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Assessment of 100-300 years-old timber piles under bridges and quay 
walls in Amsterdam

Hemel, 2023
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Uncertainties related to the current safety level:

Due to biological decay reducing the load-
carrying capacity of the piles

OUTER PART 
(less durable sapwood): 

• Soft and spongy 
• Appears unaffected in field
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Drill-core analysis

Uncertainties related to:

• Derived compressive strength of the piles could not be validated with the compressive strength of 
the piles that have been in service, since these data were not available.

• Often cumbersome, dependent on the technician’s expertise. 

• The analysis does not give a continuous representation over the cross section. 
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Characterization of historical piles

60 spruce and fir piles extracted from 2 bridges in Amsterdam
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Innovative technique: Micro-drilling measurements

Degraded 
portion of the 
cross section

OBJECTIVES:

• Short-term strength 
prediction from micro-
drilling signals

• Possibility to increase 
the accuracy of the 
drill-core analysis 
(Houtmonsters) with 
micro-drilling
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Micro drilling allowed to map the degradation pattern:

• Throughout the cross section (A+B) 

• Along the pile length (head, middle, tip)
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The signals are investigated with a TU-Delft developed algorithm

Steps:

• Moving average (MA)

• Incremental Outwards 
Moving Average (IOMA) 
from both sides to the 
centre

• 4 zones are defined: 20%, 
40%, 60%, 80% of IOMA 
(assuming that the centre 
is sound wood)

• The soft shell is 
calculated as the sum of a 
number of zones. 

Remaining 
sound cross 

section
(Asound)

SOFT SHELL
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 The “sound” pile segments were identified deriving
fc,0,wet,sound for 56 pile segments from 1922 and 1886

95%<Asound<100%. 

Zones 1+2+3 < 5% 
of the diameter

Validation of the zones associated with soft shell

Material status Building year Part (No. segments) 
fc,0,wet,sound (MPa) 

mean SD 

Sound (Asound > 95%) 1922/1886 

Segments head (21) 15.4 1.5 

Segments middle (30) 14.9 2.2 

Segments tip (11) 13.7 2.2 

HEAD

MIDDLE

TIP

Lower than fc,0,wet = 20 ± 2 MPa for
“new” piles in Van de Kuilen (1994)
used for Dutch National Annex of EC 5
and NEN 8707
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95%<Asound<100%. 
 A correlation analysis was conducted between:

o Maximum force measured in compression (Fc,0,test)
o Force (Fc,0,mod) calculated with:

• Zone 1
• Zone 1+2
• Zone 1+2+3

Validation of the zones associated with soft shell

Fc,0,mod = fc,0,wet,sound * Asound = fc,0,wet,sound * π(r – alSS)2

ZONE 1+2 = SOFT SHELL

y = 0.93x + 8.72
R² = 0.77

y = 0.99x + 4.72
R² = 0.79

y = 0.86x + 121.49
R² = 0.59
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Material 
status 

Building year Part (No. segments) 
EQ fc,0,wet,sound (MPa) 

mean SD 

Sound cross 
section 

1922/1886 
Head/Middle (72) 15.0 2.3 
Tip (39) 13.7 2.4 

1727 All segments (90) 12.0 2.8 

 With zones 1+2, the soft shell and Asound was calculated for all segments (including 1727).

 The equivalent sound compressive strength (EQ fc,0,wet,sound) was determined.

Equivalent sound compressive strength values

 Wood species Building year Part (No. segments) 
fc,0,wet (MPa) 

mean SD 

Spruce 
1922/1886 

Head/Middle (59) 14.0 2.2 
Tip (32) 11.9 2.3 

1727 
Head/Middle (60) 7.5 2.4 
Tip (30) 5.8 1.8 

Fir 1886 
Head/Middle (13) 15.1 2.1 
Tip (7) 12.7 2.4 

HEAD

MIDDLE

TIP

 Large differences between EQ fc,0,wet,sound and fc,0,wet,TEST in piles from 1727
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• Fc,0,mod was recalculated, by applying EQ fc,0,wet,sound to all pile segments, and
plotted against all Fc,0,test values.

Fc,0,mod = EQ fc,0,wet,sound * Asound = EQ fc,0,wet,sound * π(r – alSS,zone1+2)2

Validation of the soft shell for all piles

 includes the pile segments
from 1727.

 the allocation of zones 1+2 to
the soft shell also fits for the
pile segments from 1727.

y = 1.00x - 1.31
R² = 0.90
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Discussions and conclusions

A. Micro-drilling can reliably estimate the soft shell

B. The applicability of the algorithm to determine the soft shell was demonstrated.

C. The short-term compressive strength of historical timber piles is lower than ‘new’ piles, both for sound and decayed ones. 

D. The strength values presented in this study have to be considered in future assessments of wooden foundation piles.

E. The micro-drilling technique is now used on a large scale in Amsterdam to assess historical piles

F. For an adequate analysis, divers who perform underwater micro-drilling, need clear instructions from technicians above 

water to anticipate irregularities in the measurements. 
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