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Abstract

In this paper, the research on the foundation treatment technology of sand cushion is carried out, and its basic
principle, design method, construction technology and quality control measures are discussed in depth. By
analyzing the mechanism and application scope of sand cushion foundation treatment, the scientific design method
and construction process are put forward. The research shows that the foundation treatment of sand cushion can
effectively improve the bearing capacity of foundation, reduce settlement and improve drainage performance,
which has a wide application prospect in engineering. In this paper, the foundation treatment measures of sand
cushion are verified by practical engineering cases, which provides theoretical basis and technical guidance for
related engineering practice.
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1. Introduction

Foundation treatment technology is becoming more and more important in modern engineering construction, with
the acceleration of urbanization and the continuous development of construction projects. As a traditional and
effective foundation treatment method, sand cushion foundation treatment has been widely used in various
engineering construction due to its simple construction, low cost and remarkable effect. However, the sand cushion
foundation treatment technology has a large scale in the project. In the case of complex geological conditions, new
challenges are faced.

The purpose of this study is to systematically analyze the mechanism, design method and construction technology
of sand cushion, and to explore the theoretical basis and practical application of sand cushion foundation treatment
technology, so as to provide scientific guidance for engineering practice. At the same time, the actual effect of
sand cushion foundation treatment will also be evaluated, combined with specific engineering cases, for research
and practice in related fields. The significance of this study is to promote the innovation and development of sand
cushion foundation treatment technology, improve the quality and efficiency of foundation treatment engineering,
and contribute to the sustainable development of the project.

2. The Basic Principle and Application Scope of Sand Cushion Foundation Treatment

Sand cushion foundation treatment is a technical method to improve the performance of foundation by laying a
certain thickness of sand layer on the surface of foundation. The basic principle is to improve the bearing capacity
of the foundation, reduce the settlement and improve the stability of the foundation by using the high
permeability[1], good drainage performance and high shear strength of the sand layer. The sand cushion can
effectively improve the engineering performance of weak foundation by dispersing the upper load, accelerating
the drainage consolidation of foundation soil and preventing the liquefaction of foundation soil.

The sand cushion foundation treatment method is suitable for many geological and engineering types. First, it is
suitable for geological conditions with low bearing capacity, such as weak foundations such as sediment and soft
clay. Under these conditions, the sand cushion can significantly improve the bearing capacity of the substrate and
reduce the uneven settlement[2]. Second, in the area with high groundwater level, the high permeability of sand
cushion is helpful to speed up drainage and reduce the adverse effects of underground water on the foundation. In
addition, for temporary roads, yards, light workshops and other projects that require rapid construction, sand
cushion foundation treatment is also applicable.
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3. Design Method of Sand Cushion Foundation Treatment

The design of sand cushion foundation treatment is the key link to ensure the treatment effect. First of all, the
determination of the thickness of the sand cushion needs to consider the bearing capacity of the foundation soil,
the upper load size and the settlement control requirements. Usually, the thickness of the sand cushion is between
0.5 and 2.0 meters, and the specific value needs to be determined by calculation and test. Elastic theory or finite
element analysis method can be used in the design, considering the compressibility of foundation soil and the stress
diffusion of sand cushion.

The particle size has an important influence on the performance of sand cushion. The ideal material of sand cushion
has the following characteristics: uniform particle size ( 0.25 ~ 2.0mm ), low mud content ( less than 5 % ) and
continuous gradation. Due to the good permeability and shear strength of medium-coarse sand, medium-coarse
sand is the most commonly used material in engineering. In some special cases, in order to improve the
performance of the sand cushion, consider the use of graded gravel or mixed with a small amount of cement or
other additives.

Because the sand is loose, unformed and not easy to be compacted under the condition of low water content,
according to its road characteristics[3], the sand cushion should be set up with the bank-grade material and the
protective layer to increase the stability and bearing capacity of the roadbed.

Drainage system design is also an important part of sand cushion foundation treatment. In order to speed up the
drainage consolidation of foundation soil, it is generally required to set drainage blindgut or drainage pipe at the
bottom or side of sand cushion. Gravel to fill the drainage blindgut, and outsourcing geotextiles. At the same time,
the design of the drainage system should ensure the smooth drainage, and also consider the permeability of the
foundation soil, the groundwater level and the engineering requirements.

4. Construction Technology of Sand Cushion Foundation Treatment

The construction process of sand cushion foundation treatment is the key to directly affect the foundation treatment
effect and engineering quality. The preparation work before construction includes field cleaning, measurement
and data preparation. Cleaning requires the complete removal of surface debris and soft soil layers. The
measurement and setting out need to accurately determine the range and thickness of the sand cushion, and the
material preparation should ensure that the quality of the sand material meets the design requirements.

