5 g
s b s 550 2 53¢ oS (o St
o i 4t 3 5 ot 5 o 5 s S5 gl
<l ol 290 S5 U'J9‘ b iS¢ s d‘)f b oss b
bbb o e 3l (i Gor—wliish 5 z9e m (S81
2 Ol g &lgel ST (e B Gyl plye 53 05 by (esligy ilS 6
@ Cawd oyl )3 [30] conl prolus sl )l (Saws b ol
329> @3l Sl o oad oolitl gl ojls o5 Jslce glgil 9
39 oo iy ol

Jiligige

S iy oag gl ol (2l s ol g o3l 2 E55
Gos ly yidi ol oyl 1wl oad St S (ol o) (4l ol
o OB Y 3g05 ;5 broud ylad 33,5 o o3t | yie YO 5l yieS
403k oyl Cunl jusie 5o YO UVA 51Uy 4y moud 2900 g 009
ol yd cladle 4 (Jg il s 6y (gjlow odlol 43S
S9y Kidgd Jolse @ly 3 9 walie Shgrge b (0L o Sl
L31] ) 5L 53 g

sl 5

&b gla Aol il as cwl 4l aw ol Sl IS Dl
dgd> o Blos! sl siiwojle (ol cuwlosds oS5 (gl wilgia |
[31] .)):f L;o)l)ﬂ ool D)9 yio Yo



1vaq J.o.:l.) Ay O)La..:} AY 0)50

Atmospheric zone

Splash zone high
tide

Mean high tide

@

Continuous
submerged
zone

Mean low tide

Mud line

Relative metal thickness loss

P OB B I 85l e 62V 5 pod o (S5 Jibop ¥ S

Jisgn (55 5
@ Caid ) ilisee bl Cund g g9 001> JSKb i o 0 ]
e & Jlosl Glagy Sl Al s S oo Iy o gl Sl
ol 5 o 5 s > s S5 5 b oy 5
4 4 09 (o > 53 (£15)] (G551 g 4 (550 (5)0ke 03D
Gl end g Joge (235 (5551 09 (oo 4l (25 (555 ]
3,05 5,8 sl olas )| el 43 05l 5 945 o3 3l 05l 4y gy &S
5 S5 Ol (o 0ad Wl Lallgy o g (Selnd o b oS
MKWYM D)Lw ;S\g.).) U)‘P ..))9] Cawdy ‘)9““;)&’;]]‘)9"
D5 (o3 638 0jle oy G ile 2 9 398 (o 03le (Buw
u@ndmli;D;NsuulNEL‘wTusx‘s‘a}b)b&))
[17] f (o sty o alad, 5l ojle Jsge

K; = ®?C®i ()
w}ww))lnc 90)’1»1 .)ycds‘ﬁ)‘.))gc):n‘i ‘(Z)i‘d.la.g‘) ‘):l).)df
125 kel 51 Jlsge i ol )3 guie el | 8 lin sl ol
Lol dnlgs Cawdy

Kij = @iTCj(bi (v)
S )itn G g ol ool Ulsse s el | KGj ety ol 3
Ll °)L"L?>‘“’L)‘“J~)’L° Bl PIJ ul.o.”

o Y dlasl 5l Wl o5l pl T390 55 ol ] el oo s Capunis

WIRVNPES

=

t
Fij = 71 (Yl)

s o5l }.:JL;T dslilad

odlésiw | L;b)? g,«lo‘.bjjaﬁbu dl.k(w.wy)l \J?"’“’ ‘L;J)? )J.I).f
03555 JolS' 13U (glylo ¢ Yy (B s clbslas lgl opl (Jg 09 (oo
J.:.j.) 4 u.b] bﬁ.&f) VAR L.J).w SYL w ‘LS"’LC @LLA )0 9390
u‘.c)‘_»; Ll YL AJ,:Z\”» l;.).g‘ﬁds.)” < L)‘&")I L;))P
eSS digzp oS el oy o)l (WCO) 53,8 Sl
aisa [35] cusl Jlo 5 050l ;Y5 aa 5 V. 290 3 3,65
YL Lo LalB U adgs 5 AF Loyis (53,95 elgl plos (ool aidl
[36] ol oaxi

