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Evaluation of the LCC of tubular steel structures in marine environments
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Summary

In this paper, a comparison of Life Cycle Cost (LCC) for steel structure of wharf which is constructed with steel piles with several
types of protective coating and concrete deck is presented. The study focuses single pile strength as a basis of evaluation of whole
structural strength, and proposes ultimate strength formulae derived from FEM analysis with combined beam-shell model that can
cope with local buckling deformation of piles as well as their global deformation. The so-called modeling parameter that accounts
for uncertainties in strength formulation is evaluated from a comparison of FEM results with existing test results. Failure mode of
single member and whole structural system are studied and the probability of failure of whole system is evaluated. Then failure risk
is added onto LCC. The results show that the failure risk of the considered wharf under horizontal seismic excitation is small
compared to the total LCC. They also show rational anti-corrosion system for marine steel structures; i.e. cheap anti-rusting system
such as epoxy coating for steel structure of wharf is generally economical but heavy duty epoxy coating or anti-corrosion metal

coating system tend to be more economical with increase in service period.
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Fig.1 Pier Structure model

Table 1 Pile size and yield strength
Pile1,4 | Pile2,3
0 ,[MPa]
4.7~-1.0 1500 18 315 235
-1.0~-23.5 1500 16 315 235
-23.5~-35.0 1500 16 235 235

Depth{m] D[mm] | tfmm]
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Table 2 Depth and Bearing Capacity factor (N Value) of Soil in
geological layer at Pier

. Constant of Soil
Depthfm] | Geological | oy pe Spring
layer [KN/m’]
Rock

8.0~-17.0 Foo s 8 42041
17.0~295 | Silt layer 6 31531
29.5~33.0 | Sand layer 15 78827
33.0~-350 | Sand layer 50 262756
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(a)Pier Structure model (b)Single pile model 12 L W 1 J
Fig. 2 Model for FEM Analysis
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Fig. 6 Relationship between Horizontal Load and Horizontal
displacement of pier
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Fig.7 Comparison of ultimate strength of tubular members among
FEM, model test and API strength curves
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P »ﬁﬁ!&ﬁm05@‘%«2%%&10ﬁm%&iﬂﬁﬁmﬁ:ﬁ%l—»ﬁﬁwfﬁlOﬁﬁm%*viﬁﬁiﬁtOﬁﬁrﬁ» 2.65 270
R ; BEREE R \ KEELEH A k| 14.20 57,40
wTH - BRI RIOER - } et 6.30 4.55
- FRPA ML FRP~ HIS9US 40 et IR — 6140 61.40
O '—‘Eﬁ%ﬁIOﬁiﬁﬁ-}'—%ﬁﬁﬁﬁlﬁfﬁmﬁ—‘*’@ﬁﬂ‘ﬁﬁwﬁzmm%’ﬂﬁﬁ?&ﬁﬁ‘“mﬂttﬁﬁlOiﬁﬂ%}» 2 65 2.70
P : FRATYE T2 140.00 —_—
M :ﬁﬁmmozmm , } aﬁmgzmmﬁ 6.30 4,55
AT : w5k : - ——
NS -—’iﬁﬂﬁﬁmﬂﬁ*ﬁ%—q*@ﬁﬂﬁ@05@#%«{-@5%&10fsﬁ#ﬁ{&ﬁll.*ﬁ?oimﬁﬁ*%ﬁ%ﬁ?()ﬁm 7 65 270
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FHE k(1 =1~ N)DHRIC X D FHPFRERE IR L 72
e
N
A=Y P (13)
=1 ’
BAFaid, FRBFEEZERT.

AL (L2  ERPIRRERE R gy 2. BERUEEIT,

i R Ty 2 F U TR RN T OB R E R,
B, /OIS ITRDEND,

7_1fT = E;TTD (14)

—F ., BELLIEL . FEBERRPEEERK
LHIZET BT, SR T, FOSECERMBFRE
EHEOREEL L Tag 2RO LD ITRD D,

A= Zﬁ}‘, ’ (15)

