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Sheet pile wall checking

10aa

KaH=0.243
FpH=3.22%

| Stage 0 Stage 1| Stage 2 |

Consider the example shown in the figure above.

It concerns a wall made up by a Larssen sheet pile wall; these are its features:

e Tipe: L603K
* Steel: S270GP
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+[] Edit Wall Data
1. Wwall Hame
il 1

2 'wiall Section Properties
Section walll "1 Edit zection dat

Equiralent wall Thickness: [0.132 il

3. Dimenzionz

TopEL 0O 1 .
Depthl 12 'm \ .
Bottom 1]

Ilze cuztom pazsive Eleyv. b

0 m
4 30 W all Coardinates

wdall 0 i Qut-of-plane p 0

8. Wwéall Friction - Baze Adhesion Optionz

Iigrore ‘wal Friction ‘Wall Friction options apply anly far

I1ze wall friction az a

percentage of fiction andgle 0

by

# Llze zet wall friction at 10 o

0% of Su for clavs undrained analysiz

=ails that hawe frictional properties

Yertical undrained adhesion percentage [clazsical analyziz]

whall Section Drawing [Flan)

a’

WALL: LE0SE

/ Su= 1241 3 emd

B. Beam continuity - Release codes [BEF &nalyziz Orly)
| Top tranzlation
| Bottom tranzlation

V| Top ratation
| Bottam ratation

7w all Modes [Analyziz Settings]
MHumnber of Modes nlr [0-

Conventional analpses use nh to divide wall inta smaller elements.
BEF uzes hdesh DELTA as defined in the "Analysis Tab"in then main
farm and recalculates nlr.

The Paratie Plus engine doesn’t make SLS checks

Checks are made according to UNI EN 1993 5:2002.

If DM2008 is selected under Design, the Italian code g

The model has been calculated using A1 + M1 + R1(DM2008) approach.
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Summary of Soil Codes for Design Sections = X
Design Sectionz

Dresign Approach | Uzer Defined Combinationsl
Design Section Stage Design &pproach | Design Approach Case Load Combination
£l Stages DMOE_ITA Comb. 1: A1+ 1+R1 Factor |
b Seismic multiplier

“Wariable loads 15
Fermanent loads 13
Temparary anchors 11
Permanent anchaors 1.2
tan(friction angle) 1
Eff. cohesion ¢ 1
Shear ztrength Su 1
Earth unfaworable 13
Earth favorable 1
whater unfavorable 1.3
‘whater favorable 1
H'Draulic: unfarvarable 1.35
Hv Draulic favorable 09
LJPLift unfavorable 1
IPLift Favarable 1

Select from Available Codes Use! 73 o=l ST 1

Dezign Eode| E¥ | Aoy selocted
Laoad Case| R | code settings

0] Caticel
These are the result (concerning the third stage) of the analysis:
tarment [kMN-m./m] Shear (kN./m] Aial [kM4m)
550 50 S0 S0 000 100 200 200 GO0 1000

(=T}
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* (lassification of the section

Referring to table 5.1 of UNI EN 1993 5:2002.

Table 5.1: Classification of cross-sections

Classification

E-Euﬁlv: U-pmﬁh:

b

-r\_._
1, %

- the same boundaries apply as for class 2
- & rotation check has 0 be carried out See note)

Class 1
bit b
et —T < [4s) b P 1)
£ E
Bt bt
Class 3 2 - (66 2 [49]
£ £
f, Nmm’] | 240 270 320 | a3ss 39() 430
£ = (23504, e 0,99 093 | o8 | o8 | 078 | 074

Key:

[ B B 5l

vield strength,

b width of the flat portion of the flange, measured berween the corner radii, provided that the ratio
r/t; is mot greater than [3,0]; otherwise a more precise approach should be used;

thickness of the flange for flanges with constant thickness:

midline radius of the corners between the webs and the flanges;

Mote: For class | cross-sections it should be verified that the plastic rotation provided by the
eross-section is not less than the plastic rotation required in the actual design case. Guidance for
this verification (rotation check) is given in E.4.4,2,

The user can refer to the output file .EXT in folder Documents/DeepXcavTemporaryFiles/steel.

Section no. 82 at x= 7001.000

[mm]

selected class for current cross section = 2
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®  Shear check

The shear check is made according to paragraph 5.2.2 (5.4) of UNI EN 1993 5:2002.