o Cund das e (63908 @i o 3l by Ol 3 oY ed (50
S g3 b oldlias Cuxdas 4 dngh b el (S aidl &5 WS
2 Yoomo (63Y9d (63508 o SO O (Sd)95 £y Jlo gl S
| o o U o8 0 )3 jauadl (o yme jo laid &S YL iy
28D (o0 7y (§ytmadl Cugloy b ygmw I ST (55,05 lois oS |y
55 Loye 2y b arojle ol &S b eMas | 4 40l
Aucds polio Cygo s (S0y95 Ladloee Wb g atily HI,8 ud s
2l Udw LS &S] 055 e cp it (53)05 £5 9d (o0
b e Dy yls J18 jheun sl o yme jd b ojle &S Cuw | >
rosiee SUOP 4 (S0 e g )i S Cedle nj o
225 Jobw j1 S b o g U asl pl &' s il o il
St s drojlo jl (S j0 ey ol bogd o clidlon s
Al ad an b opl )0 Canl (Sew (53)55 aler (D508 (slomads
WY > poga sl o qod 4o g Ggpe LIS )3 03b9d £ o
By b el 0125 o 5] 215 sk sl oS Y sl
2 b o oIl 3929 SSIPS 3 @ gl b UL >
O 3> 3 S) gn o Lpp chay o Jiis & Sy oJ5 L 5
&59)} Ale & uﬁl} WJL—"" cL;Ja.B‘.ZA LgLQ‘o.laB 9 sl dg>9
oas ooly Lis ¥ S o bys Ol )3 03V g e S5 (595
SOy Ol Oy s wdd o i JSB opl &S jshailen Cuw |
B> oo fy bl 4l



yvaa ).ul.v X o,leds VY 0440

g WY dblee 3 F 5 ¥ Voleo (6,liS51 L
_ (Kjj + KDK;
(Kij + KK
590 plad (gl Yh dbleo 2 F 50 ¥ ) &Yoo (£l &g o
sl sl 235 S5 4 (NE) o ol plas o (NM) 55290 (sl
B bl &S ) (o Glall o

j, < LIA(OGL00 + SIE 0T GuODK o
M(B7 Cio®; + XRE, O] Cro K]

(%)

g 5l S el 395 e i 8 el 55 4 oY
ol ol il s st ok o 5 s )
o g ple Sl g Vb abaly 53 ol ply 098 (oo eolistn | g
ol o o3l Wl ojlw
ol gyl jleslate 1 oLl o (sl B o3yl o sl an
{12] 55 o e5loy

>Nl JIsge (o )5 (555 9,

395 oo 03l ladge S5 5| Lt bt ol 3 (adLd cpas 5
b sigd o 488 Jai )3 o S (i 53 b (louailS 8
o ly Ige (slounsls )8 &S ol oald oyl (L8 Cldudod wgng oyl
9 (D909 O adge S 4 Coid gy Jlww < b g
Oms ) ulS 8 leMbl 5l e qubiw] gy deue jskaio 4y ) SKes
Wl sl o5l gl o3 Julows [28] winges eoliul caw] asli
by ) Oy 4 Olgi (0 1y 003 cannl

C@i = wizMQ)i (\;)

* *2 *

C*®i = (Ui M*Ql (\V)
gl skl 0 ptusw p2 slomrsle MY g M ey ol 55
Wlo Vs 53 Ige wilS )3 el T e W] 5 W; 5 0391 63 capes |

Sl 04ud w’l 9
l.s_\.sy» ts“b).l‘“’ L;Du»u&gww}adwi ‘L;K)}]od.g
Ol S 8l G Tl g 5 Gl 03l p il ol o llS
s BT sV da)y Gy b M = M* iS5 g ydb 4 sl

1euils menlgs BT 51V aolee

K = 0] CO=wi @] M (V)

K; = 0}7C'0;=0;0;" MO; (19)

i —osle 5JbT aslilas

l; sl ).gl).g w’l C,Jl>).) o)l.w dl).:kﬂ.w)ua.o."b

K,
. _ Rij
Fij = K (%)
WWid o iy iy 4 Kij s K oS
K =0;"C*o; @)
K = 0] C'o; ()
ol 0303 Gl Al Sl # coodle (398 Ly, )
T Y dble o ¥ dolee puds b
F_‘?} — _K‘:;Ki v)
Fij  KijK;
bl o oty pj Ly, 51 G g G plio
Cj = E;iCj, ()

