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Abstract

Nowadays all the countries of the world have studied the various problems caused in
operating their own ports efficiently.

Ship delay in the port is attributal to the inefficient operation in the navigation aids, the
cargo handling, the storage and transfer facilities, and to the inefficient allocation of gangs
or to a bad service for ships.

Among these elements the allocation of gangs is the predominating factor in minimizing

ship’s turn round time.
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At present, in the case of Pusan Port, the labour union and stevedoring companies allocate
gangs in every hatches of ships by a rule of thumb, just placing emphasis on minimizing ship’
s turn round time, without applying the principle of allocation during the cargo handling.
Owing to this the efficiency of the cargo handling could not be expected to be maximized and
this unsystematic operation result in supplying human resources of much unnecessary surplus
gangs.

Therefore in this paper the optimal size and allocation of gangs for minimizing the ship’
s turn round time is studied and formularized. For the determination of the priority for
allocation the evaluation function, namely F=PHi"X (W+H), can be obtained;

where, PHI : Principal Hatch Index
W : Total Cargo Weight represented in Gang-Shifts
H : Total Number of Ship’s hatches
and also for the optimal size of gangs the average number of gang allocated per shift (Ng),
namely Ng=W/PHI, is used.
The proposed algorithm is applied to Pusan Port and its validity is verified.
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Fig. 2-1. Cargo distribution of i ship.
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o] we) Tup: AL gich (H 2)
F1) 8 B nHo Mol FLS BAYT o HEELS PHIZF 2S #4410
e Pl

F2) i Bfee KPES w, i ®WES wal s oo B Roardet,
PHI> [ wi—w; | coeeererii e (2)

tEoll= PHISH fifkteol BEY RESHNS BHES Hhafelr) 2z 3o, »

(EFE2) Ng=W/PHI coeeeoreeemeteniin et st 3)

KB FHHE ozt THID. FHBHH Nt S8710) FTodl BEs Ue #4S,
MEYe EEE vl FHmer RESE B8NS REsE ol

(BIE1) R Mo BEHR] 23 28 A% Ny=20|},

FIRST DISTRIBUTION OF CARGO CASE A CASE B
(GANG-SHIFTS) 2411 2411
1 SHIFT(4/2 GANG) 4+ 4
REMAINING CARGO 1300 1311
2 SHIFT(2/2 GANG) +4+ ++
REMAINING CARGO 0200 0211
3 SHIFT(1/2 GANG) + + o+
REMAINING CARGO 1 110
4 SHIFT(1/2 GANG) + +4
REMAINING CARGO . 0000 0000
 Ny=8/4=2 Ng=8/4=2

(B 2) 8 Aol ol Bk#E S (idle gang) o] WHESIA] U= 713 zhEpyel %
Bihe 27]& Ngolo

@ I FHHBE N 27+ B MEEES BT BE Jonz olad: K
o MBEE F, 565 FE BHEIZ o},

oh E—RYie A%
°] 7+ W=PHI°|=22 N,=W/PHI &, N,=19 #XEfI gangol =z, 2 Liste %
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8 2-29 AL MABIRIEES 19Shiftol lgang, 2"Shifte] 1gang, 3Shiftel lgang
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No.3 Hatch No.2 Hatch No.l1 Hatch

EMPTY 3 EMPTY

Fig. 2-2. Cargo loaded in only one hatch.
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No.5 Hatch No.4 Hatch No.3 Hatch No.2 Hatch No.l Hatch

Fig. 2-3. Uniform distribution of cargo.
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o —Read KA A% ‘

W/PHI=N,Z ¥8 Nyt %8 £t ML BiEE e 497 dov of 3
E OPBEUTY e st EEIUch W=PHI+Szte M= 58 Commanding
Hatche EAEN S8ho) HERETHZA &8 LT, U=z KR S dslixe
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No.5 Hatch No.4 Hatch No.3 Hatch No.2 Hatch No.l Hatch

