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Cycle Time Models for Yard Cranes Considering Block Layouts
In Container Terminals

Byung Kwon Lee -

Kap Hwan Kim

Department of Industrial Engineering, Pusan National University, Busan 609-735

Various different types of yard cranes are used in container terminals. Examples are rubber tired gantry cranes,
rail mounted gantry cranes, overhead bridge cranes, dual rail-mounted gantry cranes, and automated stacking
cranes. The kinematics and handling characteristics of these yard cranes are different from each other. This study
analyses characteristics of generic types of yard cranes which represent various yard cranes in practice being
used in several types of block layouts. Considering specifications of yard cranes and block layouts, expected
cycle times and variances of the cycle time are estimated for different handling activities.
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Figure 1. A block with TPs at a side of each bay
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Figure 3. Illustrations of notations on blocks
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Table 2. Illustrations of codes for describing handling elements
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Table 3. Handling process in blocks with a TP at each bay

R %¥al e AAF
1 GERR GERR (li(,) G’ERR( 1) GERR HETR
2 hete TEER hete TEER sg
3 59 HETR sg Rehandles(R,,) HLRT
4 hlct sg hlct HETR TLRR
5 TLER HLRT TLER sg HLTR
6 HLTR 1TLRE HLTR HLRT sr
7 ST hltc sr TLRE HERT
8 HERT sr HERT hltc TERR
9 TERE hect TERE sr
10 hect
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2
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0 y
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IO IO IO I0
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Var (Loading ) = E(N )Var (GERR)
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2 2
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E (Delivery) = E(GERR)+E (TEER)
+E(Ry ) E(Rehandles)
+E(HETR)+sg

+ E(HLRT)+E(TLRE)

+hltc +sr+hect (27)

AHF 2o E4HE Ross(1996)E Farste] ofzje} 2o
=2 0

th
Var [z Rehandles; ] =E (R, )Var (Rehandles)
=l

+ E(Rehandles)2Var(Rn ) (28)

919] 4] (28)& ol &afo] W& AejolAle] ok A F

Var (Delivery) =Var (GERR) +Var (TEER)

+E (R, )Var (Rehandles)

E? (Rehandles)Var (R )
+Var (HETR)+Var (HLRT)
+Var (TLRE) (29)
olAl AHE Aol thell AA3] thFo] ®ak 7t} AHw
AAAH AF 7 AR FFE F8k7] A= A
" 35 BAHS 1A frestolof g o] fEAR S B 5
39 A AA8] 71wst7] 2 doh(7Ith A HE 34 Kim(1997)
ol A ofm] A v ok whekA B Aol A= Kim(1997)l
A ANG 71t AT g Tote TS AR @

oh. AH T 3]Fe BAE ok 2] (30)3% Zo] rEHERE o
£ ALEE) 2 B3 3 0)
Var(R,) = —0.0186r +0.0585t> +0.2169 (30)
ofE A& WA o] o] He HHoIUE FFaf Wl
2ZY 8 4 o FIHHERT). AHOIHE HAM(sg)
H Eol7HA E1(HLRT) o Hlo]l W & A%

=
AAZ &717] S8l EER] YFOZ o] 53T (TLRR).

(31)

(32)

o] A 7HA F o] 5 2~
A AR QAR FH o] 53D }oq(HLTR
(sr) & o A HA Fol A 4] o
Ao ok I Q1S )4 A o7}
OA 22 & 3 o] 5AA(TEER)
°Z 3t

E(TERR):(ggj[ggJ (@)
2 | 2
Var (TERR) = (%} (V%J (34)
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A 2 AT AY £ME 1Hste AFE Aol o
g 71t} F7INREE FEskd off 4 (35)¢ 2ol et
Ak
E (Rehandle) = E(HETR)+sg + E (HLRT)
+E(TLRR)+ E(HLTR)+sr
+E(HERT ) +E(TERR) (35)

Var ( Rehandle) =Var ( HETR) +Var (HLRT)

+Var(TLRR)+Var(HLTR)
+Var (HERT )+Var (TERR)  (36)
92l 4 (35)9F 4 (36)= ol &3kl & A1 9] 7|th 714
(A @)FFAAE 24 (A (29)= F B ™A 1

