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Abstract

This work aims at studying the pore water pressure development within a thin
clay core in an earth dam. The study consists of two parts; a parametric study for
general thin clay core (with and without chimney drains), followed by a case study of
BADUSH dam. Different operation levels and storage times with the possibility for
rapid rise in water level are considered for the case study. Finally the effect of an
earthquake on pore water pressure in this types of a dam was also studied as a case
study.

Two dimensional finite element analysis was used to simulate pore water
pressure development by GEO-SLOP software taking into consideration saturated
/unsaturated conditions. Results showed that the presence of a chimney drain plays an
effective role in dissipation of the pore water pressure. In the case of BADUSH dam, a
high pore water pressure development was observed, in 8 days as a consequence of a
rapid rise of water level, and it must be taken into account when designing dams. Also
results show that the pore water pressure in the range of (175-145 kPa) through the
typical section and approximately between (25-50 kPa) for the two other sections at the
end of construction time, making the height and construction time of the dam are the
most effective factors affecting pore water pressure development.

Keywords: Pore water pressure, Finite element, Unsaturated soil, BADUSH dam.
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Introduction

Sensitive structures, such as earth dams, require continuous information on their
stability. Engineers must estimate the movement, stress-strain, and pore water pressure which
could be developed in an earth dam at various times of its life. [1]

Safety of earth dam depends on the proper design, construction, and monitoring of
actual behavior during the construction and during the operation of the structure. [2]

The pore water pressure starts developing within the clay core in some stages of
filling due to increased the height of the dam. Usually large pore water pressure will develop
within the core when more than half of the dam height is constructed due to consolidation
process [3]. The development of high pore pressures and possibility of liquefaction either in
the foundation or earth dam during earth quakes may cause failure of an earth dam.[4]

For thin clay core dams, the drawdown pressure might be negative. In this type of
earth dams, the core may be sloped upstream or placed in a vertical position near the center of
the earth dam. The pervious zones are constructed either of sand and gravel or of rock,
obtained by quarrying or screening earth-rock mixtures. A vertical drain (chimney), if
available will be constructed to about 70% of the dam height in order to collect water from
the dam body.[1]

The finite element method is practical and applicable in many geotechnical
engineering topics. Finite element method may be used to predict pore water pressure
development with or without possibility of seismic behavior through earth dam which is
difficult to be analyze especially in the multi-zones dams.

Hosseini and Fard (2003) studied the influence of the impounding of the earth dams
on the pore water pressure development within the core. Using a special computer software
(CA2). [3], While Abbasi et al( 2006) discussed numerical dynamic analysis of Sonnateh
dam body located on an active fault, the analysis performed by GEO-SLOPE and ANSYS
finite element programs. [5]

Moayed and Ramzanpour (2008) investigated the seismic behavior of a zoned core
embankment dam in two cases including homogenous clayey and zoned core by finite
element soft ware. The study shows the displacement, accelerations and spectral response in a
simple core are more than a zoned core.[6]

This work aims at studying the pore water pressure development within a thin clay
core in an earth dam. Two dimensional finite element methods for saturated /unsaturated
analysis were conducted using GEO-SLOP Version 5 software.

To investigate the pore water pressure development the study consists of two parts:
the first is a parametric study for general thin clay core and the second is a case study for
BADUSH dam, with the following assumption for both parts:

1. Earth dam constructed on impermeable hard stratum.

2. There is no flow through the base of the dam.

3. Earthquake record taken from available information about last earthquake tremor that
took place in MOSUL city on 18/7/2009.

The specific objectives of the case study are to obtain the pore water pressure
development within the clay core for selected section in :
1. Different assumed construction stages time.
2. Effect of a possible rapid rise of water level.
3. Different retention of water level.
4. The effect of Possible earthquake tremor on the earth dam during rise of water level.
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Parametric study

The parametric study consists of two sections: first is to investigate the effect of
presence of a chimney drain on the pore water pressure development through a typical section
of an earth dam with a thin clay core, while the second is to study the effect of considering an
unsaturated soil of the dam and compare it with that of classical saturated condition. A typical
dam was studied with the maximum height of an earth dam from the crest to foundation level
is ( 120m). Downstream slope is considered to 1V:2.2H and 1V:1.3H in upstream as shown
in Figure (1) , Not: all dimensions are in meter.
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Figure (1): Cross sections of the earth dam for the parametric study. [1]

Case study

BADUSH dam is an earth fill dam under construction located on the Tigris River 15
km north west of MOSUL city / Nineveh and about 40km south of MOSUL dam as shown in
Figure (2). It is especially designed to retain eventual a catastrophic flood which could occur
from MOSUL dam failure and to protect MOSUL and the downstream cities.

The maximum embankment height measured from the crest to the clay bottom core
trench is ( 95m) for typical section (sectionl), and (50, 35m) for the two other sections (
section2, and section3). Figure (3) shows the geometry of the dam in three sections.
Downstream and upstream slopes are inclined by 1V:2H, and 1V:2.5H respectively, Not: all
dimensions are in meter..
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Figure (3): Cross sections of the BADUSH dam for the case study. [7]

96



Khalil: Numerical Modeling of Pore Water Pressure Development within .......

