


Geotechnical Performance Comparison: Rammed Aggregate Piers vs. Stone Columns

Executive Summary:

This report compares the geotechnical performance of Rammed Aggregate Piers (RAPs) and Stone Columns, two
common ground improvement systems. RAPs are particularly effective in a wider range of soil types, including silts
and clays, due to their vertical ramming installation method which increases lateral stress and stiffness in the
surrounding soil. Stone columns are best suited for sandy soils where their vibratory installation effectively densifies
the ground. Both systems help prevent liquefaction during earthquakes by densifying and reinforcing the soil, with
RAPs showing promising results in silty sands. RAPs generally exhibit higher vertical stiffness compared to stone

columns, leading to better settlement control for supported structures. The choice between the two systems depends

on specific site conditions, soil types, loading requirements, and project goals.

1. Best Soil Types:

Soil Type Rammed Aggregate Piers (RAPs) Stone Columns

Sands Suitable." Displacement techniques are ideal for | Best suited for sandy soils.® Effective in loose,
sands below the water table.? cohesionless soils.*

Silts Effective, especially in non-sand conditions (clay, [ Can be used, but a greater concentration of
silt, organic-containing, and fill soils).® Vertical columns is required compared to sandy soils.®> Can
ramming is important for soils with silt content.® | reinforce soft cohesive soils to limit settlement.*
Displacement techniques can be used.? Horizontal vibration may negatively impact silt.°

Silty Sands Effective.’ Can improve loose silty sands.”
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Soil Type

Rammed Aggregate Piers (RAPs)

Stone Columns

Sandy Silts

Effective.®

Can improve loose sandy silts.™

Clays

Effective, especially soft/sensitive clays.® Vertical
ramming increases lateral stresses important for|
clay content.® Drill and fill techniques are ideal
for clays.? Can reinforce soft cohesive soils.*

Can improve clays, especially soft clays with
undrained shear strength greater than 400 psf."°
Bulging can be a concern in very soft clays.°

Organic/Fill Soils

Effective.®

Suitable for improvement.'?

2, Liquefaction Prevention:
Soil Type Rammed Aggregate Piers (RAPs) Stone Columns
Sands Help limit liquefaction by displacing and Help limit liquefaction by densifying soil through

densifying soil, creating a stiff composite mass.’

vibration and introducing stone, creating a stiff
composite mass.® May increase drainage path.®

Silts/Silty Sands/Sandy Silts

Show promise in mitigating liquefaction by
increasing density, lateral stress, and shear
stiffness.’

Blast-induced liquefaction testing shows reduced
excess pore pressure.’

Can mitigate liquefaction by reinforcing loose,
cohesionless soils.* Installation increases soil
density mainly in clean to slightly silty sand.™

Clays

Can reinforce soil creating a stiff composite
mass.’

Can reinforce soil creating a stiff composite
mass.’
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Degree of Ground Improvement Against Liquefaction:

e RAPs: Studies show increased resistance to liquefaction in silty sands due to increased earth pressure
coefficient and density.” Numerical modeling indicates reduced excess pore pressures and shear strains in
improved soil profiles.'

e Stone Columns: Installation can increase penetration resistance (SPT and CPT) significantly in clean to slightly
silty sand.'® Can reduce the cyclic shear stress ratio of reinforced soil due to stiffening.’®

3. Vertical Stiffness:

Feature Rammed Aggregate Piers (RAPs) Stone Columns

Stiffness Generally, two to nine times stiffer than stone Stiffness is lower compared to RAPs.®
columns.® Stiffness modulus can be 10 to 45
times greater than unimproved soils.®

Settlement Control Better settlement control due to higher stiffness.’| Less effective in settlement control compared to
RAPs for the same conditions.'®

Load Support Greater capacity and higher bearing pressure.® Effective in increasing load-bearing capacity.*
Can handle light to heavily loaded structures.®