The relults are shown both as resistant shear and as STR for each stage.

WALL SHEAR + CAP.S key WALL SHEAR + RAT.S key

Shear [kM /m) Ratio Check
00 00 <400 -200 0 200 400 600 SO0 0 0.5 1
T T T T I I T T T T I T T T T I
0k Him

Td5.2 kNm . Td5.2 kH/m

833 kHNMm
0.5 kHm

-1.7kN
-25.3 kH/m 0.113 0.113

The user can refer to the output file .EXT in folder Documents/DeepXcavTemporaryFiles/steel for any

element and any stage.

5.2.2(5.4) Shear resistance check
Z direction : Shear Area Av=5014. mm?2
Vsd =-84.39 kN, VplRd = 744.4 kN, ratio =0.1134
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* Bending moment check

It’s made according to paragraph 5.2.2 (5.2) of UNI EN 1993 5:2002.
The checker makes a classification of the section, as shown in the output file.

The relults are shown both as resistant shear and as STR for each stage.

WALL MOMENT + CAP.M key WALL MOMENT + RAT.M key
b oment [kM-mdm) Riatio Check.
00 500 <400 200 0 200 400 €00 SO0 0 03 1
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I T T T T I T T T T I
£3% T kNgnim B35 7 b Homim, &
ETATLITY i
249 9 kN-m/m 0.3 0.3

Among the results reported in the extended summary at the end of the analysis, the maximum STR for each

stage are included. The STR Moment wall ratio values are coincident with RAT.M values shown in the chief

window of the model.

Extended vz Stage

il glrﬁnbine Ed-roﬁ'lent glgar Cancrete Servic_:e Fiein_fnr-:ement gdj:port Max Sul
|3,.’a[] Wall Shear [kM] wall sl Al Eltlr:ess W all B atio E‘ertwc;_alSStress Reaction | Feactio

e Ratin | Ratic  [Ratio am (kM /m)
P Stage 0 0 1] M, M, Mo supp... Mo supg
Stage 1 47 85,47 0.331 0.331 115 REE REE Mo supp... | No supg
Stage 2 7 B47 ! 033 P15 N N4 No supp... | Na supg

The user can refer to the output file .EXT in folder Documents/DeepXcavTemporaryFiles/steel for any

element and any stage.

The following is an extract of the output file concerning the most bending-stressed element in the last

stage.
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betab 1.000
Wply 0.2484E+07
fy 270.0
gammaMO 1.050

5.2.2(2): McRd=0.6387E+09

Moment resistance: no need to consider shear reduction

e Buckling check

It's made according to paragraph 5.2.2 (5.2) of UNI EN 1993 5:2002.
This prescription is kept:

(1)P For combined bending and compression, member buckling need not be taken into account if:

N,
4 < [0,05] 4 (5.T)
Ncr

The pile is divided into elements by te checker; the presence of supports, the elevetion of excavation
and the bottom elevation of the wall are gathered.

Under the elevation of excavation, in order to simulate the hydraulic heave, the wall is divided into
smaller elements.

In the current model, then, the checker gathers:

From elevation To elevation Beta
element 1 Surface excavation depth 2
element 2 excavation depth Wall bottom little
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1000

Element 1

In Paratie Plus it’s possible to simulate the situation when the excavation depth support forms a bit

lower than the excavation depth .

A wfall T_lrlpe C. Sheet Piles F. D[awl

1. Section D ezignation [from databaze]

Section LEO3K. w7

2. Sheet pile properties

h/3.013 | cm A14493  cmZim ) ) [|
b BO.04E |cm 0839 om A & ’
[+ 192138 cmd/m £1.00 cm ik
Sux|1241.9 o/ 45 degrees = b - b =

Idnzupported Length L=

factor below excavation 2 s wiall ‘wdidth

Recalculate Properties

MAMUFACTIURER: Hoesch, GemaryGermany, SHAPE: U
HOTACOLD ROLLED: HR, IMTERLOCE: DH

The default value is 5 time the total wall width. In this case the total width is like the boring
diameter.
The buckling check results can be shown both using the COMB. Key and in the extended summary

at the end of the analysis, for each excavation stage.
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R atio Check.
i} 0.3 1 1.3