32 TP7H R 1S AR Wole) 2Hd) 927 A4S

o2 g = folobz& AU, EYE £59
SHol HA7H 7H«l 1Y TPE F shol Fakstef o= 2
gl ARl 2E & Aotk o714 TP & o9 /)
TRO A3 Aong ofE Al £5 U FYAA 4

=
TR E

T TP Aol & FH 3§30l B4 o],
Table 4. Handling process in blocks with intermittent TPs
S B 3} &t L
| GERN  GERR (%) GERN ( sl, ) GERR
2 hetc TEER hete TEER
3 sg HETR sg Rehandles(R,,)
4 Rict 59 Rlct HETR
5 GILNW HLRT GLNW 59
6  TLER TLRE TLER HLRT
7 HLTR GLWN HLTR TLRE
8 ST hite sr GLWN
9  HERT sr HERT hitc
10 7TERE hect TERE s
11 v o= ) GEVWV( ';_1) hect
0 rt

A%

ot 2L &5 #olokxodAY 4 AYE =ME OHH
<Table 4>= Aetlth. AHF 2 49 <T
FE3it

321 WY AL A3 7| F71A 7 E A

TP M7} dlo] o] ARt A3 27] wf ol 3 TP
o] /] wo] & Aul 2~ gt & 24 TPEE A E 20
Aom TP I AAHA Y TYol AA T} &= of= I
Q& TP} &4 o] Ato] & ﬁEﬂOMg S 73 5jof gt

L5 499 A A EF TP7IA, o= 2819 7]
0 FYALE GERN 0.2 E fﬁ_ F 93 o= A 3N
(38)2 Yol At} o] |, £ HMW 7+ TPY YA &=
bz(2]—1 /2m forj=1,2,--,m ot}

E(GERN) Z(

oAb ?(%'J[é} &

Var (GERN) i(
—E(

GINW= EA TPEEE 1 TPY &Y
A 7A ok = Aol HH oW E &
ngtet, olof thgk 7| thgkdt BARE 4 (3
71 28T U

E(GLNW ) = (2)(;]{5
oo -()8][2]

mhehA] WY Ao B Zth FA AL <Table 458 3
Ltol ol o} 2 & 4 07 EFHL,

il

E (Receiving ) = E(GERN ) + hetc +sg + hlct
+E(GLNW )+ E (TLER)
+E(HLTR)+sr
+E(HERT)+E(TERE) (41)

w3 ke 2 S A3 of= T Q1Y FATHY] BAS
<Table 4>& raste] ofef o} & F2 02 A gt
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Var (Receiving ) =Var (GERN ) +Var (GLNW )
+Var (TLER)+Var (HLTR)

+Var (HERT ) +Var (TERE ) (42)

322 At A& A 71 F71A7 E A

sk Ao an A} TolA b AoHA & AYS
GENW °olH o= GLNW ¢} n]-%- FAFsHA A o€ 4= 9l
44 GENW = oFE ¥ 19 T8 FH& Vel = A o]

THBE oA H 44 AP 7
2ol fET 5 9t

#7102k ofeh o}

L ]E(GERR)
IO

lo

E(Loading):(—
+[ JE(GENW)

+E(TEER)+ E(HETR)
+sg+E(HLRT)

+E(TLRE)+E(GLWN)
+ hltc + sr + hect (44)

7 2 gojobol 4 A3t 2l
%A}owﬂ 29 4 9l WA v, & 1289049 N 3§
Qe ol E BI N, B A% A3k AU 93 TP A
9
9

o] FHeh= et Asia 1

z (46)

Fo] Hojopkg 2T ok=E AU FIXT Y
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Ross(1996) o-&3ke] GEN((1,~1)/1,) & 47 78 4
e
Var(GENW[I | D Var{ZGENW }
0 i
= E(N,)Var(GENW)
+E(GENW )*Var(N,)  (47)

9]

Al
ha | = -
Gpesdos R8Y 4 0,

Var (Loading ) = E(N, )Var (GERR)
E?(GERR)Var (N,)
+E(N,)Var (GENW)
E?(GENW )Var (N,)
+Var (TEER)+Var (HETR)
+Var (HLRT ) +Var (TLRE)
+Var (GLWN )
32.3 ¥t A9 A% 7 F71 AR B 24

