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Context – Soil Mechanics
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Context – Soil Mechanics

Mohr-Culomb Parameters 
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Ultimate Bearing-Capacity



1. Material State

• Homogeneous & Isotropic

• Constant Properties

• Incompressible Behavior

   

2. Geometry & Boundaries

• Semi-infinite Half-space

• Open Shaft Cavity

• Axisymmetric Loading

   

3. Mechanical Regime

• Quasi-static Loading

• Prandtl Failure Mechanism

• Literature Shape Factors
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Theoretical Framework: Requirements and Assumptions
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Experimental Setup

Linear Axis

Load Cell

Measurement Probe

Specimen

Drive System
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Theoretical Framework
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Theoretical Framework

𝑆𝑡𝑒𝑝 1:  𝑆𝑙𝑜𝑝𝑒 → 𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐴𝑛𝑔𝑙𝑒 𝜑

𝑆𝑡𝑒𝑝 2: 𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 → 𝐶𝑜ℎ𝑖𝑠𝑖𝑜𝑛 𝑐
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Phase 1: Geometry Phase 2: Rate

Nomenclature: DXX_VYY
D = Punch Diameter [mm]

→ 2-fold variation (20 - 40 mm)

V = Penetration Velocity [mm/min]
↓ Over 2 orders of magnitude (1 - 600)

Experimental Program: Geometry & Rate dependency

Study Objectives
• Phase 1: Prove static theory validity

   → Benchmark against DSB & Vane

• Phase 2: Quantify viscous rate effects
   → Benchmark against Vane
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Material: Montmorillonite-Glycerin

(Inert Model Paste, 1:1.1 Ratio)



Phase 1 – Results: Penetration Testing / Raw Data 
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• n = 4 per diameter (total 20 penetration tests)

• Quasi-steady window supports linear fit

• Raw Data: Diameter dependent



Phase 1 – Results: Penetration Testing 
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• qnet(z) collapses to a common plateau

• Common steady-state window across all diameters

• Repeatability: low CV (≈ 5%) in the plateau region

• φ ≈ 4.85° (CV 9.4%), c ≈ 0.85 kPa (CV = 4.8%) 

➢ No geometry dependence in this range (curves agree)



Phase 1 – Results: External Benchmark
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Inner Friction Angle φ: Direct Shear Box 4.45°

Penetration  4.85°

Cohesion c:   Direct Shear Box 1.16 kPa

  Penetration  0.85 kPa

  Vane  0.70 kPa
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Material: Montmorillonite-Glycerin

(Inert Model Paste, 1:1.1 Ratio)



Phase 2 – Results: Penetration Testing
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• V = 1–600 mm/min, n = 4 per series

• Curves ≈ parallel in steady window

• Rate effect mainly in c (0.49 - 76 kPa), 

• φ (~7.77°)



Phase 2 – Results: Penetration testing
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• Tangential vane speed as kinematic proxy

• Similar kinetic trends

• Close c0 projections



Conclusions & Outlook
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Conclusions

Penetration + bearing-capacity inversion gives apparent c, 𝜑 from one test

Phase 1: no diameter trend (20 – 40 mm), benchmark-consistent

Phase 2: rate mainly increases apparent c; phi ~ stable; trend consistent with vane

Outlook

Extend to time-dependent, aggregate-rich mixes and early-age evolution c(t), 𝜑(t)

Improve calibration: shape factors, boundary effects, kinematic scaling vs. rheometry

Link to buildability: stability models and process control windows



Backup
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Phase 1: Geometry

Phase 2: Rate



Backup - DSB
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𝜏𝑓 = 𝑐 + 𝜎𝑛 tan 𝜑

Benchmark: Direct Shear Box

(Standard: Modified DIN EN ISO 17892-

10)

• Rate: 1.2 mm/min 

• Validates: Friction (φ) & Cohesion (c)



Backup
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Benchmark: Vane Shear Test

(Standard: DIN EN ISO 22476-9)

• Geometry: D = 20 mm, H = 30 mm

• Rate: 20°/min 

• Method: Peak torque evaluation

• Validates: Cohesion (c)

𝜏𝑓 = 𝑐 + 𝜎𝑛 tan 𝜑

Benchmark: Direct Shear Box

(Standard: Modified DIN EN ISO 17892-

10)

• Rate: 1.2 mm/min 

• Validates: Friction (φ) & Cohesion (c)

𝑐𝑣𝑎𝑛𝑒 =
2 ⋅ 106 ⋅ 𝑇𝑚𝑎𝑥

𝜋𝐷𝑣
2 ቇቆ𝐻𝑣 +

𝐷𝑣
3



Backup
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Benchmark: Vane Shear Test
(Standard: DIN EN ISO 22476-9)

• Geometry: …..

• Rate: 20°/min 

• Method: Peak torque evaluation

• Validates: Cohesion (c)

𝑐𝑣𝑎𝑛𝑟 =
2 ⋅ 106 ⋅ 𝑇𝑚𝑎𝑥

𝜋𝐷𝑣
2 ቇቆ𝐻𝑣 +

𝐷𝑣
3



Context – Buildability Requires Material Strength Parameters
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Plastic failure

Buckling
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• Failure modes: collapse, buckling, (cold Joints)

• Models need Yield Parameters

➢ Need yield parameters + structural evolution for print success
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