Vertical Stiffness Values:

e RAPs: Stiffness modulus (kg) can range from 15 to 50 times the stiffness of the unimproved soil (km).?° Stiffness
values can range from 88 to 190 MN/m? depending on applied stress.?’

e Stone Columns: Young's modulus (ETX) typically ranges from 20 to 100 MPa under triaxial conditions.??
Stiffness values can decrease from 20-40 MN/m? to less than 10 MN/m? with increasing stress.?"
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4. Effective Friction Angles:

e RAPs: Constructed aggregate friction angles greater than 48 degrees, almost 40% greater than stone
columns.® Can range from 48 to 52 degrees.?®

e Stone Columns: Friction angle of stone column material is a key parameter influencing improvement.??
Values around 37-40 degrees are mentioned.?®

5. Summary Table:

Feature Rammed Aggregate Piers (RAPs) Stone Columns

Best Soil Types Wider range, including silts, clays, sands, Primarily sands, can be used in silts and
and fills clays with limitations

Liquefaction Prevention Effective in various soils, promising in silty Effective in sands, good for drainage
sands

Vertical Stiffness Higher, leading to better settlement control| Lower compared to RAPs

Effective Friction Angle Higher (typically > 48°) Lower (typically around 37-40°)

Installation Vertical ramming, direct crowd force Vibratory probe

Page:

4


Andrew Masterson


Works cited

1. www.eqc.govt.nz, accessed April 14, 2025, https://www.eqc.govt.nz/assets/Publications-Resources/\What-are-Rammed-Aggregate-
Piers-Factsheet.pdf

2. Ground Improvement — Peterson Contractors Inc., accessed April 14, 2025, https://pcius.com/ground-improvement/

3. www.eqc.govt.nz, accessed April 14, 2025, https://www.eqc.govt.nz/assets/Publications-Resources/What-are-stone-columns-
Factsheet.pdf

4. The Right Ground Improvement Technologies for Varying Soils and Project Demand, accessed April 14, 2025,
https://www.advgeosolutions.com/the-right-ground-improvement-technologies-for-varying-soils-and-project-demand/

5. Advantages of Rammed Aggregate Pier Systems Over Stone Columns, accessed April 14, 2025, https://geosolv.ca/rammed-
aggregate-piers/

6. Ground Improvement Systems Comparison | Rammed Aggregate Piers - geosolv, accessed April 14, 2025,
https://geosolv.ca/ground-improvement/

7. Liquefaction Mitigation of Silty Sands Using Rammed Aggregate ..., accessed April 14, 2025,
https://www.researchgate.net/publication/354283927 Liquefaction_Mitigation_of Silty_Sands_Using_ Rammed_Aggregate Piers_Base
d_on_Blast-Induced_Liquefaction_Testing

8. Improved Liquefaction Resistance with Rammed Aggregate Piers Resulting from Increased Earth Pressure Coefficient and Density |
Journal of Geotechnical and Geoenvironmental Engineering | Vol 150, No 6 - ASCE Library, accessed April 14, 2025,
https://ascelibrary.org/doi/abs/10.1061/JGGEFK.GTENG-11727

9. (PDF) Monitoring ground improvement by Rammed Aggregate Piers using a combined CPTU and SDMT approach at a silty sand
liquefaction-prone site in Emilia-Romagna - ResearchGate, accessed April 14, 2025,
https://www.researchgate.net/publication/361158983_Monitoring_ground_improvement_by Rammed_Aggregate_Piers_using_a_comb
ined_CPTU_and_SDMT_approach_at_a_silty_sand_liquefaction-prone_site_in_Emilia-Romagna

10. Aggregate Columns Fact Sheet - Geo-Institute, accessed April 14, 2025, https://www.geoinstitute.org/node/8205

11. Modeling Stone Columns - PMC - PubMed Central, accessed April 14, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC5551825/
12. Aggregate Pier Foundation Systems, accessed April 14, 2025, https://cncfoundations.com/aggregate-piers/

13. Stone columns - Reinforcement technique - Menard, accessed April 14, 2025, https://www.menard-group.com/soil-expert-
portfolio/stone-columns/

