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Static Load Testing of Piles in Restricted Access-
Catalysts for ChangeCatalysts for Change

Current situation implies only dynamic testing is possible due to access 
constraintsconstraints.

Dynamic testing for micropiles not universally accepted without cross 
reference to static load (refer EN 14199:2005, cl.9.3.3 and EN1997-(
1:2004, cl. 7.5.3).

Design optimisation by reduction of factor of safety not acceptable with 
dynamic testing alone (refer EN1997-1:2004 cl 7 4 1)dynamic testing alone (refer EN1997-1:2004, cl. 7.4.1).

Restricted access piling has typically lower production rates than 
conventional large rig piling = comparatively high COST(£, $, €) per 
Kilonewton.

Economics, sustainability and technology advances calls for greater 
micropile capacities year on year = RISK
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Static Load Testing of Piles in Restricted Access-
Catalysts for ChangeCatalysts for Change

EC7 Clause 7.5.3(1) “Dynamic load tests may be used to 
estimate the compressi e resistance pro ided an adeq ateestimate the compressive resistance provided an adequate 
site investigation has been carried out and the method has 
been calibrated against static load tests on the same pile 

type of similar length and cross section and in comparabletype, of similar length and cross section, and in comparable 
soil conditions”.  See also 7.6.2.4

EC7 Clause 7 6 2 6(2)P ”Where wave equation analysis isEC7 Clause 7.6.2.6(2)P Where wave equation analysis is 
used to assess the resistance of individual compression 

piles, the validity of the analysis shall have been 
demonstrated by previous evidence of acceptabledemonstrated by previous evidence of acceptable 

performance in static load tests on the same pile type, of 
similar length and cross section, and in similar ground 

conditions”.
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Static Load Testing of Piles in Restricted Access-
Catalysts for ChangeCatalysts for Change

These two clauses present a fundamental p
change for restricted access micropiling given 
that hitherto, dynamic testing has often been 

relied upon for verification of pile capacityrelied upon for verification of pile capacity 
without recourse to static load tests
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Static Load Testing of Piles in Restricted Access-
Reasons for Load Testing MicropilesReasons for Load Testing Micropiles

Key benefits:
•Design optimisation = shorter piles
•Significant cost savings – materials and programme
•Reduction in material wastage
•Lower carbon emissions
•Reduced material transfer to landfill
•Reduced design risk
•Under EC7 piles will be longer than BS8004 for no testing•Under EC7 piles will be longer than BS8004 for no testing 
where live loads >10% of applied overall loads 
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Static Load Testing of Piles in Restricted Access-
C t UK P ti E d 7Current UK Practice vs Eurocode 7

Both current UK practice (BS8004) and EC7, include clauses which 
f t ti l d t ti EC7 t th t d i t ti l bfavour static load testing, EC7 suggests that dynamic testing can only be 
relied upon when calibrated against static load tests from similar pile 
types within the same geological stratum.

Current UK Practice allows a reduced factor of safety to be employed in 
cases where load testing has been carried out. Table 1 shows the LDSA 
guidelines which have been generally accepted into UK piling practice.
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Static Load Testing of Piles in Restricted Access-
E d 7 C l ti F tEurocode 7 Correlation Factors

Eurocode 7 uses correlation factors (ξ) to derive characteristic values for (ξ)
compressive resistance from static load tests (Table 2).

(Rc;m)mean{ (Rc;m)min }R = Min ;

Where:
Rc;k = Characteristic value of the compressive resistance (Rc) of the 

{ ξ1 ξ2
}Rc;k = Min ;

c;k p ( c)
ground against a pile at ULS.

(Rc;m)mean = Mean measured value of Rc in one or more pile tests.

(Rc;m)min = Lowest measured value of Rc in one or more pile tests.

