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Abstract

A Study on the Useful Life Extension through Fracture Critical

Member Inspection on STS Cranes
Jo, JungHyun

Department of Global Shipping and Port Logistics
Graduate School of Global Logistics

The port of Busan has been the global port with continuos increase in
handling volume ever since Jasungdae container terminal was opened Iin
1977 , and it has been developed as one of the biggest global port
comparing with the other port in worldwide in quality and quantity of
handling volume and facility.

With the continuous effort, the control technology and performance
applying to harbor equipment has been developed, and with opening of
Busan Newport phase 1-1 in 2006, newly introduced RMGCs in Pusan
Newport area are adapting semi—auto technology which run 4 cranes per
only 1 person in control center.

Meanwhile, all equipments are supposed to have endurance life like all
things in nature, STS crane which is assembled and welded structure with
other steel plates has the inner repulsive power(tension and compression)
called “stress” at each welded members inevitably and it could cause cracks
on those spots.

Among those members, there is the member called FCM(Fracture Critical
Member) which could cause instant demolition or destruction of crane if it

has cracked spot on welded members, so it needs to have precision
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inspection on those members. The endurance life of STS crane in
Hutchison Port group is defined 30 years and the most expensive asset in
container terminal can be STS crane in container terminal.

The endurance life of the STS cranes in HKT(Hutchison Korea Terminal
CoLtd) is got being old, and HKT has been conducting the precision
inspection on FCM(Fracture Critical Member) periodically. Unfortunately,
HKT was the only container terminal that had the inspection on FCM.
Through the actual FCM inspection that HKT conducted in 2014 and 2017,
I'd like to calculate how many endurance life can be extended currently
that of STS crane is 30 years theoretically and numerically after repairing
all the rejected parts of the inspection on FCM based on BS5400 Partl0
which is British Standard that applies to fatigue of steel, concrete, and
composite material bridge.

Of course there are difficulties to generalize this work as theory that none
of container terminals have conducted this inspection, but I'd like to give
suggestion to prevent from the safety accidents and damage of STS crane
which 1s the most expensive asset in other container terminals and
promotion on productivity and continuous loading and unloading work

through having the inspection on FCM periodically.
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Iy
iz
1
l>

H
E
oi
fo,
o,
2
ruz
-
il
=]
ol
ol

L g sk ot
4) A4ats(LL)
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2z v wgd sFozA Aoy 1 & &% ol 50.0% ot}
g A4 TdAdd AP or 2E3

5) 92 #43tF(LLF)
0.8 x LL¢] stsolm A% FFdol Aoz 283}

6) A4 A8k (LLE)
Adolve FAHoZEE Aoy o] Wako & |230mm, E Wakoz
230mm= 747} A FAe] HAE shsolth

7) 8 g F3Y55(LATG)
T 7b & Al A el 2Es S stFoln] o PP Fo =
005 x (TL + DL + LS)%l 8% o]t},

8) 8 W3 EZ¥stF(LATT)

01 x (LS + TL + LL)% o}fow
9) F&3t%(COLL)

A7} e A el A9 glo] E 4A A AEYow FEY

A5, B EEg7F 2 Stopperdll A A4 Jlo] AEHor 5
Ao ger g4 4 weh 24 dn. of gL @A sk A stF ol
A RERS
100 4% st5 7t A9 S48k (IMP)
£ =G A Y Bl I

c F5oA A o] L8t atsolH, 01:245(h/20)°‘16 N/m? €]
£59te A gd)or st THASFE BS2573 Partl ¥ 8% wpEt} o
Al 7bE ZA A8k AFE(Angled Wind)S e dloF gt}
12) A F3t5(WLS)
60 m/sec FENA Ae ol 2HEsl= dhFol™, q=2206(h/20)" ' N/m?<]
£09rs A gajor stal FYASFE BS2573 Partl ¥ 8% wrEt) w3
ag el F2 A Ao 71 AA FL3HE AFE(Angled Wind)S 118 3 oF

l
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et
o

13) 24} Ax18k(EQOL)
A A FEoR Agste AMEFoRE 02 x (TL + DL)S A -&gth
14) FA Ax18k5(EQSL)
FA A FEoR AgetE AMFoR 02 x (TL + DL A &gttt
15) E&¥ 2~ 3% (SKT)
E =g A8 (Meandering Movement)ol ¢JdjA @Al sl o=
04 x (TL + LS + LL)& 483},
16) ME2] 25 55 (SKQ)
ME Ao osx] LA = 2= 005 x (TL + DL + LL + LS)<
A &gkt
17) 2%(Stall) E= &%(STL)
LB o] 2E oy Breakdownell ofsiA A= shFolth
18) dwrst&E8 gl Al=7 &5 (CBLS)
AntstES HAFE W AMgshe AN AHO R Y, A=E, A%
gfolo] RE AR E ¥ 5 olr)
19) dwtstE AYR 84 &5 (CBRL)
AFHel wigtd dwkslE o] A AAets ol 70Tono] .

2.3 AAxA

231 M&

ZAdoly AL AV d
o] FolA 7lew 7]1F9 fFFA £kl A oF k. A FERE
AL = AL, SR 2 EEA A= KS, JIS, ASTM 2% ASME 2 A

AG Abgdol 3, Fo FXEA AMEEHE B3 FUHEAFECM) 2 oH 53
EA(NFCM)E ASTM A709914 M A g ZONE 19 AAF A HA He V
wx] FAAYA S BI5ete 1 A £ 28 F(SMB'EEolhHez g
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agel Fo FEZAAE Aol 4A wael A7 emmeldl e A
@ 5 gk @, 57 sel i o9 st Ammoldo® Wk Age] oz

gl 29 ga Az AFEs 2 FAdM s R Aded deiA =

W4 A ATRE AAET wek agd gud SRS TesEs

il =

wopel FEE(stolol =9, Jhol= 29, A, AlE, 7IAN, BH, A7RE 5)2
=

o

=

o) fARSS 422 S8 4 A2 ¢ QRS wesolof on, Bad
Fol ol RIEA FAAY PAE ATHE A @t
Ave] #7gR wgel 5 wed fode, EEE AxsE A % ol
53 Fo@th BE AR 999 BE ngRs Ysd Tt o 4%
o} Qi Awe] Twol BEAA $HL AAA FUAR £FL 29 A
Fol AT £ ARE $58 AFYL wFOlok Su TxEY AAFY
ANA FEG G4 FAs o} Bt

232 3 Fx&

T8 Z# YL Built-Up Bta2g o= Azksit), ) 1(Leg), £ % (Portal Beam)
2 A W(Sill Beam)& ¢ 9 A2 Fo=m gty 5 EEY Ave WAFg o
2 Ao oF s, Fol FAHAA AP FHQ FHoE Hegks W &l
AsHoz Aol 2 9 A4E F Ade FAE 7% Ay w2 s A A 3
of gttt &g Al el #&3she 8 B FASTS o FAE Fdto] A A

gEfofop sfal wo] F Al AEetA mE AAE o oF 3.

A~ >

| I %I\EE LHZ ol
=
h

Hinge)& %%

174 2 A (Fixed Hinge)® 7F53%Ht}.
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e 48 Aot AHdA vAE FEAC F& e 2 ¢ dEE 2
SHE 2Eshs 24 (Latch)7h s ojof &tH, ol Ao AY & o 4F
oAl wAolA FEH Aulstal, Foll FFE o SE5FE A5 FHUALY
TN sfSo 2 250 F oWl Fojotol gk o =S W 9
4es 243 F & AR A H o o .

~

i)

Jo] (Stay)9t AH, &, EE7 Ar AA49

% B 5 e RAGY

o1y
FAFECM)E] 2 A sH52 Ad7IeA7t d4gsor shar T <ds T

obof ek FI A F= A THol ‘GUF EAEAE FHH T2 B

U FEW 92 44 SFOR A5 ook gk,
BAFHREA P o0 B3 feRdEYorn Aerye
A

[e]

Al 55 “FrEo Hksk 2A)E F71420 F2AAE $

Builupeh A9 S 95ae 14, BA% 42 FA, 849 B4 4
J_:[L

2, A wE =

N
LTEE B WA Fahe, S 27He ZuS AMAsk A 2E A

A AA6] @78 okt

Hol 2 Rpoz Wz
=
z

]
A Al SHAAL A 73S AA LF Aol AlEFee] wFate] £9l
S wolof st} &4 F s Y3t vaHHAHUT, MT)E 3sljoF st
o] v]3}y HAFo| A Lamellar Tear7} ¥y 5™ Qt=A] =8| of gho),

TZxEo &% AZAKd glo]A Wrap Around &3 o] ¥H+=

A= HEHA e

H o
ot &, #5084l Wrap Around €3 A A5 Al HEe] idd 84

Aag AEste] 53& wrolof g

EEY AY AARNFG AG dAEH dojA &FH oA
Long Stud B2E& AZAs|oF &t} o]

= EEY YWy e FYWIEFO R Shear Bars
B A oF gt

=

229 AQe ool B

-

i,
i
-
Ll
%
)
52
k1
u(il
o
A

13

Collection @ kmou

FEEH Fol7t YA



7}.) J.gﬂ o] 7(.}}\4

LATGE #8AZ= W EEe AdAAYNe] ddHA we A7 BFon 3
SAHFE 60mmeol stz A okste], 3ufe] LATTY F8& #8A47S 9 E

=Y AAAN Y] AAH-NA Fo] HAWFgFo R 5 §HYFS Bbmmeolst 2 A
g A3 SN = AdedA sl o Esy FAYFow A
o] 7.5mmolstE Rt s AA S| o g}

) wo AR

Zl Outreacholl A AFFA ofgfoll AAstTo] 28T wf & oA 4
=9 wgo g 3¢ AFHFEL 155mmeol syt HEE Aot

NN AAGES S 05m/secs AED F LR 48D o AEd Fa

Wgow & oM FHE 73 AP FES 250mmE 2 HeHA F=F A oF

ket
th EEd ddLFor ¥ F717F 1bsecolstz Al BES HAG A T4
TR AV DA REE Ao gk A4F W AAF ] §E WS H24
st 2ot
[ 23] 9 dA%S &8 HY
ojdetolA ¥ AdRe | HojHTo]A | AZAK ]
& A Y (t/em?) & &A1 G ((t/em?)
2 Al 0.84 0.4 x &E 2o
3 &t Al 1.26 15 x 04 x &3
A Al 1.18 14 x 04 x &85
SN

FxEe [19 2319 47 77 2dEde] o} & 49w Ajo2 o] 4o
Aeieel A9 JuE Wz AR ol @k o 7o 4 AEEHE oF
pelgel Aol gt 2

- 13] ols: Auteziy ZAHoUE A % EEdz ¥ vs HHUS
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!