Fig. 2-4. General distribution of cargo.
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<28 2-4>o 4= No.4 Hatch’} Commanding Hatch& 4 PHI=5°¢]t}, W=16°|28 S=
16—5=112 =}z S/PHIo] ZFZidle & 11/5=220|22 ) LA 3(gang)olth, #
5, Commanding Hatcholl /E3d & gangst voix] KHEEES sl LES 3 gange
4354 4 Shiftelot FBEhH2 4gange g o}, (B8 )
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ERMS BhE abel,  PHI'Yz  PHI o) MHR7F Mweh,

(FH3) € "I BHY K ZA $8HHE BT ool b B @Asolor ¢
HEgel Aeld,

gH, PHI} F—& A% FEdAoF & FHREL =M= KWES KK B0t i K
YRSl Brot KRS Easior & FEhol gob WD MR v Aoz, AA Rk
o fietkell ol A KHpEel E—sietx shH,

GEE4) £&ES MR id glold PHI 9 Wrb FEl—stotd &g el $ob 22 Avffcl
S81< BEMSZ Boste ol Rhadayelch

FHD 0, iAol eiAM e Hpgel #ob HO>HGY 7%, PHI Y W7k A—stoz

Ng= FE—sict, ciah, #gphel Bapeefie ZEsiw e RIEEETRHS TN =
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B3 2R 2AYAes KAl BEBaTo EErMel o FRAY: A
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No.5 Hatch No.4 Hatch No.3 Hatch No.2 Hatch No.l Hatch

W=10, PHI=4, N;=3
(a) ship with 5 hatches.

No.3 Hatch No.2 Hatch No.1 Hatch

W=10, PHI=4, N,=3
(b) ship with 3 hatches.

_Fig. 2-5. Distribution of the given amount of cargo in various hatch patterns.
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Shifting-& sfoksted o} 2 Ko = BEIAZ e KER o Kla-id 24 2RE
Bo] ERT 4 Y+ AE UAat A" KPS HEL HHE HRIEE 2% b AR
o mgfol o A

F4) BHEC AL Zol BEHT BASE Aol 2EERMNC &I "
(FHE4) 9 RO)E BEHHY HFEMQ EBEoolzste EolAe N EEY BkE A,

PEE S BEgos B szl ste ASolE PHIO B E 7o) Firtgs &Es)
=
No.4 Hatch No.3 Hatch ' No.2 Hatch No.1 Hatch
1 1 4 2

W=8, PHI=4, N,=2
(a) Distribution of cargo in ship A
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No.3 Hatch No.2 Hatch - No.l Hatch

W=4, PHI=2, N,=2
(b) Distribution of cargo in ship B

Fig. 2-6. Cargo distribution of ships.

1¥l2-6>0] Hol: AA 2 Ship At Ship B/} Frgol #E%£¥ o), N,A+N, B=2+2=
4(gangs/shift)7} EiBQl FH&EHol sxa BEHE 4+ A& H@hol 3(gangs/shift)E
W g3 o] "o,

Allocation 1. Case A°] AL#1-S Hi#aRl JEEZ 2,4,1, 102 #H#slol Uz, Case BY
S 1,122 MBsol 9ok o) A% PHIZ 2 A#t#iie] First Shiftel FIEwEd &
BhE 28 EEsl oldlot o] (S i AMine Kipiol MRS BT T gange 3
Shift 75 Biifficl BEES =2 BAt#i2 gangel AR 2 Shifts ~Ichal el Hi%e B3
sl ol2lsle Aol BAL#A-2 REpol 4 Shift#l figETsIge=2 ASTE 4ot}

FIRST DISTRIBUTION OF CARGO CASE A CASE B
~ (GANG-SHIFTS) 2411 112
1SHIFT ot
REMAINING CARGO 1301
2 SHIFT o+ |
REMAINING CARGO 2 112
3SHIFT = + + o+
REMAINING CARGO 1 11
4 SHIFT + ey
0000 000