ξ1 and ξ2 = Correlation factors related to the no. of piles tested (Table 2).
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Static Load Testing of Piles in Restricted Access-
E d 7 C l ti F tEurocode 7 Correlation Factors

It can be seen that the greater the number of tests (n) the lower the 
correlation factor (ξ).correlation factor (ξ).

i.e. Increased testing provides more certainty to the parameters and 
thereby reduces the effective partial factor to be applied.
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Static Load Testing of Piles in Restricted Access-
Eurocode 7 Static vs DynamicEurocode 7- Static vs Dynamic

As stated previously EC7 gives more credence to the results of Static 
Load Testing than those of Dynamic Load TestsLoad Testing than those of Dynamic Load Tests.

Compare Tables 2 and 3. 

It can be seen that more 
favourable correlation factors 
may be applied in calculations 

h lt f St ti L dwhen results from Static Load 
Tests are used.

It appears that EC7 placesIt appears that EC7 places 
more value on a single static 
load test than on 20 or more 
Dynamic Impact Tests.
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Static Load Testing of Piles in Restricted Access-
Eurocode 7 Selecting Parameter ValuesEurocode 7- Selecting Parameter Values

Under clause 7.4.1.2, EC7 advocates the use of static load testing for 
‘selecting parameter values’ in other words optimising pile designselecting parameter values , in other words optimising pile design.

Parameters can be derived by back analysing pile test results using for 
example a ‘Chin Analysis’ such an approach can provide a range of actual 
skin friction parameters mobilised under testskin friction parameters mobilised under test.

Mean and minimum values of derived skin friction parameters are used to 
derive the characteristic pile resistance Rc;k thus:derive the characteristic pile resistance Rc;k, thus:

(Rc;m)mean{ (Rc;m)min }R Mi
( c;m)mean{ ξ1

( c;m)min

ξ2
}Rc;k = Min ;
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Static Load Testing of Piles in Restricted Access-
Eurocode 7 Example; Harrow on the Hill LondonEurocode 7- Example; Harrow on the Hill, London

Ormont, Harrow on the Hill, London.

• Construction of a new mansion
• Access via narrow lane with parked cars
• Proposed self drill micropiles new to the area• Proposed self drill micropiles new to the area
• Local Authority required verification of pile design before main works 

contract
• Two trial piles successfully tested to maximum of 1150kN
• Local Authority and client’s engineer satisfied that safety factor of 2.0 

suitable for design.

This example will demonstrate how Static Load Test data can be used toThis example will demonstrate how Static Load Test data can be used to 
derive design parameters, using EC7.   
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Static Load Testing of Piles in Restricted Access
Eurocode 7 Example; Harrow on the Hill LondonEurocode 7- Example; Harrow on the Hill, London

Pile Test Results- Test Pile 1
Figure5: Ormont Harrow-on-the-Hill SettlementvLoad-TestFigure 5: Ormont, Harrow-on-the-Hill, Settlement v Load - Test 

Pile No. 1 (SWL = 225kN)
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Static Load Testing of Piles in Restricted Access
Eurocode 7 Example; Harrow on the Hill LondonEurocode 7- Example; Harrow on the Hill, London

Pile Test Results- Test Pile 2
Figure6: Ormont Harrow-on-the-Hill SettlementvLoad-TestFigure 6: Ormont, Harrow-on-the-Hill, Settlement v Load - Test 

Pile No. 2 (SWL = 450kN)
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Static Load Testing of Piles in Restricted Access
Eurocode 7- Example; Harrow on the Hill LondonEurocode 7- Example; Harrow on the Hill, London
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Static Load Testing of Piles in Restricted Areas-
E d E l H h Hill d
The results of the pile tests were back analysed using the ‘Chin Analysis’ method. 

Eurocode 7- Example; Harrow on the Hill, London

The analysis predicted ultimate skin friction values of 437kN and 844kN for pile 
tests 1 and 2 respectively. 

These values were used to calculate the unit skin friction (kN/m2) for each pileThese values were used to calculate the unit skin friction (kN/m2) for each pile. 