°]F AbolE T 23] o]Fo] &A%,

1.1 X 10° 0|5 At x10° |

3'0 X 105 O'% B 3.0X 105

Holus 74 2 E2uE Fdstel Auelus
| AvoR Fols b AdUE WY i

£ A BHhES 4%) B A2 P15 olFo] EA @
| AdoluE A4 % ESUR AP g Aroly
9 vl E FAstel Mo R Fohsh Mkl 71

Holus Welxa ts AeHeluE A4 #1& e e @

Ah(BL o)

LS U

J

3.0 X 10°0|& € 3.0 X 10°

3.1 X 10°0|& = =Tl |

D 3.1 X 10°

7.2 X 10°0| &
el s = el

al SA

Ho

i

o
I

9.0 X 10° 0| & E 4.5 X 10°

7.4 X 10°0|5 F 3.7 X 10°

7.4 X 10°0|& G 3.7 X 10°

6.0 X 10°0| & olE F7|

H 3.0 X 10°

29.8 X 10°0|&
10.0m

24.0m

14m 40.0m

47.5m Z|C{ Qutreach 56.0m =i Qutreach

£40.0 X 10° O|S(ctd 2t o|F F7|29 %)

(29 23] A 7] A~ EF]
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A B BS5400 Part10(1980)¢] A

LE

B
NI

of
—

(Non-FCM)¢] 3]

o

=

5

°
pul

il
et

°
pul

&l oF

5

Aol o
x%%

=

3}

5

o~
7} el Kig EL Kyp= T4

o

o] F7(t)7F 50mme]
2 OK,EHEH TS
Kyp = K, X< (

J

&

N

1o

ol
il

=
12] (Hinge) 2 74 ¥ &3 A]2~¥l(Link System)

=4

S|

=

=

=

a2 H A& 0977204 0] Fofof

0

qa Fx Al
9 Hom

=

AA A& HA 097720140 JEE 92

=3

gt
=

°

o] AlF
g o] (Inner Forestay), 9|5 3 22H o](Outer Forestay)

=

5711 9]

-

o

Hl o]

o,
B},

#=7F AA o ok

}

9

pul
Ry

e 7 g3

& of

|

his

)

3ok
A
uhk
47

e AY edEo] 228%,

5

%l-

ooldel FAE Ay Alage] 34 Hof

=
=

=z

i
A
=

ﬂ

g

A

4

Z
A

L
T

2 Azgelt, W=
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[3E 24] T Z3A 25 %

o W A S g FA £ )
1.0 0.9 0.8 0.7 0.6
F2 09772 0.9954 0.9995 1.000 1.000
F 09772 0.9957 0.9996 1.000 1.000
E 09772 0.9946 0.9992 0.999 1.000
D 09772 0.9960 0.9996 1.000 1.000
C 09772 0.9973 0.9999 1.000 1.000
B 09772 0.9987 1.0000 1.000 1.000
S 09772 0.9968 0.9998 1.000 1.000

AYlE Aol FEolY, &% 507t
123

B 32 9 17 A Byold A, Ao A,
o] tp& wj7kx] Hd F glojof gt

el #=(Buckling) ANt Ad, b= 2 A FE 2HP-6R)E e et
Aold = A 7lFdd wet ALge e FF S o] xEojok it

3 #=(Plate Buckling)®] AlMtells 45 S8 A $

o
=2

=0] alo]x] FL= AztE ook 3

o
jus}
T,y
H
ol
rlo
[
=
r (o3
2l
2
o

oX

Orr’

=
=
B!
e5
=
=
wm
o
o
o,
l¢)
il
k=)
U
o
QL
g
fx
N
2
L
[
N
(o]
;

EZg7 55 Adl =2 gddA a5 Ad =eAHA 23S o EE] 93

ddol Ao FHE °oF § UEF campers ToloF drh 53] Eo Agol:=
g A eA ot STl o3 W Aol 0] HE

5 E2de] AolE Aok gt o] W |5 B 9|5 FAHo|Y Ztzhe] Ao,

oA 2 ozg o] e A olyAE 7Hekste] camber# g AAEA HA

Adolg A%t camber AL H% st 20 o 2

DL + TL + LS + 0.5 x LL
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d

o o] 7Ee wEEA] £ 49 camberEs g d|of gl

A AR Abole] &) Bl d Aol Spane] 1/8000]3F ¢ W
- B9y AQFe] S5 Ao =19 1/4000]sk &

Lol AT Aol F8 #d AR o] Spane| 1/800°]3t U

|
[
i
i)
Y
finj

g 2o Agel §2 Au £uAe 1/4000]% 2

[
)

e EE A 23 sl e el tigk Al A= AMAE A=

- w @A WS ExHo] AZAR Y Ao A ] Spanel 1/800015
Bl

ok &
23
[ 25] M= =37+

T A A FrAA

A= st A1 | A52 | 493 | B54

A}el5 (Dead Load) DL 1.0 1.0 1.0 1.0
EE4d stz (Trolley Load) T, 1.0 1.0 1.0 1.0
A7 A (Lifting System) LS 1.0 1.0 1.0 1.0
B4 3k=(Lifted Load) LL 1.35 1.35 1.35 -
%4 3% (Impact) IMP - 1.0 - -
9 W EEdetE LATT | 10 - - -
3 W3} Fets LATG | 1.0 - - -
2] FotE WLO - 1.0 1.0 -
% =35 (Collision Load) COLL - - 1.15 -
FA F3+5(Stowed Wind Load)  WLS - - 1.5
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234 Agsts
agQle] AFHFS FUALIE PANFE ATE 38 WE
Fol weh Assofo} sl Aol Bgo] ANE AF
Zopof gk,

T 44 A F A A

& = 4 A1 | A2 | A%3 | A%4

Absts DL 1.0 1.0 1.0 1.0
EZg 5= TL 1.0 1.0 1.0 1.0
HAEA et% LS 1.0 1.0 1.0 1.0
HdstE LL 1.0 1.0 - -
ZA3t% IMP = 1.0 - -
3 w3 FstE LATT 1.0 - - -
2] FotE WLO - 1.0 - -
FA FotE WLS - < 1.0 -
&2 A A sE EQSL 3 = - 1.0

(FAA ol dFr 2= sFgase] N onsh

235 A= A%t st =5

AARE ZAde Y 7Hs, B s R FA Al d3EHe A4S ste gl

19

Collection @ kmou



(% 27] A= Az a5 28 71+
T 8 2 4 A 3} sk Al F A A
3t & 9 91| A92 | A3 | A4 A5 | A6 | AT
Absls DL DL DL DL DL | DL DL DL
EZy 3= TL TL TL TL TL | TL TL TL
AL sk LS LS LS - - LS LS LS
ol w1
CBLS - - CBLS | - - - -
B
olefy] A A
) CBRL - - CBRL | - - - -
By
Adss LL - - - - LL LL -
A ANsE LLE | LLE | LLE - - - = -
= Asts IMP - IMP | IMP - - - -
3 nhgk
LATT - LATT - - - - -
EEY 3%
3 nhek
N LATG ~ ~ - - - - -
T3t
EET A5
] SKT ~ SKT - = - - -
By
MED =7
) SKG | SKG - — = - - -
By
2 T3k WLO - WLO | WLO | WLO | WLO - -
2~ (Stall)
STL - - - STL - - -
B 6}%
. COL
== 3 COLL - - - - . - -
A &8s WLS - - - - - - WLS
FA AR & EQSL - - - - - EQSL -
236 BARAAFA I ALY 52Tt
TL + LS + LL
237 I ZAMN stexF
TL + LS + LLF + IMP
[¥ 2712 A8 A A AEAsstzzs 715 g Age Adgsta o
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A3d HKT STS =y <lo A&%+= KPI

1. Performance Indicator

GTO(Global Terminal Operator)¢! Hutchisonportsi= # A|A/A o2 9
+ Hutchisonports 23 o] ZH el Ejr|dolA Z} Engineering Aol A i
of o= A i WyPor AFdUe STS AdAe 1%, 7hs&3 22L&
KPIE 3&tve 599 dez e Zart glvta ddd

Zb =29l Ao A =g AR 27 SYAN 2 dlo] THAAL Sl 4709
&% (Hoist, Trolley, Gantry, Boom)< &¥3l7] wiol ¢FstA 24 2= 7}
i Hour meters 7WE= AAste] M= t& FHo AUJEE &
FolAl Adle] KPIE Aol 4 A 5%tk 2003 Hutchisonportsoll A 1%

A A WEo]Z A o] Performance Indicatorglil &8+ A FEo|t)

%2

riu

N
fd

2. A A7 Hutchisonportst STS= & ¢lol] 2 &%= KPI A 2|
2.1 Tem: Total time for emergency maintenance (&% 1] = A A 7})
2.2 Tps: Total time for preventive maintenance (¥ H] A A7)
2.3 Fem: Frequency of emergency breakdown (a27A<4)
24 TLC: Twistlock count[Lock+hoisting—lowering+unlock] (A# o] # ] 3147)
25 Top: Total operating time of crane (= ZAAIHE=F2HE A7
(Gantry+Boom hoist+Main hoist+Trolley-overlapping motion of
Main hoist & Trolley)
2.6  Tno: Net operating time(Main hoist+ Trolley-overlapping M.Hoist/Trolley)
24 2bs wiAlRE A Az
2.7 Toc: Total occupied time(control source ON)
(SHFANDZTEE Aol 57 AzF
2.8 Tmc: Total machine time(24 hrs/day for 24hrs terminal operations)
(o] & 7HE7Hs A7)

29 MMBF: Mean Move Between Failure(i1% lcycle®d ZE|olY A 2] %)
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AbE 20 TLC/Fem
2.10 MTTR: Mean Time To Repair(2% lcycled A H A7)
4H& 2 Tem/Fem
2.11 Utilization: 7Hs &
=2 (Top/(Tme— Tps - Tem))x100%
2.12 Ai: Overall Availability(Z7}&
AZE2A ((Tme - Tem - Tps)/Tme)x100%
2.13 Ao: Availability per Occupied Time(7}5 7}48)
22D ((Toc = Tem)/Toc)x100%
2.14 Breakdown Percentage: 7} 1148
A=A 1-A0%
2.15 PM: Planned Maintenance(dl| ¥74 1] &)
=2 (Tps/Tmce)*x100%
2.16 EM: Emergency Maintenance(aL 74 H] &)
=2 (Tem/Tmce)*x100%
2.17 TDT: Total Down Time(F ¢ i&)
A2 1-Al or(PM% + EM%)
2.18 Net Cycle Time: Z1Ho]Y 1lvan & A& A7t
A& (Tno x 60) / TLC
2.19 Theoretical Handling Capacity: 1A]17+d g oy o] &4 Az 7}5 %
k&2 60/Net Cycle Time

ol AFH KPIol Ao, A= A3 ¥+ A4S 25 20039 Hutchisonports -

= ar
At A stEE o) Atk A8 o EFetA o e aFARE s F

=3
o #glo] ol 4w ﬂx} b AU shgE 1 54 Aze AR A%

. 9ol 4we AR FAE Aeoly Hulde A F¥Ho welsn o
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FA4¢ AFE= MMBF9 MTTRol2kar & < Qlth

3. MMBF(Mean Move Between Failure)
MMBF7} 2t&5 = 48 B TLC(AH oY Ag A4, &9 VAN) / Fem(a2%

Anag)o s Agosol gu. of we si4styl LR sFeks Aol o

A4 89lo] ohd el AAe] ¥F Aoz As) el FAs] Aust Ba
@ 43 o olAL 1 102 EADT Al Agets TLCE A 24
e gt 2o

S LAND SIDE WATER SIDE

il R Y

[1¥ 24] TLC #& =7

(19 2410 AR TLC &% 2004 TLCS 7287 st 4% FaH 7
W DRQEA el 54 5 @uel 457k FolAok AET st 4
ZEL

MMBF= Z#¢le] st9 24 =5 7Fg Adbe 2% 1333 Bebes 31 Aol
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Coll

(D
)
—

of e} B AdoYE AAEAS FAZ BAT AT AL AEA o

2 EASA el dAsh 2o,

< >
TLC: 100

(18 25] MMBF 4AF& o A]

(2% 25014 271 % Afolo] TLC7F 100¢]2tx 3hd MMBFS A3+ th
3} 7t}

dlo

MMBF = E — 100 = 50 VAN/ Fem
Fem 2

MMBFS| Z3%4% 500] fth w3 shtel 4z EAE AolAW o A%
DAY A F2F ulE Atn dek TR AX Yol Y FA oA
Qi ol WE A AL TN AWHHEG ol e Aol 2
& 7159 wstsh AR 1 FF Aelek: e 2ANAE 17 glol A
Aol Aqdol Jbseu% Fush wEL Fep Rtk Anh = Aoluh

HKTel A STS ELfH]‘ﬂoﬂ &35t MMBF 4= 12000142 S3 & g

s

b
Ir

4, MTTR(Mean Time To Repair)

MTTRo] 4t&5HE A& A Tem(ZAAHAZE ©$thr) / Fem(d4u 14)

o8 Aoxo] dnt o] T& A stH TR Gt Al FF 8<lo
A

obdd A AL F-EF AFdor el z#jie]l GAH AnIt o R

24
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o
}11

] A 1702 gAY, Babd ddsts Teme A#ole] nxoz
3 A T Zuddol AAE Al AEE 1ZAAHE 4 A o g8
of AFAE7I7HA L] Ao w Aogty, MTTRE =Z#le] 819 A4
Atk 1% 1o 29 Au] ARk Bele 23 146 2™ A A

ek et gol AEHOE EANF F Yt

ro

ofN o

Ft

o

=

_

I A 1A 13 B 1A
AH| A Z+0.5hr A\ A 7F:1.0hr
< >
39 2y

[29] 26] MTTR A= oA

[Z" 26]04 Mz v 279 s I &9 aFAGuAte] FouH
MTTRS &9 ko] ==9t.