Extended vs Stage
glrﬂnbine STDTnent ggs‘ar Concrets Service | Reinforcement gd:H art I ax Support
Wwhall Shear (kM) wial Sl wal Stress Wall Ratio SBI‘_w’iCB Stress Fieglz:tion Heactioil:l[kN]
Ratc [Raio  Rato (' akiFle (kN /m)
P Stage D i} i} 0 KR KR Mo supp... Mo supports
Stage 1 ah 47 0391 1391 0115 M A, M A, Mo supp... Mo supports
Stage 2 a5 47 391 0115 A, A, Mo supp... Mo supparts

The results say that during the third stage the buckling check is not satisfied; the critical part of the wall

is the one above the excavation.

It is possible to refer to the . EXT output file (folder Documents/DeepXcavTemporaryFiles/steel); it

shows the buckling check for each element and step.

As for the second part of the wall, considering the unsupported lenght like 5*W (W= boring hole=

250mm)=1,25m, the buckling lenght is:

=1y * Beta=6,25m *2=13,10.

CSTVEREC3P: STABILITY CHECKS FOR PARTIAL SPAN NO. 2
zstart = 5000.000 [mm] zend= 12000.00 [mm)]
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buckl. length about x-x = 1001.000 [mm)]

As for the third part of the wall, Beta value is:

Beta=I1/lpb=1m/ 7m=0,143

Finally here is an extract of the output file concrening he first element check, the critical one:

CSTVEREC3P: EQUIVALENT MOMENTS CALCULATION

Start calculation - Moment:Y Bracing:Z

TABLE B.3 :XMIN= 1.0000 XMAX= 5000.0
BXMIN=  0.0000 BXMAX= 0.12810E+09
X(1)= 0.0000 X(N)= 12000.

M(1)= 0.0000 M(N)= 0.0000

Table B.3 : ERR Q M - BILINEAR 0.11316E+18
" " ERRQM - PARABOLA CENTR. 0.12635E+18
Table B.3 : PSI 0.0000
" " ALPHA 0.12481
" " Cmunif. 0.40000
Cm conc. 0.40000
" " Cmavrg. 0.40000
Cm . 0.40000
Table B.3 : sway buck. mode = YES
" " Cmsetto 0.90000
Annex B: TABLE B.3

Moment about axis: Y
Bracing in direction: Z
Equiv. uniform moment factor Cm  =0.90000

Max. bending moment (abs value) [kNm]= 128.10
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End calculation - Moment:Y Bracing:Z

*xAAk** EUROCODE 3 PART 5 - 2007 ******

E =0.2060E+06
I =0.1921E+09
betad = 1.000
I =0.1310E+05
Ncr =0.2276E+07

lambdasup = 1.3114
lambdal = 86.78
slenderness = 113.8

fi = 1782 (6.3.1.2)

chi = 0.3346

NplRd  =0.3728E+07

MEd =0.1281E+09

McRd =0.6387E+09

MN,Rd  =0.6216E+09 (5.21)

SECTION 5.2.3 - BUCKLING RATIO (4) 5.13

Contribution from NEd :1000. /1247. = 0.802+
Contribution from MEd :147.3 /621.6 = 0.237+
Sum of above contributions = 1.039

CHI factor is calculated according to UNI EN 1993: 1-1:2005; in UNI EN 1993 5:2002 it’s is clearly

prescribed to use d buckling curve.

Besides, the prescription described in paragraph 5.2.3 (10) and 5.2.3 (11), concerning a resistant moment

reduction when Ny / Ny 4 ratio is too high, are rightly applied.
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BUCKLING CHECK - UNI EN 1993 5:2002

Nsd 1000000

Msd 128100000

Mrd 638700000

fy 270

alfa 0,76

beta_A 1

INPUT E 206000
J 192140000

A 14499

Beta_D 1

L 13100

gamma_MO0 1,05

gamma_M1 1,05

OUTPUT i 115
Ncr 2276232

Nsd/Ncr 0,43932251

lambda 113,797161

lambda_1 86,7738351

lambda_segnato

1,311422514

Fi

1,782255061

Chi 0,334542862
Npl,rd 3728314
Nsd/Npl,rd 0,268217731
Mn,rd 621627815,4
Contribution Ned 0,802
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0,237

Verifica_ratio (<1)

1,039
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