Amirkabir Journal of Civil Engineering

Amirkabir J. Civil Eng., 53(6) (2021) 495-498
DOI: 10.22060/ceej.2019.17183.6489

Numerical Simulation of Effect of Drain Pipe in Uplift Force, Exit Hydraulic Gradient
and Seepage in Gravity Dams

A. Taheri Aghdam, F. Salmasi®, H. Arvanaghi

Department of Water Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, Iran.

Review History:

Received: Oct. 10,2019
Revised: Nov. 24, 2019
Accepted: Nov. 27, 2019
Available Online: Dec. 06, 2019

ABSTRACT: In this study, the effects of diameter and location of drain pipes in uplift force, exit
hydraulic gradient and seepage in the foundation of gravity dams are investigated. For this purpose, the
SEEP/W software as a subgroup of Geo-Studio software is implemented and the foundation of a gravity
dam is simulated. The results showed that the existence of drain pipes under the gravity dam reduce 4,
6, and 9 times of uplift force, exit hydraulic gradient and seepage, respectively. Installation of two drain

pipes with 0.25L distance from each other and in the depth of 0.26D near the dam heel presents a more

suitable position with respect to uplift force reduction (D is the pervious foundation depth). Also, by  Keywords:

defining the best position for the location of drain pipes, it was observed that drainage pipes in these .. Pipe
situations reduce 41-67% in the volume of the studied dam and increase the safety factor up to 2 to 3 ) . .

. . . . . . . Exit Hydraulic Gradient
times against the dam overturning. It is also found that the drainage pipe diameter has less effect on

the uplift force, exit hydraulic gradient and seepage and is controlled by the rules of the executive. For Finite Elements Method

validation, the numerical method used in this study was compared with the laboratory method by others ~ Gravity Dam
and a suitable match was observed. Seepage
Uplift Force.

1- Introduction

One of the major factors in dam destruction is seepage
from dams and subsequent increase in uplift force. All dams
and water retention structures are exposed to water passing
through the foundation, sides and sometimes their bodies. So
that, the water in the dam reservoir, at any moment, tends to
seepage through the dam and at the junction of the dam body
with the foundation. In addition, water tends to seeps from
the pores in the foundation soil and appear downstream of the
dam. This flow causes performing a force from down to up in
the dam’s body, so-called uplift force [1]. The exit hydraulic
gradient is also the most important design criterion for the
safety factor compared to the piping of the foundation. One of
the measures used to reduce the uplift force and also to reduce
the exit hydraulic gradient is the creation of cut-off walls [2].
Mansouri and Salmasi [3] studied the effect of horizontal
drainage and cut-off walls on seepage and uplift pressure in
homogeneous earth dam using numerical simulation. The
results showed that increasing the length of the horizontal
drain increases the rate of seepage and exit hydraulic gradient.
The seepage from the dam is also reduced by increasing the
depth of the cut-off wall. The installation of the cut-off wall
in the middle of the foundation leads to a 19.68% reduction in
the hydraulic gradient relative to the installation of the cut-off
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on upstream. Azizi et al. [4] studied the influence of the weep
holes and cut-off on the uplift pressure in the stilling basin
of a diversion dam. The results showed that the upstream
cut-off wall with a depth of 8 meters reduced the uplift force
by about 63% and the exit hydraulic gradient decreased by
79% compared to the non-cut-off wall state. In the present
study, the best position of the drain pipe is determined for
minimum uplift force, exit hydraulic gradient and seepage.
Also, the safety factor against overturning of the non-drain
mode and the effect of drains construction on the reduction
of the gravity dam volume is determined and all cases are
compared with the non-drain mode.

2- Material and Methods

In the present study, for numerical simulation, seep/w
software is used to simulate the porous soil environment by
finite element method [5]. Figure 1 shows the geometrical
cross-section of the gravity dam and the position of the drain
pipes located in the dam foundation with the parameters
studied. Table 1 shows the range of dimensionless parameters
changes in the present study. Also, N is the number of drains.

