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User Manual D-Geo Stability 16.1.2.901

This memo is a user manual for the new shear strength model, called “Su-calculated with Yield
Stress”, implemented in D-Geo Stability version 16.1.2.901.

Note that this new model is not yet available in combination with the Reliability Analysis Module
(probabilistic analyses). This will be implemented in a future version.

Theory

New Su-calculated model (with yield stress)
The new undrained shear strength model is implemented as follows:

s, =0 xS xOCR", with OCR=0",,/0";=(c";+ POP)/0d',

with:

Su Undrained shear strength [kN/m?]

O'vi Effective vertical stress [kN/m?]

S Undrained shear strength ratio (normally consolidated) = (Sy/0’vc)nc [-]
OCR Overconsolidation ratio [-]

m Strength increase exponent [-]

O'vy Vertical yield stress [KN/m?]

POP Pre overburden pressure [kN/m?]

Procedure for the determination of the POP from a list of 0’,,-measurements
When one or more yield stress values are measured at certain levels, these data must be
assigned to the soils. The following procedure is used:

. First, the geometry is divided in columns, and these columns are divided in areas (see
paragraph 3.2.1 called “Definition of a stress grid” of the functional design of the WTI
kernel for a detailed description how to get those area’s).

. Next, all the POP-values are calculated (POP = o', - 0'y;)) by the kernel at the specified
yield stress positions.

. If one or more calculated POP are present in the same soil material, all the areas with this
soil material get the average value of these POP.

. Next, along a column, the following is done for the areas without a POP:

—  The areas situated above the highest area with a POP get that POP.
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- The areas situated below the lowest area with a POP get that POP.
- The areas with a POP above and below get an interpolated value over the Z-
coordinate at the middle of these areas.
. Finally, per row, the following is done for the areas without a POP:
- If no POP is available in an area, the POP given to that area is the POP with the X-
coordinate closest to the X-coordinate of the middle of the area.
. In case there are still areas without POP (meaning a column without POP), all the areas
in the column get the value of the closest calculated POP.

When determining the POP of a layer, it is not taken into account that the layer changes in
thickness or that the surface line above changes.

User Interface Input

Model window
In the Model window, the new shear strength method Su-calculated with yield stress can be
choose as default shear strength model.

The Su-calculated with POP model per soil type is still available.

For sand layers, the C-phi model can be used; this has to be defined in the Materials window,
see § 2.3.

Model [==e

Model Default shear strength

e Cphi [ Altenative strength
" Spencer " Stress tahles
" Eellenius " 3 calculated with POF
 Uplift WYan " Su calculated with vield stress
" Uplift Spencer " Su measured
" Bishop probabilistic random field " Su gradient
" Harizontal halance " Pseudowvalues ‘
Reinfarcements Reliahility analysis
v Gecotextiles [~ Enahkle ‘
[~ Mails

Zaone plot
Porepressure [ Enahle
I Enahle additional porepressure

Ok | Cancel
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2.2 Measured Yield Stresses window
The list of yield stress points with X- and Z-coordinates needed with the Su-calculated with
yield stress model, can be entered by selecting Measured Yield Stresses under the Soil menu.

Note that the copy and paste buttons are available to fill the list (copy and paste from an Excel
sheet or Matlab or Python output).

4 Measured Yield Stresses @
e # co-ordinate | Y co-ordinate | Yield stress
3 [rn] [rr] [kN /1]
1=

k1 ¢.00a -2.820 115.000
T e 2.000 -5.520 131.000
3 2.00a -7.420 130.000
4 2.000 -13.270 164.000
5 29.000 -3.565 47.000
] 29.000 -9.540 43.000
i 29.000 -11.635 42.000
h g8 g0.000 -7.630 24.000
5 g0.000 -3.605 28.000
10 |80.000 -11 580 38.000
*
: Ok Cancel

2.3 Materials window

The shear strength model (and the needed parameters) can be defined by selecting Materials
under the Soil menu. For Su-calculated with yield stress model, two parameters need to be
defined:

S Undrained shear strength ratio (normally consolidated) = (Sy/0’v¢)nc [-]

m Strength increase exponent [-]
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Materials @

