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A Study on the Optimal Combination of Berth and Crane
in Container Terminal

Young-Chul Yun, Scong-Hyeok Moon

Abstract

Recently, the traffic volume has been greatly increased partly because of high growth rate
of domestic and world economy, and partly because of increased transhipment demand
resulting from the destruction of Kobe port by earthqwake carly this year. So, container
facilities in Pusan Port are under serious congestion. The congestion costs in connection with
container traffic in Pusan Port is estimated to be 29.3 billion won in 1994. In 1995 the
situation is still worsening.

PECT has continued to grow annually by 35% in cargo handling, hereby exceeding more
than 31% of the total container volumes handled in Korea. The BOR(Berth Occupancy Rate)
of container berths in PECT in 1994 is 75% reflecting extreme congestion i container traftic.
The reason for such a scrious congestion in PECT is the shortage of container handling
facilities in comparison with ever-increasing cargo traffic

In order to solve the provisional problem. the shortage of handling capacity, a model
developed to optimize the operation of PECT is described and demonstrated. The model
minimizes otal port costs, mcluding the cosis of dock labour, facilities and equipment, ship,
containers, and cargo.

The object of this study is, through the model results, mainly to determine the optimal
combination of berths and cranes under various circumstances and to show that total costs per

ship or unit of cargo served can be reduced by increasing the number of cranes per berth and
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berth utilization above present levels.
Eventually, The results obtained with this model in PECT suggest that increase to 3 in the
number of cranes per existing berth could reduce the need for major investments in berths

and even reduce operating costs.
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<luble I[-1> Comiparison of Variables o the Formula of Denh Capacity
I F PR M T A HH LM
sizvnzid el 363 360
R 0.60 . 0.55
Adtojp AP 0.90
E LIRS 079 07420 80
el @/ 300 40.5(=4520.9)
BRI 0.9 09
1..WBOX ul-f 1.57 1.57
FAUANUAY) 120 135
Ueletat 125
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ol A3} & 7| £ PRCEIMG MNP BRI AE F & A2 7H 0l o3 Z&A3LE
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Waterways, Port, Coastal and Ocean Engineering, Vol.111, No.6, Nov., 1983, pp-1060 - 1072.
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Cie=Cb+Cr+Cy+Cl+Cs+ Cu -mmrmmmemee (3-1)
Cic: AP FA A EME(H / AT
Cb : At T4 48]&(H / A
Cr : AP F2edn] 8 / A1)
Cy : A F& A2l & / AlTh
Cl : 2o Iard 2Fo] A F o5l 8 / A2
Cs @ @utulof o] Abg F3Ha] 8 / AT
Cu : A7 Helo] 8- 7] 9 Sr&-9f Sulg(/ A7
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<Table Hi-1>ofl A2} X ol ThTh A o] & o] &eto] 2 u]-§ 8 £ 58 vheblid vhg3)

et
Cb = b3 —mmm e -(3-2)
Cr=bnR - e (3-3)
Cy = ZaY  mmmme o (3-4)
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Cs = AsS (3-6)
Cu = AspU 3-7

H32)e) A7 AAulg BE HE AL B dTIEe BAT 4+ Ak
AR -E.J—vrzr otk oid §x)4n4 My THalA ol 52 FBAE (365 x
U)Z Fo] oA TF 4 Ytk

i(1+i) 1
B=|B, gy »
{ "(+iy—1 }365x24 G-8)

2(3-3)Y] A7t 2 Qe & R v FEA e FAAE AT A B FAT
7 35e) 27 U LFuI 02 BE 48T Fol FET 4 YUtk
A 3-4)oll X ZXZoM HRR 3t FHEH Zv AGEFE A, JBFFSHITF
x, A Fo| M B EBAIZHd, LI AL L 2FE ALE 5 A
Z = Axdd; (3-9)

ko] 2 st A ZH(ol$ A Zh) Bl d ol Mo {1 F b oju 4 x o ZE 0]
Ve &@Ed 33E)y, 13 Bl Aol &2 QA4 nol o3 Fgdr
Ty ZEQ) I el el §L, M Fol nrie] Al 53 EuiE e
A5 HFspAIZT2 A (3-10)T 2o

p=22 (3-10)
n

2 2 A A3 7] Had o] WA EAH U A el o] Adrpe] #EshA RulE A &
4= Q1 7) Wi Eof o] Aol M YT Blol & thE} E2 4 g o] 8Tt