TOTAL : A ; 4 SHIFTS, B ; 4 SHIFTS
AST(Average Shift Time) : 4

Allocation 2. & #t#fie] ®&Ha# 7t Allocation 13 Zow, MW #8771 3gangs
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PHIZ} 2 & #f5e BES ARV FHEHHS @Bl BEEAA22 Case B
2 2 Shiftgtoll fE%5ETohE AAMMA-S 1 ShiftE 7|ohel fgol 2gango B FHEMEXS BALAS)
gch, BAR#IS 2 Shiftatol, AM#H-S 5 Shiftatel fEe T3y emz ASTE 350t
2822 5 o) MRS REol ohicdh

FIRST DISTRIBUTION OF CARGO CASE A CASE B
(GANG-SHIFTS) 2411 112
1 SHIFT +++
REMAINING CARGO 2411 1
2 SHIFT ++ +
REMAINING CARGO 1311 000
3 SHIFT +++
REMAINING CARGO 2 1
4 SHIFT + o+
REMAINING CARGO 1
5 SHIFT +
0000

TOTAL : A ;5 SHIFTS, B; 2 SHIFTS
AST(Average Shift Time) : 3.5

Allocation 3. #[H7RE3 3gangS PHIZ} XS Bkl F#48rH (N,) 2gangs EESH
1, Uz lgange A##S) Commanding Hatch¥-® EiEstel Fi&{ES BAfsste] B
#1-S 2Shift, ARRAES 4Shiftulel] 2#%Ac] =% FHRZET Rk, ASTE 3olmz 99 371#
7ol 7ha AST7h &/hel BBES S vrebll e et
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FIRST DISTRIBUTION OF CARGO CASE A CASE B
(GANG-SHIFTS) 2411 112
1 SHIFT + + +
REMAINING CARGO 2311 11
2 SHIFT + ++
REMAINING CARGO 2211 000
3 SHIFT 44+
REMAINING CARGO 11 1
4 SHIFT ++ +
0000

TOTAL : A ; 4SHIFTS, B ; 2SHIFTS
AST 3

lEel &8 o R LH FHFMM H®;NS BEsSsle 7-5ol PHI MEYE, BEYHRE
T EAFoz ZEMoE deobe AE Attt wZA HEyh EEgol M E# F= F=
f(PHI, W H) 2 eld 4 9l

2, AF7HA Y B2 LE M EERTEM-S PHIY 27 HELNSZ KF
sto2 PHIS 714 &ERsz W 3 HE EEEA A3 =2 &, o423 2
ol PHI® =z7|o HEe=l+w HHHies FTEEKE FEY + U4 F,

v F=PHIPM (WA H) orreerreemersrmetrrir sttt s e 4)

R@eA n(nz2)E& BREY FHikol 3t Faidon R4 Eat o 245 ganghitsr o
S ®ES 4 A , _ |

a8 B MRS FEfEErE (AST)E &/ME3rl A8l id fiiel ZE Hipsedl
T8 UL 2 gangB s HAF Y oL BMLTE = EHAZ 471 gled oA
< B/afems (Minimum Total Gang Shift) AST*2 #Rsle] ol ofehe}l o] K3t

+

asT-—#488 PHISH

BlEe ZR2YE Sghe RBo2 Eashe B8RS BEY odd 2o, z72-
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Step 1: Mojul 2% sciel: & AMgel PHI W, HE FAsle FEE# F=PHE
W+H)E kg,

Step 2 : FEEM Fzkel 27lol RIHIstd $%7 EAEFE e

Step 3: EEAERES] whet B FIATAER $@Ho B Not BRme HAFELSHH N,
% sl N2N2 A$ols & Minlc Fo8mhe Baste N<N,Y
Agolt TEEM Fitol A MMATE EANCZ & Mol TSNS
fEaslz Jolz gangs oh2 JEFEY ﬁ’&‘iEOil i iz

Step 4 1 &% Mo (EEETRMS Aftsld 2489 RIELRMT Ffrlkesmns

ket

Read initial data on weight, PHI, number of hatches,
average number of gangs (optimal gangs) and actual
gangs of every ships

l

Compute the evaluation function F and
minimum total gang shifts AST*

*
Determine the priority of allocation of
gangs from the lowest of F values

Compare between actual (N)
and optimal(Ng) gangs
N Ng

I

Allocate opimal gangs(Ng) from the Allocate actual gangs available to each
commanding hatch of each ship ship according to the priority rule