FParameters l Databasze
haterial narme

zand Toatal unit weight

kreftenheye Above phreatic level [kM/m?] |15.80
basisween

15,8 Below phreatic level [kMfm#] [15.80
gorkurn zwaar 16,3
gorkum zwaar 14,8

gorkurn zandig Shear strength model | Su calculated with yield stress hd
hollanckeen diep onder
hollandveen diep naast

gorkum licht onder Undrained shear strength ratio 5 [] |0-23

gorkum licht naast

hollandween 11,2 Strength increase exponent m [] |0.91
hollandween 11.0

hollandyvesn 10,8

hollandwveen 11,5

gorkum licht 13,2

tiel onder

tiel naast

dijksmateriaal oud

dijksmateriaal niguw

Add Insert | &
Delete | Rename| ™

0K | Cancel

2.4 View Input window
The positions of the yield stress measurements inputted in the Measured Yield Stresses
window (see § 2.2) are displayed in the View Input window (Input tab) with the marker >, see
figure below.



Deltares

23 December 2015 1220111-006-BGS-0002 5/11

ﬁ View Input EI@
Geametry ‘|Input N,

Edit # |2 20 10 0 T 20 40 50 50 70 50 30 100 110 [12]m] =

W
e
LIl

cn

—
=]
=3
w
5
o

r
Wi
L

=
&
l

o

‘g

-20.000 120.000

< =] 3

2.5 Reference Level for Ratio S

In this window, it is possible to define a reference surface level. This option applies only to the
calculated undrained strength models. It is appropriate to use the reference level, if an
embankment has been added to initially over-consolidated soil.

r ™
Reference Level for Ratio 5 * u

Initial surface level [Su calculated models only)

Top of laver

I (E] % Caricel | Help |
S = . T T . - dJ
Top of layer: Select the top of the layer that will be used as the reference level.

D-GEO STABILITY uses the reference level to calculate the yield stress:
c)',vy = max(o-,vi,ref + POP; 0-’vi)

Oviret  The reference value of the vertical effective stress is determined from a reference level
of the historic ground surface.



Date Our reference Page

23 December 2015 1220111-006-BGS-0002 6/11

Oyi The vertical effective stress is determined from the top of a new embankment.

3 User Interface Output

3.1 Reportwindow
In the Report, the yield stress, POP and OCR per slice are reported.
Note that results per slices are available in the Report only if option Long report was selected
in the Calculation >> Start window.

— Report
Slice|SPreload| S-eff. | ¥ield | BOF | OCR | 5 | m | Su

| [EN/m2]11 [kN/m21| [kN/m2]| -1 | -1 1 -1 1 [-1 | [kN/m2]1{
————— |- | | | e e e e |
11 0.00 | 1z.80 | Q.00 | 0.00 | 1.00 | 0.00 | 0.00 | Q.00 |
2| 0.00 | 38.35% | a.a0 | G.00 | 1.00 | 0.00 | G.00 | a.a0 |
3| .00 | 50.28 | .00 | .00 | 1.00 | .00 | .00 | .00 |
4 | 0.00 | 57.88 | a.a0 | a.0o0 | 1.00 | a.00 | a.0o0 | a.a0 |
5 | .00 | E87.23 | .00 | .00 | 1.00 | .00 | .00 | .00 |
g | 0.00 | 7e6.34 | a.a0 | a.0o0 | 1.00 | a.00 | a.0o0 | a.a0 |
71 .00 | 8Z2.45 | .00 | .00 | 1.00 | .00 | .00 | .00 |
8 | 85.35 | 85.35 | 110.38 | 25.01 | 1.25 | .21 1 0.8% | 2z.53 |
3 | &87.81 | 87.81 | 11z.8Z | 25.01 | 1.28 | 0.Z1 | 0.85% | 23.058 |
10 | 91.2% | 51.2% | 1le.2% | 25.01 | 1.27 | 0.21 1 0.3 | 23.78 |
11 | 5413 | 54.13 | 117.83 | 23.70 | 1.25 | 0.33 1| 0.88 | 37.88 |
12 | 3e.08 | .06 | 113.7& | 23.70 | 1.25 | 0.2z 1 O.ge | 2B.32 |
13 | 58.77 | 58.77 | 12z.4e | 23.70 | 1.24 | 0.33 1| 0.88 | 35.21 |
14 | 10l1.2e | 10l.2¢ | 124.5& | 23.70 | 1.23 | 0.2z 1 O.8e | 40.04 |
15 | l03.58 | 103.5€ | 127.2e | 23.70 | 1.23 | 0.33 1| 0.88 | 40.80 |
le | loe.lse | 1l0e.le | 115.58 | 13.42 | 1.12 | 0.22 1 0.8% | 27.1% |
17 | 105.05 | 105.05 | 122.47 | 13.42 | 1.1z | 0.23 1| 0.85 | 27.81 |
18 | 111.70 | 111.70 | 125.1Z2 | 132,42 | 1.1z | 0.23 | 0.853 | 23.4Z2 |
1% | 114.14 | 114.14 | 127.5¢ | 13.42 | 1.12 | 0.23 1 0.85 | 2B.5%8 |
20 | 115.71 | 115.71 | 123.13 | 13.42 | 1.1z | 0.23 | 0.85% | 23.34 |
21 | 115.38 | 115.38 | 128.80 | 13.42 | 1.12 | 0.23 1 0.85 | 25.27 |
22 | 113.85 | 113.85 | 127.27 | 13.42 | 1.1z | 0.23 | 0.85% | 28.92 |
23 | 105.25 | 105.29 | 12&.20 | 18.31 | 1.15 | 0.33 1 O.86 | 40.81 |
24 | 102.81 | 1l0Z.B1 | 113.7Z | 16.91 | 1.18 | 0.33 | o.88 | 38.87 |
25 | 87.83 | 987.€3 | 111.0& | 13.44 | 1.14 | 0.23 1 0.31 | 25.25 |