X
t=—7 3-11)

o714 Ag = 1ouoltl AG-1D)AAM 3 1028 g FEAHol ¢S
7+ 8 4](3-10)3 2T}
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dupe] gRbdio A axvfshe BHAZRE Au]AAZE pd ANulE e 94
rlshe A7 wel o7 23, ojufe] FHAFHI A ST o] Yely £

SUTh PECT & BFolle H+72 2 T4 (Multichannel + Singlephase)?] Th7 B R o 2
Ho} s
N
(5) /b!
‘ ’1p It U .
we MI=p) o (XJ _________ (3-13)
{ j /b0 + | (1=
\H n=0

Ji=
| A =X 2 3 (Poisson Dist.), i = A8 2 & (Erlang Dist.), b= A4 4
p=ol&&E=20/bu)]
uhh Ay Bk of A o) 3 F A ZHE 4] (3-14)9F 2k,

L S — - - (3-14)
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W4 s T4 cm)2Z A, nol We Hulio] 09] HE Aol Cn)&
HAE =0 g 7 ¢ Yok Y Fo) obd A5 U ygkE A fols
HAn gt F99 F,E UYstd 2 F a7 S nd gtol AH ZHAsT A

T4 C(n)3} n ol ek Bl -2 4] (3-15)9 (3-16)°]H.

C(n) = [b(R + AL)]n + [Axy(S+pU)Jn + [A(xddsaY + mS + wS + mpU + wpU) + bB]
(3-15)

oC(n) _ A-Bm D 29 (3-16)
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o710, A=[b(R+AIL)}, B=[Axy(S+pU)], &, 2<n =<4

3.2 #EL] EES FHHEME
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<Table Ili-1> Definition and Valuc of Each Variable (in PECT, 1494)

Varioble Definition Value

a square of storage yard per container (m?) 144

b number of berths io terminal 3

8 hourly berth cost in ¢ 62,088
B initial berth cost 3,175,000,000
TC toial system cost in W/he 5,719,154
AC average system cost in W/ship scrved 43,326,927
Cb total berth cost in W/hr 186,264
Cl total dock labour cost w W/ 950,400
Cr total cost of cranes in W/hr 61,236
Cs total cast of ships in port an AW/ 3,263,490
Cu (otal cost of containers and carjo in W/hr 1,199,004
Cy total cost of storage yards in Wihr 58,761
d avcrage yard container dwell ime ia hours 70.08
d, dwell marga 1.0
Uma allowable yard contanct dwell ume in hours 70.08

f cranc interference exponent 0.85

i interest rate 0.2

i paid labous ume in hour per ga:ag per sbip 20.00

L labour cost in W/gang hour 60,000
m manocuver (docking and undockung) ume in hours/ship 2

Mg annual maiatenance cost per berth 158,750,000
n number of crancs per berth 2

N economic lifetime in years 40

p average payload in contauners/ship 919

R cranc cost in ¥W/crane hour 10,206

s average time ia port in hours/ship 30.01

S ship cost in port in W/ship hour 823,700
t contaner ransfer time 18 howrs'ship 18.86

) average waiting cost of a container and its conicais in 3293

W/container hour

w average queucing tme in hourvship 9.15

X cxchange volume = coslamer transicered per shap 919

y crane cycle tine in hours/conkunes 0.037
Y storage yard cost s W/ m? hewr 0.48

Z storage capacity ia container yard 8,501

A wrival rete at terminal in shupsthour 0.132

[ service rate in ships/oerth how 0.05

@ berth occuparcy rate 075

N trafiic intensity (Abit) 088
Sro4 ip RO g T ST

2
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<Table IV-1>3} { Fig.IV-1]) oA+ 67tA9 7|23 uwlga4Eol YT
A A4 noll et AYHA GFeA Het=AE YErdT o] & H]-E2 4 FollA
EEE]-E, ZHAHE 5 nol vlHEHEE Jdow, ¥ide] A¥ta]g, Heoly
3EH S 52 R 7] W] HulE § ACE U ¥4 2 YEidH 5
ACE FHQ o] gty YR HE F ol Autal Aelojul Ao ulLof o3
FEw, B2 38 olfd¢rt vUFE @& Arole FrRxEuigol 23
HSHTHE AL YustL Joh 2T ACE AT ZEdo] 37| W HLot EE
Uetyz gk vy Aag 3dert 2 71§ 238AH Y L ue)] ol o sl A
W s £24& A <Table IV-1>2 ( Fig.IV-1) 3} Zt}.
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<Table lli-1> Dehnition and Value of Fach Variable (in PECT, 1994)