Material properties and analysis method

BADUSH dam project report provides filters, and clay core materials properties as
illustrated in table (1). Grain size distributions of the selected soils used are demonstrated in
Figure (4). Conductivity functions and soil water characteristic curves for the soils used are
predicted using Fredlund's and Xing method are shown in Figures (5) and (6).

The discretisation of parametric and case studies of dams cross sections for the finite
element solutions are performed by rectangular four nodes with four degree of integration
elements scheme. The boundary conditions on the nodes are assumed to be fixed in both
horizontal and vertical directions. For the case study the dam is under construction at the
present time, there is no piezometric reading so the pore water pressure values were taken
from the theoretical study using (SEEP/W & SIGMA/W). .

Rapid rise in water level at times of (8, 21, 30 days) was supposed for the reason of a
possible critical case of rapid drawdown of water in MOSUL dam and may occurred at three
time conditions: [8]

i): Normal conditions time (30 day).

ii): Critical conditions time (21 day).

iii): Urgent conditions time (8 day).

The QUAKE/W finite element software was also used for the dynamic analysis. The dam
has been analyzed first under static conditions, then seismic studies will be conducted to
model the dynamic analyses of the dam during the earthquake loading. The analysis was
conducted at the end of time of rising water level (8, 21, 30) days. The time of the analysis
was taken as 6 sec with At=0.001 sec.

100 ' T X | | ,

80 | 1 r il

passing

40 B e

20 1 L 4k

Clay core Sandy filter Gravel filter
0! 1 1 1 R | | L 1 | |
0001 0QL. 1 10 100 01 1. .10 100 0.01 0.1 1 10 100
rain Diameter fmm Grain Diameter (mm Grain Diameter (mm)
100 T T T T Wi T T T T
80 [ il B il
(@]
c L Il L 4
'S 60
(72]
©
o - a L |
40
201"+ Random fill 1 [ Natural conglomerate|

c
0.001 00101 1 10 100 001 0010.1 1 10 100
Grain Diameter (mm) Grain Diameter (mm)

Figure (4): Grain size distribution for soils used.[8]
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Figure (6): The Predicted Soil water characteristic curves for soils
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Results and Discussions
Parametric study

Figure (7) shows a comparison between the classical case “ saturated” and that
considering the unsaturated part of the dam on the estimation of the pore water pressure
developing within the dam section, when the water level is at the maximum level after one
year, considering a dam with a chimney drain. The results of the final steps for the analysis
show that the values of pore water pressure developing in the saturated condition are more
positive value in the lower part and less negative value in the upper part of the core.
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Figure (7): Pore pressure development for parametric study at maximum level
for saturated / unsaturated conditions

Figure (8) summarizes the value of pore water pressure variations within the core of
the section in two cases ( with and without chimney drain) for three different selected times
chosen as (4, 6, 12 months) for water retention when the water level is taken at the maximum
level. The results show slightly more pore water pressure development in the section without
chimney with respect to that with a chimney. This could be explained as: " the chimney
provides vertical strip of earth dam with zero pore water pressure in the central portion of the
dam”, [1] and pore water pressure in the case without a chimney may not dissipate
immediately.
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Figure (8 ): Pore pressure development for parametric study at maximum level

Case study

Pore water pressure developments during construction stage for the three selected
sections (sectionl, section2, section3) were studied. The number of selected layers were
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assumed to be (10) from the foundation level. Consequently, the thickness of each layer is
(9.5, 5 and 3.5 m) for sections (sectionl, section2, section3) respectively. The mesh (0.5 m)
thick was used.

Figure (9) shows the positive variation of pore water pressure development during
different construction stages within the clay core for the sections (1, 2, 3) at three selected
possible construction times (183, 365, and 730 days). It can be seen that the pore water
pressure increases under additional load due to increasing the height of filling.

On the other hand, it could be seen from the stated figures that the construction time
will affect the value of pore water pressure development, so the pore at the end of a
construction time (730 days) was less than that at the construction times (365, and 183 days)
for the three sections (1, 2, and 3). This could be attributed to the enough needed time to
dissipate the pore water pressure than the two other selected construction times.
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Figure (9) also shows that the height of earth dam will affect the pore water pressure
magnitude. It can be noted that the high value of pore water pressure developed at the base of
sectionl ( height 95m) then section2 ( height 50m) and finally section3 (height 35m). It can
be concluded that pore water pressure increases as a function of the filling height.
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Figure (10): Pore pressure development during rapid rise water level

The pore water pressure distributions during saturated/unsaturated seepage flow
through clay core, for BADUSH dam, during rapid rise in water level at periods of (8, 21, 30,
183 days) was shown in Figure (10). Pore water pressure distribution in the core was found to
be positive within the lowest half of core while it becomes negative in the upper part near the
highest level of core during rapid rise of water level at (8, 21, 30, and 183 days). More values
of pore water pressures developing were recorded through sectionl.