Tem (0.5+1.0)
—

MTTR = e 5

= 0.75hr/Fem

MTTRS] ZAs5A% 0757 ) o A7 onjahe v 4¢ 5 % w4
A RSl mAAT A S duki A%e Asste] Aol s He] A%
d71hA e NS AES7] g3 Aol o £AF Zol7] ¥ wHow

AAUoe RA9 FAASE stolF AHAQ LS AR AW HAA, 2

_\\l_‘
N (Y
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S o st Anlo HEE 93 Z+E <l E = (Interlock)S ©] 3t

= Z
gt HKTOlA STS =Z# el A &38t= MTTRE A= 04 hrolsts H3=

[ 27] H A} STS Z# 2l CMS(Crane Monitoring System)
[2% 271 HAF A AR F2 STS A Qle] 4 9 I W 7459 A3t

S ®YHY & 4 9l Crane Monitoring SystemS H.ol =1 St}
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5. H'A} Performance Indicator(201372018)

2000.00 — = 0.450
;__ o
1300.00 1926.03 195418 19}%&1??419
L 0.430
1600.00
1400.00
/ g [ 0410
1200.00 J.0.405 0208
1000.00 0394 0350 =+=MMBF
./ 0.392 —NTTR
300.00 0377
- 0370
600,00
400.00
- 0.350
200.00
0.00 : . . . : 0.330
2013 2014 2015 2016 2017 2018
(29 2.8] HAF STS =& ¢l Performance Indicator 3°](201372018)
13,000 6,000
11,000 A =
5,000
4,000

8,278

7,000 b == 7| H & 8| Man-Hour
‘/‘_‘JH\A i 7| | Man-Hour
3,000
3,147 ——7| A g
2000 2812 2,858 3767 —i— T 7| G| A
2,607 .
2,000
3,000 e : + s S
1,631 e 1715 1,707
1,000
1,000
2013 I 2014 I 2015 I 2016 I 2017 I 2018
-1,000 [v]
[29 29] H'AF 714, ©7] 9E ¥ Aujzd4 3% Man-Hour 5-°](201372018)

2+ g% HAF Performance Indicator, B¥H] JEH Huv] &3}
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71 [2928] 3 [1929]9 23z #58 F v A& HudY A&HHQ &
S7F 2 A7 AEHE 3 T A FHoR 7% Elﬂﬂod TEEY 9=
Z7IZ A& MMBFY A& #
% Man-Houre= F+3] S7lste AS & F Atk AT A34A= F5

75780 o] Aol A A 7] =313

of

N
N
o
o
kl
%0,
|o
=)
LI
E
:oé
~
)
=)
[
L
2
=

4

A48 HA} STS =Sl 718

1. STS z= ¥y A
[ 2.10] HA} STS =Z# 2l A4

s | 5| AL | AREE | 4483 | A8dS | uTds
111112113 | 3 | dd=34 | 2001.0929 | 508 ton | 17.85
115 1 | =2a=79 | 1989.0429 | 406 ton | 3027
117 1 [ By 406 ton | 3692
A 2.00.
116,118 2 8T e ® | 19820906 I e T 3692 30
122123124 | 3 | 91$=%4 | 1997.09.10 | 406 ton | 21.90
109,110 2 | M. 20041008 | 508 ton | 14.82
?ﬂtﬂ—é"o”’é
107,108 2 20041118 | 508 ton | 1471

1.1 QC(Quay side Crane)

RMQC(Rail Mounted Quay Crane) <2 3| o] (Portiner), C/C(Container
Crane) =+ STS(Ship To Shore) Z¥elo g H27|% it} SE2+= HFo <oF
Hol| Ax]xo] AgolyXo gy Afolys Y52 3195ta F-Fo
olUE Hlo MAst= 7o zal e AHOUE HFste ANED B 20
o7 7+s ~ZYtf(Spreader) W4l @ =8 Hl(Lifting Beam)S AR&3Fo] ks
S HAFe7lE o SHIEAYHS A T oR HAITH

THZE UAE FEo w2t AwWA 93 (Conventional Type), 4P o2
|%= st A ele]l Ao wel Modified A-Frame type, Articulated Type, Low
Profile type®.= F-&stal EE JAd wet 22 EEYA AV2Z EEA
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aEtH EEE 4R SRt

Ay ele] ERor FxEE B AY, d1 gu@z, § W, tholoj1yd, dAdntE
o2 o]Fo]A g VAZANZE A A HAE o)A I E T3 A, EEFES
w3 A er ofsAl7l= & =

od) Az Ax e AdHoYE FHoRE o
7+ PAAAR] Auke] dEAA BHS AR olwAlT= 7EH

Badxg 2y £=(Snag Load) WA #X|, HEUE = 3ZAX(Catenary

[29 2.10] HAF STS =Z# <)
(28 210]= BAHsF Balo] 93 HAFe STSZHAS HoF 9t}
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A2 49 MTRHESAAAD) A8 77 A

LAAH ] A

[28 3.3] TR 478 (QC1227124)

T W el 1997l A x3 3715 QC12235 1viel gk HAFS 2014 A

ek,
[ 310 A w2 Ao
goid | guus A | AAE (R8s [ 3
33
122 I R 1997.09 (21)
HA
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O‘é‘D MACHINERY HOUSE
MIDse owe

3 RESAR
Ry, 472

A2 At =& &= 4ol 49m (189)

A Ad = 1997  FH Box
dFetE (T45m) 40.6% w 9% 2001. 01
¢l ¥Fats (45749m) 30°55R

So] ool 13wt Ei QCI22E 9] A4l AbES Eolska vk

2. FCM ¥ 33 A} H Y
21 A9
« FCM 4e 7} (9] 2 Ah)

e T2E 252
EEE
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[ 3.2] 7]_:1]/\]-_‘_:['—_?4 7]_:1]/\]_]:]0]_%]

T = Description H] Il
Alignment of Gantry Wheels 3 Dimension check
Alignment of Trucks, Equalizer

Gantr Beams and Large Beams

Y Gantry King Pins NDE
Gantry Tie Down device & Strom
NDE
Anchor
Sill Beams Internal
Sill Sill Beams External 3 Dimension check
B Assembled parts between @ Sill _
cam Bolting check, NDE 10%
Beams and Legs
Straightness of Legs
Straightness of the assembled
parts between Legs and Portal
Leg Beams (Tie Beam)
Assembled part of Diagonal Brace | Bolting check, NDE 10%
Assembled part between Leg and d
Bolting check, NDE 10%
TGSB (Shoulder Beam)
Straightness and deformation of
Girder and Boom
Deformation of Trolley Festoon
Hanger Rail & Hangers
Girder Assembled part of Fore Stays Pins check, NDE 10%
& Assembled part of Back Stays Pins check, NDE 10%
Boom Assembled part between Girder _
_ Bolting check, NDE 10%
and Machinery House
Assembled part of Boom Wire|
Pins check, NDE 10%
Rope Sheave frame
Welded part of Boom up stop pin NDE 10%
Bolting check, NDE
A-Frame | Assembled part of A-Frame 1094,
3 Dimension check
Stay Connecting part of link NDE 10%

34

Collection @ kmou




22 FCM H|3t3] ZHAF 39
o )T} ALY W= FCM Aol §48 AA Zolel 10% =&

e:WY P R FYPE MT AW, 44 §A¥E UT 2 MT B3 A3

\

® © @ ®

Level (i) (é) (g) (21)

Straightness (+)*4-3F

Straightness (i) (é) (3) (A)

WA
) (©) 7 ®) 9)

[ 34] &, Ad #5374 39
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[# 33] =AY F3 54 23

Girder Boom

M

i 1 2 3 4 9 6 7 3 9

Girder,
Straig | Boom 2%l
htness | =(1-5, 6-9

W 1)

0 41| -6 -13| 0 0 |19 +28| O

Boom | Girder 71

Align | (1-5¥1 7] 0 N/A 0 | -2 | +26| +46 | +27

ment | <)

Boom % &

|

= Hekx:
N/A 0O |-11]1-21| O
(6-9 7] =4 8)
)
B o o m
tip—up +15
Level _ N/A 0 [ NJA| 0 | +10 | +44 | +88
(Girder 3-5 6
H 7)1 F)
Actual
Level +10 | +17
+144 | +77 | =15 +19 | O | +11 | +52
(Girder 54 4 8
7] %)

* $HTF2E X%, Juk: 3 87]% : DIN 870 Part 3 “‘G” 5+
2000lmm ©] : £25mm

* Boom alignment 31-87]5 (RMQC A2t A|WrA Z3x)

- Boom alignment : +50mm

9l [ 3312 [Z" 32]d xAle Fofol Futs 5S4 5 7€ AA FA Ry
< 7

vhih B oldl% wgor Aol MANALAE At . 1

#el A% 24 g RN A FEAE 23S Ah ARG o B
A Bl 7 Hglol B4 A oz mAe] Waw Aoz wadn,
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2.2 Boom Deflection(40% -3

"""""""""""" Deflection
\\\\\\\\ — (Load 40T)
Trolley position
(Girder) : Outer forestay
(2% 35] ¥ 34 F B A7 24
[ AR gy 54 23
(mm)
T2 Boom tip Deflection H] a1
)]
ac 122 No Load 0 +178 154
40T +24
EAA =l

Collection @ kmou
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<Left>

<Right>

[29 3.6] A-Frame

[3% 35] A-Frame #*

Flatness

O=f=®

»
(0=
@)=
O

(5)-——=

A-Frame AH %= (122%)

=78 No Teft Right EEE A
1(7]1) 0 (0) 0 (0) -
2 6 (N ey (33)
3 w2 ((156) | -1 (-159) | (%3)
A 2 (160) | 7 (-165) | (Fm) | ()
5 v (C156) | -8 (-166) | (%Fz)
6 4 162 | 5 (-163) | (F3)
7 4 (-4) 3 8 | (Fa)
g 1 1) 4 4 | (e
915 0 ) 0 ) -
* EPFEE AXNE JeE §&7]F  DIN 870 Part 3 ‘G” 59
- 16001 ~ 20000mm : +25mm
x (1), %] AA EWAF 1 158mm
% 351= A frame®] A9 45_ TAET drpu) WEo] sk A FIE S

Aol APES =459

Q,_IAE
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e L=

()=l

(W=7
S

(2)z---=

(1)

|
(@)e---= ! (3)

I

|

(3)=---=

(5)e--- fﬁ |
1 .
<Landside> <Waterside=«

(2" 37] A3 A, $ F4= 54 F4

[£ 36] A1 A,F 4% B3 =4 23

(mm)
== Leg A% 8% (122%5)
Landside Leg Waterside Leg 151 -
No. Left Right Left Right
1 (712) 0 | (71%) 0 | 2513  (+13) | 2506  (+6)
2 +3 +15| 2516 (+16) | 2511  (+11)
3 +7 +10 | 2511  (+11) | 2509  (+9)
4 +3 D 1), 2), Bk =W S
5 -1 -5 .
6 =0 | 13 0 | ¢ 200mm
* Landside Leg A ¥ %, JE%: &47]% : DIN 870 Part 3 ‘G’ 5+
- 2000lmm ©°]% : £25mm
* Waterside Leg 4] &§7]% : DIN 870 Part 1 “C” 5+
- 2001 ~ 4000mm : *+I11mm
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Be 2% 3o 2%

() = (+) (—) = (+)
A

(De---= |_L U

@)=

(3)e---==

(#)e---={T1 ]
(5)e-- -

(6)=-- -

(mm)
e Leg &% w3 (1223)
Landside Leg Waterside 151 "
No. Left Right Left Right
1 (715) 0 | (71 0] (715 0 | (ZIs®) O
2 -14 -14 -16 +7
3 -23 -11 -25 +29 (Waterside Leg
4 -24 +9 -31 +27 5 47)F 23
5 -19 +]1 -16 +15
6 (7155) 0 | (71 0] (712 0 | (ZIs2) O
* Leg AR E Hetx: 3]87]% : DIN 870 Part 3 “G” 549
- 2000lmm ©]% : £25mm
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“Left> <Right> Left> <Right>

[2% 39] 1 &9 F4% 1=
9 [ 3612 [21 35]d FAE HA S, §5 474 g1 F9el 44 BFgo =
F3 A4S ANl AAA Y FARG dupy 47 WFoR W] $EAE
=489t 2 F d= 2 wE da 129 F9d FH%d 7EE 239ste
HEo] A on, o] REL FHFIEA)ERE Bl B 5 A5
Z7+29 271 2o Aow AU
3. v 33 A}
3.1 AR
o AEEA AAF (MT) o 2T HAL (UT)
- A3 Yoke - B ¢ Contact/Straight
- AEZFF  Visible-wet - &2 SITESCAN150S
- AHg 4 0 NAWOO MY-2 - & = 2} 4C8X9AT0, 4CI1ON
- H&3+4 : KS D 0213 - A&7 : KS B 0896 / GR.2
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3.2 AArE