L |
+

f Compute AST per ship and total ASTs l

i
/ Write initial data, F, AST* and total ASTs /

Fig. 2-7. Flow chart of algorithm
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LES o] BiBEse] Udae
R, ool 54 A EEdch

alN

o Ssle] FREM Fat % AST* 3¢ EHIE ol

i) #3f0 A
No.5 Hatch No.4 Hatch No.3 Hatch No.2 Hatch No.l1 Hatch
1 2 4 1
W=9, PHI=4, H=5
i) AR B
No.4 Hatch No.3 Hatch No.2 Hatch No.l1 Hatch
1 2 5 1
W=9, PHI=5, H=4
iit) A C
No.4 Hatch No.3 Hatch No.2 Hatch No.l Hatch
2 EMPTY 5 EMPTY
W=7, PHI=5, H=2
iv) ##4 D
No.4 Hatch No.3 Hatch No.2 Hatch No.l1 Hatch
2 | 6 2 2
W=12, PHI=6, H=4
v) #if E
No.5 Hatch No.4 Hatch No.3 Hatch No.2 Hatch No.l1 Hatch
1 EMPTY EMPTY 1
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W=5, PHI=3, H=3

k3 2 piEe RRS BEiy K2-D3 2o

Al T w PHI H F3t &4
A 9 4 ~ 5 224 2
B 9 5 4 325 4
C 8 5 3 275 3
D 12 6 4 576 5
E 5 3 3 72 1
g A 42 23

Table 2-1. Allocation order

<R2-DolA EES] B 53 o) Aol KT FP, X gangBlMEFE ECABDIR

o2 gEAT, o] JRF sl Aol gangs EET Ol YA obFg
strizts AST*=23/5=4.6(Shift)e]=, LIT2< EHEATRESI

Be gangS: A

Zoz 3o FIEEZA HBA gangol W3 ASTE BEZ {ERste ER2D9 23 2.8

o2 39ld,
Gang,~Shift Total Shift AST Remark

N=2 58 1i.6

N=3 43 86

N=¢4 36 72

N=6 28 56 .

N=9 25 5.0

N=10 23 4.6 AST*
N=12 23 46

N=15 23 4.6

Table 2-2. AST per number of gangs
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#2-2>9 ASTE FollA —fIE Eo N=9a 7#+% Kkapd ch&3t 2o

Ship E Ship A Ship C Ship B Ship D
First Distribution 131 12141 25 1251 2622
of Cargo
(Gang-shift) N =9(Gang/shift for 5 ships)
1st Shift ++ ++ + ++ ++
Remaining Cargo 021 01131 14 1141
2nd Shift ++ +++ ++ ++
RemainiﬁgCargo 010 00021 03 1031 2622
3rd Shift + R + 4 |
Remaining Cargo 000 00010 02 1020 1512
 4th Shift + PR R
Remaining Cargo 00000 01 0010 0401
5th Shift + + + +
Remaining Cargo 00 0000 0300
6th Shift +
Remaining Cargo 0200
7th Shift +
Remaining Cargo 0100
8th Shift +
Remaining Cargo 0000
_ Total Shift 3 4 5 5 8

AST

25/5=5 (Shift)
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1ef
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2t
n
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AST*
4.6
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T
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1 23456 78 91011 121314151617 18

Numbers of Gangs

Fig. 2-8. Average shift time vs number of gang allocation.