HK()EEA L TRADOBEE ) X7 2E T 5,

WIT, HEREREE p oy OHBEEZEND, HREED
SERREIL, TR TOMOHBEE S REHEE % £ L Tk
EELEBEATE LS ERFERTATOMTRIC LT
Br . BHMOBEOHEIIBWEEZ LN D, o, HER
BT AHUCBERE OIS U TERS S5 D THER D
MEL#®Y, £ T, B2EEORFI VAT LAEREL T,
B by OB & DHEEIRER p oy & RAD EFETE

Hs 2,
pm=Mn[pg| (i=1~4) (16)

ZIT, py (=14 1 4ROMOTNZNICOVTH
SATRO M EEREE TH D, py BHO 0 OREREE
FRATEZLND,

Z=Mg-Mg<0 an

Mpi3, XN EEFEP 2RALTHELN D fT &AM
BILET Y I R5 A—F X, ¥R UIERARTELLND,

TP
My=X,M, cos| —— 18
R mu (zpj ()

u

~F . Mg I3 ROBEEE £ — A FERXY 2 EAT 5.

My :1:2%}3'%" (19)

IIT. WHEEEER, LIIEETHDL, hit, SHOWE
EGLVMEBETORHETHD, SEMOREETDH
n ., Mo s PRI BT . B D | KEHBRE DR L, 2 AW
TR TEZ b5,

kD
b=} YT (20)

Bk, & ERMEE o (Gal) ik, RREBEAT S

1

3
k,=0.197 (Zj (a2 200Gal) 1)
g

ELICEBEMEE o (Gal) LEREE I B)OBME, #
WESA GRHE) 0EGEERVS ERR L2,

Tp =109 x o1 (22)

EMINEE o OEEREREZLND LR QDEY. B
Bk, OEMEREN, TRRANL Y My OBERENRD b
nn, AREELL ¥ —OREHRERRI P ickd L,
LAV 175 ADOKEHBEMNEE o DEBAREIT 0.6~0.7
Thb, EFETIZ0T 2FEATI, KEYIE. HRLTD
BEEOERRAERSOEE (R12) WERT S,

WHRRER p oy OFHEIZIE, FOSMIEZEMT B. pyy tdK

XTEZ BN, OxITEEERIMZTT.

pﬁl=Pp~ob[Z=1‘41e—1"fs]=¢’[—£-zJ 23
oz )

TITC, uRZ OFHE, o i dBERETHY . T
NENKROXTRDEND,

Lz = Myg— Mg 24)
o, = oMy 2~Var(0' )+ oMy jz-Var(t)
z - aO'y y ot 25)

+(3¥R T -Var(Xm)+£a§2s T Var(2)

m

Var 408 EFRT, ROITTET I 5, EEEKE LTH
RiES 0 BREt, TF V2757 2 =4 X 3 XL UHIEMN
HE P ZETH, RELEOFEHEIL 324 8LV 325
I TE Y T Do

44 LCCHEEHRLEE

Table 3 DRFE T L— K+« AT F A7 —ABNILCC %
HEL BBEKICH L TEORAE TORENFa 2T
oy hL7REREY, fEAHIE 100 FOBFEIT-OVWT Figlo
|Z7%3 . ¥ 7= Table 4, 5 \[ZHFAHAR A% 50 F & 100 FDHFEIT
DWT LCC &+ DWNFREKETTT, &2 A M, F1HE
BORNE 100 & LG EOMEMMETRL TWD,

Table3,4 L0, HHAHE SOETCRFF L 7Ty R T4
= 7 kERT 5 CASE4 ® LCC EbEV a3, #AEIM
100 ZCiX, CASE2,3 @ LCC 78 CASE4 % EH->TW5, &
NI CHET A RBREEDOEEAMEHR Y Y 7y
NEOBAL, BRBETHEB A VT T ARET DN
HHTH DR, 100 FEEMORBOEANERFINOHELHE
iR A T u— MREZEOAKA VT THBROBEITII.
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236 AAMREE L2t e F414 5 2006 4£ 12 A
FE ANV o lmBEBFROHERPENICER T Table 4 LCC for 50 service year
HBHZLERLTNS, C.=C,+C,, C*=C+C:

LSRRI 2 H T 5 CASEL 3 X UF CASES I3 50 4464, CASE T e 1 o 1ol o
100 EHEAR OWF DA B LD CASE 12~ LOC 1T/ & ‘ . - 2 -
V. LAsLEIC2 5128 CASEA & OMRREILNS < 2o 1 1035 | 388 ] 1424 | 002 | 1424
THEY, BEBOHKITI Y LCC BEATD Z L0505, 2 | 1081 | 456 | 1537 | 001 | 1537
BEFERENBVIEEZDOERANBRE S, 3 125.9 | 46.7 | 1726 | 0.01 | 1726

CASE2 & CASE3 i1, BFELOMIE= X FMhITE~TK 4 1613 | 17.2 | 1783 | 0.0t | 1783
&< BICBREmAEEOE Y CASE3 23, 212 LCC 23K 5 1000 | 463 | 1463 | 002 | 1464
X< poTND,

Fig.10 IZB VT, BRI T 5 = R MTEM B KO85
RIOBMECLDHOTHD R, BEEFHIHMT 5= 2 Table 5 LCC for 100 service year

P OPIRIE, EFABRA L RIS L BBIEY 2 Th B, T C.=CAC, C'=C+C,
DO, BHEEY A7 Table 4, 5 IR T LD ITH IR M CASE .

SIEFITAEV, DAL, Figll DR T X510, feE0 G [ G | GO | G| &

EEREENKRE S RDEE 04 LULVOHET, SRAeRERE 1 1035 | 85.3 | 1888 | 0.04 | 18838
ER/NEWe o ME OB TH 2R EBEEN /N & 23 2 108.1 | 1029 | 211.1 | 002 | 2111
7O ThE, EBOD BRI ZBERT 2 5FEL. 3 125.9 | 1217 | 2476 | 002 | 2478
I PIREDHIRD G0%IIET T 5% TRIES S &I 7 7613 389 2001 00z 2001
WTLCC #HH U/=#E 5% Table 6 12777, Table 5 &V % 5 1000 | 951 11951 1 005 | 1951

B A7 38N 28 BaR Mo ED2BE kAL L
TINEY,

PO XS ICHEEY 27 B/ &=, LCC DBV ILE
RELTHEIL—R- AV TFT VAT —ZADEND IR
FTAERICR T, ZORRIE, BRI L— FREWES

Table 6 LCC for 100 service year
(Piles are replaced when their bending strength
is reduced to 60% of initial value due to corrosion)

REEREENERAPEORET THONIL BREREZTOL — —
DIHELS RN BT, LOC DBEAD L& Z L GASE Cr=CrCy Cr=CrtCe
— PR EOLLOFHENRE Y X 7 X0 HHEMIIICES G Cy C, Cr (o
LB LaARL TN D, 1 | 1035 | 725 | 1761 [ 0.10 | 1762
o B ZE ) 37 SRS I A hel =
1,77}77; L‘% g i}il; ‘E;;%fff?iﬁf‘%ﬁgiiff 2 [ 1081 ] 1029 | 2111 ] 002 | 2111
O EREM~DO’E AIiE & ¢ 256, fMiEE S
oy s U — hCHR SIS FEB TS0 T . 2 0hk 3 125.9 | 121.7 | 2476 | 0.03 | 2476
DEBEEELTLOC ZRHT D LEND D, LHTIZO 1 | To11 ) 989 12001 002 20
UENZEOHPELD & REEM OB RIZ XY HIRTE 5 | 1000 | 664 | 1664 | 0.17 | 166.6
PHEML, BIEY X7 OEMCoR2R5 Y, 4%, ETEH—
L LEBEHE L TOVRT MIHEHEELRT REeR
RLCCFHEZAT O T & BLETH S,
g 1 ' b "Tl“ !
350 T g e .
: a 10 < 4102
© 2 Annual orobabil ity of
300 b E earthaquske occurrence | Y
T ; a
E] 1w+ - N emee- Prokability of Failure g
- 2 : 1wt =
< ® ! =
= 250 s =
S G ; >
= > H 1w g
E 20 R ] 5
g 5 : '
8] a b 10®
— 75__ 1077 _.,
150 |- z :
it 4 < el o 10-1
0.2 0.3 0.4 8.5 0.6 0.7 0.8 0.8 1
100 o Horizontal seismic intensity
year Fig.11 Annual probability of occurrence of earthquake with
specified intensity and probability of failure of Piers
Fig.10 Calculation of LCC (100-year service life) under the earthquake
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