2e | a8z .88 | SZ.&8 | 10&.10 | 13.44 | 1.15 | 0.23 | 0.31 | 24.11
27 | T.80 | T.e0 | 101.04 | 13.44 | 1.15 | 0.22 1 0.31 | 2z.54 |
28 | B2.44 | BZ.44 | 55.88 | 13.44 | 1.16 | 0.23 1| 0.51 | 21.75 |
2% | T77.ls | 77.1% | 50.83 | 13.44 | 1.17 | 0.22 1 0.31 | 20.5%5 |
301 Ti.87 | 71.87 | B85.30 | 13.44 | 1.15 | 0.23 1| 0.31 | 15.32 |
31 | we.4% | ®e.48 | T9.50 | 13.44 | 1.20 | 0.22 1 0.31 | 1eB.08 |
32 | ®1.27 | &1.27 | 7T4.71 | 13.44 | 1.22 | 0.23 1| 0.31 | 1le.88 |
32 | 5e.48 | 5e.42 | 73.3% | le.3l | 1.30 | 0.22 1 0.31 | 1e.4% |
34 | 53.22 | 53.2z | 7T0.13 | le.%1 | 1.32 | 0.23 1| 0.51 | 15.73 |
35 | 50.13 | 50.13 | &7.10 | 16.91 | 1.24 | 0.23 | 0.31 | 15.03 |
3e | 48.Z6 | 46.26 | €3.17 | 1g.31 | 1.37 | 0.23 1 0.31 | 14.13 |

37 | 42 (3 | 4z .23 | 53.20 | 16.91 | 1.40 | 0.23 | 0.31 | 13.21
38 | 3e.38 | 36.382 | 53.2% | 1lg.31 | 1.48 | 0.23 1 0.31 | 11.84 |
33 | 32.71 | 32.71 | 43 82 | 16.91 | 1.52 | 0.23 | 0.31 | 10.53 |

3.2 Stresses window
On the menu bar, click Results and then select the Stresses option to open a window which
gives access to various graphical representations of the calculated results.

Clicking on the buttons P O Y gives access respectively to the POP, OCR and yield
stress per slice along the calculated slip plane.
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4 Testing the Su-calculated with yield stress model

A comparison with the results given by the WTI kernel Macro-Stability has been performed as
the Su-calculated with yield stress model is also implemented in this kernel.

Four test cases have been used, for the three methods Bishop, Spencer and Uplift-Van and for
a single slip plane.
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4.3 Test case 3: Markermeerdijk

-20.000 100.000

<« ) 3

4.4 Test case 4: Wolpherensedijk

gorkum 16,6

100.000|

3
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Results of the comparison between D-Geo Stability and WTI MacroStability kernel

The results of the comparison are given in the table below.

The calculated safety factors are very close (and sometimes exactly the same) for the first test
case, but not for the other ones because in those test cases the same material is used in
different layers and/or contains several yield stress measurements: D-Geo Stability uses an
average value of all the POP values available for the material whereas WTI MacroStability
uses also an average value of the POP values but per column (of the pre-process calculation)
not for the complete section.