BI3E EARG — BLE

3.1 F|A B’R

3.1.1 7fex RN
gl ABstc MHES BT ALE BAsln ABEFAZ FHRMMERE KBEE
RIS o3t BEAEFERETE AMES fHE Lol ¥ RAHS

Rk
] L
A, 3F 3 o 3 A 3z
] T
£ A

Fig. 3-1. Ship cargo handling procedure.
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2o, WREZEEAAY S@AESd W SEme Rl o, mEmmes
gang® A4S0l MRS MEHE B ol te BEANS SHHE WAMLE
Hedod HEHD U4 97 WFol Be WRBMAE MAFL Y& Kol

detd HEMEESE BRSHHS FEN/ Lot LHEABES ERA7E ddl
NS ST RUARO) gange BAAA fEES 1 Yok o2 EH HRFM Y BREM
A T REE BEAV L UE T ERG SHHFES o Foixx 2 Y& Fol,

3.1.2 AEAMAS BEALHERE BHR

1985. 1.14-¥ 1985. 6. 307txl& 2,000 G/T LiLkel #%ffio]l # 16043 cl3ich & 1RERF]
HAsE —AmEES] 7S SIMER 1653, H2MER 2224, hRMEH 1883, HEIMIR 33934,
BAME 6194, 23 HTREL TIHelgler, Zelelv®mEE(B.CT.O.C: BUSAN
CONTAINER TERMINAL OPERATING CORPORATION) #55 2534 =2jn #6s
BE7F 3274 o} QA e},

Y 73 4 % 35847 444 (%)
A7/ H)
A1E5 165 53.3 51
A 245 222 66.8 57
F % 188 78.7 86
A3 339 57.2 64
A4E5 619 34.2 55
ATHF 71 , 135.7 56
g A 1604 55 60.5

Table 3-1. Turn-round time and berth occupancy rate.

— RS 7%, WMERR) ALANEL, SARERE W AAZEE (R3-Del Rl

Llbe) #RZEE ST M SAEC & 60.5%0 % MY BIEEAEM) & 55
BSfol=l, 6EASS 10 MMEREL & 8.840lc 180 Amsho] MRl 55
ol =2 —MHAEEE 1HY% & 204 o] BEMBEES o Yo,

Zige BEMN MERTE <2Y 3-DolA 2l
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3.2 ELES RESEEC EE S oM

3.2.1 H®EEJ| MEiERs o R¥ gangll

Fold BUWHE 1B 2079 o] B HEHD 98T HEAYODE BE 2049 4
faol F1HEE 33, F2i@Eel 34, FREIEo| 34, #IMIF| 44, F4_E) 53 2ejn
gE7TmERC) 28 0] HESe] MkfEE S dlr ot = BEFEHN lgang RiEc KYE
feboh %4 ZRIL Sl

EI-DolA Mol AMH WM ¥ HPYRES gang-shift Bz Fnsh, 1 Shift(8sr
M) ol lgango] dhvie] teipfol 1Rl /EXRS (HWHRIRE) lgang-Shiftz} gt

®
®
®
®

Ye ®
©® : @oile @2@5@9
® 00 @ " @l "ol
CONTAINER TERM, @ '

0" Leed ©

CENTRAL PIER

Fig. 3-2. Arrangement of berths of the Pusan port
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BRI A W 7 9 £ 4 2 4
}EER
£/Shift | @FYxF2 | A48 RS E A4}
¥ = 250 18 18 7 4
20(Bag) 20(Bag)
4 = 300 12 6 4 2
CIR S 300 12 6 4 2
3 = 500 12 6 4 2
4 = 450 18 14 22(3H ) 22(34)
S 300 16 14 5 3
A 300 12 8 : 4 2
* A 300 16 15 10 10 .
A o E 300 16 13 10 10
A4 = 300 16 16 10 10
Zjolud 48TEU 13 13 3 3

Table 3-2. Numbers of persons and cargo weight per unit gang.

3.2.2 FRRRIA FHEEH H¥
7 SHSER FHRIER |

B Z10Ed FHREES BEAZ MEcl HEd £&59 MME Tt BWRA FHN
(gang) < AAA LBHERMS BAME A= E MbEES o), FkEH LFNde M
IS BMLE FRT LS Bk (Despatch) & A7k ke 47 flonz W
E3 BHHS EANT Qs Aold, @WES HH;yhe AMANE =E M4l AST(Average
Shift Time)§ /2 st ML HEY A 2L B4 28AE ¥o o= &l
o) MBS BISGE vl AVIAL HEEMMNS FREXEREY BH&A gangd F4
BENEA BT FME vt g

o] & WIAFIE g3, BULEY SMEAEN ohE2 ol 3 o] HESto FEMEXS 3l
T Yot ASE 3fH] KW Bt 2f@e HwME, 23x K< AES] BYfE AEHS =
58N Nt 7(gang/Shift) o] o,



