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Aim of project

• Comparison of different design 

methods with field test results 

• The effect of the strength of the soil 

on the uplift capacity

• The influence of the pile diameter on 

the unit side resistance 



Some current design methods

• The Danish Code of practice – DS 415

• Fleming et al.

• Reese & O’Neill

• German Code of practice – DIN 4014



Design approaches



Danish code of practice

Unit side friction :

Nm = 0.6 for piles in compression

Nm = 0.2 for piles in tension

For a bored pile in tension :

K = 0.1 for 

'0.3 ms zN  

' , tan 0.06,0.06s z K    

34



Udenlandske metoder :

Fleming et al. :

Reese & O’Neill :

German code of practice :

' tan , 0.9,s z cv peakK K          
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,s a N a afhænger af kornkurven 



Soil conditions  Oksbøl

Depth in m SPT value Relative dens.

0-1 5 0.28

1-2 2 0.18

2-3 1 0.13

3-4 1 0.14

4-5 6 0.32

5-6 12 0.44



Soil conditions Esbjerg

The grading of the soil :

D50 = app. 0.22 mm,   Cu = 1.8



Test setup

6,00 m

Ø 140 mm pile

6,00 m

100 x 200 timber

M16 high strength bolt

Plan

section

hydraulic jack

IPE 240



Extracted pile



Test results Oksbøl

Pile P1 P2 P3 P4 P5

Length 2 3 4 5 6

Load 

kN

21.5 41.3 67.9 71.4 110.2



Load-displacement graphs Esbjerg



Dense soil/loose soil



Uplift capacities14cm piles Oksbøl



Uplift capacities 14 cm piles Esbjerg 



Uplift capacities 25 cm piles Esbjerg



Uplift capacities 60 cm piles Esbjerg



Theory
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Earth pressure coefficients



Værdier af Nm



Effect of diameter of pile and

mean grain size d50
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Thickness of plastic zone : app.

Effect of dilation depends on plastic zone and pile diameter
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Finite element modeling

• Loukidis  & Salgado : Analysis of the shaft 

resistance of non-displacement piles in 

sand, Geotechnique 58, No. 4, 2008

• Equation for the value of K 

• The effect of dilation is dependent upon 

the relation pile diameter/mean grain size

for D/d50 > 1000 no effect 



Conclusions

• There is no significant effect of the diameter on 

the unit side resistance

• The Danish Code strongly underestimates the 

uplift capacity

• The method proposed by Fleming et al. 

produces the best match with the test results

• The German Code under-/overestimates the 

uplift capacity for loose/dense soil 


