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Excess Pore Pressure (B-bar method)

Thistutorial will demonstrate the Excess Pore Pressure (Undrained Loading) feature of
SLIDE, which allows you to account for short term (transient) changes in pore pressure
due to rapidly applied loading conditions.

The method used in SLIDE isthe so-called “B-bar” method, in which the change in pore
pressure (excess pore pressure) is assumed to be directly proportional to a change in
vertical stress. The excess pore pressure is simply given by:

Au=BAg, Equation 1

where B (B-bar) isthe overall pore pressure coefficient for a material. The changein
vertical stress can be due to the weight of added layers of material, vertical external
loads, vertical seismic loads, or acombination of these factors.

For example, if an embankment is constructed over a clay foundation, this can create a
temporary condition of “excess pore pressure” within the clay. Due to low permeability,
the excess pore pressure within the clay cannot readily dissipate. A non-steady state
situation then exists, in which the elevated pore pressure can lead to lower safety factors,
and possible failure.

The calculation of the pore pressure with the SLIDE B-bar method, may be thought of as
a2-stage analysis:

1. Stagel- aninitia pore pressure distribution is determined, using any of the
available methods in SLIDE (eg. water surfaces, Ru coefficient, pressure grid,
finite element analysis).

2. Stage 2 - the excess pore pressure is then determined from the change in vertical
stress, and the B-bar coefficient for a material, according to Equation 1.

Thefinal pore pressure which isused in the stability calculations, is the sum of the Initial
Pore Pressure + Excess Pore Pressure. NOTE: the safety factor is only calculated at the
“final” stage, after the final pore pressure (initial + excess) has been determined for all
materials.

The following embankment model will demonstrate the Excess Pore Pressure (B-bar
method) in SLIDE. The tutorial consists of 4 steps:

STEP 1: First, the stability of the embankment will be determined for long-term
(steady state) conditions, without accounting for undrained loading.
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STEP 2: Next, we will assume undrained loading conditions. The embankment
material will be specified as “causing excess pore pressure”, and the clay
foundation layers will be assigned B-bar pore pressure coefficients.

STEP 3: Next, we will add an additional load on the embankment. The load will
also be specified as “ causing excess pore pressure”.

STEP 4: Finaly, we will demonstrate that the embankment material can also be

assigned an initial pore pressure distribution, even though it is assumed to be
added in “stage 2".

Step 1 — no excess pore pressure

Read in the file “embank1.9i”, from the Examples folder of your SLIDE installation
folder. Run Compute. View the resultsin Interpret. You will see that the minimum safety

factor dip surface (FS = 2.50), passes only through the embankment material, and does
not extend into the supporting clay layers.

B Slidelnterpret - [embank.sli] i\
@Eile Edit Wew Analysis Data Query Groundwater Statistics Tools Window Help = 4
= - BE b Bngts 0 @& Qe & w0 bishopsimplied - | @ ¥ el
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2.500
W
|
For Help, press F1 DATA TIPS MAX SMAP ORTHD OSMAP (5,915, 11.403

Figure 1. Critical dip surface, steady state pore pressure conditions.
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Step 2 — excess pore pressure due to embankment weight

Read in thefile “embank2.9li”.

Project Settings

e Select Project Settings > Groundwater

e Notice that the “ Calculate Excess Pore Pressure (B-bar method)” checkbox has
been selected. This checkbox must be selected in order to compute excess pore
pressure using the B-bar method.

e Select Cancel in the Project Settings dialog.

General] Methods  Groundwater lStatistics] Fandom Numbersl

Groundwater
tethod:
Wiater Surfaces -
Fare Flud Unit weight:
381 kN/m3

[ Allovwe Ru with Wwater Surfaces or Grids

[v Calculate Excess Pore Pressure [B_bar method)

[ Rapid Dravwdown &nalysis

Cancel

Material Properties

o Select Define Materials.

e For thefirst material (“embankment”), notice that the “Material weight creates
excess pore pressure” checkbox is selected. This means that, for the purpose of
the excess pore pressure calculation, the weight of the “embankment” material
will create excess pore pressure in any material underneath the embankment
which has a B-bar > 0 coefficient specified. The excess pore pressure will be
calculated according to Equation 1.

e Select the second material (“upper clay”). Notice that B-bar = 1 has been
specified.

e Select thethird material (“lower clay”). Notice that B-bar = 1 has been specified.

e Select Cancel inthe Define Material Properties dialog.