Figures (11) and (12) presented the pore water pressure distribution in the core for the
three selected sections ( sectionl, section2, section3) at durations of (1, 5, and 10 years)
when the water level are at maximum and minimum levels. The results are presented as
positive pore water pressure development in the lower part of the core and negative pressures
within the upper part of core. High pore water pressure was record through sectionl rather
than sections 2 & 3, this can be referred to the difference in the height of the earth dam
embankment.

However, Figures (11),(12) show that the pore water pressure reached a steady state at
the end of all periods of (1, 5, and 10) years for all the selected sections except sectionl at a
one year duration. A similar pore water pressure condition was obtained when the water level
is at the lowest level. The obtained result from pore water pressure reaching to the steady
state condition at three studied periods of (1, 5, and 10) years for selected sections (1, 2, 3). In
general the behavior of the pore water pressure of this case (water level at lowest level) is
similar to that in the case (of water level at highest level).

105



Pore-Water Pressure (kPa)

10

year

>
=3

A

=

Height of Dam (m)

L

i

1]
<150 <100 50 0

= (.0000e+000

0 7.8640e+007

4 1.5768e+003

& 2.3652e+008

¥ 3.1536e+008

S0 100 150 200 250

Pore-Water Pressure

Pore-Water Pressure (kPa)

(b): section2

Al-Rafidain Engineering Vol.20 No.1 Feb. 2012
100 L, 100 ‘ 100
‘g g 10 yea = 0,0000e+000 j ? ) Year | . posocesono g il 1 year | . gomose+o00
80 \ K‘ 80 \ a0 v,g‘( =
= 0 9210084003 D 7.21002+003
E LA coson | | N\ AY
£ N X » 3
1]
o)
= \\ X E 4 2431484005 \ 4 1, 22574005
_35, o '\ o 564006008 “ _
f \ & 6185164006 & 196830+006
h K N
4 31577e+ 008 © 1571164008 v 3150164007
0 0 — 0
GO0 400 200 0 200 400 600 0O 600 400 <200 0 200 400 600 80D A0 200 0 200 400 60D 800
Pore-Water Pressure (kPa) Pore-Water Pressure (kPa) Pore-Water Pressure (kPa)
(a): sectionl
50 5[} A0
j 10 year « 0000064000 j } 9 year = 0.0000e4000 ‘} } { 1 year = 0.0000e+000
SN N TN
a \ O 7884084007 Q_\ 0 9.21006+003 \\ 0 7210002003
£ N g 3
— & 1 5763e+008 ‘\ A 24N 4e+008 4 1,.2257e+005
o an A, \ .
£ A% 2
i’ 4 7365704008 a 6.1851e+006 4 1,96832+006
10 10 10
h..'l. v 51536e+008 7 1.511e+008 \ 7 3.1501e+007
0 b ] o
200 400 0 100 200 300 400 200 00 0 100 200 300 400 200 400 0 100 200 00 400

Pore-Water Pressure (kPa)

do 40
a}
5 year ® 0.00008+000 1 year = 0.00002+000
MBI o gl b1
i (‘ { 0 8.2100e+003 { i 0 7.2100e+003
» K‘:“\ 243144005 20 \\\ N
\\\ & 2 + \ & 1.225Te+005
10 \s & 818514006 \\ «q\\-\ & 1.9683e+006
Yy ~
7 1.5711e+008 7 3.1501+107
0 0
-150 100 50 0 50 100 150 200 250 50 100 50 0 50 100 150 200
Pore-Water Pressure Pore-Water Pressure

(c): section

3

Figure (11): Pore pressure development at maximum water level
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(c): section3
Figure (12): Pore pressure development at minimum water level

Two dimensional dynamic analysis of the possible pore water pressure development
in the core of BADUSH dam during earthquake shaking was performed. This analysis was
conducted at the end of time of rising water level (8, 21, 30) days.

The pore water pressure development is summarized in Figure (13) It could be
showed that the possibility of the pore water pressure development recorded a high value if it
is compared with the values at a normal stages, shown in Figure (10) .
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Figure (13): Pore pressure development during earthquake tremor at the end
of time 30, 21, 8 days rising

Conclusions

Based on the preceding stated analysis the following could be concluded:

1.

In the parametric study for the simulation of pore water pressure, the presence of a
chimney drain is effective in reducing pore water pressure development. On the other
hand, considering the saturated/unsaturated conditions, an increase in the negative pore
water pressure values and a decrease in the positive pore water pressure were recorded
when considering unsaturated condition in the analysis.

In the case study of BADUSH dam, the analysis showed that the height and
construction time have an influence on the pore water pressure development during
construction. A pore water pressure in the range of (175 kPa to 140 kPa through section
1) and approximately between ( 25 to 50 kPa) for the two other sections 2 and 3 at a
periods of (370, 365, and 183 days) were recorded. It is worth noting also that the
maximum pore water pressure is often developed within the lower part of the core with
negative pore water pressure near the crest.

In the case of rapid rise of water level at 8 days, a positive pore water pressure was
generated between (500 to 350 kPa) through the sections 1,2 and 3.

Finite element method gives a good understanding of pore water pressure development
within the core of a dam during possible earthquake loading. About twice the value of
positive pore water pressure was obtained as a result of a virtual proposed earth quake
comparing with the normal studied case.
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