Page

Our reference

Date

11/11

1220111-006-BGS-0002

23 December 2015

062 80T°T EVT'T 60'T S5¢6'T 06'T 160 69L'0 ari'o 00T 86T'T wT 000 TSET TSE'T 10308y Kajes
Aungers Aungers Aungers Aungers Aupgeis Aungers
[%] 10113 03n-q -OLIBJAL LM [%] 10113 03n-q -01BA] LA [%] 10113 039-q -O1BJAl ILM [%] 10113 039-q -0 LM [%4] 10113 039-q -013BJAl [LA
1aouadg Jsouadg Jsouadg Jaouadg Jsouadg [ELLIN
©90-gwq |190-5Wwq 190-5q $90-5Wq 230-5Wq SWeu jJewpusg
(434 ST0ZL 66°T0L S0°0 6575901 Z1990T TRET 00°TL6T 98691 0L°TT 097986 €£0770TT 100 8T 6T 96"88T [wfwnA]|  juswow Bunsisal aassed
[4-33 9E7LST- T8TST- 9z°0 TOP6s- 0T £65- €00 59°T90T- 9E°T90T- r's B9VET- L6°TTT- 0L0 8L (89T~ £9°669T- [/ w1 Wwawow FulAup aAIsSed
607 SS'TELBE T8'STEOR BT I B60LE 76°00992 85 66'695L S#'T66L o T6'79002 SL'98002 100 TTZFOTE 80°EVOTE [L/wins] WBWOoW FUNsISal 3AIDY
100 64 8L5€5 LT ATA 0o 09°580LE LT°660TE €00 E0°SFPBOT 60°CVB0T €00 T 95962 BL BI96T 000 9T BT iy [wfwanz] juswow JuinLp 2A1Y
: SJUBLLOA
[a] T00TT LT°E0T 160 SL9ET §5°0T 68°SC L5702 v 86F 9r 870 9£°sC 6T°5C [w/n] 5483104
G LB0TT STt T6°0 9T'6ET S8°L 68T TE'65T 09°L TESLT 9°88T 610 TE96E B0°L6E [w/n] dj 32104
8T'e L6°0ET LL'60T £TT 98'0E 00°0T StvLT 00°LvE 1L T6°6LT T6°Z6T o STEOF ETFOT [wa/nAl e| 2204
532104
LTT T88°0 1060 09T LTA NN L01°T 6T°T BIL'T Ll 0s'T 66L°0 1180 ITo 60 Sr6°0 FlULLIPATIES
Aungers Aungers Aungels Aungers Apgers Aungers Aupgers Aungers Apgers
[%4] 10013 -0J3BAl LLM [4] 10013 039-q -010BIAl LLM. [%4] 10013 099-q -010BAl LLM. [%] 10003 035-a -01EIAl LLM [24] 10013 039-q -0J0BIAl LLM
uep-adn uep-31dn uep-3dn uep-mdn uep-3dn 12poIn
ugg-guig 90-guig Yygg-gug 2gg-gwig q90-5wiq 3WeU yJewyuag
or'e 68"56191 0T"90T8F 60 96'85kLT TTOTLLE 18T ST'Tro8 T8'TIS8 1T 0" 6969¢ 05'STFLE 00 LT'BEBEE T9068BEE [L/wiNs] 1awow Funsisay
000 29'66T05 8266105 000 SZ'8185¢ S2'8/85¢ 000 6'058TT 9E"I58TT 000 BT 0Ty 20"90TFr 000 BT'VESSE 8T ESSE [L/wns] JusWoW FuIAua
or'e 92670 856°0 60 T90°T TL0°T 15T 6eL0 8TL0 6L°T BEB'OD 8¥80 000 56°0 560 [-1 101084 Myages
Aungers Aungers Aungexs Aungers Aupgers Aungers Aungers Aungers Aupgers
[%] 10013 -0.3BAl LLM [%] o013 03D-q -010EIAl LLMVL [%] 1003 03D-q -010BIAl LLM. [%] 10003 03D-a -0IEIN LLM [24] 10013 03D-q -010BAl LLM
doysig doysig doysig doysig doysig 12poil
wgp-guig Igp-guig S9p-gwq P90-swqg EgQ-gwq 3Weu yJewyuag

W 23EWN EQT 152M v_.:vv_w.__ _

v___vmn:uhm_._n__ng__

yh LquLuv_Ln_Z_ _

123y43A 13puoz) ggT do ylipya

£8T doylipya