HEES 58 HEBO B0l Mt 19

Fx A e A% B#t C% ] A
A A 13 14 15
}EFF %3t 73 %3t
353 (W) A
(gang-shifts) 10 8 26 44
e 3 2 4 9
sExydag 123 1 2 1234 2R3
(HATCHWISE Cargo) 352 5 3 57104 PHI % AST
(gang-shifts) 420
N, 2 2 3 TOTAL
T
First shiftol ++-+ + + ++++4+ . 9
25 A3 Gang (3gangs/shift) | (2gangs/shift) | (4gangs/shift)
+ el A ® b9 gang¥ 4] Shiftd fE x5 (gang diff), 2

Table 3-3. Pattern and distribution of ship’s cargoes (No. 1 Pier)

ES-Poll Bl AANH FRfEES T BR ABAM o kB Hisld HRE

< s, Shift¥ BkSEHol 2gangolm2 5 23RN M EfEES stE ASol= 4
(gang/Day) o} BHBBHE 21 A+ Folth, 222z lgangell 154 SEE 7ot
60% BAZBHE BEIL Yt HAold ol & WA kz Jehid 29% BEdd, 339 &
fEE5E T RS PHISET 205 F—3t22 THSBHHN) S AT 2L, R B8
RS Bt AMS ®RE 4+ Jomz THSEH KA 7+ Kyteich fAe
Aol oA AR RIEETT RS £7o] 20(gang/Shift)o] o},

v SE2MR Rk

F2EERS] 6] MEh 34S BEAIA FREEXS dodn RS E3-OoA Rol:
A5 DM 3 Aptol ol Mislol Slu, EAMES 2/ ipigol 22ln FiY
< ME Hwtaol Kol MEslol o=z DR Shiftd 3gangd HA, EAHHS
2gang, 2|3 FAME-S 4gangS #H|A, fE#st=2 &8 9gange] svbel Shiftol] LE3}c),
zev N5 #AFH, DAL 2(gang/Shift), EAMA-S 2(gang/Shift) 28 FAMRS 3
(gang/Shift)7} sl=2 &3 7(gang/Shift)7} =}, BiZE 9(gang/Shift) ] Fikirk
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Pattern 2(gang/Shift) ¢ idle gang® ®&3ta ek, Sh 2%ARE AR R AT 4
gang®| BARFBEHS BRI de Aa Fow 29% EREolch, olu) MERmTERIL
21(gang/Shift)olc},

T+ Al D%t Ei Fit u] 3
A4 4 21 23 25
JEEF Aol & A g 1A% o #3
35 A
(gang-shifts) 50
s 2 2 4 9
SRR 123 1 2 1234 2w s
PHI % AST
(gang-shifts) 252 4 3 107125 A 21
N, A
2 2 3 7
First shiftei] +++ + + + + ++ A
A3MEAo] Wz B ganj (3gangs/shift) | (2gangs/shift) | (4gangs/shift) 9
&
" Shift R 2

Table 3-4. Pattern and distribution of ship’s cargoes (No. 2 Pier)

o, PRIBIR PR
Hipfgol 4fES] 34 o ARffio]l BEMRMEET st Ach FK3-HolA Hole AN, 33
0 ZFb BKBENE 1gangd @&IIL 3ok olwl EREHAU Nt 9(gang/shift)el
BUBAMERLS 12(gang/shift)o] =2 idle gango| 3(gang/shift)o]t}, 3}

ol

% BRI
& e A9 6gange] BHBEHNE EMHL gloo] o= 3%l HEHE Aol MiE
EETRES FHBHH BAS 49, DT WMol gangBs BAD AS7 H—a
27(gang/shift)e] o}, | | |



