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Engineering and execution ofight sheet walls
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Abstract: The Eurocode 7 dated 20urocode3: Design of steel structurdzart 5and EC NS

EN 12063 dated 1999 contain technical requirementsrmineering, 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. 10998 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 interlodk eesisc e } .
Comparison of the Eurocodeéb6és supplements appl
the necessary parameters for engineering tight steel sheet walls are availaGleiggtaper

describes a guideline to enable the designer to engigeatractually formulate, draw and

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

1.1 Engineering tightness of sheet walls Example 1: discharge steel sheet pile wall
Eurocode NSEN 12062 supplement Evgis Building pit:
an example®n how to engineer tightse with Length of perimeter building pit = 180 m
the introduction of the new concept of Steel sheetife width b = 600mm
Al nvj@ntresessta c e 0 whi ¢ h wa &xcavation depth H=5m
developedasavai at i on on Dar dgep@savatianwightlayer h=2m

0 =p Ap, Inverse joint resistance  } =5 x 10°m/s

Z T“.
with: Total discharge Q:
(o = discharge per unit of the joint Einc;)ber of interlocks:
length at level z, (fits/m) — 180/0.6

P = pressuredrop at level z, (kPa) _ SOOeIéments
| = inverse joint resistance, (m/s) '
o = unit weight of water, (kN/r}).

Discharge per joint:

@@=y A H A (0,5H + h)
(S S S =510"%x 5x (0,5 x5 + 2)

=1,125 x 1¢m’/s

Total discharge into the excavation pit:
Q=n-Q

=300x 1,125 x 18

=3,375x 10 m’/s

= 3,375 x 16 x 60 x 60 / (5x80/1000)

H=5,0m

= P T = 0,013 ni/hr/1000n7
2 $ M Check withpermissible dischargas stated in
SUSLSTUSLS TSRS TSRS IS Eurocode 7 art. 9.4.1 (8)B: the model can
" result ina larger amount of discharge tha
the surrounding area is capable in providing.
Figure 1. Geometry and units. A check has to be performed with «open

interlocks.
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Geotechnical structures

There are no rules to calculate the water
seepage for diaphragwalls in Eurocode
NS-EN 1538«Execution of special
geotechnical works. Diaphragm walls», and
neither for secantcut off or slurry walls.
Formulas which apply to this field are
according Darcyos

K,(Ap/Y,)

Qsz: - d

with:

Qsv = discharge pr unit of wall, (¥fs),
e = equivalent permeability (m/s),

(o]} = pressure drop on both side of
the wall, (kPa)

= inverse joint resistance, (M/s),

Comparisonof (1) and(2):

sv = Qsp

KA(gpds( 1/ b) WA} A

EquivalentK-value with estimated

| a w ,diaghragmrwallfthecknesthi=c1800 mrh:/ :

Ke=] A (1m) / b
=5x 10*°/ 0,600
= 8,33 x 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

(pp/ o

Pz
oW = water density, (kN/)
d = thickness of the wall, (m)

this is not the case, then the water flow both

trough and around the wWaleeds to be

considered. This idone with the aid of a 2D

seefage calculation program like Slide or

Plaxis. Due to the fact that these programs

deal with Darcyods fl ow t
~ behaviour of the steel sheet pile wall has to

be treated as a porous neetlow, using an

equivalent diaphragm wall defined by its

thicknesd and its permeabilite.

SURSLSIIS

.|”

H=5,0m

A e With K, the designer is then able to:
’ N 1. CorFiguregroundwater flow and
r LA flowrate along the pile foot, séégure3;
SISTRITSI PRI SIS 2. Estimate sinking of the groundwater

o b d ¢

Figur 2: Geometri and units.

level, sed~igure3;
3. Predictinfluence ongroundwater level
and perimeter or distance, Bigure4;

Example 2:dischargediaphragm wall

Eurocode 7 article 9.4.1 (8), segurel3

Building pit: s t a The mesulfing equilibrium ground

Length of perimetepit L=180m water flow problem shall be assessed T h e
Steel sheet fg wide b =600mm described method enables the desigoer
Excavation depth H=5m control this demand. Further investigation

Top excavation tight layerh =2 m
Inverse joint restence  } =5x 10"m/s
Total discharg® = 3,375 x 1 m¥/s

with Eur oc o dimitingvallesn e x H
of structural deformation and foundation

movemert i s al so possi bl e
Calculate equivalent seepage permeabiity
Specific discharge per unit diaphragm wall: B 7
Qv=KA (wpp/ o (3) I
Specific discharge per unit steel sheet walll: . _ T
s A Figure 3: Deformation and movemeBC7.
Qp=(1/b) AL A (mp/ @ J
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Engineering and execution of tight sheet walls
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Figure 4: Configuring groundwater flovand estimation of sinking of the groundwater level

