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Introduction

“…annually damage cost, originated from the shrink and swell behaviour of expansive soils, has risen 
dramatically to over $13 billion per year in the United States.” - 2009

2025-02-17 2M.Sc. Lorenz Spillecke - Leipzig UAS - Institute for Geotechnics



Introduction

Structural shrinkage:

• Macro pores desiccate

Proportional shrinkage:

• Linear shrinkage phase

• moisture loss equals void ratio loss

Residual shrinkage:

• exceeding moisture loss translates to less shrinkage

Zero shrinkage:

• Nearly zero deformation
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Shrinkage limit

The shrinkage limit is defined as the water content,
beneath which almost no further volume change
occurs despite further drying

Liquid limit -> plastic – liquid

Plastic limit -> semi solid – plastic

Shrinkage limit -> solid – semi solid
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Standards for shrinkage limit determination

DIN EN 18122-2

𝑤𝑆
𝑛𝑜𝑟𝑚 =

𝑉𝐷
𝑚𝑠

−
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𝜚𝑆
𝜚𝑊

ASTM D4943-18

𝑤𝑠 = 𝑤 −
𝑉 − 𝑉𝑑 𝜌𝑤

𝑚𝑠
× 100

𝑤𝑠 = 𝑠ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒 𝑙𝑖𝑚𝑖𝑡
𝑤 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡
𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑒𝑡 𝑠𝑜𝑖𝑙
𝑉𝑑 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑜𝑖𝑙
𝑚𝑠 = 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 𝑠𝑜𝑖𝑙
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Laboratory investigation
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Results
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Sand/Silt/Clay [%] 62/25/13

Liquid limit [vol. %] 32.80

Plastic  limit [vol. %] 28.20

Shrinkage limit [vol. %] 32.20
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Results
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Sand/Silt/Clay [%] 58/26/16

Liquid limit [vol. %] 37.80

Plastic  limit [vol. %] 21.10

Shrinkage limit [vol %] 26.00
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Results
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Sand/Silt/Clay [%] 20/37/43

Liquid limit [vol. %] 50.00

Plastic  limit [vol. %] 24.60

Shrinkage limit [vol. %] 34.00
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Outlook

Potentials for an optical measurement method
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