Variable Definition Value
a square of storage yard per conlainer () 14.4
b number of berths o terminal 3
hourly berth cost in % 62,088
By initial berth cost 3,175,000,000
TC toial system cost i W/hr 5,719,154
AC average sysiem cost in W/shup served 43,326,927
Cb total berth cost in W/hr 186,264
Cl total dock labour cost in Wi 950,400
Cr total cost of cranes in W/hr 61,236
Cs total cost of ships in port in Wi 263,490
Cu totai cost of costaincrs and cargo 1 Wihr 1,199,004
Cy wotai cost of storags yards in Wihr 58,761
d average yard contauner dwell ume ia bours 70.08
d, dwell margin 1.0
dmax allowable yard contamct dwell ume in hows 70.08
f crane interference exponent 0.85
i interest rats 0.12
1 paid labour ume in bour per gang per ship 20.00
L labour cost in W/gang hour 60,000
m ianocuver (docking and uncocking) ume in hours/ship 2
Ma annual maintenance cost per berth 158,750,000
n number of crancs pes berth 2
N cconomic lifetime in years 40
P average payload in contaners'ship 919
R cranc cost in W/crane hour 10,206
s average tme in port in hours/ship 3001
S ship cast in port in W/ship hour 823,700
t container trans{er time 1 hows/ship 18.86
u average waiting cost of a coatuner and its copicols 3293
Wicontaiicr hour
w average queucing tme in hours/ship 9.15
X exchange volume = contawr transicrred per ship 919
Y crane cycie me \n hours/ceatunes 0.037
Y storage yard cost in W/ m® hew 0.48
Z storage capacity in coatainer yard 8,501
A amival rete at terminal in shipshour 0.132
H servico rate in ships/oerih bour 0.05
¢ berth occupar ¢y raie 075
0 traffic intensity (A/bit) 058

b4 g el G5 W OEEEST

oho o] o] PiHES Bxcel & ol-&3te] WA Datasheet @z Ha=ol] Wi Fh<=
x] % 8F3L, Graphsheet ol 325 W5 014 Excel 2] Visual Basic ZE215)& o] &8t 2
ol Wizho] THE AR LA L YT BA LU
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<Table IV-1>3} (Fig.IV-1) ol 67FA19] 7]184Q n]4QsFo] AN
A noll webA AGA GFsA Hel=xE YElATE o] & v L84 Zo)A
=FHE, ZE AL T nol vlEFL Jow, whHo| Huta|g oy W
el $ 52 Wt Y] g Fulg F ACE UE T4 Yeldg S
ACE ZEQ] o] g7t UF A& H%ole Autat A oly] &A|e] n)gol o
e, SR T o]t UE e Ffol: ERxEu]go o
FrEAohs A uisty ok 22X ACE AT Qo] 379 o A HE
HER L ot Y A AT 2 718 24k AY 2 u)wkd) A Sof s A
VT #4& Y5 <Table IV-1>Y ( Fig.IV-1) 3 2t}

<Table IV-2>9} (FigIV-2) Z2]3 <Table IV-3>3} (FigIV-3) & ¥ #1]-43 $1]4&

o] A7t 2] Mtx FEof wpe} o WA M= & JEMAT HF W 20| LT A
< EF UQolth (FigIV-3) oA $8]-8-& AE g o] 27} o) uja} x|&x5 07
7kt ey (FigdV-2) olMe Faujge Atz o] A7t 0.08 H o]
g W7tx s Fadoisl 0081 Ho] @ o IS & 4 Qut 223 @A
AIEZE 032 FolMe AT FEHATE 3712 Fe o HFu4S 41,000,000
U7 Ha3ed ¢ JE S S+ AT U | LZ M) AZAAHLE 0 2201} ¢
w8 ol vF FHL FALETE B UL o)Lt Ao o AMHIL
>skin=