14. Numerical modelling of rammed aggregate piers (RAP) in liquefiable soil - ResearchGate, accessed April 14, 2025,
https://www.researchgate.net/publication/356563755 Numerical_modelling_of rammed_aggregate_piers_RAP_in_liquefiable_soil
15. Liquefaction potential of reinforced soil by stone columns ..., accessed April 14, 2025,
https://www.tandfonline.com/doi/abs/10.1080/17486025.2024.2330564

16. RAP Advantage | Geopier, accessed April 14, 2025, https://www.geopier.com/getattachment/16ed4520-6e3a-4d74-9252-
e37dd577a2e9/RAP-Advantage.pdf

17. Enter the Geopier Rammed Aggregate Pier - Piling Canada, accessed April 14, 2025, https://www.pilingcanada.ca/enter-the-
geopier-rammed-aggregate-pier/

Page: 5


Andrew Masterson


18. stabilizing landslides using rammed aggregate piers - CiteSeerX, accessed April 14, 2025,
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=37c3ce1a67bd8452d5d41e33a3a064e83a3995e2

19. RAP vs Stone Column | Sentez, accessed April 14, 2025, https://sentezinsaat.com.tr/en/rap-vs-stone-column/

20. www.farrellinc.com, accessed April 14, 2025, https://www.farrellinc.com/wp-content/uploads/2023/01/2004 _RAP_Farrell_Design-
Const-Econ_SEAOQOC.pdf

21. Comparison of the results of load test done on stone columns and rammed aggregate piers using numerical modeling - Sentez,
accessed April 14, 2025, https://sentezinsaat.com.tr/wp-content/uploads/2024/02/SZ-3_Comparison-of-The-Results-of-Load-Test-
Done-on-Stone-Columns-and-RAP-Using-.pdf

22. www.issmge.org, accessed April 14, 2025,
https://www.issmge.org/uploads/publications/51/126/730_D_assessment_of_stiffness_parameters_of stone_column.pdf

23. www.geopier.com, accessed April 14, 2025, https://www.geopier.com/getattachment/e89822d5-6148-47a4-92dc-
fab76c96a6e/RAP-Advantage.pdf

24. RAP ADVANTAGE, accessed April 14, 2025,
https://info.tensarcorp.com/hubfs/WH_Files/WH_Events%20and%20Road%20Shows%202020/Geopier%20Files/RAP%20vs%20Stone
%20Columns.pdf

25. www.geopier.com, accessed April 14, 2025, https://www.geopier.com/getmedia/7a03bb69-3c5d-4fe0-a653-
c9540be15744/TB8.pdf?ext=.pdf

26. Static analysis of slopes reinforced with stone columns, accessed April 14, 2025, https://library.geosyntheticssociety.org/wp-
content/uploads/resources/proceedings/D.14%20Static%20analysis%200f%20slopes%20reinforced%20with%20stone%20columns.pdf
27. Modeling the Stone Column Behavior in Soft Ground with Special Emphasis on Lateral Deformation | Journal of Geotechnical and
Geoenvironmental Engineering | Vol 143, No 6 - ASCE Library, accessed April 14, 2025,
https://ascelibrary.com/doi/10.1061/%28ASCE%29GT.1943-5606.0001652

Page: 6


Andrew Masterson


Northland Branch Auckland Branch
Phone: 027 571 9111 Phone: 09 412 7048
Email: info@cll.net.nz Email: info@cll.net.nz
1945 SH10, Waipapa, 14 Wookey Lane, Kumed,
Far North District, Auckland 1010,

New Zealand New Zealand

Tauranga Branch Christchurch Branch
Phone: 07 281 0504 Phone: 021 928 748
Email: info@cll.net.nz Email: info@cll.net.nz
3 Brook Street, Parkvale 484 Johns Road, Harewood,
Tauranga 3112, Christchurch 8051,

New Zealand New Zealand

www.cll.net.nz

SERVICE & SOLUTIONS





