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Abstract: The enlargement of containerships has been accelerated by the fierce competition in the ship-
ping market. To calculates required freight rate (RFR) of different types of containerships and chooses the opti-
mum in economy, the paper takes the route from Asia to Europe as an example, makes multi-factors sensitivity
analysis of the optimal vessel by orthogonal experimental design( OED), and illustrates the influencing degree
of each uncertain factor on economy through variance analysis. The result indicates that loading rate, oil price
and ship prices have the most significant degree. Shipping companies can take measures to ensure the economy
of containerships through increasing loading rates, reducing fuel cost and choosing the best shipbuilding time.

Keywords: containership; required freight rate; orthogonal experimental design; variance analysis
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SCHR [1-6] WhEHz gy R mpt AN 2 Uik s STk (7] WSS E A BB AN 2 51, %
JEEIN AR A BT (BAERARE R T A A B S AR 22 I R R BRI L A2 5l B K03
B AN BB S S WA 5 N R ARSI BEPE BRI . IRIAS SCR IESSIAEGE , HHR 2 IR ZKF
B N AR AN L ZLE B R, il T7 22 A M RIS I R W) R AR SE HAE I, AR b B A B AR G
Wiy, DX o3 SR B N R AR BN A 3R, XA AN 2 PR A T T

1 BAFERAFHETEER

B AR S A THE bR A L EIa e | I, NRcas & . B IS, S8R AR 7
T S IR BE BERCR AL 2251, AELB IR (required freight rate, RFR) fCRMAANEARE M pliAc, wTLL
B RO S it B IE B AR D, AR SO R s B A T TR AR

BB PR TSI AT, BB R F ARG AR AL AR O AS | AT B | R
FEEE, TEMRII SRR, THE I AR A 2

RFR = [TC -C, + P - (A/P,i,n) =P -r - (A/F,i,n)]/TQ, (1)

A H . TC REREEMMTFERBENA, TC =C, +C, +C, +C, +C, +C, + C, + Cy + C, , C, A
THE, ¢, ZAEITIHDY, C, BB, C, BAERK T, C; BRI, C ZEIRIR, C, REYE 3,
Cy RAFME IR, C, BB ; PIZEAMM AR, BCAEMANE B 0] — RS r BRI =T
B n EYTIHAERR ; TQ RN EME, A/P FRBARBILERE; A/F REGE R,

PR A TS H S e Bm DR Z [ B SC R AN 1 7

3 L s E.A\ b 3% . R i 4 AH‘ ‘El i 47 =% i
Z‘i—f;p%%ﬁ C sztz | e F]Ik/ﬁ N 1) FUATBE L L FEREA B
andling equipmen P ot time oyage Voyage distance Ship price
quantity and efficiency time and speed
W] PR B TR Pk BT % EE . LRI, L
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v v
R - VA R TIEE
R A 2295 A Operation cost J‘7I.<EE7'( < }EIH.J‘.
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+ A 4 \ 4
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Required freight rate
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Fig.1 Calculation model of Required freight rate of containerships
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2 =B A
2.1 SHEUEHA

TS it KBRS 5B, BB B Stia 2, HHi18 000 TEULL b AU 4
PO T WAL o AN R 2R AR S AR TN B A B AT Lok, s s gk | S AU O e 1750
M, MURHEESEIT N L — 720 — 3h [ - PRERARIalr — JERI ST - BERRT .

1) ARG BRSBTS ek OC R AR AR b, Hag /R - bRk gz 5 B An4R 2 10 000 TEU
DL E AR RIS SCREE Clarksons 231 B 2011—2017 4E 10 000 TEU ., 13 000 TEU, 16 000 TEU {37
PBAME M-S IEAE RS . 20 000 TEU 21 2016 4ENIFE A, MRIETTM A5,

2) MEBITHE  BEE NN BRI DU FE R otk BB R, BRAR AN RITE AR ORS T N LI R E, X)
FUBA — B AR R AR AR AN BE AR IC S8 AR R B O 01 . IRAEATIZ /5 B (2017 4F 1—12 A M T5%AT
H5%), BT AR EECELAA I, BN % 37 400 2670, RHEAECE 22 A,

