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On Improving the Productivity of Busan Container Terminal
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Abstract

containerization has been rapidly spread over the world in

Since the middle ot 1950 s,
and the fundamental changes in port manag-

virtue of great merits providing to interests,

ement and port operations are resuited.
As the container terminal is a complex syvstem which is consisted of various sitbsystems,

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 analysis 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 stracdle 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 future.

3) The better way to reduce the port congestion is to change berthing rule from the
FIFO to the Pre-allocated system by considering the ship arrival pattern.
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Table2—1. Yearly estimated container volume.
(=91 : 1, 000)

W‘m ‘
. 10% 153%
@ DESCRIPTION\|
THROUGHPUT 1,034.0 TEU 1,081.0 TEU
HANDLED VANS 811.0 VAN 848.0 VAN
87 | EXPORT LOAD 503.5 TEU 526. 4 TEU
IMPORT LOAD 336.0 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 BOX 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 TEU
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 TEU 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.
I N oy | BERTH

|
, x| NUMBERS | HANDLED | BERTH | .
YEAR ) MONTH OF SHIPS | VANS | HOURS j oot ancy
B R B A E—
f 1 127§ 43017 . 13887 55
|2 | ase | nm0s 53
|3 | 14 | 38424 13975 55
o4 w0 | 4nes2 0 1A 61
{ 5 11| anw om0z 59
| 6 127 | 46,363 1470.9 ! 60
1985 i ' ! ;
7| 12 | a0 1sa7 L el
r ) ;
! 8 | 144 g 44.497 11,6122 i 64
I
|9 o ms | ase; | 1sesz 65
; !
o1 1 i 35.5% | 122 ¢ 52
.t Doas | s 1oms g 53
! 12 } 130 f 42,172 | 1,455.5 | 58
' ‘ ) ) i
‘ 1 130 48T | L6056 | 63
| 2 ! 118 E 17,049 | 1,486.0 64
| I
3 ] 135 { 50,985 | 1,561.0 62
1085 | ! i
A S R Y 1,787.0 71
{
| 5 108 | 55,716 1.694.9 66
s 1 | 573 1,857 73
| ! :
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Fig. 2—3. Trend of coatainer movements and berth occupancy.
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Table 3—1. Stev. capacity calculation.
(=341 : 10, 000)

__ EEFFICIENCY|
T E=0.7 0.8 0.9
PRODUCTIVITY ™\
| 102 VANS 117 VANS 131 VANS
R =25
29 130 TEUS 149 TEUS 167 TEUS
Fahdd 123 VANS 140 VANS 158 VANS
30
&4 157 TEUS 179 TEUS 201 TEUS
344 143 VANS 164 VANS 184 VANS
35
424 182 TEUS 209 TEUS 235 TEU
(E 3—DelA T 4 g+ ulkg} o] =Zalql BEIEe] FA HARH A& = FRI 1305

TEU &l £ 1508 TEU 72 8¢ 4 A+ #&L% 7HAx dedx 38 5 2

3-2-2 WEKESH(YARD CAPACITY)

BB M e ¢ 5 = —i% BiEAEY) (Holding Capacity) s} B & L &
BE 4 Jd+ FEEEH (Operating Capacity) o 2 Y5 4 lvh. EBENS BFM FEE &
78 + AEE R2EE ZEdd —5F BEENCZYY BT Aoz A@% BN 27
+ —F BEBEIENS 30~40%0°] }.

of =5l YA KRE, B BHESE BIEE olft AvelvE Adsedl dA i
EMAH, B, ER, B & A FA3kd Aol FiRfFRAE sHE7 Bhikst
A Aold, BEREEE HY EB8HEY ETE 4z, =3¢ —#mMd 2% @SSRS @F
A BREEY) HSIA R dk=A] ZFEH ook ¥ LEtEe] ¢l

KEER, £isinlge] oA LET RGNS a7E 49 ¥rlz 34 (a9 3-2=
FULL A o] }g —H FHEE2 Jeli=, 864 58 5A%H 8A 3187 Rixtze
A A wi 82,850 TEU of ‘g# sl @EE& A7mdul, 7 5L 8,440l 4 RFE=
4,016~12,456 TEU o vt 2 %@+ 9947 3t 11,857 TEU & #p@iEeRe] Figi9sl LRI
o2 Fs Peak factor & 1.4(11,857/8, 424)7 5| 2 %2% ¢ 0.3(1-— 7 Jol Aoh. ey
Filielvl g ol= 9 EHETL B BB 70% KAES HiFshe Aol utgA ek
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Fig.3—2 Dist. of full container stacks.