Excess Pore Pressure (B-bar method) 3



Define Material Properties @
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Now Run Compute, and view the resultsin Interpret. Y ou should see the following
critical dlip surface (FS = 1.80). Asyou can see, the critical slip surface now extends into

the upper clay layer.

Excess Pore Pressure (B-bar method) 4
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Figure 2: Embankment creates undrained loading in clay foundation.

Right-click on the critical dlip surface and select “Add Query and Graph” from the popup
context menu. In the dialog, select “Pore Pressure” as the primary data, and “Initial Pore
Pressure” as the secondary data. Select Create Plot, and you should see the graph in
Figure 3.

Graph Slice Data

Primary data
Wl Create Plat

Pare Pressure -
: — 3% Plotin Excel
v Secandary data [optionalf
[ritial Pore Pressure - Copy

Horizontal axis Expart All D ata. ..

Distance -
Cancel
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Figure 3: (Final) Pore pressure and Initial Pore pressure for file “embank?2.9li”

The Initial Pore Pressure is due to the water table located at the original ground surface.
The (final) Pore Pressure is the sum of the Initial Pore Pressure, and the Excess Pore
Pressure created by the weight of the embankment. As you can see for this example, the
Excess Pore Pressure is quite significant, and greater than the Initial Pore Pressure.

Y ou can plot Excess Pore Pressure. Right-click on the graph and select “ Change Plot

Data’ from the popup menu. Select “ Excess Pore Pressure’ as the secondary data. Select
Create Plot and you should see Figure 4.
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Figure 4: (Final) Pore pressure and Excess Pore pressure for file “embank2.9li”.

The Excess Pore Pressure curve displays only the excess pore pressure calculated along
the slip surface, due to the weight of the embankment acting on the upper clay layer.

Step 3 — excess pore pressure due to embankment and load

In SLIDE, material weight is not the only mechanism which can cause undrained loading.
External loads can also be specified as “causing excess pore pressure”’. To demonstrate
this, read in the file “ embank3.5li”.

Thisfileisidentical to “embank2.9i”, with the addition of a 10 kN/m distributed |oad
added to the top of the embankment. Right-click on the load and select “Modify Load”
from the popup menu. Y ou will see the following dialog.

Excess Pore Pressure (B-bar method) 7
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£ Angle from haorizontal

" Angle to boundary

ARE

[ Flip angle 180 degrees

o]

Orientation Distribution Parameters
" Mormal to boundary Tepe:  Constant -
* Wetical
. i | 10
™ Horizontal t agritude ; kM A

li
&pply

Cancel |

Excess pore pressure

v Load creates excess pore pressure

[Only applicable for loads with a vertical
component, and matenalz with B_bar: 0]

Notice that the “Load creates excess pore pressure” checkbox has been selected.

This means that, for the purpose of the excess pore pressure calculation, the load (vertical
component only) will create excess pore pressure in any material underneath the load
which has a B-bar > 0 coefficient specified. The excess pore pressure will be calculated

according to Equation 1.

Select Cancel in the Modify Load dialog.

Now Run Compute, and view the resultsin Interpret. Y ou should see the following

critical dlip surface (FS = 1.496).
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Figure 5: Distributed load contributes to additional excess pore pressure in clay
foundation.

A different critical slip surface has been determined, with an even lower safety factor.
Right-click on the critical dlip surface and select “ Add Query and Graph” from the popup
menu. In the dialog, select “ Pore Pressure’ as the primary data, and “Initial Pore

Pressure” as the secondary data. Select Create Plot, and you should see the graph in
Figure 6.
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idelnterpret - [embank3.sli: Initial Pore Pressure. Pore Pressure - bishop simplified method]
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Figure 6: (Final) Pore pressure and Initial Pore pressure for file “embank3.9li”.

The (final) Pore Pressure is the sum of the Initial Pore Pressure and the Excess Pore
Pressure. The Excess Pore pressure is now due to the change in vertical stress created by
both the embankment weight AND the distributed load. Compare Figure 6 with Figure 3.

Right-click on the graph and select “ Change Plot Data” from the popup menu. Select

“Excess Pore Pressure” as the secondary data. Select Create Plot and you should see
Figure7.
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Figure 7: (Final) Pore pressure and Excess Pore pressure for file “embank3.9li”. Excess
pore pressure due to embankment weight and distributed |oad.