P AL AT 710 FA AL FA A 2
AN AL FAR YOR FET 5 Ak B
5. 2 TABT A &4 7} w7t 8 Bol,

710 F71 Ak okl 4 (49)st 2.

As
2
l

ol

X rfo

0

E (Unloading ) = (si
rt

]E(GERN)

+(S” _1]E(GEWN)
Srt

+ hetc + sg + hlct
+E(GLNW )+ E (TLER)
+E(HLTR)+sr
+E(HERT)+ E(TERE)I (49)

#7112k BA4ke 3149 85 Aok ol 9| o3t 2

At FABHA 72 4 Aok A NS 313HAA 9 N3
TYE YHE HI N, E A&H 3k AA S A3 TP #
A W WA k= A o] F3

B EESE BE
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a9 33 TP7H B9 ¢ a9 AXE 3¢
o] A4 £F goloke F2 EFo] A4 thaf +7
E(Ny)=n"t G0) 9 ASIA B 5 9l BFoITh <Figue 2> AAH TP}
S 20| of Brhe] A2 32 (sea side) T $Z(land side)
S —1 o] A& 520 EgHt}, o]#d BE golojo A= oft
var(Nz) == g 9T SR EAEE AT IR Aol A
Srt aglY 71 FPAGYE F9EE (uniform distribution) &
Er 1 EEFHE 00, b) oIt 2 ok AFde A
ol 43 Aol o) oF= T F71Nke] papg 7 AIHE EUSZNAS BEA G oIS lound wip)E ok
Bl o) 4 (52)7H 98 & % Ao AR
Var(UnIoading) _ E(Nl)Var(GERN) Table 5. Handling process in blocks with TPs at ends
FS 1}-©] A3 ok e
E2(GERN )Var (N, 4w At Gl ks
+E(N,)Var (GEWN) 1 GERE GEER GERE GEER
) 2 TERR TERR TERR TERR
E2(GEWN )var (N,)
3 hetc HETR hetc Rehandles(R,,)
+Var (GLNW ) +Var (TLER)
4 sg sg sg HETR
+Var (HLTR)+Var (HERT )
5 hict HLRT hict sg
+Var (TERE) (52)
: 6 GLER GLRE GLER HLRT
7 TLRR TLRR TLRR GLRE
3.24 WE A< S V1A F71AE R
8 HLTR hit HLTR TLRR
o) 3148 A AFAFO) WHE A AT AL ’
Yool #7147 44 A HEA EFSolok dck AH 7 o e
T ZY AN7LY FAHL on] 3144 A AANFCER O 7] 10 HERT hect HERT sr
=ol7 o Aotk & AFdAA = AFF Aol = o] 11 hect
Woll A5t o] ol B2 B5 #ololz-d #AGlo] 3.1.4H |
A FAE AT AJAE IdE 48 o 331 HHS] A& 98 7)Y 7] A7 D BA
wpebA] WA S 93k ok= A8 1e] | 7| A7 of GERES= ©]A A%< ¢+ 3k ok I olo] dAo 9]¢
A4 a3k el ehd = 5l AT Y A A5l BB §3 BEAb Re 7
e A Auidtt). et GERE 9 71 B4 o}
E (Delivery) = E(GERR)+ E (TEER) A (55)%} 4] (56) 0.2 E3 7hs8h.
+E(Ry ) E(Rehandles)
E(HETR b 1
PE(HETR) <o E<GERE>=(;'j[—eJ 59
E(HLRT)+E(TLRE) Vo ).
E(GLWN)+ hltc+sr + hect (53) 02 ) 1 2
Var (GERE) =| -+ || = (56)
12 vg
O 8o, F7]A17ke] 4+ obgf 4 (54) = LERE 4 Slth. '
_ GLER & GERE 9 W% A 8.4 AYG o2 A Ao
Var ( Delivery) =Var (GERR) +Var (TEER) SEAL GLER o B 0}7} ohd B3 288 B Ao|
+E (R, )Var (Rehandles) =
E? (Rehandles)Var (R, )
b 1
+Var (HETR)+Var (HLRT) E (GLER) :( 2' j[_l] (57)
+Var (TLRE)+Var(GLWN). (54) Vg )
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2
Var (GLER) = (?;J[%] (58)
Vg )

o #HTL ol§3o] W AYS A ok F# 2
= [e]
=

E (Receiving ) = E(GERE )+ E(TERR)
+ hetc + sg + hlct
+E(GLER) +E(TLRR)