Jos)edloas o oo to g 0 Ef 5 Ej o p oS
905 b o ok o Ty pllis b o lall (el ] (st s VI
D38 o 2 0 ) pl] gas s Clasis ks Cjg
35 dalgd aaly i V dblee 1L Ko o8 0jlur 50 ol (a0 31
Fj=F; ()
il gV dbleo U g A F DY ) SYolee (0,8 (pils
B panlos YU dllso
*T *

[)’-- _ i _ [Q)l Cjomi]Ki (W)

1y = P T %

) EJ ) [Q)i Cjomi]Ki
lieS plos 098 walas K & BFT CO} apls o | 350 oyl
3L g 0390 s 55 oo |y (B 9 Di oz j1) sy o >
A wkin g (255 sl S 0501l asel w4 JIdge (sla yial b
g gae ool ] 1o ol (398 dhalas 3l 2 35 8 (Cjo) o5l
23l Bii > 1 oS 055 oo e (ygme 3 390 S (el
b3 S5 ol 0 S5 53 b e o | ol >
ol ey (Fij K1) gy 0 oo Cros &y 355 alas 50
o ) oomd A ]y Codgaome oyl amd o &) ol @Sl bl
ly gasly slade (Vo) dasly (sl 0 85" (Syg0 3 25 Biby g
Bl punlgs i L]

1= 0 o



1vaq J.o.:l.) Ay O)LQ-::) AY 0)50

Top Brace
Top Horizontal
Brace

Middle Horizontal
Brace

[38] ellas o sl o 55w 5l (s - JSa

[38] IX 8o (goSw Clasutn — ) Joio

IX 4l ez oS> &y
e 55, S e
S PYAY wb Job
JEO% PO R
S YAAY Sl 2l Jsb
S YYA =l ke Job
e VEOA @Yl (B ol Jsb
S YYYF Sl Bl anlee Jsb
e YVNY sl (H ol Jsb
JCORI ) A, Cawls
e Gl cwulbrs
S v a)lge b
S VA 4l ks

S g2yl Byt g 05l (59) (5 B e T Jlos]

(S caw | Gygo pojle wlas Clasuie sl 44y b
o 355 (o Jlos! lad] Ao Y1 Jgdo ialS b (0558 o]
o or b 5 (S5l e Tl by gyl canyi b

Sl gl i Jgdo g oo a8y Jlage (58 (555 o)
V-5 & UL.»J olud M Q)yo LY I) wi olises

s o5l )'.:JUT dslilad

ojle slael plod b b b SG ol (gosimd JuSis dlge sl
&S gy 4 i Sl At itV oo gl Wl
Epaa, oy oL E;=E for j=12,..,NE

D by
_IMOTG0 0 oK
b= ICOTG 0, + OTCO0K;

B adaly amd (0 8 (9o Lo o Ol (B
sl s el 3 K = 07T CH 07 ~ 07T CO}
3] (eSS ) Oygo & Ol (o0 1, STUDDS ) 5
g = %Ai( Q)?:Cj@? + Ki*)lii
i=1(0; C®; + K)K;

(")

Py VY daly 1338 9 VA GYoke 30 L
B;
_IM(BT GO + w0 MO)w!OT M®;  (¥Y)
- IM0] GO + 0T MO w0 MO;

905 030l | 595 Lasls VY bl il eolinel L s oo oae
VW PR WAL )
oS s e QLS O L1y ol s (i 50 Sl G
il iy g Bl O =>-1

Ej = Ej(1 +a)) (¥)
D padlgd V5 V) SYolee S 5 L

a; = (01 Gioti] K7 (Y¥)

T T TasT -~ el
977 o0} K

Oy C8S (S5 )d | A g (4180 Lyandeuda §
b
ab ke 69w (3L ey 15 50 cuwl ololis 4 cuond cpl
oielite 5l S 4 s ol e o azslyy IX okl
ahio g gy 55 glas)l eyl e wl (oL poye b sl w
ol 035 0351 V Jgia 5> g8 SleMbl .ol MY (¢5lgte
ol 045 0313 U TS5 55 o5 clod [38]



yvaa ).ul.v X o,leds VY 0440

e

Wl Assumed Damage
M Obtained Damage

u,.l.uln_l | .| | IR _I

e
=1
@

Damage Intensity
5 . &
265
@ 2R

& . ¢
-}
3 n

-0.3)