Step 4 —include initial pore pressure within embankment

In thistutorial, we have so far not considered any pore pressure within the embankment
material (pore pressure = 0). The embankment material can al'so have an initial pore
pressure distribution.

Read in the file “embank4.9li”. Thisfileisidentical to “embank3.dli”, except we will now
also consider pore pressure within the embankment material.

Project Settings

e Select Project Settings > Groundwater

e Notice that the “ Allow Ru with Water Surfaces or Grids” checkbox has been
selected. This option allows you to use the Ru method of pore pressure
calculation for selected materials, even though the primary Groundwater Method
= Water Surfaces.

e Select Cancel in the Project Settings dialog.

Excess Pore Pressure (B-bar method) 11
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Material Properties

e Select Define Materials.

e For thefirst material (“embankment”), notice that Water Surface = None, and an
Ru coefficient = 0.4 has been specified. The Ru coefficient will be used to
calculate pore pressure within the embankment material.

e Select Cancel inthe Define Material Properties dialog.

Run Compute, and view the resultsin Interpret. Y ou should see the following critical dlip
surface (FS = 1.357). The safety factor is now lower than the “embank3.5li” file, because
pore pressure is now calculated for the embankment material, as well asthe clay layers.
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Figure 8: Initial pore pressure considered for embankment material.

Right-click on the critical dlip surface and select “ Add Query and Graph” from the popup
context menu. In the dialog, select “Pore Pressure” as the primary data, and “Initial Pore
Pressure” as the secondary data. Select Create Plot, and you should see the graphin
Figure 9.
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idelnterpret - [embank4.sli: Initial Pore Pressure. Pore Pressure - bishop simplified method]
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Figure 9: (Final) Pore pressure and Initial Pore pressure for file “embank4.5li”.

Notice that the pore pressure is no longer zero, for the portion of the slip surface within
the embankment material (right hand side of the curvesin Figure 9).

Right-click on the graph and select “ Change Plot Data” from the popup menu. Select

“Excess Pore Pressure” as the secondary data. Select Create Plot and you should see
Figure 10.
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idelnterpret - [embank4.sli: Excess Pore Pressure, Pore Pressure - bishop simplified method]
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Figure 10: (Final) Pore pressure and Excess Pore pressure for file “ embank4.9i”.

Notice in Figure 10, that the Excess Pore Pressure within the embankment is ZERO.
Although the embankment weight creates excess pore pressure within the clay layers
beneath, the embankment weight DOES NOT create excess pore pressure within itself (as
this does not make physical sense). The final Pore Pressure in the embankment material,
isequal to theinitial pore pressure, with no contribution from excess pore pressure.

Excess Pore Pressure (B-bar method) 14
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Additional Exercises

1. Re-runthisexampleusing ONLY the distributed load to create excess pore
pressure, and NOT the material weight. Hint: simply turn OFF the checkbox for
“Material weight creates excess pore pressure”, for the embankment material, in
the Define Material Properties dialog. Graph the Final and Excess Pore pressure
for the critical slip surface.

2. Inthistutorial we have demonstrated that Excess Pore Pressure (Undrained
Loading) can be generated by material weight and / or distributed loading. In
SLIDE, Excess Pore Pressure can also be generated by Seismic Loading (vertical
coefficient only), or Line Loads (vertical component only). Just select the “Load
creates excess pore pressure” checkbox in the Seismic Load dialog or the Line
Load dialog, when you define Seismic or Line loads.

3. Onefinal observation —you may have noticed, in the Define Material Properties
dialog, that for the embankment material, the B-bar parameter was still enabled,
even though we have stated (in Step 4), that a material’ s own weight, cannot
create excess pore pressure within itself (does not make physical sense). So why
is B-bar still enabled for such “stage 2" materials?

Answer: thisisto account for the possibility that Distributed, Line or Seismic
Loads, may create excess pore pressure within a*“ stage 2” material. In effect, you
have a 3-stage pore pressure calculation:

I. Calculation of initial pore pressure for all materials
ii. Calculation of excess pore pressure for stage 1 materials, due to added
material weight or loading (distributed, line or seismic).
iii. Calculation of excess pore pressure for stage 2 materials, due to loading
(distributed, line or seismic).

Just remember that the safety factor isonly calculated at the “final” stage, after
the final pore pressure (initial + excess) has been determined for al materials.