+E(HLTR)+sr+E(HERT)  (59)

EF ofs A o) F/IAES] BAE ofef 4] (60) 22
b 4 ek,

Var (Receiving ) =Var (GERE ) +Var (TERR)
+Var (GLER)+Var (TLRR)
+Var (HLTR)+Var (HERT ) ~(60)

332 M3 49 AW Y 710D B
A3t Yl H 9 7t F71 403 F1 A0 B 3L
HO s

2
oA 5 o = 4 gk 1 & Het &
o F71 T oke AU 78 FYH Fap FPo] mF

WA Aho] o] 9]

<Table 55914 HAE 43t Aol ohe 2 elsl 7))
F71 A2 o8] 4] (61)7 o] el %

FT HE IA AT BF Holoh 23} th2A £ Ao
A GEE BE dololgo At A 2] 7147kl Slo]

Q%29 S 1834 ols Prk Holth o o=
Qo] Aelol 1749 tejA FEFPS stnz A&d X“ﬁi
ojzt EA k& tid A ol o AFitE AAl 242k o] v
Bjojof 57] Rolth. ol o] FE A3k} U5t Aol
A B AEold o] Adgk 1] F7]AE A s E et
53298 398 5 Yk
E (Loading ) = E (GEER)+ E (TERR)
+E(HETR)+sg +E (HLRT)
+E(GLRE)+E(TLRR)
+ hltc + sr + hect (61)

T I FAARY B ok 4 (62)% 2ol FET 4

Var (Loading ) =Var (GEER)+Var (TERR)
+Var (HETR)+Var (HLRT)
+Var (GLRE)+Var (TLRR) . (62)

313 A AL ‘jo“ﬂ‘tﬂi 1 —Zr7l/\]7Ur

E (Unloading ) = E(GERE ) + E(TERR)
+ hetc + sg + hlct
+E(GLER)+E(TLRR)

+E(HLTR)+sr+E(HERT)' (63)

Var (Unloading ) = Var (GERE ) +Var (TERR)
+Var (GLER)+Var (TLRR)
+Var (HLTR)+Var (HERT ) (64)

3.34 = A4S A 7H) F71 412 B Ak

<Table 5>l A4 7| €8 AAEA E 7IHH0 2 Wh& 244 & 9
g7t F7I Az FIAZ Y] A FAE £ Uk o] o
Az E Y HEA L Fofof shn} AH T AL 3.1.4H of
A AFd AT A ATEE e E 24 (35), 4
<ol &3

upebA BEAY S A 7 F71AEL ok 4 (65)% F
A 4 U

(36))

E (Delivery) = E(GEER)+E(TERR)

+E(R, ) E(Rehandles)
+E(HETR)+sg + E (HLRT)
+E(GLRE)+E(TLRR)

+hltc + sr + hect (65)

E3H okt Agle] BE A S F
O EAHE ot 4 (66) 2ol AL AU
Var (Delivery) =Var (GEER) +Var (TERR)
+E (R, )Var (Rehandles)
E? (Rehandles)Var (R, )
+Var (HETR)+Var (HLRT)
+Var (GLRE)+Var (TLRR) (66)
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TFA AP ST 5 gofokxo tis) 4 AHYEE of
A1 A5 Hrketa vwsty] 93 5408 53317
Z 3o 71240 AF HolE= t=4, r=6,5=30, m =6,
d,=d,=0.4m, d,=6m, h,,,,= 21m, h,= 1.5m, v} = v/ =150m/min,
of = ol = 120m/min, vf = o), =75m/min, [, =102 A4} A

Holue Ire BF 20ft & 71E2
¢, = 2.438m, ¢, = 2.438 mo| T},

AA, 2 &5 gofokxd taf) &Y F7E 7IH F71A%E
S Hlw s Eﬂi <Figure 5>9} 2T}, L2 Zojl A Casel Case 2,
Ca 3& 47 3.1 ] £ gojoby, 3249 £ gofobx,