035 25 30 35

10 15 20
Element Number

3 Je 55558 650 gy 3 ool ul b ol s s =0 JS
Jol ol

15 o,led e & ol 71 1093 (599 bew

ord a1l o 1o 4 15 o)las g s agnyluws oyl o
ol 03 03> inles Vo8 JSi 33 ol i g Jore o]
2 &Bbdgty gy €8 wd b odby i £ S 0 &S jelailen
ol osd 0315 yiles YU €83 b 010> ] guae D ] adls
ol pas ololid )3 gy ol e (o ol S5l psipen
A amd o pLi3 Y Ss ls oYL 8 (oF o | ad b osd

Stubbs Index

'
15 20 30 35
Element Number

(il

IMSE Index

|
30

'
25

'
15 20 35
Element Number

IMSE (c) 5 StUbBS () ;1 oolizasl b el Joee ol =5 IS
P90 Sl 5

i —osle 5JbT aslilas

Ayl Fohls (6w 4 ol Calies clagy )l =Y Jga>

MT Ql)ga uLo.H o)Lq.f; %)Ll...u o)Lq...ﬁ

Y-l \f \

\YA 15

ARV 'O

Y
¥
¥

AR VO&\F

VF 0 )lowd guis 4y cannl 1Y ¢ 1ol (599 ,lw

odd o |yl do 3 Y+ e 4 V¥ o)l gui e agoyliw (ol
el 03 03> yinled 0¥ JSi 13 ol i g Jre ol
5 dbldgngs gy cBd i ol L ¥ S 0 &S jolailen
S psb ¢ Canl bt adgl g, 5l e ol Jomo ol
oxd 03l Lioled (6L s b ond o | gae )3 | sl
YU cds by ol sl g, opl 45 amd o ol 0 S5 wcow]
) (5 e

Stubbs Index

0 —-———— 7I—--I— __.——._ - R -
A 4

“o El 10 15 20 30 a8
Elemant Mumber

(<

IMSE Index

0 —w—— e g e

30

- | |
1 15 35

'
o 5 10 20 25
Element Number

(<

IMSE () 5 StUDDS (il 31 o3litas] b ] e loliis ¥ S5
Jol Gl 3 5



1vaq J.o.:l.) Ay O)La..:') AY 0)50

IMSE Index

- L L I
10 ] 10 15 20 25 30 35

Element Number
(@

IMSE (<) 9 Stubbs (<)) 51 ol b o] oo wbolus —A S
Py Sl 5

04 - . -
Il Assumed Damage
|EmObtained Damage

02} -

I l..11

_% ottt | P N -_I l Il,l

=

»

&

g 02

a

04

06 5 10 25 30 35

3 e 55,8 65 Uy 5 odliil b ool @a i e -8 S

P (G2 los
o 1)l 2o 0 Ve im0 4030 9 V¥ o)led g s agryliw ol o
ok 03> Lialed VY g Ve JS3 )0 o | s g S oo | ok
ABldguy gy B 0l 03l i Ve US> a5 jelailen L]
S s s | ualiin | (29, 3l 3t o T Jore (ol s 5
ol o 03 iles YU cds b oyd ] as yd ] oasls
ol gliael bl j by cpl dad o i S (pl cpiored
4 aad o Lis VY JSb b oYL s clojen ol 4 0>

s o5l }.:JL;T dslilad

5‘[10
Ml Assumed Damage!
EMCblained Damage
L Il l,.._I_.ll..ulll,l
B
£
£
w -5
&
®
E
g
10}
% 5 10 25 0 35

