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Project Overview
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Project Location



Site and Regional 
Geology
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Key Points for this Project

• Over last 6M Years, Tucson Basin Filled with Sediment

• Close to Mountains – Alluvial Fans

• Central Basin – Finer-Grained Alluvium

Deepest Units Encountered on Project, Probably 

Pleistocene in Age (1.7 to 1.3 MYA)

Basin and Range Geology of Tucson
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Channel Deposits – Sands and Gravels, well-graded

Surficial Soils / Overbank Deposits – Less Dense, Hydro-
Collapse Potential

Gravel Layers Deeper

Deeper, Older Layers are part of Alluvial Fans from Tucson 
Mountains

Those Layers are Good Bearing Layers, Very Dense, Angular, 
But with some Clay Development

Randy’s Interpretation of Site Geology

Please use your imagination!

Apex of Alluvial Fan

Older Alluvial Fan Material, Coarse,
Angular Alluvium, with some Clay
Development 

Channel Deposits / Young Alluvium

Mountains / Bedrock
Borehole

Surficial Soils / Terrace Deposits



Geotechnical 
Investigations and 
Key Findings
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Field Investigation

UPRR Bridge

UPRR 
Abutment 2 
Walls Retention 

Basins

WB I-10 Frontage Rd Rillito Bridge

Rillito 
Abutment 1 
Wall
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Investigation Photos
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Three Layers

Surficial Deposits (Hydro-Collapsible)

Dense Gravels (Not Hydro-Collapsible) – At 
Depths of 25 to 35 feet

Old, Dense Alluvial Fan

Subsurface Profile and Material Properties

Surficial 
Deposits

Dense 
Gravelly 
Layer

Old 
Alluvial 
Fan
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Collapsible Soils Generally…

• PI < 10

• Dry density < 95 pcf

• Moisture content < 8%

• SPT N-Value < 15 blows/ft

14 Lab Collapse Tests

Results ranged from slight to severe (10% or more)

Most in the 7-9% Range

Lab values have been know to over-predict field collapse 

by factor of 2

Collapsible Soils - A Potential Problem

~7.3%

~5.7%
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From Lab Collapse to Project Significance
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Hydro-Collapse Strain vs. Applied Load

INF21-02 @ 2.5' (1.9%) INF21-02 @ 10' (2.0%) INF21-04 @ 12.5' (7.5%) INF21-06 @ 10' (5.3%) INF21-08 @ 5' (6.8%)

BH-02 @ 20' (7.9%) BH-03 @ 7.5' (7.2%) BH-05 @ 20.5' (2.3%) 50% of BH-02 @ 20' 50% of BH-05 @20.5'
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We know soils are collapsible…

But will water infiltrate beneath our structures?

8 infiltration tests

Results used for transient seepage analyses

Borehole Infiltration Tests
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100 Year Water Surface Elevation Doesn’t Reach 

Walls/Embankment

Detention Basins are Adjacent to Embankment

Used Infiltration Tests to Simulate 15 Days of Water 

Ponding in Basins

Seepage Face Doesn’t Extend Under 

Seepage Analysis



Design Elements –
Settlement Analysis 
and Ground 
Improvement
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Settle 3D (Elastic Settlement)

UPRR Approach Walls – About 6 -8 inches

Much Less Near Rillito Abutment

All Occurs Mostly During Construction

Immediate Settlement
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Embankment Area – Up to 17 inches

UPRR Abutment MSE Walls – Around 14 inches

Worst-Case Assuming Full Saturation of Collapsible 

Layers

Potential Hydro-Collapse
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Low Slump Grout (Like Canned Dog Food)

Densifies the Soil and forms a Column

Other Methods Considered include:

• Dynamic Compaction

• Vibro Compaction

• Aggregate Columns

• Over-excavation and Recompaction

Compaction Grouting Selected
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Project Element Relative Magnitude of Potential 
Hydro-Collapse

Potential Impacts or Repair 
Costs Final Decision for Mitigation

UPRR Abutment 2 Wall and Approach Walls High High Yes

Rillito Bridge Abutment 1 Wall and 
Wingwalls Moderate Moderate – High No

Catch Basins Moderate Low – Moderate No

Multiuse Path Retaining Walls Moderate Low No

Rillito Bridge Abutment 2 Walls and 
Wingwalls Low Moderate No

Where to Mitigate?

It’s about Risk and Cost
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Densify the Soil and Create 2’ Grout 

Columns

12’ Spacing

Treating to 35’ below grade (into dense 

gravel layer)

No Published Design Method for 

Mitigating Hydro-Collapse

Compaction Grouting
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Compaction Grouting Construction
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Compaction Grouting Construction
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Drilled Displacement Columns Would 

Have been a Good Fit

Didn’t Hit Target of 2’ Diameter Columns

Should Had a Higher Volume Cutoff

Insights into Stratigraphy and Variability 

at Site

Lessons Learned on the Compaction Grouting



Thank you
Randy Post

randy..post@wsp.com

http://www.linkedin.com/company/WSP
https://twitter.com/wsp
https://www.facebook.com/WSPglobal/
https://www.instagram.com/wspglobal/
https://www.youtube.com/c/WSPGlobal

