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Introduction

• Large warehouse: 
140*430m = 60 000 m²

• Slab-on-grade and shallow
foundations

• Soil condition suitable for 
ground improvement until
4 to 5m depth

• Ground improvement with 
stone columns
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Introduction

• Ground improvement with stone columns
• Future Eurocode 7 part 3 classification, EN 1997-3: 

oB: Discrete element
o I: Non-Rigid Columns

Stone column definition as per Future Eurocode 7 part 3: 
Compacted stone columns are created in the ground to 
form a composite ground with the surrounding soil. Most 
often used in soft cohesive soils but in granular soils as 
well to improve strength and stiffness of the overall system 
and accelerate drainage with possible densification of the 
surrounding soil depending on the soil 
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Introduction

• Keller Net Zero Carbon targets (2022)

• Material is a key issue in reducing Scope 3 emissions
• Stone columns material saving by replacing Natural stone aggregates

(NSA) with Recycled concrete aggregate (RCA)

Scope 1: Direct emissions e.g. fuel use

Scope 2: Indirect emissions from electricity use

Scope 3: Other indirect emissions e.g. material use

May 28 – 30, 2024 Conference on Foundation Decarbonization and Re-use 6

Testing program details

• Comparison between Natural Stone Aggregates (NSA) and Recycled
Concrete Aggregate (RCA) and suitability for use as stone column
component material

• Load tests:
o Isolated column
oGroup of four columns

• Laboratory tests
• In-situ tests

Recycled concrete (RCA)Natural stone (NSA)
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Aggregates before installation 

Recycled concrete 
aggregates (RCA)Constituents

Natural stone 
aggregates (NSA)

86Concrete, concrete products, mortar, concrete 
masonry units (%)

Rc0

0.9Unbound aggregate, natural stone, hydraulically 
bound aggregate (%)

Ru97

12Clay masonry units, calcium silicate masonry units, 
aerated non-floating concrete (%)

Rb2.7

0Bituminous materials (%)Ra0

0Glass (%)Rg0

0.2Other materials: plastics, rubbers, metals (ferrous 
and non-ferrous), non-floating wood, and stucco (%)

X0.2

0Floating particles (cm3/kg)FL0

Material classification as per EN 933-11
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Aggregates before installation 
• Direct shear tests results
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NSA residual friction angle ≈ 44.8°
RCA residual friction angle ≈ 43.7°
NSA residual friction angle ≈ 44.8°
RCA residual friction angle ≈ 43.7°
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Aggregates before installation
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Sieve curve analysis before/after SC installation

Natural stone aggregate

Recycled concrete aggregate

• Uniformity coefficient Cu:

𝐶௨ =  
𝐷଺଴

𝐷ଵ଴

With D60 = 60% passing grain size
D10 = 10% passing grain size

Recycled concrete 
aggregate (RCA)

Natural stone 
aggregate (NSA)

1.53.0Cu (Pre)
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Aggregates after installation

• Installation = vibration + pull down force = material fragmentation
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Sieve curve analysis before/after SC installation

Natural stone aggregate

NSA after installation - A

NSA after installation - B

Recycled concrete aggregate

RCA after installation - A

RCA after installation - B

• Uniformity coefficient Cu:

𝐶௨ =  
𝐷଺଴

𝐷ଵ଴

With D60 = 60% passing grain size
D10 = 10% passing grain size

• In line with Los Angeles Abrasion 
Test results:
o NSA = 31
o RCA = 46

Recycled concrete 
aggregate (RCA)

Natural stone 
aggregate (NSA)

1.53.0Cu (Pre)
≈ 22.015.0Cu (Post)
≈ 15.05.0Ratio Pre/Post

Fines content 
at 63μm = 1%
Fines content 
at 63μm = 1%
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Aggregates after installation

• Column excavated from 0 to 2m depth with nuclear density testing every 0.5m
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Specific Gravity Gs:
 NSA = 2.65
 RCA = 2.48

𝛶ௗ =  
𝐺௦ ∗  𝛶௪

1 + 𝑒
→ 𝑒 =  

𝐺௦ ∗ 𝛶௪

𝛶ௗ
− 1

May 28 – 30, 2024 Conference on Foundation Decarbonization and Re-use 12

Load test results

• Load test on single column up to 600 kN

Stone columnStone column

Steel Plate Ø1.0mSteel Plate Ø1.0m

Rigid Body for load applicationRigid Body for load application

Surrounding soilSurrounding soil

Stone column

Steel Plate Ø1.0m

Rigid Body for load application

Surrounding soil

≈ same loading/settlement curve for both materials NSA/RCA
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Load test results

• Group load test on four stone columns up to 2 500 kN ≈ 400 kN/m²
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Plaxis 3D group test NSA Stone columnsStone columns

PlatesPlates

Load applicationLoad application

Stone columns

Plates

Load application

≈ same loading/settlement curve for both materials NSA/RCA
Failure load not fully reached and > 400 kN/m²
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Carbon footprint comparison

• Variant 1: HSP (High Speed Piles) Ø180mm, spacing 
2,2 m, length 6m

• Variant 2: Stone columns, spacing 3m, length 4,5m, 
natural stone aggregates

• Variant 3: Stone columns, spacing 3m, length 4,5m, 
recycled concrete aggregates

• The use of recycled concrete aggregates for this
specific project reduces the carbon impact of the 
ground improvement by ≈40 %.

• ≈ 75% of remains CO2 is coming from production
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Conclusion

• The measured residual friction angle is about 44° for both materials and above the design value 
of 42°

• The recycled concrete aggregates show a more brittle behaviour, resulting in a less uniform and 
better graded material. Less change in NSA gradation occurs during installation

• Fines content (63μm) remains around 1% for all materials, before and after installation

• Comparison of both materials for both single and group loading tests shows no difference

This specific recycled concrete aggregate is suitable for use in ground improvement with stone 
columns.

• Using the recycled concrete aggregates reduces the carbon footprint of the ground improvement 
by 160 tonnes = 40 %.