[ 3.8] A 23

Collection @ kmou

.. AArA Y (122%)
H o
No. Description NDE AR5 | Accept | Reject ] =
uT 12 12 -
1 Gantry Part MT 16 12 4
2 Sill Beam + Leg MT 16 12 4
3 Portal Beam MT 16 11 5
4 Diagonal MT 14 5 9
5 Leg + TGSB MT 16 14 2
6 W/S TGSB + Girder MT 8 8 -
uT 4 4 -
7 Backstay Gausset MT 4 5 5
uT 4 4 -
8 Backstay MT 12 12 -
) uT 2 2 -
9 Boom Hinge MT 19 10
10 | Boom Latch Link MT 10 10
Boom Hoist Sheave
11 MT 8 8 -
Frame (Inner)
Boom Hoist Sheave
12 MT 8 8 -
Frame (Outer)
Boom Extension
13 MT 12 12 -
Structure
" Inner Forestay uT 4 4 -
Gausset MT 4 4 -
uT 6 6 -
15 | Inner Forestay MT o4 9 5
16 Outer Forestay uT 4 4 -
Gausset MT 4 1 3
uT 6 6 -
17 | Outer Forestay MT o4 17
18 | A-Frame MT 12 12
2 7 uT 42 42 -
" MT 220 180 40
42




3.3 FCM #AAA 3}

[ 39] FCM #AAF 4%

. AArE Y (122%)
v AL T & Accept Reject W
FCM 202 175 27
Non-FCM 60 47 13
2 A 262 222 40

H o] 0

o HIT =

ANE AAste] #Fho] AR Rio Al AEHUTG 1 F Fdo] A
Foo] wAlg BEe 4) fat SelE #d

= 8179730l Aol 7143k
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A47 FCM AAL & 24 F2EY AAF

WS N AR B o X N oo N
T o, T T T " d o N
Fon A o = 3 dlo
= " o= 7T OB L R R
B N R - L)
sEepshe LupEgE
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T = 2B 52 e J f 5
0 ) %ﬂﬁgmowﬂ o WY T
B sBgr L2 <oTFad
A o X oR X g e , e &M
T T = ok — ™ . T P
ﬁ]%ﬁ Maﬂot o of ¥ 8 -
5 B W g o § o) B
0o B M T S w e
Et Wu =y o oF = N = NL oF M Iy N
muwnﬁ_aﬂ_wﬁfrﬂ e N
0 .0 7P oo
P T h o R FERIZY
N = == Moy o D
— o BR TGt o 2B R
T & on o T o = ,AmTﬂ.n_%AT
o oy A oAb I ome = Y 5o
CrerEb iR o2 s
o W T L@wurmﬂ@_i_i%
1 ;IV.VI O_E ﬁl Jl g° ,m;A ;O.._ fite) ﬁ " ~ :'L Aw*
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G ol e . e
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],

5

Q.

°]-§

Kol
=

[e)

}= = 79 BS5400 Partl0(1930)
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S

&

A
A

49 adele) A

H/H

U3} wepe] o

2
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Wstel 7] A g 3

2) 849(2002),
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=
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1.1 Palmgren-Miner’s Rule

3IMinere] MaAFAEAT}HL

s T S-NWHoz H2E AHHslst

O

al
olalsht Ao AR goolth of WAL P F29 B0 e T
w@ ezl o 2o 2 1

g 42 Aol VRIEEY 2 A5
Aoty A&t SHo] F2 A5 @4 o
L I ZIE o] 4] o] il
AbolZel 93l oF7|5 & damagev Ths

nxD=n/N

@7V1nﬂv%~€%mﬂﬂ

N& vigo] doju= &

PN
T

EA7E A #HAA EE

H

2ol A5
o
i=]

(4.1)

(4.2)

olo7] kTt

gt 22 Ato]E 9 WHE Slorh, B Hlo] o

1 o]dd of #do] TAITE Mo g3t 2o ®AIT

D +D,+- - - +D,_,+D;> 1 (4.3)

Palmgren-Miners] WHe|H &4 D Aol $8 £FIMe] 4§ AolF 5

of 7 g FEolA Tio] ol2i F Alo]2 fo) wlo) APAow Wy

7HA gk

. (4.4)

3) AAE, olsh A%, WE, 3HA2002), -1 B o187 M2 o, dIRTRT
e Ra)

1) FAAE00D), “o|F P2 G4 #B A A Fee] A D 9 dZo] B A7, BRI
Hstel 7| A gl RE Y, 87,88,

Collection @ kmou



H44E ol&ste] HA3)e thadt 2ol Y + UHh

_J
2yl (45)
21(45)+ Palmgren-Miner HZ E& A3 &4 HE A4 o2 el 2ot}

1.2 Miner®] 7}49

Palmgren-Miner7} 29Hst A3 &S AR 3 74 &4 7Yooz 2

9z 54 &4 L2 g3 o] AT+ vk

L= Y(F" xn,) (4.6)

o714 L& AHo g Afu= AA T4 &4 F, © 38 2#HAEHA AF3

WS ALgd] AaE WA SHNE mE logh — N B4 dgoln ik fi

TxEe $YNE] uy F5o

1.3 BS5400 Partl0 114 ¢ &4 dlolg & A== ALt

8 o FHY dF-uF EER GE o, - N Fale] 712 92 delEs

7] BEe wE TR AAd 7289 RS AFdn

dele] Fol7 $8 Fxo T AF AT e 72 £ HolHES A%

57 wEe] Fojd Azel thate] site] S-NFHMut ol wjA WEERM T

& FES YIS o, - N A Fo] AT AA FaF otk

5) 31821(2002), “o1% P W2 9 1) A Aelle] A L Y o)) B A, FAUER
gt 71Als A w34, p.88.

Collection @ kmou



no

ol TTTTIT [ T [}
f\-\\_\ H | 1‘ ! W ! “T‘ 1
200F= < - |
\\\ T I T I i
|5r)§ >~ \" s . | J f ‘ J ’ 150
~ ™~ } ]
~ = e [T |
i 100‘\_\. ~ iﬁ%_ ";'-1 T E 100
g 90r " == T = T I ]
= BO0|— I P~ - o
zZ 0 N - - S ‘
80 SLTHL I°F "‘*% - 1 — [ &0
f_:" 0 [ [ o\::\'\\\ T 1) ~ = 24 50
g 40 Nw\\‘[ig\ i : \: 1 =5 = o
- ~. ~ ™~ 14
5 30 ; T WN :\:: T RS =30
£ N ~ T~
“ 20 | E l | ‘ | ~ NN =~ o 20
> Y ‘:\\\ -+ '
s LT TR
TN~ ™1 4 S
10 1 1 )JJ L | w J Y e \-: - Nk 10
- z 3 L 56789, 2 ¢ 68, 2 L6 B l— -
‘ ity
sl 5
Enduronce N lcycies) 2 b 6 @ 1
NOTE 1. The uscol ihese cuives lor calculation purposes i3 nol recommendod
NOTE 2. Forendurances greater than 107 cycles adjusimenis showld be made in accordance wilth 11,3
[L¥ 4llgows NgSdl SGE
Z 21 BS5400 Partl0 Figurel5. Summary design o, — N curvess
4 4.1] & ar xotH g8y & Ps R =9 & i%
[1% 41] & BS5400 Partl0e] ¥3te S 3} sj&o] o4ss Alo]Ze +2 ¥
Alstal 9l
(27 41004 HEbd wheh o] <loje] ¥ R, BFE @A 2 EE AR 5
g 2P 19 o - N AU B42 BT 2o AT 5 Ak
logN = log (K, %% K,) — mloga,© (4.6)
(46)8] A2 v o] e & 5 QU
N xo" =K 5K,(= K, < A") 4.7)
6) 34212002, “oF B2 WA 53 A A Aele] A D £ iS50 B A7, FAvsta
el 71 AEs} s 531, p.9o.
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o714 N A&7 A 3, o2 $8EE, K2 AHd 24 A9 Hod A
I AHE AT, AT log No X5 HA Wk logd] 95, d& Hi A ofg9
¥+ AA9 4 == g5 AxE yedt
(3£ 41] 39 g5 48 ¥4

93 & d A8 He K3k

50.00% 0 | 7% o - N A K,

16.00% 1 H] g3 25 A (Non-FCM) K,

2.30% 2 o252 (FCM) K,

7. BS5400 Partl0 Table 10 Probability factors

[ 4.1]2 BS5400 Partl0dl] 7|<¥ &d-FaFAer vl & FaiAdd 488t
st3) 88 449 KA §ae RelFa gk
[# 42] FA 88 74 &4 K & K, & AN &5
Detail m K, A K, K,
Class (Non-FCM) (FCM)
W 3 0.37%10" 0.654 0.24%10"* 0.16%10"
G 3 0.57%10" 0.662 0.38%10"? 0.25%10"
F2 3 1.23%10"? 0.592 0.73%10"* 0.43%10"
F 3 1.73%10" 0.605 1.05%10"? 0.63%10"
E 3 3.29%10"? 0.561 1.85%10'2 1.04%10"
D 3 3.99% 102 0.617 2.46%10' 1.52%10"?
C 3.5 1.08+10'2 0.625 6.75%10"* 4.23%10"
B 4 2.34%10"? 0.657 1.53%10"2 1.01%10"2
=1 BS5400 Partl0 Table 8. o, — N relationships and constant amplitude

non—propagating stress range values, Table 9. Mean-line o, — N relationships

Collection @ kmou
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ato] 2(46)9] o, — N BAAE o] &3}
A ofele] BEAAY

B3I GURAY 5 G
dEdE 16%2 2R A H

92 Axgon FAR BE FAES AfE oH’U e B EEEIE
T2 g S X BAGERASL Ao) GE8tgo] 208%, 5 AA A

[3E 43] 92 A AE =

Ratio L/ K,
Detail

1.0 0.8 0.6 0.4
W 0977 0.994 0.999 1.000
G 0.977 0.944 0.999 1.000
F2 0977 0.992 0.999 1.000
F 0977 0.993 0.999 1.000
E 0977 0.991 0.999 1.000
D 0977 0.993 0.999 1.000
C 0.977 0.993 0.999 1.000
B 0.977 0.994 0.999 1.000

= A 01”4 A = %EL TZ AlZ="o] FAdH o] Ao, d o FI A

29 4L UHWH. W EFS A8 30 239 4 EE BAA

ARSo] oA £

H
Ao dda 22 vF 5ol Agew A =
s

A3
w2 (29 4204 2A g2delA &3 FA &H A A,
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o = o= 8 31 —
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oW E R D
0
ﬂArO _LH_ H;I \mﬂ _ ﬂ
djo o ﬁﬂ - of-
g iz ) o T
E W U T o
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ETX 2w |
g o qm ] o+
B ™ e g
— . uﬁln OC o,lfu
NS X fm °
AR o
ju)
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o L
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e
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50

[1¥ 4.2] BS5400 Partlo] 3

EE R P

Collection @ kmou



AW I EERAE QHETE we RAZ PREE v 44 2009 TR
Oﬂ% U}Ook{?} v‘ﬂi /\0]—/\1]%0] %XHT:S}Q— [:’-B]E! 42]&5 ;—/Lgﬂcd,?_é%()ﬂ %Xﬂé}% ;ﬂsé
;ﬂi?—] lﬂi /\o]’/\ﬂl:éi}’q, BS5400 Partlooﬂ *1 ﬁ"xé 3]—:11 2}]\% -qi /\]—/\ﬂ ‘::11: O]D}7)

A2d 2] FE=9 AFEE B £ o5
2.1 ¥loba) dAE A

HAAFE & g4 2 el vgty HAAl= AR B34 HAHMT) 220 ¥QQE, %
= B @AHUT)i RINEES 339t A9 3¢ 75

R=1- (27/262)

