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Evaluation of Life-Cycle Scenario of Existing Open-Type Wharf

Hiroshi YOKOTA*
Hiroshi YAMAUCHI**
Ema KATOQ##**
Mitsuyasu TWANAMI***

Synopsis

While lots of harbor structures have been constructed, some of them are reaching the ends of
design service life. The number of structures at which remedial actions are required will be
increasing rapidly. To meet the growing number of degraded structures, strategic maintensnce and
repair methods should be implemented to realize life extension and structural performance Tecovery.
The lifecycle cost is one of the indices to choose the most appropriate method of maintenance and
repair among its alternatives. While many reports and papers have been published on the topic of
lifecycle cost, most of them are related to that estimated only taking into account the loss of
structural functions due to material deteriorations. To well estimate the lifecycle cost practically,
structural capacity such as load carrying capacity has to be taken inio account at the time of repair.

In this paper, the load carrying capacity particularly against earthquake forces of open-type wharf
was quantitatively evaluated by the results of prediction on the progress of materials deterioration.
Then, the recovery of load carrying capacity by several methods of repair was designed and the
recovery costs were estimated. Based on the calculated results, scenarios on the time and method
of repair were discussed from the viewpoints of the degree of recovery of load carrying capacity and
relevant lifecycle cost. Through the discussion, we proposed the process of decision making to
choose the method of repair based on the lifecycle cost.

Key Words: maintenance and repair, lifecycle cost, open-type wharf, failure probability,
performance level, repair cost
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3) B LT o R AR ER w (KN/m®) 30 kN/m®
4) EiflarE (M) g (RN/m?) 10 kN/m?
o) IEREE (RLWEMRL) ky 0.620
ERREE (MOMEDY) ky 0.435
6) BfHipE 1 (mm/4E) 0.02 mm/4E
7} s TR 50 4
8) BELTORIT
wal | | aMAE | kR |, | WESE | Gofkk
AE | D(mm) rGum) | A(mm) EEER | T 1/ (m)
5 500 16.0 1.0 SKX490 14.67 5.43
6 1500 16.0 1.0 SKX400 13.40 5.43
7 1500 16.0 1.0 SKX400 13.23 5.43
8 1500 16.0 1.0 SKK490 13.28 5.43
WMEROY L FH/E E= 20%10° Nmm?
- FELeni
wE | B & E WIRE | WiE At | R
T D (mm) t (mm) Afem®) ImY) Z(em®)
3 1 500 16.0 745.9 2.05%10° 2.74x10°
6 1 500 16.9 745.9 2.05x%10° 2.74x10%
7 1500 16.0 745.9 2.05%10° 2.74x10"
8 1500 16.0 7459 2.05x10°% 2.74x10"
HE | OB 5] WITET | WhiE wke-ivh | WEEiGE
FE | D(om) £ (mm) A'(em?) I{m* Z'(om’)
5 1 498 15.0 698.8 1.92x190° 2.57x10"
6 1498 15.0 698.8 1.92x10° 2.57x10"
7 1 498 15.0 698.8 1.92x10° 2.57x1¢°
3 1498 15.0 698.8 1.92x10° 2.57x1¢4
9) HWENEROHE (COMORE X 3HEH)
WE e H;
W | (m) (kN)
t 9.30 2657 g; @ PLEEHLL P BT IEME R ALE E T o HifEm)
2 -0.50 2657 H; 7 L—TEI L HHEAKN)

10) HIEFrfnslE

11) BRE 5 mOmRER
Bl & HL2 DERERE
W2 & B8 O
3 L 4 DHIEE

12) #HE7 ey h0d b 1 KBS (BEF) £ TOMHEHE
13) M7 vyl b 2R BHFI (FRFE) £ COIRRE

N, (BN

a(m)

a;(m)

a;(m)
x{(m)
% 2 (m)
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5 %l

530 m
540 m
530 m
5.00 m
10.00 m
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. BCERT AAKES (RLHER L)
17wy ¥n