3) BRIMZRH BRI AR S AT AR T AR LE U R AR A BRI AR AR 4y, MR AR AE DA T S
FRAEAFRRIE , — ARSI s (500 H B U FERR G 38 AR AU BRAT S A0 — BRI 3 kb 7e 48
B, ARG Clarksons 23 75 A 87 I % TFO380 11 MDO R #%, B 2015—2017 4E IF0380 -1 {H
450 FEI6/t, MDO FYI(H 683 T/t

4) TEASHTE] W ARAE U B 1) G455 e BT () S i s S B[], ER AR AT ARAS 1 7 B 20 38 — e 4 76 s
() He 200 ) S AR PR, 76 s i R 0 e 5 T O B B 00 1 2, 3 o R RV AR B AR AT Ry O i, e
FERS AN R G G0A A Bl A R EALMR B PR RE R R], R EIRCRAAEIR R 22 5 . LM AR s s B
)75 5 32 B — SR 4 R R, AR T UERR AR, DRHAS SRR s s 11 S B R A A5l B A

5) BRHIEFER  MPINAEASRITE NIRFEE R AECK, IEARATIE AR, A E T K
A, —RERHETE, LB BRIMTEFE, WE T A, Si—RAMUE 20 kn B4 586 N A48T H
THFEHE

6) HAth AR A E S FEAA B R ARE) , BB IHAE IR 25 47, FRIE% 5% ;
R S AT AT A A B AR AT B 6% 5 A1) Netpas B AL IR S 10 878 n mile; M 4E
ZMZCS R SHRIE AL, I ARAEE IS i E] 340 d, #RAE% 80%

o [ 2 2 R PR RIS B AR AR AR HOR 2 T S8 3% 1 BHE OBk R A 2 W) S i i A
IR

K1 FRALBERFEREAREFSH

Tab. 1 Technical and economic parameters of different types of containerships

Types of Daily Daily

containership New 7ship [ﬁice Economic consumption consumption Port time Voyage load ~ Voyage termiilal
/TEU 107 %78 speed/kn of fuel oil/t of diesel oil/t /d /TEU charge/ FTC
10 000 95 20 120 6.3 6.0 8 000 160 000
13 000 110 20 140 9.0 7.5 10 400 240 000
16 000 126 20 156 11.8 9.0 12 800 300 000
20 000 150 20 168 14.0 11.0 16 000 340 000

2.2 WEELER
FRAE VLB, 15 ANFESSRIEA A AT L BLE 9% (RFR), W2,

F2 ARABELBRIBERE
Tab.2 Required freight rate of different types of containerships

HEAAZETY Types of containership/TEU 10 000 13 000 16 000 20 000
BB PR Required freight rate/ ( %50 - TEU ™ ) 437.75 406.92 383.07 352.29
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M2 ATLIFE . A SERAR AN 2 A R0, L 2B 3% (RFR) FEIR, ERMIZ
20 000 TEU HUAESAA A 032 AR IR, 5 20 000 TEU ZUFHARE, 16 000 TEU AU A 04 B35 2% R 55
8.8% , 13 000 TEU % fiis (1) 4 B35 % % 55 15.3% , 10 000 TEU BU % &5 24. 1% . I3 i £k 1 7
20 000 TEURYER RAH AT B AR AL

3 Exmigt

HI TS T AAAE W AN T, AT I 00 T FLe R i sh 2518 RFR 197284k, T
AU TR RIERYE, OB S WoiTiE T s i Eas P AR LS, Shie ] fEtEzs Ikl
HEIIISY R¥R 2T I 2R AR 52 e, AR 305 | IE 28 80 2 715 (orthogonal experimental design,
OED), HMALEIT,

1) PEEEENERR . RAUKF, DL 2028 SR AR i fe b, SEHIARAAMAS (A) | 5L T%E
(B) . #RIMMAE (C) | #AHR (D) MAEEERTE] (E) A BE, MGG bz fa A 3 I 3R AL 3l
HTBEVEIE, AR BECS KF (=1, 2, -, 55 WA, #RHNE AR jHOKFE), 45008,
110% , 105% , 100% , 95% , 90% ,

2) BRI, TSR AP — MO (E, HANRBABEZMNS x (5-1) =20,
WGEHL Lys (5°) TEZEFR . AT HAFHIE/D REeie2s, BRARIAR PR R AKCTHE )Y R BBEHLHESY , oAl
FKTAE R BMIRHES , 1R 25 A SRAG T

