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Abstract: In the context of the transformation and upgrading of the traditional construction industry, the new construc-
tion industrialization has promoted the development of assembled buildings. This study investigates the key aspects of
logistics management in precast manufacturing enterprises. The multi-frequency vehicle scheduling problem is proposed
to minimize the total transportation cost, considering the heterogeneous vehicle constraints, loader constraints, and time
windows constraints. And then, a property-based hybrid genetic algorithm is designed to solve it. To solve the problem,
a property-based three-dimensional encoding is designed to enlarge the search scope, a diversity assessment model based
on demand partitioning and an adaptive adjustment mechanism are introduced to maintain population diversity and four
different neighborhood strategies are proposed to further intensify the search in local regions. Finally, the effectiveness of
the algorithm is verified by simulations experiments and algorithm comparisons on different instances. And the impact of

vehicle purchase type and quantity on the transportation cost is also analyzed.
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Table 4 Different vehicle performance parameters
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Fig. 6 Effect of parameter level for algorithm performance at

95% confidence level
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Table 5 Comparison table of experimental results
i B .NDVNS .IALNS M.A,GRASP HGAVNS HGADC
min avg min avg min avg min avg min  avg
R-3-5 36090.58 7.13% 1520% 0.00% 1.04% 037% 227% 190% 7.22% 0.00% 0.65%
R-3-15 119869.85 1.69% 624% 028% 244% 045% 3.16% 1.84% 3.79% 0.00% 2.04%
R-3-25 298150.82 1.79% 495% 024% 237% 1.92% 8.86% 1.10% 3.53% 0.00% 3.63%
R-3-30 406838.55 203% 585% 038% 390% 2.80% 10.39% 0.93% 4.90% 0.00% 5.77%
R-5-5 36090.58 17.14% 20.69% 0.00% 2.54% 0.14% 4.44% 023% 8.05% 0.00% 3.24%
R-5-15 116417.91 379% 6.86% 095% 217% 3.28% 437% 1.66% 4.87% 0.00% 2.55%
R-5-25 239717.45 1.82% 5.65% 0.00% 1.46% 0.61% 6.06% 2.19% 4.76% 0.00% 3.71%
R-5-30 318197.64 1.52% 359% 0.00% 232% 1.99% 11.45% 0.57% 2.59%  3.52% 6.36%
R-6-5 36090.58 12.32% 21.38% 3.55% 14.57% 1.61% 5.64% 1.90% 9.42% 0.00% 7.16%
R-6-15 116754.24 458% 6.80% 030% 1.65% 3.60% 4.80% 3.41% 4.86% 0.00% 2.30%
R-6-25 223605.09 4.03% 6.86% 1.17% 293% 2.69% 524% 243% 4.10% 0.00% 4.11%
R-6-30 286045.33 0.56% 3.56% 0.00% 3.16% 1.00% 11.23% 1.31% 4.75% 0.56% 3.73%
C-3-5 54674.92 231% 572% 554% T7.16%  5.54% 5.55% 1.32% 4.34% 0.00% 2.57%
C-3-15 560606.39 338% 657% 2.20% 5.15% 2.68% 4.61% 4.46% 690% 0.00% 4.76%
C-3-25 2029019.98 046% 2.77% 0.71% 293% 235% 791% 1.15% 327% 0.00% 4.44%
C-3-30 2695934.05 0.24% 2.89% 1.71% 3.61% 2.82% 6.68% 024% 2.67% 0.00% 6.35%
C-5-5 54679.53 590% 717% 247% 2.60% 2.19% 4.53% 1.73% 422% 0.00% 1.82%
C-5-15 353630.05 222% 4.88% 0.00% 3.58% 2.64% 4.58% 342% 6.77% 0.00% 3.41%
C-5-25 1198541.98 0.71% 1.82% 234% 5.56% 4.28% 6.77% 0.18% 4.65% 0.00% 4.92%
C-5-30 1597035.52 1.11% 3.89% 541% 653% 3.12% 8.59% 3.07% 7.02% 0.00% 6.68%
C-6-5 55418.40 1.66% 327% 0.61% 150% 0.04% 158% 1.10% 190% 0.00% 0.70%
C-6-15 316444.67 1.20% 4.18% 0.52% 248% 4.50% 5.25% 2.53% 545% 0.00% 3.10%
C-6-25 940179.99 042% 5.10% 7.14% 895% 221% 7.64% 3.55% 7.52% 0.00% 6.63%
C-6-30 1291479.06 040% 3.50% 3.80% 6.34% 1.68% 649% 1.71% 6.54% 0.00% 3.53%
RC-3-5 92731.47 7.13% 12.31% 0.00% 4.46% 1.51% 5.10% 6.89% 9.39% 0.00% 3.30%
RC-3-15 300890.62 3.60% 528% 191% 3.69% 0.84% 5.62% 1.26% 2.99% 0.00% 2.54%
RC-3-25 731626.62 141% 3.74% 3.70% 551% 2.06% 10.51% 0.00% 2.64% 1.11% 3.30%
RC-3-30 972757.76 0.89% 291% 1.11% 5.10% 139% 826% 0.19% 243% 0.00% 5.51%
RC-5-5 93642.23 14.17% 16.92% 0.00% 4.28% 4.26% 7.92% 130% 7.17% 0.92% 7.66%
RC-5-15 277283.48 0.86% 3.00% 0.70% 198% 0.68% 199% 0.79% 1.82% 0.00% 1.60%
RC-5-25 583713.71 1.46% 2.77% 1.88% 533% 3.50% 7.57% 0.76% 3.33% 0.00% 3.15%
RC-5-30 758308.60 0.62% 2.81% 5.53% 6.61% 0.00% 797% 038% 325% 0.79% 4.55%
RC-6-5 95618.97 12.45% 15.25% 5.80% 1041% 1.56% 7.00% 7.31% 10.16% 0.00% 7.35%
RC-6-15 274695.66 147% 325% 089% 249% 029% 129% 042% 2.05% 0.00% 1.08%
RC-6-25 543887.32 092% 2.77% 1.69% 4.36% 0.00% 6.70% 1.89% 3.14% 0.00% 3.79%
RC-6-30 698911.93 054% 2.11% 229% 4.13% 1.05% 7.34% 0.00% 2.71% 0.00% 3.92%
A 344% 6.46% 1.80% 431% 1.99% 6.26% 1.81% 4.87% 0.19% 3.94%
RIS 1%L 0 8 1 2 31
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Fig. 7 The convergence curves of the different algorithms on

C-3-15
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