15 20
Element Number

2 Jle 558 5l by 5 oaliil b ol cas e Y S
P90 Sl

15 0 Lo guins 4 sl 15+ s09m0 (g2 )lw
odd a2 o 3 Fe e 4 1D o)l g e oyl pl
oo Lodd ool Lioled Qg A UK )0 e T @l g Joro oo |
obo b )0 aBl daupe ¢8> i odb Lis A JSS > a7 jlailen
ol (e ls o (gygbo 4y el ol g, 5l sy ] oo
o) Ommed «aw L odd 0313 Lialed Y B3 b oayd caw | g 5
s Lo cawl gae Slolis [ b,y cpl aad o olis JSo
D9y ol 45 amd o Lis & S ayls oYL dd b ol

5 o o8 Vb 8> b 1y ol s

Stubbs Index
[

s
E— -

0 - I .l e I

-1

2 L L L L

] 5 10 5 20 25 30 35

1
Element Number

(<l



WA 500 Y o,led VY 690 ajl5 —ojlw 5JUT anlibad _

o ld 4wl lols ) canl o pe olo s Gy, s
Johaze 51 (S 590k 9 o8 Sldad b Az (S ol ‘
ded (Sdnp dw Oy 4 8 CSe (ol e o0k sty T |
GRSLE g 93 Lok e by gl 5 0nd Ay wead il g j |
@l 43,8 Aslio (Mol Joge 238 5 gy g o] O
el Gy 55 oyl 5l g0 A |
% 5 10 0 2 30 3

19 2
Element Number

O 9 ©ad g Lo 20 & Wil (o0 g0 (2387 (631 9y
ol o35 g9 51 S Sl 51593 (65b (sleda i 3 1) ]
Lol

Sl 3 o 5 So o Sloul (aluolicd 3 ob bgy ool =Y
B 8l g5 5 Jgd B 5 ,Slae S5 o]

(<

IMSE Index

M55 Jolo 5193 ook sladnygr slasl plo & Cons (gt

Dy emlio 3 Slos hyls ciiun Baiod pl Lol Claal 5l g 009
sl e e 5V 85y sl dguge Joge (25,5 (6551 b, -

023l gy s> & g cpl jledliiul g 035 glulid ojle 1, ’ ° " EEmem Numggr » ® *
25 (o Ao i

Lol (53 g ey S5 0]l st ghite i & (2
ot Ll CE5 8 st 5 el 90 ol ol 2l G o IMSE (<) 5 StUbDS (cill) 1 ool b ol Jomo (sboleis -+ JS
5 dwiid dSolsl 1ol 1) 08 b (glad )8 30 (Blg p) b 4w ol ol
2 9 Gl Ogliie 4l <82 bojlw g5 ool ) Bes
RN "j ey oS 0 2] (glalas Mo BB cgles b Judou
Oldllas 3 33,5 o dlpi iy (pizmad 30)5 0 Aoyl (gl . ‘ _ . ‘ _
3 s | 05 g e ol W )3 0byd la Sdng) Lid (odm 0d R |
A T
a3
o 5 0 % €Y %

15 20
Element Number

JEl JL\A ub)f dj):‘ L)"?) )‘ ooli_wl L R.A:.AU‘I [urs W= u.:.uu—\\ JS».M
£k g2l

S5 o
293 3L s g 3 )l ot b yos & B S35 L
| 15 5 e bl ol Wl ceodle ol & 5ls ol
Ol 3 o0 e & (6598 W ojlw iy 03y Jleisl sl
Ot Lo Sl (S0 & Jdge (o238 (5531 g jl ool b «Gaios



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

modal data sets for damage detection via
model update,” in 34th Structures, Structural
Dynamics and Materials Conference, 1993.

KimJ T and Stubbs N, "Damage detection in

offshore jacket structures from limited modal
information,” International  Journal of
Offshore and Polar Engineering, vol. 5, pp.
58-66, 1995.

Stubbs N, Kim J T and Farrar C R, "Field
verification of a non-destructive damage
localization  and  severity  estimation

algorithm,” in Proceedings of the 13th
International Modal Analysis Conference,
1995.

Stubbs N and Kim J T, "Damage localization
in  structures without baseline  modal
parameters,” AIAA Journal, vol. 34, pp. 1644-
1649, 1996.

Salawu O S, "Detection of structural damage
through changes in frequency: a review,"
Engineering Structures, vol. 19, pp. 718-723,
1997,

Farrar C R and Jauregui D A, "Comparative
study of damage identification algorithms
applied to a brdige: Il. Numerical study,"
Smart Materials and Structures, vol. 7, pp.
720-731, 1998.