Excess Pore Pressure (B-bar method) 15
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Rapid Drawdown Analysis (B-bar method)

The concept of excess pore pressure using the B-bar method, can also be applied to
unloading scenarios. If aload is removed quickly from alow permeability material, a
“negative excess pore pressure”’ can be induced.

The change in pore pressure is given by:
Au=BAg, Equation 1

where B (B-bar) isthe overall pore pressure coefficient for amaterial. In SLIDE, this
can be used to simulate the pore pressure changes due to rapid drawdown of ponded
water in earth dams.

In the SLIDE Rapid Drawdown analysis:

1. Theinitial pore pressure distribution is determined, using any of the available
methodsin SLIDE (eg. water surfaces, Ru coefficient, pressure grid, finite
element analysis).

2. Theweight of the ponded water is computed. The change in pore pressure (B-bar
method) can then be calculated, due to the removal (unloading) of the ponded
water, according to Equation 1. The final pore pressure at any point (for B-bar
materials), isthe sum of theinitial pore pressure and the (negative) excess pore
pressure.

3. For the purpose of the safety factor calculation, ALL ponded water isthen
removed from the model.

Thistutorial will demonstrate rapid drawdown analysis using the B-bar method in

SLIDE. The following scenarios will be analyzed: full reservoir, complete drawdown,
partial drawdown.

Rapid Drawdown Analysis (B-bar method) 16
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Full Reservoir, Steady State

First we will analyze a dam with afull reservoir.

Read in the SLIDE file “drawdownl.5li”.

e Slide - [drawdowni.sli]

g File Edt Wiew Analysis Boundaries Loading Support Surfaces Properties  Window Help - G X
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T T T N LY P I Lt L L S T T
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For Help, press F1 DATA TIPS MAx SHAP DRTHO OSMAP 27,767 170.262

Figure 1: Dam with full reservoir.

The model represents a dam with a clay core, atransition zone, and a granular fill outer
layer.

Run Compute and then view the results in Interpret. Y ou should see Figure 2. The critical
slip circle has a safety factor = 1.99.
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Figure 2: Ciritical dip circle with full reservair.

Rapid Drawdown of entire reservoir

Read in the SLIDE file “drawdown2.9li”. This file simulates complete drawdown of the
reservoir. Note that the ponded water is displayed with agray hatched pattern, rather than
the usual blue hatched pattern. Thisisto indicate that a drawdown state exists, ie. the
ponded water will be removed for the final stage of the analysis (ie. the safety factor
calculation).

Project Settings

e Select Project Settings > Groundwater

e The“Calculate Excess Pore Pressure (B-bar method)” checkbox has been
selected. This checkbox must be selected in order to compute pore pressure
change using the B-bar method.

e The“Rapid Drawdown Analysis’ checkbox is also selected. When this checkbox
is selected, this has the effect of removing ALL ponded water from the final
stability analysis. The change in pore pressure due to removal of the ponded
water will be calculated using the B-bar method.

e Select Cancel in the Project Settings dialog.

Rapid Drawdown Analysis (B-bar method) 18
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Project Settings @E|
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Cancel

Material Properties

e Select Define Materials

e Forthe“clay core’, “transition” and “hard bottom” materias, a B-bar coefficient
of 1 has been entered. Thiswill result in a negative pore pressure change for any
of these materials which is located beneath the ponded water, calculated
according to Equation 1.

e The“granular fill” is assumed to be free-draining. For this complete drawdown
anaysis, we would like to specify zero pore pressure in this material, so Water
Surface = None (ie. no pore pressure will exist in the “granular fill” for the
stability analysis). Also note that B-bar = O for the granular fill material (ie. the
removal of the ponded water will not affect the pore pressure in this material).

e Seect Cancel inthe Define Material Properties dialog.

Run Compute, and view the resultsin Interpret. Y ou should see the following critical slip
surface (FS = 1.44).

Rapid Drawdown Analysis (B-bar method) 19
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Figure 3: Critical dip surface after rapid drawdown.

The critical safety factor after rapid drawdown is significantly lower than the safety
factor of the full reservoir, as we would expect, due to the removal of the support
provided by the ponded water against the slope. For this example, the critical dlip circles,
before and after drawdown, are quite similar (ie. large, deep seated surfaces passing
through the core of the dam).