In the construction, the laying is the core of the sand cushion. Generally, the method of layered pavement is
adopted, and the thickness of each layer is controlled at 30 ~ 50cm. When laying, it is paved from low to high to
ensure that the sand layer is smooth and uniform. After each layer, in order to ensure that the density of the sand
cushion meets the design requirements, it is necessary to use a flat vibrator or a roller for compaction. In the
process of compaction, attention should be paid to the control of vibration frequency and the control of rolling
times to avoid sand crushing due to excessive compaction.

The drainage facilities are constructed simultaneously with the laying of sand cushion. According to the design
requirements, the drainage blindgut or drainage pipe is arranged to ensure the smooth drainage. Between the sand
cushion and the foundation soil, in order to prevent the sand cushion and the foundation soil from mixing together,
an isolation layer is paved with geotextiles or geogrids. At the top of the sand cushion, a layer of gravel can be
added to disperse the upper part.

5. Quality Control and Detection of Sand Cushion Foundation Treatment

The quality of materials is an important aspect of quality control. Before the sand enters the field, it is necessary
to go through strict inspection, so as to meet the quality requirements of the designed particle size, mud content
and gradation. At the same time, in order to prevent the fluctuation of material quality, the corresponding sampling
inspection should be carried out during the construction period.

Construction process monitoring is another important aspect of quality control. It includes real-time monitoring of
the thickness, compaction and flatness of the sand cushion. On-site detection can use nuclear density instrument,
plate load test and other methods to ensure that various indexes meet the design requirements. At the same time,
the influence of temperature and humidity on the performance of sand cushion is also monitored.

Quality inspection and acceptance is the final guarantee of engineering quality. It mainly includes the thickness
detection, compactness detection, bearing capacity test and settlement observation of sand cushion. Borehole
sampling method can be used for thickness detection, and ring knife method or nuclear densitometer can be used
for compactness detection. The bearing capacity test usually adopts the plate load test, and the settlement
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observation needs to set the settlement observation point for long-term monitoring. All test results should meet the
design requirements and relevant specifications before engineering acceptance.

6. Analysis of Engineering Application Cases of Sand Cushion Foundation Treatment

This study takes a sand-filled roadbed in the coast as an example. The sand-filled roadbed material comes from
the coastal sand-blowing field. According to the classification of dredger fill in the Technical code for ground
treatment of hydraulic fill[4], the dredger fill sand is medium sand. The water content and CBR values meet the
requirements of the specification. According to the requirements of the specification, the dredger fill sand subgrade
should determine the appropriate drainage path; the slope should be protected by bank-grade material. And set the
protective layer on the top of the roadbed. (Figure 1)
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Figure 1. Cross section of sand filled roadbed

Embankment filling is composed of two parts: bank-grade material filling and dredger sand filling[5]. After the
soil base is cleared, the embankment is filled. The embankment is filled with sand in two layers, each layer is 40
cm thick, and the next layer of construction can be carried out after one layer is compacted. Then the outer bank-
grade material is filled, and the bank-grade material is clay. Vertical and horizontal drainage blindgut are set at the
bottom of the soil before filling, and drainage ditches are excavated at the foot of the slope to exclude surface
runoff water in the catchment area. Then, two layers of dredger sand are filled, and then the second layer of bank-
grade material is filled. A row of transverse drainage blind ditches are set up at an interval of 1 m. A layer of
cohesive soil with a thickness of 50 cm is added to the top of the subgrade as the protective layer. Finally, the
surcharge preloading is carried out. After the preloading period expires and the settlement stability meets the design
requirements, the construction of the upper pavement structure layer is carried out.

7. Conclusions

In this paper, the scientific design method and construction process are put forward by analyzing the mechanism
and application scope of sand cushion foundation treatment. The foundation treatment measures of sand cushion
are verified by practical engineering cases, which provides theoretical basis and technical guidance for related
engineering practice.

Conlflicts of Interest
The authors declare that there is no conflict of interest regarding the publication of this article.
Funding

This research received no specific grant from any funding agency in the public, commercial or not-for-profit
sectors.

References

[17 Li, Y. (2011). Construction method of hydraulic sand filling for soft soil subgrade [Master's thesis, Hunan
University of Science and Technology].

[2] Zhang, P. (2006). Temperature cracks and control technology in ultra-long concrete structures [Master's
thesis, Zhejiang University].

[3] Tusunayi, A. (2009). Analysis of the basic characteristics and construction methods of fine sandy soil
subgrade. Private Technology, (4), 159.

[4] Technical code for ground treatment of hydraulic fill (GBT 51064-2015). (2015). Beijing, China: China
Planning Press.

[5] Zhang, Y. (2010). Construction method of hydraulic reclamation sand for soft soil subgrade. Construction

18 Published by IDEAS SPREAD



sdr.ideasspread.org Sustainable Development Research Vol. 7, No. 3; 2025

Technique, (5), 78-82.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

19 Published by IDEAS SPREAD




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


