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Optimization of Container Multimodal Transportation Routes
Considering Price Discounts

CHENG Shiya, CHEN Xichun, TIAN Xiaopeng

(College of Traffic and Transportation, Lanzhou Jiaotong University, Lanzhou 730070, Gansu, China)

Abstract: Route optimization decisions for multimodal transportation are of great significance for achieving
sustainable development goals. Based on the passenger-like operation of container transportation, a
price discount strategy for railway transport based on mileage and freight volume was introduced. A
dual-objective optimization model for freight transportation routes was constructed with constraints
such as transport capacity, passing capacity, and maximum train frequency to minimize shipper costs
and maximize carrier benefits, aiming to determine the optimal freight transportation routes and
operating frequencies of container block trains. The e—constraint method was used to transform the
model into a single-objective optimization model, and GUROBI was used to solve the transformed model.
Finally, the effectiveness of the model was validated through a real-world case. The results show
that the model can effectively generate freight transportation routes and train operating frequencies,
ensuring both reduced shipper costs and enhanced carrier benefits. Meanwhile, the price discount
strategy for railway transport can significantly promote the shift of freight from road transport to
railway transport, providing references for the sustainable development of multimodal transportation.
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Fig.1  Schematic diagram of multimodal transportation network
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Fig.3 Schematic diagram of multimodal transportation based

on price discount
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Tab.4  Cargo information
T Bris R/ . B o oo . . . ) AR HETASEI AN 2R
GiE TEU RIS AR b7 B TS (B IR K ML K 2 km) AR S A FR b B 5 k) 95 50k
o _ 2(221), 3(831), 4(352), 6(541), . y 101 226), 13(1 454),
1 185 ifﬁﬁ;gT M 8(758), 9(618), 10(668), 12(1 085), ;ﬁfﬁiﬁﬁﬁﬁﬁ &  19(739), 24(286), 25(634), 1869
yrefEL 14(814), 18(1 428), 28(2 560) 26(837), 27(22)
27), 3(507), 4(378), 6(330), A8 S 10(12), 13(828), 19(505),
2230 EMEYIVPEE @ 8(454), 9(659), 10(573), 12(832), %{fﬁi(')'[) O 24(1 188), 25(1 426), 559
14(853), 18(1 144), 28(2 380) i 26(1 113), 27(1 218)
2(450), 3(41), 4(813), 6(277), 10(503), 13(368), 19(722),
30158 bk (@) 8@37). o(1092), 100921), 12792),  AIE Tl 24(881), 25(1 056), 795
14(1 288), 18(1 065), 28(2 317) 26(1 348), 27(1 123)
e st 2(360), 3(834), 4(44), 6(613), __10(489), 13(1072), 19(17),
4 276 ‘%ﬁﬂﬁfé}‘ﬁ ‘@ 8669), 9(319), 10(465), 12(872), PHLEHEPRE (@) 24(711), 25(1091), 26(651), 929
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s 2(770), 3(294), 4(1006), 6(405), [T 10(1 129), 13(1 697),
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6 310 KZTARREX @ 8(26), 9(864), 10(546), 12(366), mlggizz&* 19(1 091), 24(405), 25(12), 1458
14(998), 18(704), 28(1932) 26(1 398), 27(639)
, - 2(699), 3(1176), 4(325), 6(924), 10(1 157), 13(1 191),
7 175 %ﬁ'ﬁgﬁfﬁ% = 8(911), 9(49), 10(437), 12(941), KETIEER 19(671), 24(32), 25(411), 1422
L 14(167), 18(1234), 28(2223) 26(960), 27(297)
2(845), 3(1322), 4(477), 6(1043), 1001 161), 13(1 728),
8 180 Hh i el @ 8(972), 9(232), 10(415), 12(926), PRI b 19(659), 24(967), 25(1376), 997
14(32), 18(1203), 28(1310) 26(16), 27(845)
2(1131), 3(1028), 4(1155), 6(845), A T 101 182), 13(1432),
9 100 =—mITSUE @M 8(690), 9(1231), 10(795), 12(333), éﬁﬂﬁ#\w’% & 19(695), 24(295), 25(668), 1135
14(1 224), 18(13), 28(1 310) H . 26(829), 27(36)
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Tab.5 Discount range Tah.6  Freight transportation information based on fixed price
- roves N : - . e kR
Prondm's SERETEN XA R BRATEUKm) X JA]_[- BRATEUkm) %%ﬁ%gTﬁg/ﬁm%% %%ﬁ%ﬂ%%@ﬁﬁgémfil
0 1.0 0 100 000
1 0.9 100 000 300 000 1 185 8 2 093 185
2 08 300 000 600 000 5 by | AHHEME — - 30
3 0.7 600 000 1.00x10% ! 2 1.00 200
3 158 NI — — 158
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i 3o e— 24 AR AE FE AR 5t B E e<[1.0, 0.1179
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Tab.7  Results of different thresholds based on fixed price