EEER HE) o BRK S Bstd

21

oL |

+ Al G#% H% IR R Bk
A A4 C C. C
}EFF 4 =5 * F 43 5 2o
Y
35 (W) A
(gang-shifts) 20 29 30 79
334 4 4 4 12
35 ek 1234 1234 12314 EAE
PHI % AST
(gang-shifts) 3764 51095 510105 A7
N, g A
3 3 3 9
First shifte] A&l ++++ ++++ ++++ g A
v %] ¥ gangg (4gangs/shift) | (4gangs/shift) | (4gangs/shift) 12
Shiftd +Ex%H | 3

Table3-5. Pattern and distribution of ship’s cargoes (C.P)

2k, HSIRER FTRIEXE

449 Aol R, WRMEES oz Shx, TS 4E R K 3B Ry,

Lit#n< 5@ Kiple 22l MARNS 2ME ®pieS 713 #iffolzlxn shd, (E3I-6>ol4 2

ol AN LIFT HSHol4 BRY ALEMGER Patternd Wstol gang? SAMTIch A
s, FHBWN (No)7 2gang/1Shifte] 2R} et F, ol3lel HkS@hols. s+ 2

A A EFRAEEQ ¢ 4gangst RSB0l ol 17% BEClH. olwl WMIEXETR
M2 Ng& #ATE 7fo, =& Rl gangsS T 2571 L3 42(gang/shift)
oltt,
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FE A J5% K&k Leg - M%k W3
Al A 32 33 34 35
3 & F # A 3 Feloj 3 4 .
F 3 & % g A
(gang-shifts) 21 15 80 15 131
3 & 3 4 4 3 5 2 14
3 5 4 e 1234 123 12345 1 2 3}EAWE
' PHI 9 AST
(gang-shifts) 5745 555 [1020152015] 5 10 A 42
N, g A
3 3 4 2 12
First shift ++++ +44+ |+H+H+++H + + 14
A3 ol vz | (4gangs/shift) | (3gang/shift) | (5gangs/shift) | (2gangs/shift)
Shiftw ¢F x5 2

Table3-6. Pattern and distribution of ship’s cargoes (No. 3 Pier)

ob, SBAHIR FIRVEE
54 fEffio]l Hipsted A ERIXIEES dohn &b, NAMAS ME a8, OIS 3 &
8, PR SME KWAE, QAN 2ME M, 2eln RAGMS 3B KWAR Ab#io)d
(K3-DollA Rolt AN FyBEH (Nt ldganglo] B HASEH] 1%Shifte] 17
gang©| 22 3(gang/shift)] BAFE SIS 2 Uk 5ol 24 M LAEES 4, 6gang
o BRBEHE 2L Ax RAH F—3H, ol& 21% BRIt olw MEXETHRME 34
(gang/shift)o] ct,
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T4 A" | N 8% O % P % Q % R %% ¥ 2
A A 41 43 45 47 49
}EFF ¥ F 2 A PIAF A A A 3 2 &
353
(gang-shifts) 9 12 18 14 30 83
324 4 3 5 2 3
3}Eepyga 1234 123 12345 1 2 12 3
PHI. AST
(gang-shifts) 1323 444 23454 7 7 51510 3hA 34
Ng {{}- Zﬂ
3 3 4 2 2 14
First shiftell | ++++ | ++4++ | +++++ | + + | +++ 17
A 82 %ol wf x| 4gangs/ | 3gangs/ Sgangs/ 2gangs/ | 3gangs/
¥ gangF shift shift shift shifts shift

Shift? fEx53

Table3-7. Pattern and distribution of ship’s cargoes (No. 4 Pier)

v}, SETIRER PR
249 #Effo] BR, FREES Sotn o o= SHMS SE KR, TAMEE M &
Yofolch, <K3-BollA Rol: AN FHHHSH (N,) 2 8gangldl, BEHAZHHE 1
o l0gangeleh, z2|=2 olwfe] BASEISS 2(gang/shift)olch, &% 2348 A& LM%Y
73%-ol= 4(gang/shift)7} BKFEIHolch ol 25% REEolv BIERET TR 52(zang/

shift)c},
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¥ A S % T % L1
A 4 72 73
3 & F F z A z A
* 3% % %
(gang-shifts) 27 170 197
3 & # 4 5 5 10
3 & 34 g 12345 1 2345 3
' PHI % AST
(gang-shifts) 57573 25 45 30 25 45 A 52
N,
4 4 8
first shiftel] +++++ ++ + + + 10
o T R P
gang<-
Shift® FF =59 2