3) HWRIEASE, B IELRSITH NS R R ACHE N ALEIL RTRAR, 45RILE3,

*3 ETERREZEMRE TR

Tab.3 Arrangement of orthogonal experimental design

WiE ﬁﬁﬂﬂm*ﬁ Wi b B¢ 'W.i‘iﬂﬂﬁ*% ﬁ%ﬁ? E?%Ejl‘ﬂ 25
Trem Ship price Crew wages Bunker price Loading rate Port time Null column
(4) (B) (©) (D) (E)
0.95 1.10 1.10 1.10 1.10
. 1.10 1.05 1.05 1.05 1.05
LZ{'(E?:VZIEue 0.90 1.00 1.00 1.00 1.00
1.00 0.95 0.95 0.95 0.95
1.05 0.90 0.90 0.90 0.90
T, 1 734.09 1 770. 48 1 867. 50 1 601. 42 1793.27 1 768. 83
T, 1 831.27 1 778. 63 1 818. 07 1 676.77 1 780. 33 1770. 37
T, 1712.13 1771.46 1 769.99 1 761.01 1774.19 1772.53
T, 1772.93 1 769. 42 1 724.96 1 854.83 1 754.92 1772.74
T 1 801.46 1 761.90 1671.36 1 957.84 1 749.18 1767.42
AVG. T, 346. 82 354.10 373.50 320.28 358.65 353.77
AVG. T, 366.25 355.73 363.61 335.35 356.07 354.07
AVG. T, 342.43 354.29 354.00 352.20 354.84 354.51
AVG. T, 354.59 353.88 344.99 370.97 350.98 354.55
AVG. T; 360. 29 352.38 334.27 391.57 349.84 353.48
Range 23.8286 3.3445 39.2285 71.2836 8. 8189 1.0645

Uil T, e, Ty, ARAREEREE AR ZF; AVC. T,, -, AVG. T, ZilFRn4& & R —KF
IRIHEAR T8 W22 0 & R R AR T IR g R b T 5800 1 iR 2508
Notes: T,, ---, Ts indicates the total number of test index of various factors at the same level; AVG. T,, ---, AVG. Ts indicates the aver-

age number of test index of various factors at the same level; Range is the maximum difference of test index average number at different levels

MR 3 ATLE T, S ZEE RN T4 H R ZEE, BRD, w54 K FE T/ RFR
AR FE, Mot R R BRESL AN WMAEE, ¥ RFR )75 5 1E 85 25 5 w4 (87
SHATHER A, WA 2,
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M 2 AT E 1, IEAC T Y é 500.00
RFR AR 2 & 7 5 HES) 5 2 5w = 400.00 _
(M IE SRS SIS 20, B % 30000 ——
TR B HAE AR RN, 1K 2 200.00
IREE RN, BAANS H R EE T E ﬁi 100.00
WMEREWEL, HR Tl eE =

I, B A AT A R 510000

1243920161723 1242 3 425521141015 6 11187 81922

=
¥ Serialnumber

TEMFE IR TR = == RFR; XS ENull column offset value
4) Jr NPT, NGB IE M Y A B2 RFREFSS5HEEXKEZIRBEFSHEXER
BE . BEEUE 25 KE 0.05 F10.01, 4R Fig.2 Correspondence of sequence number between

RFR and null column offset value

P 3 IEACIAIR BT 4R . #E47 RFR

TiZEobr, Wz 4 s, .
R4 DBETBEEFENWR

Tab.4 Variance analysis of required freight rate

25 i H 5%

Difference Variance Freedom Mean square deviation F F(0.05) F(o.om)
BRI A Ship price 1877.982 8 4 469.495 7 439.364 1 * % * ok %
W51 T % Crew wage 28.388 0 4 7.097 0 6.641 5 * ok
SRIM AN HE Bunker price 4715.145 0 4 1178.786 2 1103.133 2 * % * ok K
A A Loading rate 15 933.895 8 4 3983.474 0 3727.819 6 * % * % %
FEHEIFE] Port time 265.224 4 4 66.306 1 62.050 7 o * ok ok
RZZ Error 4.274 3 4 1.068 6
SR 5 Total variation 22824.9104 24