Let’s examine the pore pressure along this dip surface. Select Graph Query from the
toolbar. Y ou will see the following dialog:

Rapid Drawdown Analysis (B-bar method) 20
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Select Pore Pressure as the primary data, and Initial Pore pressure as the secondary data,
and select Create Plot. Y ou should see the following plots.
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Figure 4: Final Pore Pressure and Initial Pore pressure.
Notice that the (final) Pore Pressure is actually lower than the Initial Pore Pressure. This

is due to the negative change in pore pressure, due to removal of the ponded water, above
the “transition” material (B-bar = 1). Let’s plot the Excess Pore pressure.
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Right-click on the graph, and select “Change Plot Data’” from the popup menu. Select
Excess Pore Pressure as the secondary data, and select Create Plot. Y ou should see the
following plot.

idelnterpret - [drawdown2.sli: Excess Pore Pressure, Pore Pressure - spencer method]
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Fig. 5: Final pore pressure and excess pore pressure, rapid drawdown analysis.

The negative excess pore pressure is clearly visible on the plot, and corresponds to the
removal of the ponded water, over the portion of the slip surface which passes through
the “transition” material.

Also notice that the pore pressure in the “granular fill” material is zero (right side of plot

in Figure 5), because thisis what we specified in the Define Materials dialog, to represent
a complete drawdown state, for the granular fill material.
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Rapid Drawdown to specified level

Finally, let’s demonstrate how we can model rapid drawdown to a specified water level,
rather than a full drawdown.

Read in thefile “drawdown3.5li”.

2. Slide - [drawdown 3. sli]
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Figure 6: Partial drawdown of reservair.
For thisfile, note the following:

1. We have added a Piezometric Line, to represent the pore pressure at the
drawdown level, for the “granular material”. The Piezometric line has been
assigned to the granular material in the Define Material Properties dialog. The
Piezometric line does NOT affect pore pressure in the other materials.

2. We have added atriangular distributed load, to model the force of the ponded
water on the slope, at the drawdown level. See the note at the end of this tutorial
for details about how thisload is determined.
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Add Distributed Load
Qrientation Distribution Parameters
&+ Maormal to boundary Type:  Triangular -
" Wertical
~ Harizontal Magnitude 1 ; 0 kM/m
" Angle from horizontal Magnitude 2 : 1362 kMNsm

" Angle to boundary

ok | Cancel |

Excess pore pressure

v Load creates excess pore pressure

[Only applicable for loads with a vertical
component, and materials with B_bar: 0]

Figure 7: Equivalent distributed load for 20 meter depth of ponded water.

Run Compute, and view the resultsin Interpret.
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Figure 8: Ciritical dlip surface for partial drawdown of reservair.
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For this example, the minimum safety factor at partial drawdown islower than the
minimum safety factor at full drawdown. Thisis due to the material properties and
geometry of the slope — eg. compl ete drainage (zero pore pressure), assumed for the
granular material for the complete drawdown state. At partial drawdown, the Piezometric
line creates significant pore pressure in the granular material, towards the toe of the slope,
and thisleads to the lower safety factor. For this particular model, a minimum safety
factor therefore exists at some intermediate drawdown level.

Equivalent distributed load to represent ponded water

To calculate the equivalent distributed load to represent a given depth of ponded water
against the slope:

1.

2.
3.

Add a Triangular Distributed load along the slope surface, which has the same
extent as the ponded water you wish to replace.

The orientation of the load must be Normal to the slope surface.

The magnitude of the triangular load = 0 at the water surface.

The magnitude of the triangular load at a given depth below the water level, is
simply given by: Magnitude = (unit weight of water) * (depth). For this example,
Magnitude = 9.81 * 20 = 196.2 kN/m (see Figure 7).

Thiswill create a distributed load with the equivalent load of the ponded water on
the slope.

If the slope surface beneath the ponded water consists of multiple line segments,
you will have to define individual triangular distributed loads, for each segment of
the slope. The load magnitude at each end of the triangular load is equal to (unit
weight of water) * ( depth).

Finally, note that it isimportant to select the “Load creates excess pore pressure”
checkbox for the distributed load. Thisis necessary to counteract the effect of the
complete removal of the ponded water, so that the total excess pore pressureis
correctly calculated for that part of the slope. For this example, it does not make
any difference, because the granular material (B-bar = 0) exists at this location.
However, if amaterial with B-bar > 0 was used, then this checkbox must be
selected for the distributed |oad.
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