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On Improving the Productivity of
Busan Container Terminal

BYUNG KUK LEE
Abstract

Since the middle of 1950s, containerization has been rapidly spread over the world in
virtue of great merits providing to interests, and the fundamental changes in port manag-
ement and port operations are resulted.

As the container terminal is a complex system which is consisted of various subsystems,
the treatment for improving the productivity is required in a comprehensive fashion, both
in each of its parts and as an integrated system.

This paper aims to make an intensive anlysis ot the Busan Container Terminal system,
especially focusing on its subsystems such as ship operation system, storage system and
transfer system.

First of all, the intrinsic capacity of various subsystems is calculated and it is checked
whether the current operation is being performed effectively through the formal analysis,

Secondly, the suggestion is presented to improve the operation by considering the throu-
ghput that the port of Busan will have to accept in the near future.

The results are as follow;

1) As the inefficiency is due to the imbalance between various subsystems at Busan
terminal, transfer equipment level must be up to 31% for straddle carrier and 67%
transfer crane above all.

2) The yard capacity must be increased by reducing the free dwell time of containers
in order to accept the traffic volume smoothly in the near {uturc.

3) The better way to reduce the port congestion is to change berthing rule from the

TFIFO to the Pre-allocated system by considering the ship arrival pattern.
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Table 2—1. Yearly estimated container volume.

_ o (k] £ 1,000
INCREASE RATE|
\\\ 10% 15%
yEAR) DESCRIPTION' }
THROUGHPUT 1,031, 0 TEU 1.081.0 TEU
HANDLED VANS 811.0 VAN 848.0 VAN
87 | EXPORT LOAD 503.5 TEU 526. 4 TEU
IMPORT LOAD 36.0 TEU 351.3 TEU
EMPTY BOX 194.5 TEU 203.3 TEU
THROUGHPUT 1,137.0 TEU ! 1,243.0 TEU
HANDLED VANS 892. 0 VAN ‘ 975. 0 VAN
88 | EXPORT LOAD 553.7 TEU | 605. 3 TEU
IMPORT LOAD 369. 5 TEU 404. 0 TEU
EMPTY DBOX 213.8 TEU 233.7 TEU
THROUHPUT 1,251. 0 TEU | 1,429. 0 TEU
HANDLED VANS 981.0 VAN 1,121.0 VAN
89 | EXPORT LOAD 609. 2 TEU 695. 9 TEU
IMPORT LOAD 406.6 TEU 464. 4 TFU
EMPTY BOX 235.2 TEU 268.7 TEU
THROUGHPUT 1,376.0 TEU 1,643.0 TEU
HANDLED VANS 1,079.0 VAN 1,289.0 VAN
90 | EXPORT LOAD 670.1 TRU 800.1 TEU
IMPORT LOAD 447.2 TEU 534.0 TEU
- EMPTY BOX 258.7 TEU 308. 9 TEU
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Table 2—2. Monthly container volume and berth occupancy rate.

e | o | SPEES | AR | BB | ooy

1 127 43,917 1,388.7 55

2 111 33,582 1,190.8 53

3 144 38,424 1,397.5 55

4 130 44, 382 1,553.1 61

5 131 41,732 1,440.2 59

1985 6 127 46, 383 . 1,470.9 60
7 142 47,135 1,541. 7 61

8 144 44,497 1,612.2 64

9 136 45,944 1,596. 2 65

10 125 35, 536 1,282.2 52

1 125 39,153 1,273.5 53

12 130 42,172 1,455.5 58

1 ] 134 48,773 1,606.6 63

2 118 47,049 1,486.0 64

1986 3 135 50, 985 1,561.0 62
4 128 58, 622 1,787.0 71

5 128 55, 746 1,694.9 66

6 125 57,352 1,855.7 73
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Fig. 2—3. Trend of container movements and berth occupancy.
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Table 3—1. Stev. capacity calculation.
(=4 : 10, 000)