= 0.896947

O] '/l:j]7}' Qulé}% e %I”]%%“‘?‘ZHQJ /}:,iﬁ] 4+ LHQ ﬂﬂE 0977Eq ]7/(]_%
do] 2 B o ofzr = o] AA 9 Y drie=

ol
4
|
ro,
jinss
N
&5
=
1o
X
)
NE,
4
ol
2
]
=
ro(
re
H
-z
o,
=
1%
=

7) 814(2002), “olF ¥ I 74
tiskel 717 skl g e 2y, p.96,98.
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22 HAF QC122 FxA2HA

221 48 4 & AA JE

- A4t
BS 2573, Part 1 : Rules for the Design of Cranes
BS 5400, Part 10 : Code of Practice for Fatigue
FEM, Book 6 : Allowable Stress

B AR
Class of Utilization : U 8 (4.0 * 10 Cycles)
State of Loading : Q 3
Group Classification : A 8
Impact Factor : 1.4
Duty Factor : 0.9
Load Spectrum Factor : 0.8

- A% 27
3L A

<Xl

25 Al A 20 m/s
FA Al A 70 m/s
- AR, FA3%

Girder & Boom : SM400B
Other main plates : SM490B
Pipe & Tubes : STK 400
Others : 55400
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222 &= Z3 =A
3t A e 84 A kN
DL | Dead Load Heol Zg el & 7] A 818.1 | 8027.2
TL | Trolle Load Exy =Y & 7IAF 28.7 | 281.6
LS Lift System 22y 12.3 120.7
) oF2-2] %] 35.5m Aol AAs%E | 406 | 3984
LL | Lifted Load o370 55079 0 ol 4 9] AA31= | 305 | 2993
LR Eccentric|LL @ 610mm C/L. off in Z-dir
Lifted Load & @ 230mm C/L. off in X-dir
Fatigue Lifted
LLF 0.8+«LL 325 | 3189
Load
Vertical
IMP 04 (LS+LL) 21.2 208
Impact Load
Gantry
LATG 0.054(DL+TL+LS+LL)
Lateral Load
Trolley|EEY &5 W& HWOI(TL+LS+LL)
LATT ;
Lateral Load | 7% %-& W3k U0.025(TL+LS+LL)
COLL | Collision Load | 24 3t5=15«LATG
Gantry Skew
SKG 0.05(DL+TL+LS+LL)
Load
Trolley Skew . )
SKT Not applied(By twin rope system)
Load
Operation | Vo=20m/s
OWL
Wind Load qo=0.613%*Vo"2 = 157 N/m’
Stowed Wind | Vs=70m/s
SWL
Load gs=0.613%Vs™2 =1533 N/’
Operating
EQO |Earthquake | 0.1(DLD+TL+LS+LL)
Load
Stowed
EQS |Earthquake |01 (DLU + TL + LS + LL)
Load
ey F QC122Ee A4 74 B9 dF 2% 2AES BT Ytk
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223 8% ol%E 92 8 A B9

Distance

S HAE ANS Ad ARE GRAAAA BEYS st AAsE 4068 210A
7 9ol A SRS AdtE 2okt

[# 44] ol a5 A ALt F A

No Position Distance Remark
1 A 30500 40.6 Ton
2 B 15250 40.6 Ton
3 C 0 40.6 Ton
4 D 8600 40.6 Ton
5 E 172000 40.6 Ton
6 F 27630 40.6 Ton
7 G 35500 40.6 Ton
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obe [29 44]= 4N A N xo! = K,olH §83F o = Adstr] fs 2

|_'> = Job No Sheet No Rev
=1 :
‘Software licensed to Pt
wote HKT STS ret
By CKH Bale: €hd KH Choi
Client Fle Date/Time 18-Nov-2016 13:51

1
. —— ——
fade | N k%@;z@p
2 \
%oes. Elz;‘ . L
i | g5t 7 B19
10
P ! 5413
P A “uu;e"g
g A or g
¥ e o8
il L
: 4y | 7
m‘mn’%; e L I
% Sy i ]
bos/ _foros g bos
5 i
‘o4 P 1
06
3‘2! fios S35 s
o3 Pl
1
Soa 297
03
L 5 Load 801
oi
0
Node Number
Print Tme/Date: 21/11/2016 14:40 STAAD Pro for Windows 20.07.04.12 Brint Run 8 of 22

[1¥ 4.4] STAAD PRO V8i 34
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.
206 . 9
9‘1.% '2 .1 o7 906 %03 ‘306

Q
; . o B051
s v 04 e ok g
$oa "05 .0 203

[Z9 45] 2 A HE F-of

(27 451 (19 4412 Sdiste] nolFn Yok 7 BAld] Poly MEE Ao
Moz MAR Aol o|dT FolatA A AHoY HuldoN ni 7} ¥
A WAL Rolshy vt gol TN F 9
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: Yo I/’\..:
(23 46] 2 34 4 %3
[£ 45] FCM ¥ 9 4= 23
Corner Stress
Beam Cornerl | Corner2 | Corner3 | Cornerd | <€ 2 A

N/mm2 | N/mm2 | N/mm2 | N/mm?2
101 Hdizk | -1.672 | -0.623 6.82 6.041 6.82 LS leg
102 Hoizk | -2.321 | 1518 N 7.924 7924 LS leg
103 H izt | -2.729 | -2.906 8.23 9.11 9.11 LS leg
104 Hojzgk | -0.723 | -2.602 4.586 7512 7512 LS leg
105 H gk | -1.214 | -3.652 5.621 9.209 9.209 LS leg
106 gk | -0.799 -1.56 1.404 8.97 8.97 LS leg
107 Hdigk | -1.058 0.425 -1.304 9.281 9.281 LS leg

57

Collection @ kmou



108 Hohgk | -1.127 2977 -1.259 9.943 9.943 LS leg
201 Hoigt | -0.624 | -1.672 6.041 6.82 6.82 LS leg
202 Hoigtk | -1519 | -2.321 7.924 1T 7.924 LS leg
203 Hdigk | -2.906 | -2.729 9.111 8.231 9.111 LS leg
204 Hoigtk | -2601 | -0.722 7512 4.586 7.512 LS leg
205 Hoigk | -3651 | -1.215 9.209 0.621 9.209 LS leg
206 Hohgk | -1.558 | -0.798 8.969 1.418 8.969 LS leg
207 = o %k 0.424 -1.058 9.281 -1.305 9.281 LS leg
208 FH o gk 2977 -1.127 9.943 -1.26 9.943 LS leg
301 Hrhgk 6.236 2.562 10.312 14.164 14.164 W/S leg
302 HoHgk | 18.367 | 21.216 0.217 1.365 21.216 W/S leg
304 HuHgk | 21.054 | 23518 3.446 -2.989 23.518 W/S leg
305 Hdhgk | 19.386 | 20.197 13.223 13.073 20.197 W/S leg
306 H gk 19.53 20.322 16.113 15.192 20.322 W/S leg
307 Hhgk | 14.374 | 15.698 15.213 1297 15.698 W/S leg
308 Hizk | 11.616 14.64 15.567 9.868 15.567 W/S leg
310 HHgt | 21.953 | 14.579 14.579 21.952 21.953 W/S leg
311 ik 8.351 8.683 22.725 22.392 22.725 W/S leg
312 Hdjgk | 24.315 24.94 39.456 38.819 39.456 W/S leg
313 Hhgk 28.76 29.241 26.284 25.794 29.241 W/S leg
314 Hdigk | 11699 | 11.416 14.06 14.342 14.342 W/S leg
315 Hdigk | 11.868 | 11.614 14.073 14.328 14.328 W/S leg
401 H gk 2.562 6.235 14.165 10.312 14.165 W/S leg
402 Hoigk | 21.215 | 18.367 1.365 0.217 21.215 W/S leg
404 Hoigk | 23518 | 21.054 -2.61 3.461 23.518 W/S leg
405 HHgk | 20.197 | 19.386 13.073 13.223 20.197 W/S leg
406 gk | 20.322 19.53 15.192 16.113 20.322 W/S leg
407 Hdigk | 15699 | 14.374 11.297 15.213 15.699 W/S leg
408 HHgk | 14.641 | 11.617 9.867 15.567 15.567 W/S leg
410 H gk | 14578 | 21.953 21.953 14.578 21.953 W/S leg
411 =gk 3.683 8.352 22.393 22.725 22.725 W/S leg
412 Higk | 24.942 | 24.318 38.819 39.456 39.456 W/S leg
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413 H gk | 29.244 | 28.765 25.792 26.282 29.244 W/S leg

