(N N
<112 - PACKAGING ENGINEERING

F3THE OE 1T
2016 4F 9

BRREKIE TR TR KBRS H

SKINER, EEEE
( Bl R, i 201306)

&t

E: B A2 RBAZRA, REFaTHaeEEXREAGXER L, F&x ARARZ %,
EBAREAAREEERA T EEEAOERARY a B FHATHH, FralF aEEMmnk,
P& T mA . BN . AR ABAERAF, &R BERALH W TIHEELBEING X
HRE, BB RAEIK10%A Lot R TH EERRATERER A AN LY ZGHE, & T
WEEEROERNZLHAETNY R, E—REHTHATIHEEEBL TIRELEEH.
KEEW: THEERM; EHAX,; 2HRIAE

FESES: U169.65 XEFRIAEE: A  XE4HS: 1001-3563(2016)17-0112-06

Optimization of Foldable Empty Containers Reposition Under Sea-rail Transportation

ZHANG Li-na, HAN Xiao-long
(Shanghai Maritime University, Shanghai 201306, China)

ABSTRACT: The work aims to work out the key factors influencing the foldable container with respect to the problems
with empty container reposition. The total costs and factors of standard and foldable containers were analyzed by factor
analysis and integer programming. The influencing factors included the transportation cost, the container leasing cost, the
liner transportation capacity, the inventory storage cost and the folding/unfolding cost. The leasing cost was the key factor
to influence the use of foldable container. When the leasing cost was decreased by over 10%, the use of foldable container

was more economical than standard container. In conclusion, the use of foldable container is influenced by many factors.

Under certain conditions, foldable container is much better than standard container.
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Fig.1 The map of empty container repositioning in intermodal
transportation

2 HEFRE

2.1 EIEREIE

R 2 sk, WO RN, Higuh
M85 RS X A0l AT 25 ARz 5 s 11 3l 1
SEACRA TR SR WL ATRN 2 5 AT RS 1 A SRR AR A7
W, TSNS R R R AT N
s R DM B RN s R A, AR A
YRRTT R 5 2 BN v P B AE TG AE GBS R 2y
W T B R s A RMIZBR S, bl s A
B RO Rh s i 0y =X FHAR ATt RD B 3145, R
x5 EMAR RS B s s 5 R AR, AR
FNWFFS . S8 JORZ RN TR,

1) ®Rol. H RSHOES, Vi,jeH; W R
VWS VYmoneW ; T HHRIEMMES, VieT .

2) WESH. ol 0—1 7255, 1 LR m
EWH i "N, 0 RE; B N 0—1 ZBx, 118
Tk m Muh n vk, 0 RATE; ¢ i Y
J ¥ DT bRAR 4 A B SRS B AR s Cp R il
J s TR AT S S A BRI A Con N m
35 n ek bRAR S H R LB R AR CL R om
Y5 n SR P& 5 5 0 BALZ AR Cn
KW V5 m 33 (D bR A 25 4 1 B8 AR 5 C)
b i W 5 m Yl (] ] 47 S 23 56 1 B IE B AR
P, NTE m 3l B G AR SRR A 1 B AR 5 P o
e m Sy G Pr S ERAH RN A ; Cu i m
Yyl b e SR 240 B BT AP BLAS 5 CL ol m 3]
Y1 B SR LA N PN AP AR 5 L, A m i br i 4
RN B IRA; L) m vl il I 4R 2
(1) B R T AN 5

3) ARG QN ¢ B i W FBIRS R
K Dy it WY m S SR A S R TR
Sy Nt B m Gl SR AAR S FE LG = Kyl o
BFEAMN @ 3 18 ;s S AR ) N R
T B R AR T M B 1) P T B SRR B 7
h AW E B W] L, o8 ¢ B m kbR
WESRSCH R A s 1), R ¢ BE ) m 0l T i B 4
BRI AT R N ¢ W) m S0l RELSR OB v 4R

MEFECE; RN B m e AR A T S
ST ; Xy R ¢ WHI N 9 11 3 s AR il
B X, 0 A G R s T R

= HF %



- 114 - fu, % TR 2016 4 9 A
ERIBHIE Vo N t B m 35562 n 3506 B bR FHE NS I s Re T .
SHIEHE; Y A B m 50 R n kA nT iy