A

B
»

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

1.3 Reducestrength and stiffness Upiles T NA Ltk il ks DINEN 195N, Dz 2010,
U-shaped piles with treaded interlocks . i i
contain less sectional modules and stiffness L f’v
than ordinary piles. This phenomenbas 08 04
been investigated by the European Coal and —

Steel Community to provide background for breig bio weich® al ik
design guidelines to be included in Eurocode. el fes® 08 07
Oblique bendingpas to be taken into account ey 08 07
accordingEurocodes: M el 00 08
' NSEN 12063 art7.2.2and 8.5.2; e 09 08
1 NS-EN 199%1:2004:20@ art. 9.4.1(8); i sty - -

T NS-EN 19935:2007/NA2010 art. 5.2.2. TableL: Copy 0fBS NA EN 1995: DL

Reduction factors which apply to this National Annex to Eurocode 3.

calculation method can lead up to 70%
reductionin section modulugor U-shaped
steel sheet pile with treaded interlocks
accordingTables in the English Eurocode,

Factorsbg (for strength) ad by (stiffness)in
theGerman and thBanishEurocode include
the samdactors, see respablel and 2.
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B Jordnne Reduktionsfaktor
fasthed/Konsistens B 2,
0.6 0.4
o w | w
i A

Table2: Copy ofBS NA EN 1995: DK NA
to Eurocode 3: Design of steel structures.

Table NA.2 Reduction factors for U shaped sheet piles.

Type of Number of Reduction factors fig and fip referred to in 5.2.2 (2);
U-pile unit | structural (see Notes 2, 3, 4, and 5)
support levels |"giohly unfavourable Unfavourable
(see Note 1) conditions conditions
(see Note 6) (see Note 7)
Pe Fo Ps Fo
Singles or 0 @ @ 0,50 0,35
uncrimped 1 0,55 0,35 0,60 0,40
doubles =3 0,65 0,45 0,70 0,50
Crimped 0 0,70 0,60 0,75 0,65
orwelded [ 0,80 0,70 0,85 0,75
doubles >1 0,90 0,80 0,95 0,85

Table3: Copy ofBS NA EN 1995: UK NA
to Eurocode 3: Dagn of skel structures.

Other Nordic countries like Sweden, Finland
and Norway do not offer parameters fbgr
andbp, seeFigure6 for the Norwegian
Eurocode. This needarther research and
updating.

NS-EN 1993-5:2007/NA:2010
Nasjonalt tillegg NA

NA.5.2.2 Spunt i bayning og skjaer
NA.5.2.2(2) Dette nasjonale tillegget angir ingen verdi for /& basert pa lokal erfaring.

NA.6.4 Konstruksjonsmessige hensyn for stalspunt

NA.6.4(3) Dette nasjonale tillegget angir ingen verdi for /.

Figure 6: Copy from NSEN 199%:2007/NA:
2010. Eurocode Fart 5: Piles.

1.4 Reduced overall bending resistance

In the case of dfierential water pressure
exceeding 5 m head forgiles 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, séable4:

1 NS-EN 19935:2007/NA2010 ar 5.2.4
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Table A-3: Reduction factors pp for plate thickness due to differential water

pressure
W (D) €= 30,0 (Dtin) €= 60,0 (Dlitia) €= 80,0 (Btin) €= 100,0
1.0 0.99 0,98 0.96 0.94
25 0,98 0.94 0,88 0,78
5.0 0.95 0,86 0.67 0,00
7.5 0,92 075 0,00 0,00
10.0 0.88 0,58 0.00 0,00
Key
b is the width of the flange, but b should not be taken as less than ¢ 132, where ¢ is the slant
height of the web:
foaw @5 the minimum thickness of flange or web:
the head of differential water pressure in m
[235 .
£ = ‘y — with f, in N/mm?
: These values apply to Z || @ for rz and U ]| An inciease of gy is possible (for instance
uwlk\ welded), but a it I\\ wry

Tab|e4 BS NA EN 199?5 TableA-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.

SUPPCRT LOGTED AT
POTS 94 M0 128

Figure 8: transverse loadingn sheet pile.

SeeFigure8. In essence, the lateral pressure
is flattening the sheet; the plate bending at

the corners is the resistance of the sheeting to
this flattening.