SHIELSI(IN) ACE I (N)
T 15 000.0 9300.0
LT E 5 000.0 3 100.0
Sl 12 200.0 7 564.0
= 32200.0 199640 H= 39928 (kN/F — A 1)
HiNo. hi+1/8 HOhEE | kEhoEtkse RIER
o) K g (KN/m) K i IEK g H {(kN}
5 20.10 5.67%10° 0.21236 847.9
6 18.83 6.90x10° 0.25843 1031.9
7 18.66 7.09%10° 0.26554 1 060.2
8 18.71 7.04%10° 0.26367 1052.8] 39928
ZK = 2.67x10" (kN/m)
HiNo. hi+ 118 AR HRE—Av b Mo X B8
(m) H;(kN) Mg (KN - m) P (kN)
5 20.10 847.9 8521 225242
6 18.83 1031.9 9715 -17.4
7 18.66 1060.2 9 892 -249.9
8 18.71 I 052.8 9 849 2791.5
H H Fi 5 6 m7 b 8
BT AEEKN) 698.0 803.0 803.0 698.0
AR (N 233.0 268.0 268.0 233.0
836.0 4355.0
TOMEN) 5034.0 156.0
WHIE— A > Mz 25242 -17.4 -249.9 27915
£ DAL F (kN) 2524.2 174 249.9 27915
A o5t ~757.2 1053.6 821.1 8 077.5
(kN) g 489.2 10884 1320.9 -1 704.5

RHROEA T EL B, TERAE-WELZRT

- 26-




. RAEMAOBE {FKOWES L)

& | mmeE e | ERR AR | mpmea | LMY

| Domy | rtomy | PEEHT |y |2, ey

5 1500 16.0 SKKA490 315 3.524%107 11 101

6 1500 16.0 SKK400 235 3.524x10" 8 281

7 1500 16.0 SKK400 235 3.524%10" 8 281

8 1500 16.0 SKKA490 313 3.524%107 11 101
HiNo. Iﬁﬁﬁi EpN A hi+1/8

A{em®) Ny (kN) (m)

5 698.8 | 2.20x10° 20.10

6 608.8 | 1.64x10" 18.83

7 698.8 | 1.64%10 18.66

8 698.8 | 2.20x10" 18.71
i) HIEELSHE OGS
FiNo. il P P-4 AT SOk

N (kN) (=NINg) M (kN - m) SR P (kN)

5 -757.2| -0.03442 11 084.8 1103.0

6 1053.6] 0.06424 8 238.9 875.1

7 821.1]  0.05007 82554 884.8

8 8077.5] 0.36716 9305.4 994.7
&3 3857.6

PP R EE L R I E A AKEE S
P, =0.82%P = 0.82x3 857.6=3 163.2 (kN)

—

UEHIROERE ;AR
Ro= {2p,~1+0{u, — 1)} *xP,
= 400117 (kN)

Ha= 13, 8ix—#R5ico X,

FEEE, - WELEOHRSORB AR TREO®BY TH 5.

W=

322000 (RN/T 2w 27}

iTC, Rﬂzk;, " WJ:U,
k,li.: Ru/W —

4001.2,76 440.0

5 (F—AYv) =

= 0.621

i) MEPE-RHOES

o i} a HLO-RBMEE-2vb  (BIASERM: T B Bk
N (kN (=NINg) M (KN - m) FH P (kN)

5 848921 0.38587 9123.5 907.8
6 10884 0.06637 8236.0 874.8
7 1320.9] 0.08054 82148 880.5
8 -1704.5] -0.07748 11 018.9 1177.9
GEr 3841.0

FEMERREE IR DRI
Py=082%P = 0.82x3 841.0=3 149.6 (kN)

LRI O ERE

s AR e

Ro= {2p,—1+6(u,—1Y}""=P,

f

3 983.96 (kN)

He= 13, #iF—EO LY,

LHRE, V- HRESDHERORBERITEORY TH5.

W=

32 200.0 (kN/7' 2 23,7

FEi, R,=k, WY,
ky= RW =

3 984.0,7°6 440.0
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5 (F—AY) =

= 0.619

6 440.0 (kN/F — A >)

64400 (kN/F — A )




