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Abstract: The Eurocode 7 dated 2004, Eurocode 3: Design of steel structures Part 5 and EC NS-

EN 12063 dated 1999 contain technical requirements on engineering, contractual description and 

execution of sealing for steel sheet piles. In 1992 a geotechnical model was developed in the 

Netherlands in order to enable the designer to make a rational assessment of the rate of seepage 

for a specific case. In 1998 there was executed research in the Netherlands on oblique bending 

with steel sheet walls, also with treaded interlocks. Several suppliers of interlock filling materials 

offer technical information on seepage resistance with the inverse interlock resistance ɟ. 

Comparison of the Eurocodeôs supplements applying for the Nordic countries reveals that not all 

the necessary parameters for engineering tight steel sheet walls are available yet. This paper 

describes a guideline to enable the designer to engineer, contractually formulate, draw and 

execute sealed steel sheetpiles according to actual requirements, recommendations and guidelines.  

 

1.1 Engineering tightness of sheet walls 

 

Eurocode NS-EN 12062 supplement E gives 

an example on how to engineer tightness with 

the introduction of the new concept of 

ñinverse joint resistanceò which was 

developed as a variation on Darcyôs law:  

 
with: 

qz  = discharge per unit of the joint  

    length at level z, (m
3
/s/m) 

ȹpz = pressuredrop at level z, (kPa) 

ɟ = inverse joint resistance, (m/s) 

ɔw = unit weight of water, (kN/m
3
). 

 

 
 

Example 1: discharge steel sheet pile wall 

 

Building pit:  

Length of perimeter building pit L  = 180 m 

Steel sheet pile width                   b  = 600mm 

Excavation depth                        H = 5 m 

Top excavation ï tight layer        h = 2 m 

Inverse joint resistance          ɟ = 5 x 10
-10

 m/s 

 

Total discharge Q: 

Number of interlocks: 

n = L/b  

   = 180/0,6  

   = 300 elements. 

 

Discharge per joint: 

Q1 = ɟ Ā H Ā (0,5H + h)  

     = 5·10
-10

 x 5 x (0,5 x 5 + 2)  

     = 1,125 x 10
-8 

m
3
/s 

 

Total discharge into the excavation pit: 

Q = n·Q1 

    = 300 x 1,125 x 10
-8 

 

    = 3,375 x 10
-6

 m
3
/s  

    = 3,375 x 10
-6

 x 60 x 60 / (5x180/1000)  

    = 0,013 m
3
/hr/1000m

2
  

 

Check with permissible discharge as stated in 

Eurocode 7 art. 9.4.1 (8). NB: the model can 

result in a larger amount of discharge than 

the surrounding area is capable in providing. 

A check has to be performed with «open» 

interlocks. 

Figure 1: Geometry and units. 
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There are no rules to calculate the water 

seepage for diaphragm walls in Eurocode 

NS-EN 1538 «Execution of special 

geotechnical works. Diaphragm walls», and 

neither for secant-, cut off- or slurry walls. 

Formulas which apply to this field are 

according Darcyôs law, se reference /1/: 

 

 
with: 

Qsv = discharge pr unit of wall, (m
3
/s), 

Ke = equivalent permeability (m/s), 

ȹɟ = pressure drop on both side of  

   the wall, (kPa) 

pz = inverse joint resistance, (m/s), 

ɔw = water density, (kN/m
3
) 

d = thickness of the wall, (m) 

 

Example 2: discharge diaphragm wall 
 

Building pit:  

Length of perimeter pit   L = 180 m 

Steel sheet pile wide   b = 600mm 

Excavation depth H = 5 m 

Top excavation ï tight layer h = 2 m 

Inverse joint resistance          ɟ = 5 x 10
-10

 m/s 

Total discharge Q = 3,375 x 10
-6

 m
3
/s 

 

Calculate equivalent seepage permeability Ke   

 

Specific discharge per unit diaphragm wall: 

Qsv = KeĀ (ȹp/ɔw) / d  (1) 

 

Specific discharge per unit steel sheet wall: 

Qsp = (1/b) ĀɟĀ (ȹp/ɔw)  (2) 

Comparison of (1) and (2):    

 

                 Qsv = Qsp  

KeĀ(ȹp/ɔw) / d = (1/b) ĀɟĀ (ȹp/ɔw)  

 

Equivalent Ke-value with estimated 

diaphragm wall thickness d = 1000 mm: 

Ke = ɟĀ (1m) / b 

     = 5 x 10
-10

 / 0,600 

     = 8,33 x 10
-10

 (m/s)  

 

1.2 Control groundwater 

 

In both examples 1 and 2 groundwater flow 

around the pile wall toe has been neglected.  

