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Carbon Emission Calculation and Scheme Selection for Roadbed Drainage

Ditches by Mechanized Construction
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(1. The Fourth Engineering Company of China Railway Seventh Group Co., Ltd., Wuhan, Hubei 430074, China;

2. School of Civil Engineering, Central South University, Changsha, Hunan 410075, China)

Abstract: Aligned with the peak carbon and neutrality goals, the mechanized construction of roadbed drainage
ditches should consider not only construction efficiency and economic factors but also carbon emissions. This
study, centered on the Meng-LYU highway, devised approaches to calculate roadbed drainage ditches' carbon
emissions and investment costs across three stages: building material production, transportation, and
construction. By introducing the concept of carbon trading to align carbon emissions and investment costs, a
comprehensive comparison was conducted between the conventional supporting formwork method and the
hydraulically powered sliding formwork method regarding equivalent carbon emissions. An orthogonal
experiment was conducted involving the upper length of the roadbed drainage ditch, pouring thickness, haul
distance, and construction length as key factors. A comparison was made between the equivalent carbon
emissions of the two methods, and the influence sensitivity of these factors was analyzed. The research shows
that both pouring thickness and construction length have a significant impact on the equivalent carbon
emissions of the construction methods. The contribution of equivalent carbon emissions in the material

production stage is higher in the traditional formwork, whereas in the material production and construction
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stages, it is higher for the hydraulically powered sliding formwork. The hydraulically powered sliding

formwork exhibits superior equivalent carbon emissions compared with traditional formwork. The overall

decarbonization rate throughout the construction phase is 85.58%. Notably, the equivalent carbon emissions in

all stages are lower than those of the traditional supporting formwork, with higher decarbonization rates

observed in the construction and transportation stages, reaching 91.92% and 85.06%, respectively. Therefore,

choosing the hydraulically powered
recommended.
Keywords: roadbed drainage ditch;

comprehensive scheme selection
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Figure 1 Construction process of roadbed drainage ditch
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Figure 2 Schematic diagram of carbon emission

calculation for roadbed drainage ditch
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Table 1 Carbon emission coefficient of major

building material production
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Table 2 Carbon emission coefficient of different energies
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Table 3 Values of each factor at each level
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Table 4 Orthogonal test results

Bl K i PESUSE M IS A KB SORGEREGE WAL EE  SORGERR RO SOBIRAERR RS R Ry
%5 Kib/m a/m  fix/km P/km  JgE/5C o gEE/Te AR/ISE AR/Jioe HcE /T b /e %

1 0.6 0.05 10 10 1.20 0.21 950.28 57.16 23.83 1.57 2
2 0.6 0.10 20 40 6.90 2.94 3602.35 326.32 92.67 10.71 2
3 0.6 0.15 30 20 4.98 3.03 1694.29 206.39 45.32 7.94 2
4 0.6 0.20 15 50 8.76 4.92 3 888.84 599.27 101.35 19.19 2
5 0.6 0.20 25 30 7.27 4.75 2347.81 362.03 63.17 13.37 2
6 0.8 0.05 30 40 7.06 2.30 3895.63 231.15 99.82 7.81 2
7 0.8 0.10 15 20 3.06 1.14 1818.70 163.76 46.36 5.04 2
8 0.8 0.15 25 50 11.21 6.47 4 278.45 520.39 113.08 18.86 2
9 0.8 0.20 10 30 4.32 2.10 2 358.70 364.80 60.48 10.79 2
10 0.8 0.20 20 10 2.13 1.31 791.11 122.41 20.96 4.23 2
11 1.0 0.05 25 20 3.35 0.97 2013.06 115.59 51.28 3.73 2
12 1.0 0.10 10 50 6.76 2.00 4 695.07 410.95 118.55 11.78 2
13 1.0 0.15 20 30 6.03 3.20 2649.42 314.85 69.11 10.69 2
14 1.0 0.20 30 10 2.89 1.97 823.98 125.42 22.51 4.96 2
15 1.0 0.20 15 40 7.35 4.12 326547 496.53 85.10 15.94 2
16 1.2 0.05 20 50 8.00 1.98 5298.16 289.02 134.15 8.86 2
17 1.2 0.10 30 30 6.91 3.33 3006.25 251.03 78.49 9.31 2
18 1.2 0.15 15 10 1.78 0.83 927.28 105.81 23.86 3.35 2
19 1.2 0.20 25 40 10.51 6.78 3 457.65 508.61 92.84 18.89 2
20 1.2 0.20 10 20 3.09 1.47 1712.87 251.72 43.88 7.46 2
21 1.4 0.05 15 30 4.63 0.92 3389.22 173.44 85.32 5.05 2
22 1.4 0.10 25 10 2.17 0.94 1066.49 83.97 27.56 2.94 2
23 1.4 0.15 10 40 6.25 2.35 3941.26 426.75 100.09 12.51 2
24 14 0.20 20 20 4.72 2.81 1834.46 257.72 48.40 8.95 2
25 14 0.20 30 50 15.50 10.31 4614.52 648.81 125.37 25.76 2
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Table 5 Range analysis table

Kb BB L GESURIE a R B I 2 K E P

WH  BORAER WO SR OBUA S WA SRR BOL SRR TR AR BRI MR A
Heoht/on e B /0 e HeckE/r e HECRE/D e HRECEE /e HESCRE/T e B/ e HEBCRE/ DT

1 65.27 10.55 78.88 5.40 69.36 8.82 23.75 3.41
2 68.14 9.34 72.72 7.96 68.40 9.71 47.05 6.62
3 69.31 9.42 70.29 10.67 73.06 8.69 71.31 9.84
4 74.64 9.57 132.81 25.91 69.59 11.56 94.10 13.17
5 77.35 11.04 132.81 25.91 74.30 11.15 118.50 16.89

e 22 12.08 1.70 62.52 20.50 5.90 2.87 94.75 13.48
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Figure 3 Average contribution rate of equivalent

carbon emissions in each stage
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Figure 4 Average carbon reduction rate of hydraulically

powered sliding formwork in each stage
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