__ EEFFICIENCY
- E=0.7 0.8 0.9
PRODUCTIVITY ™\
374 102 VANS 117 VANS 131 VANS
R =25
24 130 TEUS 149 TEUS 167 TEUS
44 123 VANS 140 VANS 158 VANS
30
24 157 TEUS 179 TEUS 201 TEUS
49 143 VANS 164 VANS 184 VANS
35
&4 182 TEUS 209 TEUS 235 TEU

DA ok Rl 2d el 24 A L A F 10

A vty w4 gl

3-2.2 #E#EF (YARD CAPACITY)

FEAEDE ST HEE ¢ F+ Jv —BF BEFES (Holding Capacity) 3} &% e - 1%
AE + = EERES (Operating Capacity) 0.2 g 4 v}, EEEENS HENY FEL B
78 & Y55 R2EE ZRS —F BERHo2YY BT Aoz &% BEENY =7
< —FF BN 30~40%°] o},

ok YA KEE, A BREENE LEINT olfE Aol E FAFatedl YA B
SEMRAG, B9, B, HE T 2aA FAdd Aol BRELAE AT Bk
A Ao, BRFEZ B EEAEY ETE %3, =8 —F1e % BEBEHKL BR
A EESY] ASAE =] BES o ok & LEHo] gl

Rz, FliEvddl doiA LER REENY 27E 49 2rE g9, (1Y -2+
FULL Adle] ¢ —H FHBEES JebiA=, 864 58 5838 8 317X EHAz=2
A A i 82,850 TEU o] #RE S BER £, 2 BB 8,4240) 1 %Y HE=
4,016~12,456 TEU o] vt. 2 #iEsH 994rfu¢] 7k 11,857 TEU & #p@egsse] Tiyiyel Lzt
{ )l " weka
Ziliel vl ol=o] EERETL B BB T0% KEEE HEstE Aol ubghal s},
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Table 3—2. Yard capacity calculation.
(=41 : 1,000 TEU)

\\DWEI:L
\\?IME 2 3 4 5 6 DAYS
STACK KINDS™.
EXPORT LOAD 1,199 799 599 480 -
IMPORT LOAD — 621 466 373 311

MEooXRe HEAKS &M 4H/BA SR BRS o £/ £ESE KB 599,000 TEU
/i A373,000 TEU/7 243,000 TEU, & #M4&EHE M o 1208 TEU 2 HHE3 BEAK

E )M 3A/RA 4 B2 FEbs HETY £/ £EAS o 1508 TEUH #3he, o744
ot 4 ol& ubg} zol EEBQSI—_E 10 st £ okmdgEas of 25% HMBEEE /1A
g & gl

3.3 BWMREH(TRANSFER CAPACITY)

BRGEHS BEREKES EEpEIY HEA kA REsd, BHRAEKES BES R
el MEE AL dobz &+ Ak

oleloll A= 864E/8T4E WHEWE & 1008 TEU & jEdo 2 she] LB KM Bl #Hald
H7 2 Ao (Es) Hold (FEY HEE ol F& Kl S/Cs T/O).

3-3-1 {EMEEM] S

Aslol Buld Kol A BITHE (PR MMFRIFES FE(EE F /M2 KHE & A
wA ol & {EEEE A€ 49 w2 et

864 LAY WEIEH S BMEERLSH FRIFEHELSME (28 3—2>9% (& 3—
Dell, 864 55 1HAYH 87 31BN &g #EY FULL Avlo] MMBARMAIE
£% (29 3—33 (2¥ 3—4¢l 2aleh

ol 2 MARRSEY slol ke 433 o] MY Aoz WM ol k= EMHHHE 1008 TEU
o HEE WS BRG] Aol

(3G 3—2DllA ¢ 4 AFe] Fui 9BeFE 158 Aolo] FRMMBS 50%71 sl oA,
(B 3—3N A= Fiij IR 158 Alolol ffac]l BEfEEHl A& FEe] 7H¢ ¥ ol
43 n BEEES 158 LI 24657127 & Bl s &Ko & A& & + A=, (2
Y 3—2>9 <E 3—3Hoz¥E MMl HEs FRFES SMd BRY L KT 57 o
ol g HEHE YOoBE A WA $¢ Aes wolm, ¥ (2Y 3—-3Ho2iy Awloly
o fgio] FET 9REYE 188F Alolel 110 2HMES o 80%7t o] FoAH, (2P 3—4)A
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Table 3—3. Status of cargo operation.