Mo &F Folopx-& 7hE R

2 @tk 2 ¢ =6.058m,

Casel OCase? OCase3
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Figure 5. Expected cycle time for various type of blocks for
various type of operation
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e AYS AYEd (RS £F golobx A4AA F
d3HA) F71 A Zbo] e & vl 2 & 747 o= A
HFO2 3 AYAIZ Z7o] ;E Aol
919 <Figure 5>} #&@3 o] F7| A7) BALS b)
T <Figure 657} 2T} Hak] AL (RE BE g
o] A5l A) W& Aol that 7] A 7ke] E4ko] T
S vl Adel & e A A E 5 U o]
BOE AT ALY WFo] At A A,

2 AFAA AN &5 Folokx FAA TP7 E59 &
Ao 8 A 0= A& g olot3(Case 2)& TPY| 7ol w
gt ofE AN AY FrIAT FFE 71H A 0w A
Hug FAAES 53 dolir]|Z g, <Figure 7> TP )
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Figure 6. Variance of cycle time for various type of blocks for
various type of operation
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Figure 7. Expected cycle times of blocks with intermittent TPs
during various operations for different number of TP

Receiving O Loading EUnloading O Delivery

1.0000
0.9000
0.8000
0.7000
0.6000
0.5000
0.4000
0.3000
0.2000
0.1000

Variance of Cycle Time {(min)

Joge] | A | P | PR | B

m=4 m=5 m=6 m=7 m=8§
Number of TP

Figure 8. Variances of cycle times in blocks with intermittent TPs
for various operations for different number of TP

9] <Figure 7>l A} Bo| o] TP 74+ okt U 4
Fole MUE 4FS FA X8 £ F Ut 2574 2971



Aejol Buldol ) 252 Bolob% g wE T ok= A e 7147 2 Y 123
A A3 v TPS Z7hgol ek BE Aol sl 7] Al B3k 2 Bl A A ATt 242 fEsten
O FAAGE AR GATE B S ot olE S wEd w859 olobwe thapshal A g3tk A WARE
$FO|BE AYHOEE UE Aol gt B 2 9tk TPZ 2 Wol9] S| AT BEolL, FUARE TP B
TP Ah%ol 02 71 A7k8) BAL 9l <Figure 82 £ASH 59 ZHo] 1902 9N F BEo|nh v o TP
ik 859 o Beo] AW ROl 2 BT dolofyEE
B Aol GRD glE W), A8, o, E Agle B ofs a9 49 54 Telstel 4¢) F7) A7 S0
% Ees}os agane) @AYol &, oS add A4 2 Y3
Aoz £ F Qb Adolth, 1HEE EY 9 B ATNAE Z BF dololEE B, A3, ¥, WE
AL T2 3ho] of = AUl A S HAASHE 2ol ek Aol tha) A|th R/ S FAALE RS FEHOR
HAE Aol 199 o2 e Agdd B 7 g RAG, ol 54 B cfolopal A ok 29 8
AN, BT ARAL 5L FE 5 0 AN B ERAA 52 W A A48 5 91 59, 422 25 of
C Le)® Fuael AEAOE Sl B2 AANT £ TS AAGE AAE A8+ 28 Hol]
& 343 ANDT 0713 o3 BAR AAT $4  2F BARE B39 §5o] 2 AP (GE A8, 5
%s%ﬂﬁbﬁa&ﬂidQ<mwr >SERE At 9 A%, $EY T8 5)E GFshl nelsto] ok a9
@ EQ9 B o)) AL LS Tzl H5e W 9771 LY 402 BuEY
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Figure 9. Truck waiting times for various type of blocks for
various truck arrival rate for the delivery operation
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¥ 2 0 2GS BATHE AT