414 Hoigk | 11.416 | 11.698 14.343 14.062 14.343 W/S leg

415 H gk | 11.614 | 11.866 14.328 14.075 14.328 W/S leg

501 = 7k 1.852 0.903 1.753 0.804 1.852 LS sill beam

502 # o 7k 1.852 0.903 1.754 0.805 1.852 LS sill beam

503 H gk 3.308 4.953 2.884 4.803 4.953 LS sill beam

504 = o 7k 3.308 0.034 2.884 4.803 0.034 LS sill beam

505 H gk 0.768 8.109 0.173 7.515 8.109 LS sill beam

506 gk 0.768 8.109 0.174 7.515 8.109 LS sill beam

507 H gk 1.852 0.903 1.753 0.804 1.852 LS sill beam

508 i gk 0.903 1.852 0.805 1.754 1.852 LS sill beam

511 H gk 4.4 4.253 4.338 4.191 4.4 LS TGSB

512 H gk 4.4 4.253 4.338 4.191 4.4 LS TGSB

513 Hh gk 0.932 530 0.883 5.486 0.932 LS TGSB

514 H gk 0.932 2980 0.883 5.485 0.932 LS TGSB

515 H gk 6.884 7.018 7.015 7.149 7.149 LS TGSB

516 H gk 6.884 7.018 7.015 7.149 7.149 LS TGSB

517 H gk 6.885 7.018 7.015 7.149 7.149 LS TGSB

601 = ozt 3.472 3.437 3.081 3.046 3.472 WS sill beam

602 = o 7k 3.472 3.437 3.081 3.046 3.472 WS sill beam

603 & th gk 2.938 3.978 1.984 w0t 3.578 | WS sill beam

604 = o 7k 2.786 Sgille 1.833 3.151 3.578 | WS sill beam

605 Hthgt | -2.454 | -0.032 -2.606 -1.497 -0.032 | WS sill beam

606 Hthgt | -2.454 | -0.193 -2.606 -1.659 -0.193 | WS sill beam

607 gk 3.472 3.437 3.081 3.046 3.472 WS sill beam

608 F th gk 3.437 3.472 3.046 3.081 3.472 WS sill beam

611 gk | 20.027 | 10.445 19.409 0.034 20.027 WS TGSB

612 Hdigk | 20.027 | 10.446 19.409 0.034 20.027 WS TGSB

613 H gt | 45.762 | 20.284 45.092 19.613 45.762 WS TGSB

614 Hoigk | 45.762 | 20.284 45.092 19.614 45.762 WS TGSB

615 Hthgk | 46.271 | 24.432 44.577 22.738 46.271 WS TGSB

616 Hthgt | 46.271 | 24.432 44.576 22737 46.271 WS TGSB
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617 H gt | 46.271 | 24.432 44577 22.738 46.271 WS TGSB
621 H gk 7.456 6.147 1.527 2.836 7.456 Apex beam
622 H gk 7.458 6.149 1.525 2.834 7.458 Apex beam
623 H gk 7.457 6.147 0.91 2.836 7.457 Apex beam
624 H gk 7.458 6.149 0.915 2.835 7.458 Apex beam
625 H gk 7.457 6.148 0.482 2.505 7.457 Apex beam
626 3 ik 6.149 7.457 2.512 0.482 7.457 Apex beam
703 H gk 8.944 3.993 3.993 8.944 8.944 Boom
704 Z o 7k 3.993 8.944 8.944 3.993 8.944 Boom
705 H gk 0.933 -0.733 4907 3.241 4907 Boom
706 Hiar | -0.733 0.932 3.242 4907 4907 Boom
707 H gk 2.823 -0.041 3.994 1.129 3.994 Boom
708 Hdigk | -0.042 2.823 1.129 3.995 3.995 Boom
709 gk 4.011 -0.138 4.011 -0.138 4.011 Boom
710 H gk | -0.138 4.011 -0.138 4.011 4.011 Boom
711 H gk 3.314 0.241 D23 0.752 0.752 Boom
712 H gk 0.241 3.314 5.752 0.334 0.752 Boom
713 H gk 2.761 3.49 6.883 7.313 7.313 Boom
714 H gk 3.493 2.763 7.314 6.883 7.314 Boom
715 H gk 7.265 9.256 9.566 11.557 11.557 Boom
716 H gk 9.26 7.268 11.56 9.568 11.56 Boom
717 H gk 8.287 12.481 12.08 17.798 17.798 Boom
718 Hdigk | 12.485 8.281 17.802 12.083 17.802 Boom
721 Hdigk | 12.704 11.33 20.536 12911 20.536 Boom
722 Huigk | 11.329 | 12.724 12911 20.545 20.545 Boom
773 H gk 9.61 4.789 9.443 4.457 9.61 Boom
774 FH )7k 4788 9.61 4.457 9.443 9.61 Boom
775 H gk 4114 13.72 4.406 13.496 13.72 Boom
951 7k 7.166 6.03 11.217 6.03 11.217 Low. dia
952 # o 7k 7.165 6.03 11.218 6.03 11.218 Low. dia
955 H gk 36.08 36.08 36.08 36.08 36.08 Backstay
956 F th gk 36.08 36.08 36.081 36.081 36.081 Backstay
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961 HHgk | 44.226 | 44.226 44.226 44.226 44.226 Inner stay
962 H gk | 44.218 | 44.218 44,218 44218 44,218 Inner stay
965 o4k 47.877 47 877 47 877 47 877 47 877 Outer stay
966 = o 4t 47.879 4'7.879 4'7.879 4'7.879 4'7.879 Outer stay
803 ozt 11.006 9.396 9.396 11.615 11.615 Girder
804 = o gk 9.397 11.01 11.616 9.397 11.616 Girder
805 ol ak 46.538 44552 30.451 28.127 46.538 Girder
806 = o 4t 44.563 46.546 28.156 30.474 46.546 Girder
807 o gk 50.077 48.451 30.734 28.226 50.077 Girder
808 o4t 48.469 50.092 28.257 30.76 50.092 Girder
809 = o gk 50.077 48.451 30.947 29.709 50.077 Girder
810 = o gk 48.469 50.092 29.71 30.948 50.092 Girder
811 H gk 34.085 29.983 33.696 32.127 34.085 Girder
812 H gk 29.991 34.092 32.133 33.697 34.092 Girder
817 H gk 33.388 28.316 45.892 40.82 45.892 Girder
818 H o gk 28.322 33.394 40.827 45.898 45.898 Girder
819 H gk 60.39 57.823 49.111 56.588 60.390 Girder
820 o gk 57.822 60.389 56.59 49.111 60.389 Girder
821 Hdzk 43.325 39.435 46.429 55.444 55.444 Girder
822 Hd gk 39.434 | 43.325 55.445 46.43 55.445 Girder
823 H izt 94.245 381.92 96.4 34.076 96.400 Girder
824 H gk 31.922 94.246 34.078 96.402 96.402 Girder
825 H gk 77.804 67.138 79.96 69.293 79.960 Girder
826 gk 67.139 77.805 69.295 79.961 79.961 Girder
827 Hdl#k 42.179 35.547 44.466 37.834 44.466 Girder
828 H gk 35.548 42.181 37.835 44.468 44.468 Girder
829 H ozt 30.145 25.26 31.348 26.462 31.348 Girder
830 gk 25.261 30.147 26.464 31.349 31.349 Girder
831 H gk -1.893 2.208 0.792 6.98 6.980 Girder
832 H ozt 2.209 -1.894 6.981 0.794 6.981 Girder
881 H izt 3.894 4.122 4.122 3.894 3.894 Girder
882 H gk 4.122 3.894 3.894 4.122 3.894 Girder
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883 Hulgt | 10672 | 3.004 9.17 3.22 10.672 Girder
834 Hdigk | 3.004 | 10.671 3.22 9.166 10.671 Girder
885 H gk | 11.798 | 9.253 11.021 8.477 11.798 Girder
886 H gk | 11.797 | 9.252 11.02 8.475 11.797 Girder
887 HWhgk | 11.798 | 2672 11.021 1.895 11.798 Girder
901 H gt | 12.793 | 11.869 8.284 9.359 12.793 Girder
902 H gk | 11.87 | 12.793 9.358 8.285 12.793 Girder
903 H gt | 11.038 | 11.124 -1.14 0.87 11.124 Girder
904 Hdigt | 11123 | 11.04 0.862 -1.138 11.123 Girder
905 H gk | 8891 6.304 12.156 9.569 12.156 Girder
906 Azt | 6.304 8.891 9.569 12.155 12.155 Girder
907 Hdgk | 7.797 5.277 12.102 9.264 12.102 Girder
908 Azt | 5277 7797 9.263 12.102 12.102 Girder
909 Hdigk | 3.015 1.505 11.501 9.223 11.501 Girder
910 H gk | 1.498 3.017 9.223 115 115 Girder
AA Hgh | 94.245 | 94.246 96.4 96.402 | 96.402

[ 45]F= “STTAD PRO V&"d|A| 2t=4 7t FCM9] §-9 A7 g Eolth

TN Z2aRs T [® 4519 8 ol AxEHJew, 1 F AU

N xo" = Kol $ERZ omol [F 4519 38 #E T Ad 8 g #Hed

o A4S T3 Zol mEd 9l

s (48)

ag.

BS5400 Part10°l] 7]< ¥ o]

(0.25%10'%) 5 A}-g-3}o]
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[3£ 46] FCM & Wi+~ Ato] =

FCM 7% saaz | DT s g dera
Detail Class
L/S leg 9.943 G 254,324,202
W/S leg 39.456 G 4,070,060
L/S sill beam 8.109 G 468,854,520
L/S TGSB 7.149 G 684,233,160
W/S sill beam 3.578 G 5,457,817,380
W/S TGSB 46.271 G 2,523,558
Apex beam 7.458 G 602,660,700
Boom 20.545 G 28,828,469
Girder 96.402 G 279,050
Low. dia 11.218 G 177,089,863
Back stay 36.081 G 5,322,361
Inner stay 44.226 G 2,890,061
Outer stay 47.879 G 2,271,743

[3E 46]oA4 2@ & UT Abo] &2 A4 7les [29 24] “TLC &
2073 dAZY. 5 TLC(HH oY A& 7i)zta & 5 3l

rol

224 ZE YFEF A=

QCI2E 7} 4 HE A=H3 19979 92 1095 20193 9€30U7HA1 o] A}-gd
TE AxteE 2207deld ARt gt o] FAE F3 dAA QCl225 7}
A g Adoly MFE EdE doz dup Agoy As & & J&A 9
e T gk [ 4712 A FHd QCl225e =Y F5H 20199 9€71A
o] Adoly Ag M¢E YeERHI Sdth
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[ 4.7] QC1225 =9

ko3
ReR

Aol A F(F9:VAN)

" 97 [ 98y | 994 | 00 | 01 | 02%d | 03 | 04 | 05 | 06\ | 07 | 08
=]
199 409 | 87,7 | 70, | 94, | 101, | 91, | 92, | 106, | 105, | 109, | 103, | 1085
13 13 | 973 | 802 | 683 | 078 | 958 | 413 | 465 | 485 | 906 | 76
= 19d |
099 | 10 | 11 | 129 | 133 | 149 | 159 | 16 | 174 | 189 A
A 0¥
199 935 | 639 | 60,1 | 393 | 339 | 478 | 50,3 | 57,1 | 69,4 | 64,7 | 66,7 | 1,761
10 73 11 34 58 35 80 67 01 71 40 | ,150
2824 HAF CONTAINER HFEZHEA
[£ 4719 X2 vpg o 20199 9€930¥ S 7|+t Ay &4 22073 =9 z+
d HS W 76572 VAN/yrebe AHolY A AFEE o= & & . o]
222 7)Fste] 5 7F FCM ¥ & YFdTE o238 3 ot
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[ 48] QCI22% = Wl Ate]E R vl7d

BS5400
ZkE o A A+ | A el
FCM <9 Part10 g g & \ .
ZrEE ksl
34 | A% | Detail dag | o
Alol & ALol & (A) T-(A)
Class
254,324,2
L/S leg 9.943 G - 1,163,286 | 15.19 37.26 7.26
W/S leg | 39.456 G 4,070,060 18,617 0.24 22.31 -7.69
L/S sill 468,854,5
8.109 G 2,144554 | 28.01 50.08 20.08
beam 20
L/S 684,233,1
7.149 G 3,129,702 | 40.87 62.94 32.94
TGSB 60
W/S sill 5,457,817 | 24,964,21
3.578 G 326.02 348.09 318.09
beam ,330 1
W/S
46.271 G 2,523,558 11,543 0.15 22.22 -7.78
TGSB
Apex 602,660,7
7.458 G 2,756,587 | 36.00 58.07 28.07
beam 00
28,828,46
Boom 20.545 9 131,862 1.72 23.79 -6.21
Girder 96.402 279,050 1,276 0.02 22.09 -7.91
177,089,8
Low. dia | 11.218 - 810,014 10.58 32.65 2.65
Back
36.081 G 5,322,361 24,345 0.32 22.39 -7.61
stay
Inner
44.226 G 2,890,061 13,219 0.17 22.24 =-7.76
stay
Outer
47.879 G 2,277,743 10,418 0.14 22.21 =-7.79
stay
[ 48]0 Aldkd zZdQd W dF-(A)9 A UF & AA7E e W/S sill

beam®] #& #W Uex FCM W7d4=o

d7k AdEdd FCM SolA e AY dioA 24 qez §ie gdsts &
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311 HaH7Fek
TE AN AEE AA dEdole GEE 50mmE F7Hste] WA dold gt
4% Gouging % R84 74
+50mm F7} 20| +50mm F7}
e e o
[28 47 7€ T F B4 &8 74 48 7+
312 E‘F 7<4 qu}
Gouging — Grind — ¥ (250°C) — HFEFH — 59 (250°C) — Grind — ¥

37 (MT, UT) > 24523

3.1.3 Forestay ## Crack]
k2] oF= AElo A H48H
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i

[Boom web]
oo 7kl Web ®H3E whAY

—  dF H7} 2 Monitoring

H [Boom hinge+] [Boom extension]
Web deformation Web deformation
(Inner) (Outer)
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e

Diagonal  (Right=
/Waterside)
Crack 20+10mm

LR PALS]
[QC122% Sampling <! (Landside Left/RightZ)]

- QC122¢] Diagonal Cover Plate A1/ $ €% & 713 AJH g2 2 =X AA

- QC122¢] Diagonal Cover W3 =4 <& A &<l

[CASE 1 : QC122 Diagonal 2 A < u|dtAA]]

-2 s EAstE 2 23H20~50mm)el] s
CoverE AA5IA &= Aeho]|A] AL ok o
8 Drill 7}-8 & Gouging ¥ B3 44
(23 2 Smooth grinding)

- 718 U]f*ﬂtﬂ‘ TER= 4
Gouging 3 ETE4 4

Bl S ded gl ubet
Al (E3 2 Smooth grinding)

.
<Cover Plate 7T 25>

=]

=
- Diagonal A g B384
- Cover Plate AA&A =9l wE Alg 23 (1] &5 Sealant E+=

Welding)
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7+ SMOOTH GRINDING
AFTER WELDING
SUPPER LEG ASS'Yor
WHR AGER,

- ALKING BY SEALANT
NO WELDING(-*=~+ONLY)
' ]

% CALKING BY SEALANT _

7 NO WELDING( @ ONLY)

08)
SMOOTH GRINDING L
SHOOTH CRINDING y y

DET. /D -

-DET. (02) .
= N #914.44101
ep | Jas(sur)
ONLY GUSSET 10 TUBULAR»—L :
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PEMA-IP09-Practical-Structural-Examination—-in-Ports—and-Terminals.
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BS3400 Part10 Steel, Concrete and Composite Bridges.

BS2573 Partl,2 Rules for the Design of Cranes.