This assumption is only correct if the bottom 

layer is much less pervious than the wall. If 

this is not the case, then the water flow both 

trough and around the wall needs to be 

considered. This is done with the aid of a 2D-

seepage calculation program like Slide or 

Plaxis. Due to the fact that these programs 

deal with Darcyôs flow type only, the 

behaviour of the steel sheet pile wall has to 

be treated as a porous media flow, using an 

equivalent diaphragm wall defined by its 

thickness d and its permeability Ke. 

 

With Ke the designer is then able to: 

1. ConFigure groundwater flow and 

flowrate along the pile foot, see Figure 3; 

2. Estimate sinking of the groundwater 

level, see Figure 3;  

3. Predict influence on groundwater level 

and perimeter or distance, se Figure 4; 

Eurocode 7 article 9.4.1 (8), see Figure 13 

states ñThe resulting equilibrium ground-

water flow problem shall be assessedò. The 

described method enables the designer to 

control this demand. Further investigation 

with Eurocode 7 Annex H ñLimiting values 

of structural deformation and foundation 

movementò is also possible now. 

 
Figure 3: Deformation and movement EC7. 

Figur 2: Geometri and units. 

d 
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1.3 Reduce strength and stiffness U-piles 

 

U-shaped piles with treaded interlocks 

contain less sectional modules and stiffness 

than ordinary piles. This phenomenon has 

been investigated by the European Coal and 

Steel Community to provide background for 

design guidelines to be included in Eurocode. 

Oblique bending has to be taken into account 

according Eurocodes: 

¶ NS-EN 12063 art. 7.2.2 and 8.5.2; 

¶ NS-EN 1997-1:2004:2008 art. 9.4.1(8); 

¶ NS-EN 1993-5:2007/NA2010 art. 5.2.2. 

 

Reduction factors which apply to this 

calculation method can lead up to 70% 

reduction in section modulus for U-shaped 

steel sheet pile with treaded interlocks 

according Tables in the English Eurocode, 

see Table 3. As a consequence, it may be 

necessary to choose another type of steel 

sheet pile. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 1: Copy of BS NA EN 1993-5: DL 

National Annex to Eurocode 3. 

 

Factors ɓB (for strength) and ɓD (stiffness) in 

the German and the Danish Eurocode include 

the same factors, see resp. Table 1 and 2. 

Figure 5: Prediction of influence on the groundwater level and perimeter or distance.  

 

50 DAYS 

365 DAYS 

Figure 4: Configuring groundwater flow and estimation of sinking of the groundwater level. 
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Table 2: Copy of BS NA EN 1993-5: DK NA 

to Eurocode 3: Design of steel structures.  

 

  
Table 3: Copy of BS NA EN 1993-5: UK NA 

to Eurocode 3: Design of steel structures. 

 

Other Nordic countries like Sweden, Finland 

and Norway do not offer parameters for ɓB 

and ɓD, see Figure 6 for the Norwegian 

Eurocode. This needs further research and 

updating. 

 
Figure 6: Copy from NS-EN 19935:2007/NA: 

2010. Eurocode 3; Part 5: Piles. 

  

1.4 Reduced overall bending resistance 

 

In the case of differential water pressure 

exceeding 5 m head for Z-piles and 20 m for 

U-piles the effects of water pressure on 

transverse local plate bending should be 

taken into account to determine the overall 

bending resistance, see Table 4: 

¶ NS-EN 1993-5:2007/NA2010 art. 5.2.4 

 
Table 4: BS NA EN 1993-5- Table A-3. 

  

Transverse bending is a relatively newly 

recognized mode of failure in sheet piling. 

Although it interacts with classical bending, 

it is a separate failure mode of its own. 

 
Figure 8: transverse loading on sheet pile. 