4,

PAERT B ARKES {BLHEHY)
17 @y
SRTEL S 1(kN) AE 7 (KN)
AT 15 000.0 6525.0
LT 5 000.0 2175.0
F DA 12200.0 5307.0
|l & gk 32 200.0 14 007.0
AFEMRLE e= ( 2657 x 930 + 2657 x 050 ) L 140070
- 1.669 (m)
g 1Y 30 R
fiNo. (jr;) ;?}LKGZ,;%&Q ',';;]];H K v x; Ky v xiz
1 5.00 5.67x10° 2.84%10" 142x10°
2 5.00 6.90>10° 3.45x10° 1.73x10°
3 5.00 7.09%10° 3.55x10" 1.77%10°
4 5,00 7.04x10° 3.52x10° 1.76%10°
5 10.00 5.67%10° 5.67x10° 5.67x10°
6 10.00 6.90%10° 6.90%10° 6.90%10°
7 10.00 7.09x10° 7.09x10% 7.09%10°
8 10.00 7.04%10° 7.04x10* 7.04x10°
ZK = 1.34X10° (KN/m)
ERm %= 6.68%10° (kN/m)
o, K i SZK gy Ko = xZK e+ x| KEADEEHE ;ﬁi%
1 0.0423 4.25%10° 4.94x10° 691.9
2 0.0515 5.16x10° 6.01x10° 841.8
3 0.0529 5.31%10° 6.18x10% 865.6
4 0.0525 5.27%10° 6.13%10° 858.6
5 0.0423 8.49x10° 5.65x10% 791.4
6 0.0515 1.03x10° 6.87x10° 962.3
7 0.0529 1.06x10% 7.06%10° 988.9
3 0.0525 1.05x10° 7.00%10° 980.5
fiNo, | 7 +1/8 HF A HERE-Avh Motz LB
(m) H (kM) Mg (KN - m} P (kN)
5 20.10 791.4 7054 23555
3 13.83 962.3 9060 - 14.9 -
7 18.66 988.9 9226 -2307
8 18.71 980.5 9173 2601.1
2] B B S L 6 a7 it 8
LERT B H(kN) 698.0 803.0 803.0 £98.0
LANRFEEN) 233.0 268.0 268.0 233.0
836.0 0.0 0.0 43550
T OMIN) 50340 0.0 0.0 156.0
e — A > b iz 23555 -14.9 -230.7 2 601.1
& DA OGS (kN) 23555 149 2307 2 601.1
A o-GEt -588.5 1056.1 840.3 7 887.1
(kN) 8320.5 1085.9 1301.7 -1514.1
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5. AW ORE (BLHEHD)

PR Bt I B AED
P,=0.82%P = 0.82%3 866.8=3 170.8 (kN)
A A oD T T

Re™= (2p,—1+8(u, —1¥}'"xpP,

Af%

4 010.78 (kIN)

— Ha™

13, @

H—RENC o LY,

LE, 7 Vv-rWRESREROEFERIITROEY TH5.

W=

Fio, R,=k, - WEY,

kf,m Ra/W

it ) MRS ORA

9195.0 (kKN/F— A )

4010.8,79 1950

0.436

KiNo. i a MO 2Me- 2 BT B oK
N (kN) (=N/Ng} M (kN - m) EF P (kN)

5 8320.5] 0.37820 9199.0 9153

6 1085.9] 0.06621 8236.3 874 8

7 13017 0.07937 8216.7 880.7

8 -1514.1] -0.06882 11 036.2 1179.7

HE 3 850.5

BRI X5 B )
P, =0.82%P . = 0.82x3 850.5==3 157.4 (kN)
g o B
R, = {Epa—l'i‘@(pﬂ—l)z}illxpy

AR -

3993.83 (kN)

o= 13, g —Rzo kY,

LHEIE, 7L rWER U HEEOEEERIITLOMY CHD.

B ==

$72, Ro=k, WkY,

klr=

R,V

9194.0 (KN/F— £ 3)

3993.8,79194.0

ﬁkmﬁﬁﬁ%i 4 s ﬁﬁﬂfgﬁkﬁ(ﬁm,-,)=0.43 & 73: A,

- 20.

0.434

S - oo | A s | e | ORIV

b, | B SR ms " i 4mﬁf* ‘%ﬁiﬁﬂﬁ)-

5 1500 16.0 SKK490 315 3.524x%10" 11 101

6 1 500 16.0 SKKA400 235 3.524%107 8281

7 1500 16.0 SKK400 235 3.504%10° 8281

8 1500 16.0 SKK490 315 3.524x10’ 1§ 101
HiNo. l%frfﬁﬁi;‘f MetkEish | b+ 148

A{em?) Ny (kN) {m)

5 698.8 | 2.20x10° 20.10

6 698.8 | 1.64x10" 18.83

7 698.8 | 1.64x10" 18.66

8 698.8 | 2.20x10° 18.71
i) HERE-EOES
HiNo. ) @ ROZWHEE-S2L (AT DRk

N (kN (=NIN,) M, (kN - m) EH  PpkN)

5 -588.50] -0.02675 11091.2 1103.6

6 1036.10] 0.06440 8 238.7 875.1

7 840.30| 0.05124 8254.2 884.7

) 7887.10] 0.35850 9386.9 10034
ok 3 866.8
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