Liftech(2006), “Technical Specifications Crane Procurement for California United
Terminals Long Beach, California, US.A and Washington United Terminals
Tacoma, Washington, US.A

<Zhal Ale]E>

PEMA, http://www.pema.org/
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1. H'A} STS= #|21 Performance Indicator(201372018)

20134
Availability
Equip | Equip Breakdown OverallAvail .
MMBF | MTTR TLC Utilization% per Occupied
No. Type Frequency ability Ai% .
Time Ao%
107 0 1218.28 0.346 65787 54 271.97% 95.38% 99.48%
108 0 1244.66 0.404 73435 59 31.11% 95.02% 99.39%
109 0 1877.05 0.405 69451 37 30.16% 94.81% 99.60%
110 0 1564.64 0.357 70409 45 30.83% 95.39% 99.58%
111 0 2172.06 0.352 108603 50 44.74% 94.79% 99.63%
112 0 2258.87 0.387 119720 53 49.23% 93.84% 99.60%
113 0 2274.23 0.402 106889 47 44.36% 94.64% 99.59%
115 0 2007.73 0.378 22085 11 9.03% 95.31% 99.54%
116 0 6346.63 0.353 54773 8 21.93% 96.12% 99.86%
117 0 4243.67 0.347 50924 12 20.63% 95.86% 99.78%
118 0 3002.20 0.500 30022 10 12.40% 95.77% 99.57%
122 0 1383.21 0.369 38730 28 14.15% 95.33% 99.29%
123 0 1669.61 0.359 63445 38 22.67% 94.95% 99.42%
124 0 1831.03 0.368 71410 39 25.18% 94.32% 99.48%
Total 945683 491
Ave. | 192603 | 0377 | 67549 35 | 2741% | 9511% | 9956%
Theoretical
Equip BKDN Total Net Cycle Time . )
PM2% EM% Handling Capacity
No. Percentage®% downtime% (min/container) .
(container/hr)
107 0.52% 4.36% 0.26% 4.62% 1.59 37.74
108 0.61% 4.65% 0.33% 4.98% 1.58 37.91
109 0.40% 4.98% 0.21% 5.19% 1.61 37.28
110 0.42% 4.39% 0.22% 4.61% 1.63 36.86
111 0.37% 4.97% 0.24% 5.21% 1.54 39.00
112 0.40% 5.88% 0.28% 6.16% 1.52 39.45
113 0.41% 5.10% 0.26% 5.36% 1.53 39.14
115 0.46% 4.64% 0.06% 4.69% 1.43 41.83
116 0.14% 3.84% 0.04% 3.88% 1.45 41.34
117 0.22% 4.08% 0.06% 4.14% 1.47 40.90
118 0.43% 4.16% 0.07% 4.23% 1.50 39.92
122 0.71% 4.53% 0.14% 4.67% 1.30 46.05
123 0.58% 5.73% 0.22% 5.95% 1.30 46.31
124 0.52% 5.48% 0.20% 5.68% 1.27 47.14
Total
Ave. 0.44% 471% | 018% |  489% | 150 40.11
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Availability
Equip | Equip Breakdown OverallAvail .
MMBF | MTTR TLC Utilization% per Occupied
No. Type Frequency ability Ai% .
Time Ao%
107 0 1932.17 0.443 67626 35 21.97% 94.91% 99.56%
108 0 1574.92 0.414 30321 51 33.77% 94.80% 99.49%
109 0 2524.16 0.373 78249 31 33.54% 94.79% 99.72%
110 0 1783.69 0.427 85617 48 36.78% 95.68% 99.53%
111 0 1984.20 0.410 119052 60 47.40% 94.55% 99.51%
112 0 1574.43 0.373 127529 81 51.58% 94.13% 99.45%
113 0 1992.35 0.396 113564 57 46.32% 93.68% 99.54%
115 0 2222.62 0.423 28894 13 11.66% 94.66% 99.53%
116 0 4047.46 0.461 52617 13 21.84% 94.71% 99.69%
117 0 4998.08 0.458 59977 12 23.89% 94.68% 99.75%
118 0 1027.05 0.397 21568 21 9.35% 94.74% 99.08%
122 0 2653.60 0.400 53072 20 19.11% 94.91% 99.59%
123 0 1737.10 0.381 67747 39 24.55% 92.12% 99.43%
124 0 1623.48 0.417 77927 48 26.71% 93.27% 99.24%
Total 1033760 529
Ave. | 195418 | 0405 | 73840 33 | 2960% | 9440% |  99.52%
Theoretical
Equip BKDN Total Net Cycle Time . )
PM% EM% Handling Capacity
No. Percentage% downtime% | (min/container) .
(container/hr)
107 0.44% 4.87% 0.21% 5.09% 1.54 38.93
108 0.51% 4.91% 0.29% 5.20% 1.57 38.27
109 0.28% 5.05% 0.16% 5.21% 1.58 37.87
110 0.47% 4.04% 0.28% 4.32% 1.59 37.75
111 0.49% 5.11% 0.34% 5.45% 1.48 40.48
112 0.55% 5.45% 0.42% 5.87% 1.50 40.08
113 0.46% 6.01% 0.31% 6.32% 1.49 40.36
115 0.47% 5.26% 0.08% 5.34% 1.41 42.49
116 0.31% 5.21% 0.08% 5.29% 1.47 40.79
117 0.25% 5.25% 0.08% 5.32% 1.42 42.27
118 0.92% 5.14% 0.11% 5.26% 1.53 39.29
122 0.41% 4.98% 0.11% 5.09% 1.28 46.76
123 0.57% 9.03% 0.24% 9.27% 1.26 47.61
124 0.76% 6.45% 0.28% 6.73% 1.22 49.20
Total
Ave. 0.48% 539% | 021% | 560% | 1.46 | 41.04
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Equip | Equip
MM B N —
No. | Type BF | MTTR TLC Fl’eakdown Utilization | OverallAvail Availability
T .
107 0 172756 | 0.370 - equency % ability Ai% Der. Occupied
108 0 | a2 | o 719 45 32.44% - Time Ao%
109 .392 88603 5 93.88% 9958%
0 [ 258403 ] o 4 37.37% S 58%
110 .397 ]7857 3 94.76% 09.449%
0 [17898 ] 0 4 37.25% 5 44%
111 .364 92871 52 94.73% 99.69%
0 202757 | 0 40.04% 9 2270
112 395 | 117599 = 94.61% 99.60%
0 1577.98 0 47.67% 93.48° o0
113 .391 127816 31 3.48% 99.55%
0 1809.39 0.4 51.84% o D20
115 0 B .414 115801 64 17700 93.64% 99.429%
16 745.88 0.392 46680 ; 12% 93.54% 99.47%
0 3985.06 0 7 18.36% S 4170
117 .470 67746 95.14% 99.63%
0 | 6293.22 17 28.23% - 63%
118 0.407 56639 95.89% 99.69%
0 | 2437.00 9 20.89% 5 097
122 0.383 24370 1 96.27% 99.83%
0 |212411 [ o 0 10.41% 5 0976
123 .352 57351 27 95.70% 99.62%
0 1931.10 20.80% 5 270
124 0 T 0.406 92693 18 T 94.54% 99559
Total - 0.385 102998 61 32'050/0 93.08% 99.41%
Ave 1156764 537 070 94.46% 99.34%
- | 1970.64 | 0.392 | 32676 i | - .0470
2.579
% | 945% | 9954%
Equip BKDN
No. Percentage% e EM% Lo Net Cycle Time Theoretical
107 0.42% — downtime?6 (min/container) Handling Capacity
108 056% - 90/0 0.23% 6.12% - (container/hr)
109 031% 4.90% 0.35% 5.24% 154 39.05
110 0:40%2 208:/0 0.19% £ 2700 12; 3316
111 0.45% 6;30/" 0.26% 5.39% 1'58 3812
112 058% 5 V6|, 0.32% 6.52% - 3797
113 053% 6'930/" W% 6.36% o 40.18
15 oo, .09% 0.36% 6.46% . 40.17
116 0~310/° 4.76% 0.09% 150% 151 2055
. 86% )
17 - 4.00% 0.11% 4.11% 1.42 o0
0.17% 3.68% o 2 1.51
118 0.38% YRR 0.05% 3.73% o 3971
122 A5 = 5% | 0.06% 4.30% 15 45.20
123 0.59% 7.330/0 0.13% = 6% Lo =381
124 0 5~820/o 0.32% 8.14% 193 46.36
Totl 21% 0.32% 5.54% : 4861
Ave 5 L13 5320
. .46% 5 .
522% | 023% |  545% ] —
- 4154
77




20164

Collection @ kmou

Availability
Equip | Equip Breakdown | Utilization | OverallAvail .
MMBF MTTR TLC per Occupied
No. Type Frequency % ability Ai% .
Time Ao%
107 0 1299.51 0.385 79270 61 33.21% 95.57% 99.45%
108 0 1476.59 0.374 94502 64 40.51% 95.82% 99.51%
109 0 1593.63 0.393 89243 56 37.83% 96.01% 99.53%
110 0 1503.86 0.384 96247 64 41.54% 95.63% 99.51%
111 0 1763.22 0.399 118136 67 47.95% 96.36% 99.51%
112 0 1239.81 0.423 128940 104 52.87% 94.63% 99.23%
113 0 1303.80 0.384 113431 87 47.76% 95.00% 99.36%
115 0 3500.41 0.431 59507 17 22.74% 95.67% 99.68%
116 0 3795.39 0.528 68317 18 28.26% 96.19% 99.64%
117 0 5628.23 0.358 73167 13 29.71% 96.30% 99.84%
118 0 3326.00 0.379 36586 11 15.53% 95.95% 99.73%
122 0 3108.48 0.393 65278 21 24.21% 95.79% 99.67%
123 0 2380.47 0.384 102360 43 33.74% 95.60% 99.54%
124 0 1550.16 0.366 99210 64 35.46% 94.44% 99.33%
Total 1224194 690
Ave. | 177419 | 0394 | 87442 49 | 3507% | 9564% |  9950%
Theoretical
Equip BKDN Total Net Cycle Time . .
PM% EM% Handling Capacity
No. Percentage% downtime% (min/container) .
(container/hr)
107 0.55% 4.10% 0.32% 4.43% 1.58 38.02
108 0.49% 3.86% 0.33% 4.18% 1.63 36.79
109 0.47% 3.69% 0.30% 3.99% 1.61 37.36
110 0.49% 4.03% 0.34% 4.37% 1.60 3752
111 0.49% 3.27% 0.37% 3.64% 1.54 38.90
112 0.77% 4.77% 0.60% 5.37% 1.53 39.29
113 0.64% 4.54% 0.46% 5.00% 1.56 38.44
115 0.32% 4.23% 0.10% 4.33% 1.40 42.93
116 0.36% 3.68% 0.13% 3.81% 1.51 39.77
117 0.16% 3.63% 0.06% 3.70% 1.49 40.29
118 0.27% 3.99% 0.06% 4.05% 1.56 3851
122 0.33% 4.09% 0.11% 4.21% 1.31 45,68
123 0.46% 4.92% 0.27% 5.19% 1.21 49.55
124 0.67% 5.24% 0.32% 5.56% 1.31 4593
Total
Ave. 0.50% 409% | 027% | 436% | 1.49 40.27
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Availability
Equip | Equip Breakdown | Utilization | OverallAvail .
MMBF MTTR TLC per Occupied
No. Type Frequency % ability Ai% .
Time Ao0%
107 0 1014.80 0.448 34228 33 37.91% 94.58% 99.96%
108 0 1127.98 0.400 101518 90 44.37% 95.44% 99.96%
109 0 1984.41 0.431 91283 46 39.43% 95.31% 99.98%
110 0 1503.67 0.427 96235 64 43.90% 94.72% 99.97%
111 0 1483.92 0.446 125069 34 51.59% 94.54% 99.97%
112 0 1787.14 0.410 128674 72 54.24% 95.33% 99.98%
113 0 1542.77 0.403 120336 78 51.29% 94.87% 99.97%
115 0 1497.88 0.398 73396 49 27.12% 94.78% 99.97%
116 0 4099.47 0.456 77890 19 34.05% 95.88% 99.99%
117 0 3868.52 0.514 83976 23 37.05% 94.25% 99.99%
118 0 3807.08 0.416 45685 12 19.70% 95.32% 99.99%
122 0 2157.67 0.376 84149 39 29.36% 95.75% 99.98%
123 0 1642.78 0.419 106781 65 37.90% 94.61% 99.97%
124 0 1559.29 0.415 109150 70 39.24% 94.50% 99.97%
Total 1333370 794
Ave. | 167931 | 0421 | 95241 57 | 3907% | 9499% |  9997%
Theoretical
Equip BKDN Total Net Cycle Time . )
PM% EM% Handling Capacity
No. Percentage% downtime% (min/container)
(container/hr)
107 0.04% 4.91% 0.51% 5.42% 1.68 35.69
108 0.04% 4.07% 0.50% 4.56% 1.66 36.13
109 0.02% 4.42% 0.27% 4.69% 1.62 37.02
110 0.03% 4.90% 0.38% 5.28% 1.67 35.94
111 0.03% 4.94% 0.52% 5.46% 154 38.94
112 0.02% 4.27% 0.41% 4.67% 1.59 37.85
113 0.03% 4.69% 0.43% 5.13% 158 37.91
115 0.03% 4.95% 0.27% 5.22% 1.34 44.78
116 0.01% 4.00% 0.12% 4.12% 1.59 37.68
117 0.01% 5.59% 0.16% 5.75% 1.49 40.22
118 0.01% 4.61% 0.07% 4.68% 158 37.88
122 0.02% 4.04% 0.20% 4.25% 1.27 4712
123 0.03% 591% 0.44% 6.35% 1.29 46.53
124 0.03% 5.10% 0.40% 5.50% 1.31 45.77
Total
Ave. 0.03% 468% | 033% |  5019% | 152 39.58
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Equip | Equip Breakdown | Utilization | OverallAvail Availability
MMBF MTTR TLC per Occupied
No. Type Frequency % ability Ai% Time Ao
107 0 1315.97 0.450 76326 58 33.86% 95.28% 99.37%
108 0 1181.49 0.439 33612 75 40.15% 95.62% 99.34%
109 0 1364.73 0.405 76425 56 35.23% 95.20% 99.48%
110 0 1168.28 0.381 87621 75 40.43% 95.12% 99.39%
111 0 1497.91 0.410 115339 77 49.64% 95.43% 99.33%
112 0 1577.05 0.417 123010 78 51.44% 95.66% 99.44%
113 0 1285.59 0.392 109275 85 48.26% 95.38% 99.38%
115 0 2105.32 0.381 71581 34 26.68% 94.84% 99.58%
116 0 2766.31 0.338 71924 26 31.62% 95.83% 99.72%
117 0 5679.00 0.404 85185 15 35.11% 95.75% 99.85%
118 0 4067.00 0.418 48304 12 21.12% 96.92% 99.82%
122 0 1927.70 0.368 77108 40 28.25% 95.53% 99.61%
123 0 1825.37 0.426 94919 52 35.30% 94.96% 99.43%
124 0 1684.02 0.413 90937 54 34.52% 94.60% 99.41%
Total 1217066 737
Ave. | 1651.38 | 0408 | 86933 53 | 3653% | 95.44% | 99.49%
Equip BKDN Total Net Cycle Time Theoretical
PM% EM% Handling Capacity
No. Percentage% downtime% (min/container) (container/hr)
107 0.63% 4.36% 0.36% 4.72% 1.67 35.90
108 0.66% 3.92% 0.45% 4.38% 1.72 34.85
109 0.52% 4.49% 0.31% 4.80% 1.73 34.74
110 0.61% 4.48% 0.39% 4.88% 1.70 35.30
111 0.67% 4.14% 0.44% 4.57% 1.62 37.12
112 0.56% 3.90% 0.45% 4.34% 158 38.01
113 0.62% 4.16% 0.46% 4.62% 1.64 36.52
115 0.42% 4.99% 0.18% 5.16% 1.35 44.43
116 0.28% 4.04% 0.14% 4.17% 1.60 37.42
117 0.15% 4.16% 0.08% 4.25% 1.50 39.96
118 0.18% 3.01% 0.07% 3.08% 1.62 36.97
122 0.39% 4.27% 0.20% 4.47% 1.34 44.88
123 0.57% 557% 0.36% 5.93% 1.36 44.05
124 0.59% 5.09% 0.31% 5.40% 1.39 43.24
Total
Ave. 051% 427% | 030% | 456% | 156 38.46
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2. B fuFA vk G A