¥ F(0.05) =6.3900; £(0.01) = 16.000 0

WG 4 TR, B RE L EMHKF0.05 fil0.01 F &M, U RFR X240 R 5)
S HURE, PR R AR R B/ NAR AT S BRI AR R AR AR T A LR IR, A AR B AR/ N s R
IS PR, TR AR AR TE S LA T BT o L3 s, 3581 40% ~60% 5 FEAR A% B 2%
PG, RCABEE M BT, AEAAYTIH 2 . BB | ORI SR AR SUBAS T 1 LI R N AE S
[ E M, BT RAT R AR A, IR ]2 55 d, ZES B AR XA T i (] e il dse /), A
SIXFHAE RBA ARG s WS B TR 0. 05 3 MK R 2L 5, UiHH RFR XA 51 T 9eaUsk PR AR
%, PR SR i B T3 AT 900 288 0 it A 388 Dn i 38 n - B AR R RUA 9 D3 T R AR L 481
A S A

5) FEHE, ANFEUKFM LSR 4087, WRIETT 220 0ras 5%, RAE/NE EW 221 (least significant
ranges, LSR) XJZRAH% | SRIHNAS S. . AAROAS FIZERS S 0] 45 4 > B2 R R A FIAKCEE T L,

Sty Sy Sy, SeAMIFRIREAERE . BRRMAS . HE ®S WMESNE
A A N LE s I ) 4 AN PR BR 25 By 24 M, S, = ImSR”%“W“
Se =8, =8z = /0.21372 =0.46229 , Ml [ Eﬁ% mﬁfﬁf Y 0.055812,01 0.05L sz,om
=24 FIFKEE (B FHENE) =2,3,4,5, & 2 2.92 3.96 1.35 1.83
155 f8 2 E ML 2% (shortest significant ranges, SSR) " 3 3.07 4.13 1.42 1.91
{E, B! LSR{E, mES R 4 3.16 4.24 1.46 1.96
5 3.23 4.32 1.49 2.00

M4 FIZES A, SRTHH A AR RPN R 45
JKFIRP-2 RFR 250 B2, ATIIAR 257K P18 P2 RFR EAARE W4 E, Hob, 4,, C,, Dy, E,
5% AKPRIZE D%, RAAAMAEEN 10% , BRI 10% , BAE3R80 10% , TEHREMS(A]
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H4n 10% X RFR $2Mi i A2 . DR 28 Rl RE A6 14 s AR R, 1 R A, 45 dilaa 8 AR
IS AT RETEAT O 5 BRA IR ACET A, Wl AR CEUE IS 18], bR AR R B, 4R m Al 25T

4 it

RS i A2 B AR AN E S TR, AT T BRSO 2 B, AR LA TR 4518
FEEIL

1) R 1 20 000 TEU U RAEREARME I A IS A e Ik, ZePethimdE, ZAIz50K5), M
IS e AR 2 /AR W L iy N B DA I NEE N (4 2 3 S N CA A <K s i

2) BRSPS A WA 1 G HE R R R R IR AR A AR 28 T A S B DL v 3R SR Oh 3
REEYS, BRI 2 S BB KA A TR R R B 5 28, BRACIAN B RUBI L %, LB AE A Rl 75 5% )
FHHEFE TR A,

3) TEBRIMIM SRR m AL B4R, X EPRIGEIHL (IMO)  SHI AR 1k 9 A -HE I AY =A% R
il iz Al AT i A R BT BRI AT A, PR AR AKOT- G B BRI A R, B ATRR I o
A, RN B SRS B b R 4, XY A YA IR IR AT 52k R B R 2 P i

4) SN 25, s R BT AR, SR BRI R L, fEfiE
T 37 55 18 T A At B8 0B A IR LA B A AR ST X, BRRE ST A e 90 ], RBIR M B B 5 )

5) M TARIECR, TEASIT AR |, BAR L BEZ i, DR b e A R A 2 A A ) B 2 B sl £
S F IR U T I (R S A S A B R A Ee ] A RN A BRI T ECAR AR, s D N SR B
B, AR, miE ek AR, AN E AR, IR A R 2 5 AS LLLE
WRYE,
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