HEeefe Filsvdd —RBENA EBENE HESE o851 3
(24 : TEU)

STACK AREA | HOLDING CAP. (TEU) |OPERATING CAP. (TEU)| SAFETY FACTOR

EXPORT LOAD 9,384 6, 569 30%
IMPORT LOAD 7,296 5,107 30%

[ ologEAE olel HEHE KA Aol MBS Palod FEEES (R 3—
el kM A ke A},

V-rm = ’—"——"—Ch xl(Jlt "P) X 365 (3_. 3)

{8, Ci: —FrREBES
p:AE
D, : ®# 3 A H W (Free Period)
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Table 3—2. Yard capacity calculation.
(23] : 1,000 TEU)

S_ DWELL ¢ ,
\TIME 9 l , 4 5 | §DAYS
STACK KINDS™-. %i
]
EXPORT LOAD 1,199 799 ! 599 480 —
IMPORT LOAD — 621 ! 465 373 311
|

Bll-oz¥el BEEMIHMS il 40/ 5 A2 T = £/ £ESs @A 599,000 TEU

/87 373,000 TEU/ %% 243, 000 TEU, weiess £ o 1208 TEU 2 e BEAM
E Wl 3A/MA 472 Es BIETY R EnEe o 1508 TEU A ;E81, of 7] 4
& g ubsk ol EEFMITHE 101 Sk A ok=4&EAE oF 25% WhARE JHA
<+ T U

3-3 BRaEH(TRANSFER CAPACITY)

BRERETS R A KA mEy R Btk fal WESE, RERERES w8 R
B RS 7HA I o & 4 gl

obel el A= 864 /874 BB E 4 1004 TEU & H#o 2 3hef LB &Kol Bl Hatd
Bkl 2 peb(Es] Beld fEee] S ol £ & S5/Ce T/C).

3-3-1 fF¥Ef o

Aol Bluld Aol A %1755 (FHS SMMFTEIEF ol = T b2 S5 + d
w3 o] & fEERRIY SAiE 4H Bz o,
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Table 3—3. Status of cargo operation.
JAN. 1. —JUN. 30.'86

~.  TIME A T
\BEL? 09—12 ' 12—15 15—18 18—21 2124
OPR. KINDS S

! !
: 7
DISCHARGE 3054 (40% )| 3504 (46 % )| 2604 (34% )} 2275 (30% )] 2114 (28% )| S
LOAD 1694 (22% )] 2523 (33% )} 3124 (41% )| 2864 (37%)

TTL

68
HIPS

2754 (36%)

FULL Zejoly w47} ¥X

79.6%

40%

0 | 7/ SAMPLE: 1238
N / 5.1—8.31. '86
10 - Z

09 12 15 18 21 24 03 06 HRS
Fig.3—3. Dist. of gate-out time, full con.
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3:3-3 &KW RAEKENH
el PrEfe % Cycle time, &), EEHR W (FRERITRENS mButke el

=2 e RE AMs kT 4+ Ao
T ‘(Vd

N= ol AXp 3—4)
{8, T.:B# Cycle time(4)
V.:—HBEE B&
Wi (FFEZTEREGG)
o ¥He RBHE
o 21 v
_ Vm 1 .
Va= XpXfx 365 (3—5)
18, Vew: %[ &IEA #E(TEVU)
£ 2HERT K =& &A FULL A9 9 k5
[ : Peak factor
a:7Hely @y TEULEREK
{1) STRADDLE CARRER
A o= fE¥
OS/CY T,.:3.45(HE13F)
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Explanation of sequential steps : Time(sec. )
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 <lot.

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
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Speed
m/Min m/sec Description of Cycle Time Interval(sec)
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
T , Lower 8.58+0.45 = 20
N " 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

=4 min, or 15 cycles/hour
(HE 2>
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Fig. 3—7. Yard occupation.
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Fig. 3—8. Flow of current procedure.
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