e Gantry part @ A3 47§14

[Defect 1]
Crack 6mm !
aB) |

=13
=

A AA

<Waterside>

[Defect 3] [Defect 4]

’ Crack 14><10mm, Smm. Crack 10+3mm
(IB). | (OB)
1 \ ”

Crack 6mm
i (IB) ',

<Landside>

Rejectd- ¢4

fults

Crack 6mm

2]

T & NDE
[Defect 1]
Gantry equalizer
beam MT
(#4-1B)
Crack 6mm
[Defect 2]
Gantry equalizer
beam MT
(#6-1B)
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T = NDE

[Defect 3]

Gantry equalizer

beam

(#7-1B) vt
Crack 14x10mm,

8mm

[Defect 4]

Gantry equalizer

beam MT

(#3-0B)
Crack 10+3mm

e Sillbeam & Leg : A% 47 &

j— - + ——————————————————— —|—- —|— <Waterside>

[Defect 1]°” "~ [Defect 2]
Crack 15mm Crack 10+5mm.

[Defect 3]
Crack 5mm ~~

[Defect 4] ~ A
Crack 10mm

Tl i
| | [ |
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T = NDE

[Defect 1]

Sillbeam + Leg (Left
=/Waterside) MT
(LTS-WS)

Crack 15mm

[Defect 2]

Sillbeam + Leg (Left
=/Waterside) MT
(LTS-WS)
Crack 10+5mm

[Defect 3]

Sillbeam + Leg (Left
Z/Landside) MT
(LTS-LS)

Crack bmm

[Defect 4]

Sillbeam + Leg (Left
Z/Landside) MT
(LTS-LS)

Crack 10mm
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e Portal beam : A3 574

<Landside> <Waterside>

[Defect 1]~ _

Crack 5Smm  “~

<Left> -
e > >

\\
">« [Defect 2]
Crack Smm
[Defect 3] _
Crack 15mm ™~ _
N
<Rjght> - <> <> -
v ~
i P = - l

[Defect 4] -~ “~ . [Defect 5]
Crack 20mm Crack 15mm

¥ & 7 Reject® YA

T T NDE
[Defect 1]
Portal beam (LeftZ
/Lower) MT
(LTS-LS-0OB-L)
Crack Smm
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T = NDE

[Defect 2]

Portal beam (Left=
/Lower) MT
(LTS-WS-IB-L)

Crack bmm

[Defect 3]

Portal beam (Right=
/Lower) MT
(RS-LS-IB-L)

Crack 15mm

[Defect 4]

Portal beam (RightZ
/Lower) MT
(RS-LS-0OB-L)
Crack 20mm

[Defect 5]

Portal beam (Right=
/Lower) MT
(RS-WS-0OB-L)

Crack 15mm
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e Diagonal pipe : 23 970 &
- #= Diagonal

[Defect 1]
Crack 20x20mm _

[Defect 2]
_-~"Crack 5Smm

[Defect 3]
Crack 10mm
A

[Defect5] _
Crack Smm ™~ _ |
T~ __[Defect4]
Crack 10+5mm
R X
e
#F2 tholoj 1y T}o] X Rejecti 9 X
E] NDE FAAR i

[Defect 1]
Diagonal  (Left=
/Waterside) MT
(LTS-WS-U)

Crack 20x20mm

[Defect 2]

Diagonal (LeftZ/
Waterside) MT
(LTS-WS-L)

Crack bmm
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T = NDE A AR Hl a1
[Defect 3]
Diagonal  (Left=
/Landside) MT
(LTS-LS-U)

Crack 10mm

[Defect 4]
Diagonal (LeftZ/
Landside) MT
(LTS-LS-L)
Crack 10+5mm

[Defect 5]

Diagonal (LeftZ/
Landside) MT
(LTS-LS)

Crack bmm
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- 9= Diagonal

|Defect 1]
Crack 20+1 Omm_

[Defect 2]
Crack IOmm‘

[Defect 4] _
Crack 5Smm ~~f _ |

hhhhhhhh _ [Defect 3]
Crack 10+5mm

o =
T =

NDE

e

,?L

[Defect 1]
Diagonal (Right
=/Waterside) MT
(RS-WS-U)
Crack 20+10mm
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T = NDE

[Defect 2]

Diagonal (Right
Z/Landside) MT
(RS-WS-U)
Crack 10mm

[Defect 3]
Diagonal (Right
Z/Landside) MT
(RS-LS-L)
Crack 10+5mm

[Defect 4]

Diagonal (Right
Z/Landside) MT
(RS-LS)

Crack bmm
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e Leg + TGSB(Trolley and Girder Supporting Beam) : 23t 271 A&

| 1
View

_L |
[Defect 1] [Defect 2]
, Crack 10mm Crack 10mm
4 R
T T oo
<Left> <Right>

g2 + TGSB Reject 9 A

NDE

i

,;L

[Defect 1]

Leg + TGSB (Left
=/Waterside) MT
(LTS-WS-L)

Crack 10mm

[Defect 2]

Leg + TGSB
(Right =
/Waterside)
(RS-WS-L)

Crack 10mm

MT
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e Backstay Gausset : A3t 270 &

<Left> () - - + - - (}
\\

b [Defect 1]

;) Crack 3mm
’!
i iy
; 4 _ 4 _ I ¢
<Right> ) s 7y
’ r‘
s ’
[Defect 2] * o
Crack 6mm *, i

Backstay Gausset Reject €]

T NDE HAAR
[Defect 1]
Backstay Gausset
(Left=) MT
(LTS-WS)

Crack 3mm

[Defect 2]

Backstay Gausset
(Right=) MT
(RS-LS)

Crack 3mm
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T

L/
[Defect 1] =
Crack 2+2mm ¢~
[Defect 2] \‘\\
Crack 5mm =% ‘

~

314 Rejecty YA

g

T NDE

[Defect 1]
Boom Hinge
(RightZ) MT
(RS-LTS)
Crack 2+2mm
[Defect 2]
Backstay

Gausset

) MT
(Right=)
(RS-RS) [Defect 1] [Defect 2]
Crack bmm Crack 2+2mm Crack bmm
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e Inner Forestay : A3 2714

| [Defect 1]
L] _ --Crack 4mm
@) @< -7 (Right3/Upper)

[Defect 2]
_~ Crack 3mm
N -7 (Right%/Upper)

Inner Forestay Rejecti 9%

T W NDE

[Defect 1]
Inner forestay
(A-frameZ
/Right=)
(RS-LTS-U)

Crack 4mm

MT

[Defect 2]
Inner forestay
(Boom=/Right
)

(RS-RS-U)

Crack 3mm

MT
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e Quter Forestay Gausset : A3t 374

K
- =
7
e
[Defect1]
Crack 15mm )
3 =BT
\ =
| )
\
A
A
\
» { '] o | | >, <
<] > - -
ey b P : y
‘\ - I
A 2
£\ ~
i v ~
[Defect2] - \ *y [Defect 3]
Crack Smm ~_ i /’ Crack 6mm
~ A

i

T NDE TAAR H 1

[Defect 1]

Outer forestay
gausset (Left| MT
Z)(LTS-LS)

Crack 15mm
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T NDE

K

[Defect 2]
Outer forestay

gusset (Right

MT

=
(RS-LS)

Crack bmm

[Defect 3]
Outer forestay

gusset (Right

MT

=
(RS-WS)

Crack 6mm

e Outer Forestay : A3t 7714

[Defect 2]
Crack Smm
(Lower) "~

\

[Defect 3]
Crack 5mm, 3+6mum
(Upper)

l

= %I@;%—I@A

[Defectd] ,-

[Defect l}f

Crack 8mm [Defect 6] Crack 8mm
(Lower) L Crack 15mm (Lower)
(Lower)

<Left>

<Right>

<A-frame3> ‘
[Defect 5] [Defect 7
Crack 10mm Porosity Smm
(Upper) (Lower)

Outer Forestay Reject® ¢ A
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T = NDE
[Defect 1]
Outer forestay
(Link=/Left3) MT
(LTS-RS-L)

Crack 8mm

[Defect 2]

Outer forestay
(BoomZ/LeftZ) MT
(LTS-LTS-L)

Crack bmm

[Defect 3]

Outer forestay
(Boom=/Left=)
(LTS-LTS-U) MT
Crack 5mm (ZA)

Crack 3+6mm (&

1=}
4%

[Defect 4]

Outer forestay
(BoomZ/LeftZ) MT
(LTS-RS-L)

Crack 8mm
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T W NDE
[Defect 5]
Outer forestay
(A-frame=/Right
=)
(RS-RS-U)

Crack 10mm

MT

[Defect 6]

Outer forestay
(Link=/Right=) MT
(RS-LTS-L)

Crack 8mm

[Defect 7]

Outer forestay
(Link=/Right=) MT
(RS-RS-L)

Porosity bmm
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