 

See Figure 8. In essence, the lateral pressure 

is flattening the sheet; the plate bending at 

the corners is the resistance of the sheeting to 

this flattening.  

 

1.5 Control of driveability  

 

Requirements on driveability are set in 

Eurocode:  

¶ NS-EN 1997-1:2004-NA:2008, art. 9.4.1  

¶ NS-EN 12063 art. 5.2.1, 5.2.2 and 8.5.  

These demands need further investigation in 

order to reduce the chance of damage and to 

avoid sheet piles coming out of their locks. 

The change on declutching is less with U-

piles than with Z-shaped steel sheet piles. 

 

  
Figure 9: Driveability prediction GRL-Weap 
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1.6 Proportional contribution leakage  

 

Leakage into building pits often occur as a 

result of following causes, shown in fig.10: 

1) Through the sheet pile wall; 

2) Trough and along the anchors; 

3) Up along the outside of bored piles;  

4) Through cracks and fractures in bedrock. 

  

 
Figure 10: 4 types of leakages. 

 

Modelling these last 3 types of leakage is 

possible by using Darcyôs law, as used for 

modelling seepage with steel sheet walls. The 

models are represented in Figure 11 to 13.  

 

 
Figure 11: Leakage along / trough anchors. 

 

 

 

 

 

 

 

 

 

 

 
Figure 12: Leakage along bored piles.  

 

Groundwater flow along rammed piles can be 

calculated using (Darcyôs law based) models 

developed for rammed piles through 

contaminated landfills, see ref. /8/ and /9/. 

Leakage trough bedrock can be modelled 

with (Darcyôs law based) models for cracks 

as plates or channels see ref. /11/. 

 
Figure 13: Leakage through cracks and 

fractures in the bedrock. 

 

Insight into contribution of steel sheet walls 

compared to other leakage types is shown in 

Table 5. This approach allows the designer to 

conFigure the building pit: rammed piles 

instead of bored piles, struts instead of 

anchors or extra measures as jet piling. 

 

 

 

 

 

 

 

 

 

 

 
Table 5: Proportional distribution of leakage types. 
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1.7 Tightening in relation to demands 

 

Eurocode 7 refers to ñrequired degree of 

water tightness of the finished wallò, see 

Figure 14. There are no defined limits for this 

degree in Norway.  

 

 

 
Figure 14: Demand on tightness EC 7 art. 

9.4.1 (8). 

 

In Germany execution took place of more 

than a hundred building pits between 1993 

and 2000. Authorities responsible for 

groundwater came to a limit for permissible 

daily leaking water rates into building pits, 

see Table 6 ref./6/ and /7/.  

 

 
Table 6: Tightnessklasses after Kluckert /6/ 

 

These tightness classes were in addition 

defined as a contractually results obligation: 

bound to a reference area: 1000m2. This was 

done to avoid contractual matters with 

entrepreneurs. The same way as done with 

tightness classes for tunnels 

(litre/min/100m). Besides this, the number 

for permissible daily leaking water rates into 

building pits is not related to hydraulic head. 

Tightness classes for building pits in 

Norway are not yet developed, however 

tightness classes for tunnels are, see Table 7 

from Publication 103 of the Norwegian 

Public Roads Administration.  

 

 

 
Table 7: Permissible leakage water rates in 

Norwegian tunnelling for diameter 8,5m. 

 

Tightness classes for German tunnels are also 

defined, see Table 8, ref. /6/.   

 
Table 8: Permissible leakage water rates in  

German tunnelling, use and length related. 

 

Both tunnels and building pits can create 

groundwater drainage with similar effects on 

the surrounding area and environment: 

settlement of buildings due to groundwater 

level change etc. This makes a comparison 

possible between the 3 known tightness 

classes: German and Norwegian tunnels and 

German building pits, in order to estimate a 

tightness class for Norwegian building pits.  

Next to this the following factors were taken 

into account:  

¶ Measured leakages in Norwegian pits; 

¶ Leakages in building pits abroad; 

¶ Sensitivity analyses on leakage limits; 

¶ Comparison with drainage engineering; 

¶ Compliance on groundwater restrictions; 

¶ Engineering judgement. 

 

A Table with permissible leakage rates and 

tightness classes for building pits in Norway 

is defined in Table 10 and was presented on 


