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$37 million
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Better soil means easier maintenance

9



Better soil means easier maintenance
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But where do these thresholds lie??



Current ideas

ÅTotal sand (55-75 %)

ÅSand sizes (>2/3 medium + coarser)

ÅSilt-to-clay ratio (0.5-1)

Figure credit: DuraEdge Products 13



What happens when the soil gets wet?
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Problem statement

ÅHistorically, building and maintaining the infield skin has 
been considered an art form.

ÅThere is no available research on the cleat-in/cleat -out 
concept - specifically how it is governed by mixture 
components AND changes in water content. 

ÅBut in order to test the soil, we first need something to 
measure!
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Objectives

ÅDevelop novel laboratory tests which identify:
1. Lower boundary - water content corresponding to cleat -in/cleat -out 

threshold

2. Upper boundary - water content at which the soil can no longer 
provide adequate shear strength

ÅApply new tests to experimental mixtures; evaluate effects of 
sand content and clay mineralogy on threshold water contents
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6 chapters:

ÅCleat-mark method development

ÅCleat-mark mixtures 

ÅToughness method development

ÅToughness mixtures 

ÅSand properties effects on Atterberg limits (Parts I and II )
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Chapter 1

A laboratory method for measuring 
disturbance of baseball infield soil surfaces 

by cleated footwear

Submitted to Geotechnical Testing Journal



What happens when the soil gets wet dries out?
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Objective

- Create a laboratory method 
to measure water content 
corresponding to the cleat-
in/cleat-out threshold
 

22



25



26



27

Desirable (ductile i.e. cleat-in/cleat -out) Undesirable (brittle i.e. chipping/fracturing)
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The device simulates pro athlete loads

ÅPeak load ~ 2.5x body weight (Kent et al., 2012)

ÅLoad duration ~ 100 ms (Nigg et al., 1984)

ÅLoading angle 70-85° (Donatelli et al., 1999)
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Ductile Intermediate Brittle
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Dirichlet Normal Energy
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Chapter 2

Effect of sand content and clay mineralogy 
on the brittleness of 

drying baseball infield soils
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Experiment:

- ҵRwtgҶ"enc{"okpgtcnu"okzgf""y1"77-80% 
sand 

- Kaolinite, illite, smectite

- 18 total mixtures

Objective: 
Determine how clay mineralogy, sand 
content, and water content interact to 
govern the cleat-in-cleat-out effect



Methods

ÅEngcv"octm"vguv"rgthqtogf"cv"ᴤ;"ycvgt"eqpvgpvu"rgt"uqkn"
bracketing ɿcritical

Åɰcritical  chosen from plot of DNE against ɰ
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Sand content and clay type interact.
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