Kim J T and Stubbs N, "Improved damage
identification method based on modal
information,” Journal of Sound and Vibration,
vol. 252, pp. 223-238, 2002.

Li Y Y, Cheng L, Yam L H and Wong W O,
"ldentification of damage locations for plate-
like structures using damage sensitive indices:
strain modal approach,” Computers &
Structures, vol. 80, pp. 1881-1894, 2002.

He-Zhen Y, Hua-jun L and Shu-ging W,
"Damage localization of offshore platforms
under ambient excitation,” China Ocean
Engineering, vol. 17, pp. 495-504, 2003.

Ge M and Lui E M, "Structural damage
identification  using  system  dynamic
properties,” Computers & Structures, vol. 83,
pp. 2185-2196, 2005.

Shih H W, Thambiratnam D P and Chan T H,
"Vibration based structural damage detection
in flexural members using multi-criteria

1vaq )""l) Ay O)LQ.:: AY o)sd

s o5l }jJLIT dslilad

[1]

(2]

(3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

&l

[Online]. Available: https://gwec.net/record-6-
1-gw-of-new-offshore-wind-capacity-
installed-globally-in-2019/.

Rolfes R, Zerbst S, Haake G, Reetz and J. P.
Lynch, "Integral SHM-system for offshore
wind turbines using smart wireless sensors," in
6th International Workshop on Structural
Health Monitoring, Stanford, CA, 2007.

Fritzen C P, "Vibration-Based Techniques for
SHM," in Structural Health Monitoring, 2006,
pp. 45-224.

Bouty C, Schafhirt S, Ziegler L and Muskulus
M, "Lifetime extension for large offshore wind
farms: Is it enough to reassess fatigue for
seleceted design positions?," Energy Procedia,
vol. 137, pp. 523-530, 2017.

Doebling S, Farrar C T, Prime M B and
Shevitz D W, "Damage identification and
health monitoring of structural and mechanical
systems from changes in their vibration
characteristics: A literature review," Los
Alamos National Laboratory, 1996.

Balageas D, "Introduction to Structural Health
Monitoring," in Structural Health Monitoring,
Wiley, 2006, pp. 13-43.

Doebling S W, Farrar C R, M. Prime M B and
Shevitz D W, "A summary review of damage
identification methods that examine changes in
dynamic properties,” Journal of Shock
Vibration, vol. 30, pp. 91-105, 1995.

Cawley P and Adams R D, "The location of
defects in structures from measurement of
natural frequencies," The Journal of Strain
Analysis for Engineering Design, vol. 14, pp.
49-57, 1979.

Shahrivar F and Bouwkamp G, "Damage
detection in offshore platforms using vibration
information,” Journal of Energy Resources
Technology, vol. 108, pp. 97-106, 1986.

Hansen S R and Vanderplaats G N,
"Approximation method for configuration
optimization of trusses," AIAAJ, vol. 28, pp.
161-168, 1990.

Doebling S, Hemez F, Barlow M, L. Peterson
and C. Farhat, "Selection of experimental



[31]

[32]

[33]

[34]

[35]

[36]

[37]

yyYaa ).ul.v X o,leds VY 0440

wind turbine support structures,”" Renewable
Energy, vol. 36, pp. 2831-2837, 2011.

Bailey H, Brookes K L and Thompson P M,
"Assessing environmental impacts of offshore
wind  farms:  lessons  learned  and
recommendations for the future,” Aquatic
Biosystems, vol. 10, pp. 1-13, 2014.

HSE, Offshore hydrocarbon release statistics
and analysis 1992-2015, Bootle, UK: Health
and Safety Executive, 2016.

Melchers R E, "Probabilistic model for
marine corrosion of steel for structural
reliability assessment," Journal of Structural
Engineering, vol. 129, pp. 1484-1493, 2003.

Velaquez J C, Van J M Der Weide,
Hernandez E and Hernandez H H, "Statistical
Modeling of Pitting Corrosion: Extrapolation
of the maximum pit depth-growth,"
International Journal of Electrochemical
Science, vol. 9, pp. 4129-4143, 2014.