i
!
1
| SAMPLE : 768 SHIPS
1
" JAN.1 ~JUN.30. 1986

57

9},

24 HRS

JAN. 1. —JUN. 30.'86

.y TIME | o
: BELT
\ 09—12 1215 ( 15—18 18—21 21—24
OPR. KINDS 1Q/ TTL
. \ 1 768
DISCHARGE 3057 (40%)| 3504 (467%)| 2604 (34%)| 2274 (30%)] 2117 (28%)] gpyyps
LOAD 1607 (225), 2527 (33%)] 312 (41%)] 2863 (37%)) 2757 (36%)
|
FULL 7ol w37k ¥-%
L 79.6% N
X o
40% i :
%x
30 /§ SAMPLE: 1231
9 5.1— 8.31. '86
g 1-8.31.
2 % g
A
/ / A
10 1 ;
. 1
s/
/ ppany |
09 12 15 18 21 24 03 06 HRS

Fig.3--3. Dist. of gate-out time, full con.
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DT/ T 4 x23x)

D Wy, PLOBFRY GRS 93% 71 o] Fo)xi= i 9uENE  218% Abo) FEE Femh
(2.8 3-3%)

R 10.9~1.0

4 Vw2 10085 TEU, f= 1.6

& p 1 0.325

864 1P F o) eh = ME] i
AB= 3 =5l fRAshe obxfFys] pwmEs T/ACo i 7 o] o},
B A

vl i 1E At 0 8 ft LErshel,
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STRADDLE CARRICE CYCLE

]

A

A

W
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b
|
N
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1A

_Fxplanation of sequential steps :

1. Straddle carrier moves into straddle position over the road truck. 20
2. Spreader is lowered and connected to container. 36
- 3. Contaner is hoisted to “travelling” height. 10
4. Before entering the container line, container is hoisted to maximum height to 45

enable passing over other containers in the line, then travels in container line
to designated slot.

5. At the designated slot, container is lowered. 26
6. Spreader is disconnected, then raised high enough to clear other containers in 36
line,
7. Straddle carrier travels in container line. 33
206sec
TOTAL TIME 3. 4 mins.
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TRANSFER CRANE CYCLE ANALYSIS

Performance Specifications from Mitsubishi Transfer Crane

e S
&
pok i
N T
L 9.37 e d—
- -
I i =
| I b3
| ' 3
1 8 V2 3
F I o s
| i i
] L i !
R l
\ \}\/ :
it 2 N '
= - ]
l 23.468 ‘
s 1
Speed
m/Min m/sec Description of Cycle wsec)
Hoist, Full Load 13.5 0.225 Wait for Tractor 30
Hoist, No Load 27 0.45 Engage Container 20
Trolley Travel 55 0.916 Hoist 10. 09 + 0. 225 = 45
Gantry Travel 131 2.183 Trolley 9.37 +0.916= 10
. Lower 8.58+0.45 = 20
Disengage container 20
Hoist 8.85+0.45 = 20
Trolley 9.37+0.916= 10
Lower 10.09 +0.45 = 22
Total 197sec

Theoretical Time for cycle=3. 3 min.
Practical cycle time =4min, or 15 cycles/hour

(#E 2
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Fig. 3—8. Flow of current procedure.
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A Study on the Performance Simulation for the Small
Four-Stroke Cycle Gasoline Engine
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