<Table IV-4>2} ( FigIV-4 ) ZZ8]X <Table IV-5>2} ( FigIV-5) & 44dte] Ho]okA| 7+
I Yo A HeoUE o]4% FHFATNEFHLFEAT, A HL W] 93
7B ES olFo] AAF AZHANI|AZ, 2 o] AZFEL] F3o] FH=
MGAZE dEbdoh (Figlv4) olde 34 344604 H49 347}
gttt & o, §FAe] (FigV-5) oM A4g AA4t 2 7)oz M4}
oFsteia & ufe] A AITre] WsE JEehdth FQl5or HA4o Wl 7zt
AT A7) e Eole WHEOE IS uxnz F2 Mo
Rt M A Fote A7Hg Aot €9 4 QErHE JERdT

<Table IV-6>} ( Fig.IV-6] ol 4] <Table IV-12>2} [ FigIV-12) 7}l & o &7} =] 43
of upet 22 Z| 9} Hgu]g-o] AYH HMEEsE YER L ¢
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( FigIV-6 ) & ZelQlel Zx2bd A A7 A A Bl e Wske
Uepdith oy shEe AEsA AN Iy A4t BA 2718 ZAEEEHE
o 5wl W ES Y 5 USS g oAt

Table V7524 (Figlv-7) & 2@ F2xHdol A ASE fghel S7h#el
apeba vjgol Tate uehdth (FiglV-el 2t parbA R A 2L
3719 7ol Bulgo lﬂ&d?%%%}# At

Table IV-§>3} ( FiglV-8) & 4lgfe] #d W2 Zrol # H ol ule} 3 #ul g0l
g upt /]'3%\:4 UEpWTH Case2 9 Case3 € B EHFu| 4 Aduagol

WZobe Ae noE AGgEEl 50%37hE el HE O o ilas S AT U

A ub) St 2 oFet e E7hA Aol w3 A yles S-S &5 At
<Table IV-9>9+ ( FigIV-0) = A4, 2, 22|32 2 x) 2u]2S 27 50% 5 7HA
ool Waulgat 27 A HIE uebdth (Figlv-8) oflAe] Ad gl
shZu)go] BE Q48 Wk Bt alZel 2w (FigIv-9) ¢ FAHHLE v+
zulsleh o) i 3] & Ak e 3HEEE- 2 B 3o < W 7hetthe 21 o u] Tk

Table IV-1053} ( FigIV-10 ) & =543 s} Eu)ge] Wstol] o HFHE
B VhEREIT

able IV-1153 [ FigIV-11 ) & e & &xk ofyzt FeQl AHe] FHE=
sl 7| A ol Qb 7EE B 2l B

A 3 Ao A Q3] HEE AlFY ™ Mannual o] A 7be A AT
J6TEU Slouh, AFHMo 2 VANTEUE 155~1.56 2% U ghel MdEex=
2rolshs 91 7] wiel], 1994 @39 Q19 A7bd 2 S & 274VAN 2
| VAN ol 285+ Alﬂol 1314 % &, 0037 AZtol H-& A8t A 3%
Zyberol wpet B u] g3k 3 A AT Zags g5 AT

lable V-1259F ( Figv-12) ofiA& AZS Mubg gl thaf A A A&
om e Aol Hanlgd HaE ¥ & 9 ertE 2FHOE YERHIIH
]l 4] BAle] 3 Ao R AHEHEC] A7 0.08 Hol AU Z#lo] 371
o) wj Haol&Eol HAULE & + AUTh a7 AAY FAert 3719 o
oy ate] AubE HE e EH'B‘HH egjeht AurEabgoe] 0.12 Holdd ArAEE
o8] 1 o] FIbE

vz___j

r r
i
o
g
—v
A
O
o
°
o
o
-+
AN
N
e
o
£x
1A
o
o
2
ir
>
_15
b1
D
ﬂ:‘"; {
o



318 BBIRHEARE ABB RE F 188

0.14 HQ w HFo]o], Ma4rks B4 o] 4 Aol MU EEo] 0.14 Ho| T 1)
7 2719 e FE HE 371 TeAL 2E ASRTFE v]g Tl
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N Fe LA B &4 Ut AL 7] &) Mol THALE ZH4A)7]
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<Table IV-1>  Visiaono Awrey Cert Cnyonseswith Manins of Crwas s PLCT 03 Nod s Taveoh) <Table IV-2> Awcrage Costs for Various Ship Asnval Ratcs and
V . s 0 Y "

7 3
Numbws of Cranes / Benh (3 Beriha 7 Teenmaal
v daeind | vested [ hweand | 102 | taedod | iwernd | tenies | Tenied - : > n { ,‘ - J’— :
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