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ABSTRACT 

 

Preloading method is one of the ground improvement methods that it commonly used in soft soil. The main raw 

materials for conventional prefabricated vertical drain used in this method are polyethylene and polypropylene. The 

production process emits a large amount of carbon dioxide, and the prefabricated vertical drain is difficult to degrade 

in the natural environment, causing environmental pollution. Based on the engineering requirements of prefabricated 

vertical drains, this study developed a base material for prefabricated vertical drains using the PLA (polylactic 

acid)/PBAT (polybutylene adipate-co-terephthalate) composite modification method. The mechanical and drainage 

tests showed that this prefabricated vertical drain has a tensile strength of 28.2 kN/m, a compressive yield strength of 

3.35 MPa, and a discharge capacity of 84.0 cm3/s under a confining stress of 350 kPa, all meeting the specification 

requirements. 
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1 INTRODUCTION 

The preloading method is a widely used ground 

improvement technique for soft soils. The primary raw 

materials for conventional prefabricated vertical drains 

employed in this method are polyethylene (PE) and 

polypropylene (PP). It has been reported that the annual 

production of these plastic drainage boards contributes 

approximately 641.34 to 687.15 billion m³ of CO₂ 

emissions in China. Furthermore, their resistance to 

natural degradation poses significant environmental 

pollution challenges [1]. For example, PE plastic shows 

only partial degradation and negligible mass loss after 

being stored in wet soil for 12 to 32 years [2].  

Therefore, development of biodegradable plastic 

drainage boards to replace conventional plastic ones is 

imperative. Currently, research on biodegradable 

drainage boards primarily focuses on those made from 

plant fibers[2-4]. In addition, using biobased 

biodegradable materials, such as PLA, PBAT, PBS, is 

another technical approach. This study developed a 

base material for prefabricated vertical drains using the 

PLA /PBAT composite modification method. And then 

the engineering properties of the drainage board made 

of PLA /PBAT composite were tested. 

2 METHODOLOGY 

The specifications and sources of the primary 

materials are listed in Table 1. Based on the trial test, 

the PLA/PBAT composite material with a PBAT mass 
fraction of 30% was selected as the base material for 

the preparation of the biodegradable drainage boards. 

Two methods were used to process the drainage board 

core: (a) one-time processing method, and (b) two-time 

processing method. The one-time processing method 

involves the preliminary blending of raw materials 

according to a specific ratio, followed by feeding the 

mixture into an extrusion machine for molding. For the 

two-time processing method, the PLA/PBAT composite 

pellets are melt-blended into composite pellets first, and 

then the composite pellets are fed into the extrusion 

machine for molding. The two types of drainage board 

cores are shown in Figure 1. 
Table 1 Main raw materials for experiments 
Type Grade density(g/cm3) source 

PLA 3052D 1.24 NatureWorks Co. 

PBAT C1200 1.25-1.27 BASF Co. 

ECE YMX-06 1.05-1.10 Suzhou Yumanxiang Co. 

 

   

(a) one-time processing     (b) two-time processing 

Fig.1 Two types of degradable drainage board cores 

3 RESULTS 

3.1 Thermodynamic Indicators 
Figure 2 shows the DSC curves of two types of 

degradable drainage board cores. Based on the DSC 
curves, the crystallinity of the one-time and two-time 

processed materials was calculated to be 10.7% and 



 

58.8%, respectively. This difference is likely attributed 

to phase separation between PLA and PBAT after 

two-time processing, resulting in the breakdown of 

macromolecular chains formed by the copolymerization 

of the two materials. 

 
Fig.2 Comparison of DSC results between two types of 

degradable drainage board cores 

3.2 Mechanical Properties 

Table 2 shows the experimental results indicate 

that both the one-time and two-time processed 

biodegradable drainage boards cores perform well, with 

elongation and tensile strength at 10% elongation 

meeting the specification requirements. However, 

two-time processing significantly reduces both the 

elongation and strength. Compared to PP/PE drainage 

board cores, the mechanical properties of one-time 

processed biodegradable drainage board cores are at a 

similar level. 
Table.2 Tensile parameters for different drainage boards 

Type 
Ultimate strength

（kN/10cm） 

Elongation

（%） 

strength at 10% 

elongation

（kN/10cm） 

PP/PE PVDs 2.17 508.03 2.17 

one-time 3.51 346.01 2.82 

two-time 3.05 35.22 2.00 

specification - >4 >1.2 

Figure 2 shows the compression stress-strain curves 

of the two types of degradable drainage board cores and 

PP/PE drainage board cores. The compressive buckling 

stress of the one-time processed biodegradable drainage 

board is 77% higher than that of the PP/PE board. 

 
Fig.2 Buckling test results of different drainage board cores 

3.3 Drainage Performance 

As shown in Figure 3, the discharge capacity of 

the one-time processed biodegradable drainage board 

cores decreases as the confining pressure increases. At 

a confining pressure of 350 kPa, the discharge capacity 

is 84 cm³/s, while the discharge capacity of PP/PE 

drainage board cores at the same confining pressure is 

40 cm³/s. And the discharge capacity of one-time 

processed biodegradable drainage board cores is 3.4 

times than specification requirements [6]. 

 
Fig.3 Discharge capacity of one-time processed biodegradable 

drainage broad cores under different confining pressure 

4 CONCLUSIONS 

PLA/PBAT composites with a 30% PBAT mass 

fraction were used as the base material for fabricating 

biodegradable drainage board cores. The performance 

of drainage boards produced in one-time extrusion 

process is superior to those produced through two-time 

processing. The tensile strength of the one-time 

processed biodegradable drainage board cores is 28.2 

kN/m, the buckling strength is 3.35 MPa, and the 

discharge capacity under a confining pressure of 350 

kPa reaches 84.0 cm³/s, all meeting specification 

requirements. 

ACKNOWLEDGEMENTS 

Fundamental Research Funds for the Central 

Universities (Interdisciplinary Collaborative Research 

Project) (2023-2-YB-03) 

REFERENCES 

Chang, L., Li, X.F., Su, K.M., et al. (2022). Relationship 
between the application of straw degradation drainage 
technology in carbon neutrality and emission peak and 
rigid flexible thick shell foundation. Journal of Ground 
Improvement. 4 (S1), 144-151. 

Akhir M., Mustapha M. (2022). Formulation of 
biodegradable plastic mulch film for agriculture crop 
protection: a review. Polymer Reviews, 62(4): 890-918. 

Asha, B.S., Mandal, J.N. (2015). Laboratory performance 
tests on natural prefabricated vertical drains in marine 
clay. Proceedings of the Institution of Civil Engineers: 
Ground Improvement, 168(1), 45-65. 

Yuan W., Deng Y., Chen X., et al. (2023). Laboratory 
degradation test and field applicationof straw drainage 
board. Journal of southeast university( Natural Science 
Edition), 53(3), 402-409. 

Yuan W., Deng Y., Ying Z. et al. (2024). Degradation of 
straw-based wick drain and its effect on consolidation. 
Journal of Cleaner Production, Volume 452, 142182. 

JTS 206-1-2023. (2023). Water transport engineering 
plastic drainage board application technical regulations, 
Ministry of Transport of the People's Republic of China. 


