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Compaction... How does it work?
Stress, Stain, and Strength
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Distribution of vertical shear stress under a concentrated vertical load

Boussinesq theory
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Shear Stress (Ts)
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Shear Stress (Ts)

Shear Stresses Increase as Differences
between 61 and 2 Normal Stresses Increase
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Shear Stress (Ts)

Normal Stress (On)
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3-D images of the macropore system in soil cores taken from a clay soil in Finland.

Left: Control (non-compacted) soil. Right: Soil from plots where heavy machinery
drove over the ground in an experimental

X-ray, computed tomography (CT) scans by Mathieu Lamandé. treatment 29 years earlier.

https://www.soils.org/discover-soils/story/medical-imaging-helps-reveal-lasting-impacts-soil-compaction



Shear Stress (Ts)

Normal Stress (On)



y=b+mx
T=C+otan(a)
Shear Strength = Cohesion + Stress x Friction
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Shear Stress (Ts)

More Cohesion

Normal Stress (On)



Shear Stress (Ts)

More Friction

Normal Stress (On)




Shear Stress (Ts)

Normal Stress (On)



What Influences Cohesion and Friction?

*WATER... tension, W-D & F-T cycles

*Precompression... contact points,
aggregation

*Roots & other biomass... elongation,
entanglement, adhesion

*Chemical precipitants... cementation



(a) Cements

10° < 10“m
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(b) Water bndges

104 - 107
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Cement between sand parnticies
(from Houseknecht [1991])

LS
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Water bnidges
across glass spheres

Cohen et al. 2009




(c) Fnctonal contacts

Granular contacts along a
fracture in marble (modified
from Bestmann and Prior
2003)])
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Bridging of kaolinite particles
by microbial scieroglucan
(EPS) strands (from Chenu
and Stotsky [2002])

Cohen et al. 2009




| (e) Hyphae

10'<10%* m Fungal endophyte (from
Peterson et al. [2008]). Scale
bar in lower nght is 20 um

Shallow rools in sail (Wiler,
Switzerland)

(f) Rools

Cohen et al. 2009




Formatting ~

o 200 200 200 200 L) o

[ 33.3 100 167 200 200 200 _200 200 _ 167 00 333 o o

16.7 50 100 150 183 200 _200 200 _ 183 100 50 16.7

25 _58.3 100 _ 142 1ws 192 200 _ 192 1ws 100 _58.3 25 _8.33

33.3 625 100 13 167 188 192 188 167 100 625 333 125 AW

315 _66.7 100 133 163 173 s 3 163 100 66.7 375 188 625 208

68.8 100 s, 156 s 1ms s 156
266 453 1 100 128 53 168 1ws 168
289 _ 43 2.1 957 2t us 164 168
“s 158 164

(] X 53.5 X 141 155 158 2 % 535 344 _211
003 0.1 323 654 134 227 313 S48 120 133 143 "5 0 988 163 548 313 227
002 005 026 063 183 386 833 146 253 387 568 n 135 1“7 s 147 ms 981 768 568 38.7
0.01 02 014 034 107 225 51 _ 9323 168 267 41 578 114 9718 116 133 142 “i 2 116 9718 714 518 26.7T _16.8 323 5Sn
0.01 07 _ 018 _oO. 123 _3.09 574 173 283 422 53%2 118 963 15 129 140 142 140 123 15 969 7.8 532 422 2893 WS n 574 _3.03 123 0.61

004 01 034 074 185 352 703 N8 _20 301 _441 60 8.1 965 13 12T 136 40 136 127 13 365 181 60 441 301 _ 20 Ne 703 352 185 0.74 034 0.0
002 005 0.19 042 103 213 444 768 135 21 32 45 611 782 9356 mn2 124 134 136 134 124 112 356 7182 611 45 32 21 13.5 768 444 213 1095 042 0.7
03 0. 23 064 127 271 49 T 143 228 33 466 616 783 951 1o 123 130 134 130 23 0 95 783 616 466 33 228 143 891 3 271 12T 063 o021
006 013 037 0.75 L7 303 587 961 1539 237 347 473 _624 784 _941 103 120 128 130 128 120 109 941 784 624 473 347 237 _153 961 581 305 11
o. 044 104 192 333 635 103 166 253 355 485 628 78.3 936 _ 107 1m 125 128 125 1ms 107 936 _78.3 628 485 355 253 166 103 6.35 398 19

133 ns 18.1 261 _36.9 432 634 782 92 106 1ne 123 125 123 16 106 x 432 369 261 18
188 215 376 502 63.7 ws 120 123 120 "s 104 50.2 376 215 18
201 282 388 501 _64.1 1. "2 ns 120 9 n2 103 912 779 641 507 388 282 201

4 207 235 394 515 643 i m 16 ns 116 m 102 307 716 643 515 394 235 207

21.3 300 40.5 519 645 101 103 ns 16 ms 103 837 Ti5 _645 519 405 301 _213
225 312 “ 525 64.7 83.2 9. 108 n3 ”ns "3 108 X ¥ 11 647 525 “ 312 225
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What Strategies Can We Use From This
Knowledge of Stress, Strain, & Strength?

*Minimize Loads and Occurrences
* Properly adjust tire pressures
* Minimize number of field passes
* Controlled traffic
* Avoid wet soil conditions



What Strategies Can We Use From This
Knowledge?

*Mechanical Works Homogenize

* Either weakens soil or compacts soll
* Reduces drainage... wetter conditions for longer
* High input on your behalf

*Natural Works Aggregate

* High cohesion and friction within aggregates
* High friction between aggregates
* Progressively better drainage in most soils
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Then everything falls into disarray




How do you get it back in order?




What’s the Point?

There 1s nothing
special or
magical about
getting a cube
back in order




What’s the Point?

It takes some
knowledge...
That's what you
already have
and why your at
this workshop




What’s the Point?

It takes some
trust Iin the
process...
Trust leads to
Confidence




What’s the Point?

It takes patience
Solving a cube
takes a minute

Solving
compaction often
takes years




How do you get it back in order

ome Knowledge
trategy
rust & Confidence

Patience
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