1.5Control of driveability

Requirements odriveability are set in
Eurocode

1 NS-EN 19971:2004NA:2008, art9.4.1

1 NS-EN 12063art.5.2.1, 5.2.2 and 8.5.
These demands neédther investigation in
order toreduce the chance of damagel to
avoid sheet piles coming out of their locks.
The change odeclutching idess with U
piles tharwith Z-shaped steel sheet piles

B o
=

=~ I: . = ; e 0 |
v 0 il e

Ifigure 9: Driveability prediction GREWeap
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1.6 Proportional contribution leakage

Leakagp into building pits often occur as a
result offollowing causes, shown iing.10:

1) Through the sheet pile wall;

2) Trough andalong the anchors;

3) Up along the outside of bored piles;
4) Through cracks and fracturgsbedrock.

AHI = AHZ = AH3

Li=L2=L3

e —
v
R >\\/\

./.\\<:"$//

e g i
e o
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//,_\(\\\\ - ;)/\/A

Figure 12: Leakage along bored piles.

Groundwater flonalong rammed pilesan be
calculatedusing( D a r c ybassdmodelw
developed forammed piles through

con@aminated landfills, see ref.//8nd /9.

Leakage trough bedrock can be modelled

with (Darcybés | aw based)
as plates or channels see ref//11

o
STALKJERNEPELER. /‘//\\\\ =

i
o \\\\/ BERG
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Modelling these last 3 types of leakage is
posi bl e by wusiaswged@rar cy
modellingseepagwith steel sheewalls. The
models are representedrigurellto 13.

AHI

et

LEIRE

AHZ,
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¥
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Figure 13 Leakage through cracks and
fractures in the bedrock.

e

Insightinto contribution ofsteel sheet walls
compared to othdeakageypesis shown in
Table5. This approach allows the designer to
corFigurethe building pitrammed pile
instead of boregiles, strutsinstead of

anchors oextra measures as jet piling.

BERG

Figure 11 Leakage a‘ibng troughanchors.

PERCENTAGES OF DISTIBUTION OF 4 types of leakage | Rammed piles instead of | Struts instead of
LEACKAGE bored piles ground anchors
(%) (%) (%)
Trough steel sheet walls 5-20 25-80 93-98
Trough and along ground anchors 5-25 15-75 0
Trough and along bored piles 65—-95 0 0
Through cracks / fractures in bedrock 0,1-5 2-10 2-7

Numbers calculated with K cracks in bedrock =2'1076(m/5), K along bored piles = 11072(m/5) OE K zlong anchors = 11072(m/5}
Q total discharge = 3 - 20 (m>/time/1000m?), groundwater flow along bored piles presumed coming under pile foot.

Table5: Proportional distritution of leakage types

IGS 811
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1.7 Tightening in relation to demands

Eurocoder refers to Arequired deg
water tightness of the f s h

Figurel4. There are no defined limits for this

degree in Norway.

9.4 Design and construction considerations

9.4.1 General

(8)P The design of retaining structures shall take account of the following items, where
appropriate:

the required degree of water tightness of the finished wall;

the practicability of constructing the wall to reach a stratum of low permeability, so forming a
water cut-off. The resulting equilibrium ground-water flow problem shall be assessed;

Figure 14: Demand ortightness EC 7 art.
9.4.1 (8)

In Germany execution took place of more
than a hundred building pits betweE®03
and2000. Authorities responsible for
groundwater came to a limit for permissible
daily leaking water ratesto building pits,
seeTable6 ref./& and /7.

Table6: Tightnessklasses after Kluckert /6/

These tightness classes weraddition
defined as @ontractually results obligation
bound to a reference aredd00m2. This was
done to avoid contractual matters with
entrepreneurslhesame 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 toydraulic head
Tightness classes for building pits in
Norway are not yet develogehowever
tightness classes for tunnels are, Bakle7
from Publication 103 of the Norwegian
Public Roads Administration.
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Table7: Permissibldeakage water rates in
Norwegian tunnellindgor diameter 8,5m.

Tightness classes for German tunnelsadse
defined seeTable8, ref. /6.

Table8: 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 surrounthg area and environment:
settlement of building due to groundwater
level change etc.His makes a comparison
possible between the 3 known tightness
classes: GermandNorwegian tunnels and
German building pitdn orderto estimate a
tightness class fddorwegian 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 grouwdwater restrictions;
Engineering judgement.

=A =4 =4 -4 4

A Tablewith permissible leakage rates and
tightness classes for building pits in Norway
is defined inTable10 and was presented on
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