Table 3-8. Pattern and distribution of ship’s cargoes (No. 7 Pier)

3.2.3 WERG AR EAEE R

o A 35| T2 N =8 | ter AR B
145 3 44 9 7 9 2 29% 20
285 3 50 9 7 9 2 29% 21
FATF 3 79 12 9 12 3 34% 27
35 4 131 14 12 14 2 17% 42
AR5 5 83 17 14 17 3 21% 34
THE 2 197 10 8 10 2 25% 52
g A 20 | 584 71 57 71 14 3 #25% 196

Table 3-9. Comparison between actual and optimal gangs per pier in the Pusan port.
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(FE3I-PoliA Bolx AA 208 Mol N,=57(gang/shift) 7} BIE ganghiolc}, %ﬁﬁﬁ
B AdEAbHCl 9 FEEAWR wlssiARl "okd, 35 20RREAA BB SBERS
ll4gangel BESEE o F714S BEKEZ Bshd 2 Aol BHKSBEE Shift
l4gango| 22 2XMAEEME FHBBAH 25%0) HEIE 2gang 3, (158/gangd A
) 4208 REZH SKARREC =HE Aol ol MKANERES SEAE %%?Q&'s’_b
el oA fiEAlA %4 Fghtkel U, T BkSEo) wow, BEMmos B
oF WiTAA 4 Al & Aol

E3-PoAlA Rele ZAAA B FIWHEAAN EMHEAR & BEY FHEHS
(Ng), BIRABES (Ay), BRS8N (1), 3 BIEERMY (ASTAIDS FROAE BERI
C2¥3-D} 2ok, BIRER S BEIANAN REERASSHI EMTFHSHH =B
7h RSB Hoz Jeblz gich, zeg 2089 AR R/EERT RS 196(zang/
shift)o. 2 F#H B85 LI LS gangB AL 280 BRS8Nl Ho,

A : idle gangs

1 : average number of gangs
QO : actual gangs

* @ total ASTS [

] 4 200
/ 4180
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% 80 {160 =
g 3

70 - o 4o €
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Fig. 3-3. Cumulative frequency distribution of general piers.
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s&

%45 b=}

A Bxol A Bl M o HHELRENY RMuste BECA BBhE BES
s RSl BIE gangBs st RIS #RMez ofxn, o33 AL dnFE
REs A
i) Aojul A& sldtglEs ZE Mol FMEEE F=PHA(W+H)E A & ffficl
HEshks Fae ko _
i) FEHE Fae 27 Ripisted S@hs Easte IBFE RETH.
iil) EAERE) whel B ORAWEED SEhd & N3 BEHnd REFHSH NS i
Bgsled N2N, 2 7455 Ehsle EEadct
v) & Ao fERm TS AEsle 2 oA MfeEeRR TiofEgRES kS
12
BHZ ZisiEe] —AHBIENA FHR{EES stngle Mdl EdaeEFe B i
3 #5R, FHSEH 57gange EESI %Y A 2E Ul Tlgangd HBAT H
S 2X BRE¥ET BHE F—3dh
ol 3% 2B fEREBREIA MIELR TR 28gangel siwtsEl v BEKBEN (AT
Z 25%) S ZA T de Aoz 5o lgang¥ 1549 ZA¢3 Akt 420%0] "o
rEae uaAAq DAL ZiLEE MERAME A vrt A st EE
b3 SEhEEd Adst HEERC Hz e
AHxE vhgez
i) @|ENS BEAN RBEFHE RE
i) 8 =t BEelAe BESTAY ki
iii) Poolfll =& 4Gl SHEFE Ko HWESd #slo AL WEs A & Aol
B

ol
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