SOSHEIBHEE . Vi MW IEME A3 ¢ B3 0 0
B m b FREZS RIS, YR AEN FR m
k] @ e O bR AR IS VT, 2 R
FoR B TR m S AT S 2 A S b
My G AE R 7 m B W 0 RS S RS
5 Z8 Ry (W) m AT B ) T A S A R
ZY N ¢ B ) m 3530 R I I T 417 B B A B

22 MREEZERURE
min Z Z ZcmnYmm‘ mn + z z Zcinijt +

meW n(#m)eW teT ieH j(#i)eH teT

Z Z ZQm|I/tmt|atm+ 2 szImt+Z Z PmRmt

ieH meW tel meW tel tel meW
FE FARPRE , MU [R] s IX P9 473 0] B 3 i
JEAS | T I] 3 A | o 10 3 () 3 X Y
B JNAS . BEAE A SRR AR . AR
Lot = I + z ﬂmnYnnzt+ ;{ijtamj_l_ Sm™
je

{m=#n}

Rmt_Dmt_ Z Ymntﬂmn mEW (1)

{n=m}

Z max(y,,.»0q = Z X jie-v, ~

meW {jeH 1>V}

Z X VieH,t 2)
{ieH 4<T—V;}
Z Xijt = z max(_Vim’ O)alm + z in,t—l -
jeH meW jeH
z max(y, ,0)y, VieH 3)
meW
Qit = Z Dmtaim VieH (4)

melW

X< K Vi,j#ie H ()

K(D)H WIR G b 2 Fi e 55 T W R 2= 4
s, N A7 0 36 A 1235 8 1 25 4 i e DS 11 ]
N PR 8 (TR 25 1) 98 10 80 1 A A ), 3zl (i 4
H, ONRHAR B, DA IR 2 [R] 7 DX b Y s A e
Yz fai R . Q@)K ¢ 17 W 1 ) L s X i
B 1 25 4R B AR T L s s O T AR B F R
U 10 25 R B DB AS B9 0% s 1) LB s R s A
o Q)R Wi O e DR A s A R
T AT A TR] s X 33 VA A s B4 A A 3
How s OV S IF T A0 1) 28 12078 B 25 4 B el 25 AR
Wk O R S X S s i s AR . R K o
BE I 7 s 11 PN A 2 A 75 5K A T L) s IX 45 0 28
fams Rz, G e BN i B H B E 1

2.3 WHMEEERHFMLER

min Y Y N VBt 2 2 2 CrX gt

meW n(#m)eW teT ieH jeH teT

> Y Vil 2 2 Conln*

ieH meW teT meW teT

F F Uu u F F
2 2 RuPut 2 2 LnZnt 22 2 LnZm
meW tel meW teT meW tel

TE AAR R, Bem 2 AR T hRiEse, 735l
PR AT A B FETT RN B AR . LIRS N -

F F F F
Imtzlm,t—1+ Z ﬁmnYnn1t+Smt+ ZVinzaim+

n(#m) ieH

Roi=Dwm* 20 YuufB,, YmeW — (6)

n(#m)eW
F
Z maX(Vimz’O)Olim = Z Xiit—V-- -
meW {j€H,t>Vﬁ} Ji
z XZ—: VeH.,t (7)
{ieH 1<V}
F _ F F
Z X = Z max(—y . »0)g,, + Z X i~
jeHd meW jeH
2 rnaX(V,AFm,,O)Olim VieH (8)
melW
0it= 2 Duaw ~ VieH ©)
meW
F
Xij o
N Sky o Vii(zDeH (10)
ZLZm”GW—DWﬁ) VYmeWteTl
(11)
ZZ; =max(p, = 5,0 VmeWiteT
(12)

R(6)—(10) A H(1)—(5) o Z(11)y ¢ Bf 3 4 SR
BT SR SRS E R TROR S, ZREM
Yk m Pr&noe . (12)k ¢ B RS H
MFT TS A BN TR R E, AT EAIREN
TS R, m JRIF BB .