Paik J K and Melchers R E, Corrosion
wastage in aged structures, 1st ed., Cambridge,
UK: Woodhead Publishing, 2008.

El-Reedy M, "Chapter Six: Corrosion
Protection,” in Offshore Structures: Design,
Construction and  Maintenance, Gulf
Porfessional Publishing, 2012.

Chen I W, Wong B L, Lin Y H, Chau SW
and Huang H H, "Design and analysis of jacket
substractures for offshore wind turbines,”
Energies, vol. 9, pp. 1-24, 2016.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

35 o3l 56T anlilad

approach,” Journal of Sound and Vibration,
vol. 323, pp. 645-661, 2009.

Hu H and Wu C, "Development of scanning
damage index for the damage detection of plate
structures using modal strain energy method,"
Mechanical Systems and Signal Processing,
vol. 23, pp. 274-287, 2009.

Seyedpoor S M, "A two stage method for
structural damage detection using a modal
strain energy based index and particle swarm
optimization,” International Journal of Non-
Linear Mechanics, vol. 47, pp. 1-8, 2012.

LiuF, Li H, LiWand Wang B, "Experimental
study of improved modal strain energy method
for damage localisation in jecket-type offshore
wind turbines,” Renewable Energy, vol. 72, pp.
174-181, 2014.

Seyedpoor S M and Yazdanpanah O, "An
efficient indicator for structural damage
localization using the change of strain energy
based on static noisy data,” Applied
Mathematical Modeling, vol. 38, pp. 2661-
2672, 2014.

Wang S, Liu F and Zhang M, "Modal strain
energy based structural damage localization
for offshore platform using simulated and
measured data,” Journal of Ocean University
of China, vol. 13, pp. 397-406, 2014.

Martinez-Luengo M, Kolios A and Wang L,
"Structural health monitoring of offshore wind
turbines: A review through the statistical
pattern recognition paradigm,” Renewable and
Sustainable Energy Reviews, vol. 64, pp. 91-
105, 2016.

Nguyen C U, Huynh T C and Kim J T,
"Vibration-based damage detection in wind
turbine towers using artificial neural
networks,”  Structural  Monitoring and
Maintenance, vol. 5, pp. 507-519, 2018.

Weijtiens W, Verbelen T, Capello E and
Devriendt C, "Vibration based structural
health monitoring of the substructures of five
offshore wind turbines," Procedia
Engineering, vol. 199, pp. 2294-2299, 2017.

Lozano-Minguez E, Kolios A J and Brennan
F P, "Multi-criteria assessment of offshore



DRl ¥ eled IV ey ol 5T aclil I

Investigation of location and severity of damage in four-
legged offshore wind turbine stencil infrastructure by
Improved modal strain energy method

Seyed Reza Samaei
PhD student, Department of Civil Engineering ,Qeshm Branch, Islamic Azad
University, Qeshm, Iran
Majid Ghodsi Hassanabad
Assistant professor, Department of Marine industries, Science and Research Branch,
Islamic Azad University, Tehran, Iran
Mohammad Asadian Ghahfarrokhi
Assistant professor, Department of Marine industries, Science and Research Branch,
Islamic Azad University, Tehran, Iran
Mohammad Javad Ketabdari
Associate Professor, Department of Marine Technology, Amirkabir University of

Technology, Tehran, Iran

Abstract

Truss structures are among the most common offshore structures that are exposed to
various damages during their service life. Unlike onshore structures, these structures are
constantly exposed to waves, corrosion and damage to members, especially in their deck and
splash zone. At shallow water depths, these structures are commonly used as the main structures
for offshore wind turbines. After a significant period of life time of these turbines in the world,
monitoring their structural health has become necessary. In this study, considering the
difference between onshore and offshore structures that are exposed to periodic loads of waves
and high seawater corrosion, improved modal strain energy method was used. In this method,
the natural frequencies for detecting and quantifying the possible damages in deck and splash
zone elements, which are more prone to damage, were considered. The results presented that
the improved modal strain energy method had a higher accuracy in locating the damage than
the original method (Stubbs index). Also, single and multiple damages, with low and high
intensity, were determined with appropriate accuracy by this method.

Keywords:Health monitoring, Splash zone, Modal strain energy (MSE),Offshore structure,
Jacket.