£ YolA A9 F AF Aol Al FAHCE ot
A (21)% 2 2EEwe
Z=[x-v| (21)
A (2.1)0A Xt YE 59 Ao o g Yoo F 94
E Ui gEdsolt B89 doj& p, 2 A Yt oE
2, 734 EX 84 (cumulative distribution function)9} & 2
S84 (probability density function)= ZHz o} 4 (2.2)9} 4
(2.3) 0.2 Yepd 9l
2 p—
F(z)-2 (bi ?) 2.2)
b|
2(b -z
f(z)= (gz ) (2.3)
|
et £5 W 4o F A Aol 71T Agle A2
S *‘ Q4 A 25)E AL FA4T Ut
_h
B(2)=73 (24)
Var(Z) —i (2.5)
18 '
Hlolo] Zmof = M) TPEEH wo] W 99 A%
AANA Y Adde A (26)F 22 dYEEXE HETHL &
T A
Z ~U(d,, dg +hb,) (2.6)
TYEZY 7 F4bs FAsHE WS ol 85t W)
| Well A EEe] BaFo g o] A that 71 hgk 3 &4

Byung Kwon Lee -

Kap Hwan Kim
S NI} (28)% 44 FAHZ 5 ATk
bW
E(Z):dc+7 (2.7)
b2 |
var(Z)=-% 2.8
ar(z)=15 28)
B =godlAe 91e 22 71230 $A 4 F4E ol &3t
T 4 s g
53 AT A5 24
AzE A 71 Faot o] mE EAE AFALe F
o AAsHA 3487 s jreA] e ol ok g, 59,
A o] A AT OE Qe FIAZY Sl e F
FE7ABE ok Bud AH T AYAZLY FHo] o
Ho

o]

& wlolo] HAH e AeoUe) AFE Lolg A,
wol o] 74(4% e 2429 Adelut A% et g

A H, 18] Q& g AT 34+ 28 (stack) S 4ol
osf s Tk dol Wi A" L4 AEolUE 99
o #AYE 17H4ﬂ A& A5, BF A= q7A A+
37t i3 Y G5 P skA o] A, AFaE Y &
EEXIE PL)E OIJ‘L st T 4 Jo(Kim and Kim,
2002).

<Table 6> Zﬂﬂ 39 BARS Al o E vehd A
ojt} o] g e WA o' HE THEE wo] o] T4 A
A5 349 v‘i‘ﬂ'% T8 9tk 1 AFHE <Table >E A

gatth 3 Mo g BAE AL u A wo|] T TA
H AT A= A7 2 g,

o}2f <Figure 10>} <Figure 11>+ <Table 7>¢] YH-Z 1)
IZ T A Aotk T zoA Ho|Eo] AFHF 349 &
2k drow)d 7t S7He] el 254 7HAskal Htier)
o] 57} Z7hetel wek FAA F7HE B 5 Yok

74 P(0) P(1) P(2) P(3) P(4) P(5) P(6) P(R,)
(t=1, r=6) 1.000 0.000 0.000
(t=2, r=6) 0.714 0.272 0.014 0.238
(t=3, r=6) 0.594 0.261 0.129 0.016 0.598
(t=4, r=6) 0.511 0.256 0.140 0.077 0.015 1.069
(t=5, r=6) 0.451 0.244 0.149 0.090 0.052 0.015 1.635
(t=6, r=6) 0.405 0.231 0.150 0.099 0.063 0.038 0.014 2.352
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Table 7. Variances of number of rehandles

) o2 4 5 6 7 8 9 0 11 12 13 14 15
2 0.318 0.280 0.260 0.247 0238 0231 0226 0.222 0.219 0.216 0.214 0.212 0.210 0.209
3 0.707 0.654 0.621 0598 0581 0.568 0.558 0.550 0.543 0.537 0532 0528 0.525
4 1174 1112 1069 1.038 1.014 0995 0980 0.968 0.957 0948 0.940 0.934
5 1721 1.653 1.604 1566 1537 1513 1494 1477 1463 1451 1.440
6 2352 2281 2227 2185 2151 2123 2.099 2079 2062 2.047
7 3.071 2998 2941 2895 2.858 2.826 2.799 2.776 2.756
8 3.880 3.807 3.747 3.698 3.658 3.623 3593 3.567
Number of tiers: —«—2 43 —2—4 =5 —+6 -+ 7 +8 g & 9= 73k 418 At | ARA S S35 3
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Figure 10. Variances of the number of rehandles
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