3 REHGESH

3.1 EflHREKE

kS E A AE A, B 2 DU Z [0 48 E
WIH AL, A B ESHUEA, ABRIBX NS
Ui Ay, Ay, Ay ATAH B RS SERE4E; B W2 ToK
&, BHSE S EHE N A By, By BT R LA



B371E HITH

TRTRYBAE RS T AT S A A B 2 A B U - 115~

RIEL 253705012 , ¥ 10 B 5 By, By 35Ul A v AH H 5
PRE EAEFE, RIEE 2 ANV 01 R AT A B s 2 4
M T Hi2 52 Z R0 R R BRI, 25 62 AN BE T 1L 752K
AF A At b RELARS

S fRARAEERL, H g 3 AN ) R, R Y
BRI LA TR IEOLILER 1. BRI & Sk
) T 4 S48 0 FHAR A ZAR AR 1Y 1.6 1%, W&
R 112 B0 B RO A A SR AR IR AR AR A 4 1L
U r B/ R TP A AR 4% 38 50715 s 8] B i |
fitifr . A MJRIF AT ERAIT . #H A b
Ay, Ag, As AR5 H 90, 80, 80 JC/4f, #ED B &
[) s X 37l A Ry 80/%6, i Ay & Ao, As YA
5390 80, 90 JT/AH, A E A;H 80 JU/Af, B &
B, } 90 JU/Ff. I AEAE A R 40 JT/AH, A
WA LA 225 JU/46, B R 250 J/AE, AT

BRI AR S AN 35 JU/4H. A He%) B HsEH
BFh 2 d, ¥ L2sFEis e SRR S 50 446, 4
IRz HE B ¥ 20 a4 7 B I5 X 345 37 i () B
i E R — PSR SN S R, Hs 1 2 A i F s
] 5 B R — N PR SR 4

F1 BPAHEHEBHR/EREBR
Tab.1 Supply and demand at each port in each node 53

o Yk
Hy 7

A1 Az A3 B1 BZ
=1 PR 200 120 70 50 50
= Za=s] i<

100 70 130 100 80

= 200 100 200 130 50
LIS
=2 BREER 1500 300 0 180 130

e 200 70 110 80 90
3 R
=3 BEER 10 0 130 150 150

®2 FIMBEMRERHBARILE

Tab.2 The cost comparison of foldable and standard containers JT
, Al & 46 PRUERE
2k —
=1 =2 =1 =2 =3
50(A;—A) - -
50(A—B) 100(A;—A) ;8&171‘225 55%(&‘7]‘:)) 50(A;—A) 10(Ar—Ay)
s R 30(A1—A;) 100(A—B) 52 50(A—B) S
40(B—B)) 50(A1—A3) 50(B—B,)
20(Ar—A3) 50(B—B;) 60(B—Bo) 20(B_B,) 50(B—B))
20(B—B,) 2 2
e 50(B,) 70(B,)
FHAE 40(B)) 80(B,) 30(B)) 40(B,) 20(Bo) 10(By)
10(A}) 30(A))
. 30(A)) 10(A,) 70(A1)
TEA 20(Ay) 40(AD 30(A)) 60(As) 30(Ay) 10(AD
40(As)
iz i A 11 360 23 900
FHAR LA 60 000 50 000
R WA 1500 10 000
P18 R IF A 23 800 —
SR 96 660 91 900

H1% 2 AT, ol RT3 28 AR RIS ERR A BUASAT
—E MR o AR RS BB AN TR T B A
TEE T B AGAH L, b TR 1) 32 il A FIAT G A e
U AR B U R T AT AR, O TR A A
AT B, 1E 2 A s B R rh T i & AR R I
BOERIERT Y 4 4%, 1Ez ke ) BRI T H 2 0 1
AR ML A8 A7 Dl A 5 SRR R AL 2, o =
R BT R, FEARAT B AR FIRHAR A , AR A
RS H S B B, JEHEAE =3 iR
RS

