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Soil Compaction

Compression of an unsaturated soil resulting in a

reduction in pore volume

Undisturbed

Compacted

1.32 g/cm3

50% Solid

50% Pores

1.60 g/cm3

60% Solid

40% Pores

Key Factors Affected:

Bulk Density

Soil Strength

Soil Aeration

Water MovementWater Infiltration  

Pore Space 

(Air-filled) 

Root Resistance 
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What is Soil Compaction? 
Compression of unsaturated soil that reduces pore 

space and increased dry mass/volume 
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Measuring Compaction 
Bulk Density (dry wgt/volume) 



Measuring Compaction 
Resistance to Penetration 
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Resistance to Root Penetration 

Cotton 

0 2 3 4 5 1 

Root growth stops 

@ 2 MPa, 290 psi 

Roots Canôt Growth in ñHardò Soil 
Growth Relationship to Resistance 

Adapted from Taylor and Barr 1991, Greacen and Sands 1980 

MPa 

200 400 600 psi 

Roots growth through soil two ways: 

1. Growing through pores larger than 

root tip diameter  

 

2. Enlarging small pores through 

pressure generated by turgor 
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Resistance to Root Growth 

Slide courtesy of K Fite 
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Roots Need Oxygen 
Growth Relationship to Air-Filled Pores 
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Air-Filled Pore Space 

Saturated 

Soil 

Dry  

Soil 

No Oxygen  

Flow to Roots! 

O2 CO2 

O2 

adapted from Vomocil and Flocker 1961 
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Applied Force 

  

  

Compaction  

Process 



Soil Moisture Content % 
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Sand 

Clay 

Loam 

Maximum compaction in moist soils  

near field capacity 

Soil Moisture ï Compaction Relationship 
at a defined pressure (load) 



Soil Compaction on Campus 

ÅConstruction Legacy (Donors!) 

ÅPedestrian Traffic (Student Life) 

ÅGame Day Compaction 
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Construction Compaction 
Donors and Building = Heavy Vehicles and Equipment 
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Penetration Resistance  (kPa) 

Native Soil - Not Compacted 

Compacted Construction Site 

Root Growth  

Limiting  

Resistance 

Large Equipment = Deep Compaction 
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Resistance (psi) 
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16 in. 

8 in. 



Pedestrian Traffic   
Student Life 
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