The correlation factor for 2 tests is then used in the equation: 

(Rc;m)mean{ 1.47
(Rc;m)min

1.35 }Rc;k = Min ;{ }

www.terraingeotech.com



Static Load Testing of Piles in Restricted Areas-
Eurocode 7 Example; Harrow on the Hill LondonEurocode 7- Example; Harrow on the Hill, London

Soil Strength Data
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EC7 cl. 7.6.2.3(8),  Equation 7.9

Actions:
Design Approach 1 Combination 2
A2 ”+” (M1 or M2) “+” R4

Permanent Gk = 270 kN
Variable Qk = 180 kN

Pile Properties

Rb;k( γb }Rc;d = Min + Rs;k
γs
){ ;

Rb;k + Rs; k
γt

( )
Pile Properties
Bored Pile, d = 280mm

C 40 kPa + 5 95 kPa/m R = 507 kN

( γb }c;d γs
){ γRd

; γt
γRd

( )

Cu(mean) = 40 kPa + 5.95 kPa/m
α = 0.6

Rs;k = Σi { As;i x qs;i;k }
T L 24 1

Rc;d = 507 kN

Table A3:
γG = 1.00Try L = 24.1

Rs;k = 1421 kN

γb = 2 00

γG  1.00
γQ = 1.30
Fc;d = 504 kN

F d < R d OKγb  2.00 
γs = 1.60
γt = 2.00
γRd = 1.40 (model factor)

Fc;d < Rc;d  OK

L = 24.1 m

Lumped factor = (504/450) x 1.4 x 2 = 3.136
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EC7 cl. 7.6.2.3(5)P  Equation 7.2
(Rc;m)mean{ ξ1

(Rc;m)min

ξ2
}Rc;k = Min ;

Design Approach 1 Combination 2
A2 ”+” (M1 or M2) “+” R4

Try L = 15 5m
{ ξ1 ξ2

}
437

π x 0.175 x 8.5
(Rc;m)mean = + 844

π x 0.28 x 10.5
93 5 + 91 4(R ) = = 92 5 kPa

Try L = 15.5m

Rc;d = Rc;k / γt

= (62.9 x π x 0.28 x 15.5)/1.7 93.5 + 91.4
2

(Rc;m)mean = = 92.5 kPa

91.4 kPa(Rc;m)min =

}92 5{ 91 4

Rc;d = 505 kN

γG = 1.00
1.47 1.35 }92.5{ 91.4Rc;k = Min ;

Rc;k = 62.9 kPa

γG  1.00
γQ = 1.30
Fc;d = 504 kN

Fc d <Rc d OK
γb = 1.70 (end bearing ignored)
γs = 1.40
γt = 1.70 

Fc;d Rc;d  OK

L = 15.5 m

SAVING= 9.4m = 39%
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Static Load Testing of Piles in Restricted Access
Eurocode 7 Example; Harrow on the Hill LondonEurocode 7- Example; Harrow on the Hill, London
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Static Load Testing of Piles in Restricted Areas-
Eurocode 7 Example; Harrow on the Hill LondonEurocode 7- Example; Harrow on the Hill, London
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Static Load Testing of Piles in Restricted Areas-
Eurocode 7 Example; Harrow on the Hill LondonEurocode 7- Example; Harrow on the Hill, London
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Static Load Testing of Piles in Restricted Access-
ConclusionsConclusions

•EC7 makes it mandatory for the results of static load tests to 
form the basis of all designg
•Results of dynamic load tests cannot be used without 
correlation with the results of static load tests
•Under the old factor of safety of 3.0 approach, the EC7Under the old factor of safety of 3.0 approach, the EC7 
equivalent method will result in increased pile lengths where 
live loads are more than 10% of the overall applied loads
•The results of static load tests can be used to engineer g
micropile lengths 
•There are key benefits for all parties if static load testing in 
restricted access is undertaken
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•Finally, the development of this test beam and the introduction 
of EC7 offers an opportunity for change (arguably for the 
better) for the micropiling industry



The Ende d

Thanks for ListeningThanks for Listening

Any Questions???y
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For further information:For further information:
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