G091 245 SR 2 LA P AT 07 28 A A 1A 0 s
A —ERIE W . PR AT & AT A T A5,

T X R ) R AT S A A A AR R R AT T
3.2 HMAEZZHhHHh

1) FHAAAAE B 0BT o A8 AN RS 25 A i 1 1Y
1 0T 2 A R AT B AR AL AR X A B 5
YA AR FEAIR 10% ~ 50%H , AT 478 A 14 SR A
53124 90 660, 84 660, 78 660, 72 660, 66 660 JT.
SERERE BRI 91 900 JCAHLL, A4 EAH
[ IRAS AR 10%00F , mELAL S, 5 RHAR A Ak
{11530 W R E = e R T

2) AT A ZE S 3 M o s D1 5 S B4 25
BIAFR, S RA Bk 10% ~ 50%0F, Al 4 &



116 - % TR

2016 4F- 9 H

FE Y BERASY 51K 96 770, 96 880, 96 990, 97 100,
97210 JT, FRUEFHIYERLA 5351 92 740, 93 580,
94 420, 95260, 96 000 JT. I HTEH M ENA KT
PRUERS , PRUER AR Sl L) R F T S A2 2640 , gk
SLIG IR A BUAS , AT S A T RE g AL E, (A6 fE
BUAS o B2 B 25 AR 1Y — /NS 43, O 52 e it AT 4y
BRI RN K

3) ERsHBE S B . EIFEFA LR
W, 32 B A B o b RELAR S R, ELERE AR T
BAS (R38N . RS A R B4, 2SR Y18 BRFERY
B, Mz BERE AN 10% ~ 50%INt, AT 18 A Y B
AR5 91 510, 86 360, 86 310, 86 260, 86 210
JG, FRUERE B EAR 5T 90 900, 89 900, 89 250,
88 600, 88 300 JL. HizZHEHGHN 10% ~ 30%HT, fE
3Gz A, (T IrEA2AH0. MiEhe
k3Nt BeET SRR R E M, R4 IR
7S [A) 3 AN B LA, BeB (R T 4 &4 AN B
B&TE

4) BREAAL ST . BRAE A BRI S K
Faz s 8], 1 oK m s IR %, niIrE R A R
BT &R, nI&yisimasl, FAEE ] L
JHiE 2R 50 AR s K, (15
1z i AR WA W 3K, s As Lk 10% ~ 50%
10 W TR V) W 7 NG 7 = 2 E O L33 B 1 Wi
A= EREC AT

5) Pr&/ I MAZ SN 530, P8/ BRI iA
A PrS AR MR R Z —, BEEB AR
HMECEWR R 74, P& 3 &/ I A
TR BIrS/RIFRAR TR 10% ~ 50%HT,
AL P2 R 1) BRAS 2 90 93 940, 91 900, 89 180,
87 140, 85 100 JT. 4REMK 30%M, i nl4fr &4
W T, MY S/ R IT AR S AR, fifH
YT S A8 HA R

6 ) BRI UEZE BT XA R AL )
SR TR E2E T, FHAR BUAR (0.0935)> 47 &/ i
FF A (0.0369)> 1z i 1 A (0.0252)> iz i GE 1
(0.0243)>fif A7 1A (0.0021), P75 FHLAE A X 4 &
LR LR e SN

4 iE

SO T I E SRR R Al AT, X AT
T SRR BRI SR AR (0 SRR HEAT HE AR, IR

Wy R 37 25 HE AR T 0 PR AT 0, i s AR A8
S 2, R Z 2 i 28 48 R AR BUAS Xl A
BRI E R o 4 & 4R A 1O RELAR BUA B A1
10%I, $EBTHT B A AT M RS, QRS A
AREEFEAR, (M B AT N5 . SO
H5 TR0 X Tz i ol FH 5% A7 B SR A (19 PR SR A F 2R
SRS AT RURAE TSR | R4 EUNR i
PR, XTI AWK | s e T i AN
EVEIIRFEIE

RS

[1] BANDARA Y M, GARANIYA V. Improving Logistics
Management Using Foldable/Collapsible Containers: A
Case Study[J]. The Asian Journal of Shipping and Lo-
gistics, 2015, 31(1): 165—185.