£ &1, s NA G ki AFIIEOG iz f/TEU
1.0 13679517 22623675 13 679 517 1824
09 12311565 18 120 226 12311 565 1824
0.8 10943614 15 906 406 10 943 613 1759
0.7 9575 662 15192316 9575661 1434
0.6 8207 710 14 650 012 8207 710 1235
0.5 6839 759 14 107 708 6839 758 1037
0.4 5471807 13 601 586 5471 806 863
0.3 4103 855 13 151 671 4103 855 778
0.2 2735903 12 715 736 2735903 596
0.1 1367952 12 337 044 1367951 363
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Fig.5 Analysis of related variables under different thresholds based
on fixed price
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Tab.8  Freight transportation information based on price discounts

B btis i/

Wi Mgt SIS IS

A gpa 11,

gL /E R TEU i R 55 TEU
N ST ) — — 5

1 185
8 2 0.90 180
N Tse ) — — 30

2 230
1 2 1.00 200
3 158 N S — — 158
N TS ) — — 46

4 276
4 3 0.77 230
NS ] — — 10

5 210
2 2 1.00 200
YN TR — — 10

6 310
5 3 1.00 300
7 175 7 2 0.88 175
YN ST — — 80

8 180
10 1 1.00 100
9 100 N SR — — 100

M8 T LIASH, 21, 2, 4, 5, 6, 8HR
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Tab.9  Results of different thresholds based on price discount

£ g1, FeiB NA T Ris AFITHOT RiHE 8/ TEU
1.0 13679517 18580555 13679 517 1824
0.9 12 311 565 17 212 604 12 311 566 1824
0.8 10943614 15844652 10 943 614 1824
0.7 9575662 14476700 9575 662 1824
0.6 8207710 13222198 8207 754 1744
05 6839759 12720819 6841577 1385
0.4 5471 807 12485 175 5476 252 1074
03 4103855 12322182 4106 170 880
02 2735903 12196 673 2765 259 624
0.1 1367952 12117087 1 429 583 370
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Fig.6  Analysis of related variables under different thresholds
based on price discount
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Tab.10  Variations before and after implementation of discount under different thresholds

e LB NBAEIRST FEIE AL % HFGE NFREARAEIT 7RiE AR %

PRSI AL/ TEU  BRISIE L%

1.0 4043 120 17.87 0
0.9 907 622 5.01 1
0.8 61754 0.39 1
0.7 715 616 4.71 1
0.6 1427 814 9.75 44
0.5 1 386 889 9.83 1819
0.4 1116411 8.21 4446
0.3 829 489 6.31 2315
0.2 519 063 4.08 29 356
0.1 219957 1.78 61 632

0.00 0 0.00
0.00 0 0.00
0.00 65 3.70
0.00 390 27.20
0.00 509 41.21
0.03 348 33.56
0.08 211 24.45
0.06 102 13.11
1.07 28 4.70
451 7 1.93
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Fig.7 Comparison of shipper costs before and after implementation
of discount strategy
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Fig.8 Comparison of railway freight volume before and after
implementation of discount strategy
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Tab.11 Sensitivity analysis of discount mechanism
PNBUEN B ANAOT B AN EST REARIEOT  AREAFIZEESC PEKEE/TEU  8iis B it /TEU

e 14107 708 — 6839 758 — 1037 —

+5% 13 115290 992 418 6 843 529 -3771 1265 228
J5 12720 819 1386 889 6841577 -1819 1385 -348

-5% 12 194 597 1913111 6 843 725 -3967 1 540 =503
-10% 11 885 304 2222404 6851786 -12 028 1783 746
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