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Current ideas

• Total sand (55-75 %)

• Sand sizes (>2/3 of the sand > 0.25 mm)

• Silt-to-clay ratio (0.5-1)



Particle size analysis isn’t the whole 
story!
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What happens when the dirt gets wet?



2 parts to this presentation:

• Ways to think about clay soils

• Cleat-in/cleat-out test





Part I: What’s clay anyway?



• 3 definitions:
• Particle size
• Mineralogy
• Behavior

• "Clays are soils which 
contain enough clay 
minerals to affect their 
engineering behavior." 
- Holtz et al. (2010)

What are silt and clay ???



Particle packing



Particle packing
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plas·ti·kos
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plas·ti·kos
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Part II: Cleat-mark test



What happens when the dirt gets wet dries out?



Objectives

- Create a laboratory method 
to measure water content 
when an infield begins to chunk 
out
- Use the method to compare 

experimental infield mixes
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Lab research vs. reality
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Ductile Intermediate Brittle
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Hypothesized soil response











Summary: Part II

• Lower water content boundary – soil starts chunking/chipping

• Direct measurement of behavior change w/ water content

• Plasticity varies for soils with same PSA

• Clay minerals affect behavior
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Part II b: Cleat-in/cleat-
out fundamentals



What conditions must be present for cleat-
in/cleat-out playability?
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An infield mix is a 4-phase system
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Transitional sand content
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Transitional sand content

Clay mineral Calculated sand content 
from equation

Maximum sand content to 
provide cleat-in/cleat-out

Illite/I-S 72.2 70-75

Kaolinite 75.3 75-80

Smectite 78.2 75-80
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Illite, 75% sand



An infield mix is a 4-phase system
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How does chipping/chunking happen?
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Effective saturation
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Summary

• PSA is OK, but clay type matters too

What happens when the dirt gets wet?

Thresholds can be measured

Stay tuned for more on soil stiffness
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Summary

• PSA is OK, but clay type matters too

• What happens when the dirt gets wet (or dries out)?

• Cleat-in/cleat-out requires sand content < TSC & Se ~ 1

Stay tuned for more on soil stiffness





Thank you !

ecm200@psu.edu
evan-soil.io