[2] JAZ4e. 4 FOLD #r& UL Mo A [1]. BA0
1k, 2014, 25(8): 20—21.

ZHOU Rong-hua. The Advantages and Disadvantages of
4 FOLD Foldable Containers[J]. Containerization, 2014,
25(8): 18—25.

[3]1 ARBA. BT BN BGE iR E RG] L

W TR 545, 2011, 16(5): 90—96.
LE Hong. Optimal Planning on System of Empty Con-
tainer Allocation Based on Simulation Optimization
Method[J]. Industrial Engineering and management,
2011, 16(5): 90—96.

(4] JALLAHg, J797. Wiis e A =5 A I as 0 AL BRI BF 5
[7]. BT TR 4R, 2003, 27(3): 384—387.
ZHOU Hong-mei, FANG fang. Research on the Empty
Container Allocation Problem for Ocean Transporta-
tion[J]. Journal of Wuhan University of Technology,
2003, 27(3): 384—387.

[5] CHEN CY. A Two-stage Stochastic Network Model and
Solution Methods for the Dynamic Empty Container
Allocation Problem[J]. Transportation Science, 1998,
32(2): 142—162.

[6] SHINTANIA K, KONINGS R, IMAI A. The Impact of
Foldable Containers on Container Fleet Management
Costs in Hinterland Transport[J]. Transportation Re-
search Part E, 2010, 46(5): 750—763.

[77 CHOU C C, GOU R H, TSAI C L, et al. Application of
A Mixed Fuzzy Decision Making and Optimization
Programming Model to the Empty Container Alloca-
tion[J]. Applied Soft Computing, 2010, 10(4):
1071—1079.

[8] KONINGS R. Foldable Containers to Reduce the Costs
of Empty Transport? A Cost—Benefit Analysis from A



B371E HITH

TRTRYBAE RS T AT S AR

o

FA I 2 FRIHE T Y <117 -

(X

[10]

(1]

[12]

Chain and Multi-Actor Perspective[J]. Maritime Eco-
nomics & Logistics, 2005, 7(3): 223—249.
FRANCESCO M D, LAI M, ZUDDAS P. Maritime
Repositioning of Empty Containers under Uncertain
Port Disruptions[J]. Computers & Industrial Engineer-
ing, 2013, 64(3): 827—837.

MOON I, NGOC A D D, KONINGS R. Foldable and
Standard Containers in Empty Container Reposition-
ing[J]. Transportation Research Part E Logistics &
Transportation Review, 2013, 49(1): 107—124.

PN el 22 Uz 2 AR s B AT ST )], BDCH T
KE2EIR, 2010, 34(3): 533—541.

SUN Hao. The Research on Allocation of Empty Container
under the Framework of Sea-rail Intermodal Transporta-
tion[J]. Journal of Wuhan University of Technology, 2010,
34(3): 533—541.

B s, RIS T AT 4T S 4R A I R) AT 5T (D).
Rif: RiEHF R, 2014,

WEI Xue-ting. The Allocation of Foldable Container

[14]

[15]

under the Framework of Sea-rail Intermodal Transporta-
tion[D]. Dalian: Dalian Maritime University, 2014.
SHINTANI K, KONINGS R, IMAI A. The Effect of
Foldable Containers on the Costs of Container Fleet
Management in Liner Shipping Networks[J]. Maritime
Economics &Logistics, 2012, 14(4): 455—479.

Tk, s AR AR S BEHLOE AR AL ()], 3258 s i &
G TS5 E, 2010, 10(3): 58—63.

WANG Bin. Stochastic Optimization Model for Con-
tainer Shipping of Sea Carriage[J]. Journal of Transpor-
tation Systems Engineering and Information Technolo-
gy, 2010, 10(3): 58—63.

F SR, T i P 9 0 2 ) 2 A 2 A W P AL 5
EU] BIFRF R, 2015, 34(4): 54—59.

TIAN Chang-biao. Empty Container Allocation Opti-
mization Algorithm Based on Shortest Distance Priori-
ty[J]. Journal of Shanghai Maritime University, 2015,
34(4): 54—59.