In this study, the numerical model was simulated separately
by changing the diameter and dimensionless parameter L/H
while the drains were embedded in the coordinates ab, ac, ad,
..., 1j. In order to compare the effect of drains pipe location
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Fig. 1. Two-dimensional view of the gravity dam and its foundation in the present study

Table 1. Range of dimensionless parameters changes in the present study

L/H 0.8 1 1.2 1.5 —
d/D 0.003 0.006 0.01

N 2

(xi, yi)  a=(0,5) b=(15,5) c=(30.75,5)  d=(45,5)  e=(61.5,5)
(mm)  £=(0,8) g=(15,8) h=(30.75,8) i=(45,8)  j=(61.5,8)

and drains size on the uplift force, exit hydraulic gradient
and seepage, the model was simulated for non-drain mode
for different (L/H). For numerical simulation, the boundary
conditions at the upstream and downstream of the gravity
dam are defined as the water behind the reservoir and water
height in tail-water as the compressive head. It should be
noted that due to the lack of water at downstream of the dam,
the boundary condition is considered as a zero hydraulic head.
Also, for horizontal drainage under gravity dam, the hydraulic
head is considered as zero pressure. The foundation materials
of the gravity dam are considered as a homogeneous porous
and isotropic environment with a hydraulic conductivity of
0.0002 m/s. In this study, the drain pipe is located inside the
filter on the side of 30 cm, which hydraulic conductivity is 100
times the hydraulic conductivity of the soil in the foundation.
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3- Results and discussion

After solving the problem governing equation with the
specified boundary conditions, the results of these models
can be extracted.

3.1. Influence Of Lateral Walls Distance

To eliminate the effect of lateral boundaries in the
numerical model on the results, the ratio of these walls
distance from the dam body to the water height behind the
dam (t/H) was considered as equal to 0.25,0.5,0.8, 1, 1.3, 1.5,
1.75, 2, 2.5. According to the results, in all modeling cases,
the distance of the lateral boundaries from the concrete body
of the dam was considered 2 times the maximum upstream
water height.
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Fig. 3. Effect of L/H on safety factor against overturning with and without drains

3.2. Effect Of Drain Diameter

According to the studies conducted, it was found that
drains diameter change had little effect on the uplift force,
exit hydraulic gradient and seepage; therefore, changing this
case is subject to executive considerations.

3.3. Effect Of Drain Position

According to studies, it is observed that by changing
the drain position under the gravity dam, the ratio of the
uplift force in the drain mode to the non-drain mode (U/U,),
when the drain is simultaneously in the f and g positions,
it has the lowest value. It is also observed that by changing
the drain position under the gravity dam, when the drains
are simultaneously in positions h and d, the lowest amount
of exit hydraulic gradient occurs. Similarly, it is observed
that the least seepage of the dam occurs when the drains
are in positions h and g simultancously. Also, with
increasing L/H ratio (reduction of upstream water depth),
the maximum reduction of U/U, exit hydraulic gradient
and seepage happens at these points.

3.4. Effect Of Drain Presence On Gravity Dam Volume And
Safety Factor Against Overturning

Placing drain in specified positions to reduce uplift
force, Figures 2 and 3 were plotted to reduce the volume and
increase the safety factor against overturning. According to
Figures 2 and 3, it can be concluded that the drain embedded
under the gravity dam reduces the dam volume and increases
the safety factor against overturning.

4- Conclusions

The results showed that the existence of drain pipes
under the gravity dam reduces the uplift force, exit hydraulic
gradient and seepage. It was also found that the choice of
drain pipe diameter had less impact on the uplift force,
the exit hydraulic gradient and seepage and was subject to
construction considerations. Determining the best position
for drain pipes, it was found that the application of drain pipes
in these situations reduces the volume of the dam by 41 to 67
percent and increases of 2 to 3 times the safety factor against
overturning of the structure. The results of this study are in
good fit with the experimental work of other researchers.
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Fig. 1. Two-dimensional view of the gravity dam and its foundation in the present study
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Table 1. Range of dimensionless parameters changes in the present study

L/H 0.8 1 1.2 15 ___
d/D 0.003 0.006 0.01
N 2
(xi, yi) (m,m) a=(0,5) b=(15,5) ¢=(30.75.5) d=(45,5) e=(61.5.5)
£=(0,8) g=(15,8) h=(30.75.8) i=(45,8) i=(61.5,8)

2y bad salss 6 o (o5 Sy 0l n ey
SEEP/W 381 5 1o s iloos oVl o 4l 1o b s o,
I gl 2Shae pln Yo (G e 5l il sl e s alals
ol o)y Billao a5 Conl [S3 ay p3¥ 0l a8 5 a0 cawsYl
Sl sl ol Plas osd (Boimy bwg 485 plxl
5 aud oaslice 1,50 Glidss o M8 o aw 5l e g cl)
g p3Y one ile and sl el (nl s )5 o )lal &S (g shailen

Ll (55900

Seoed OLolS iVl oy S8y kS SS6 )Y
Sl g 79

olis L/H 21/ &l 10 00Vl (55, 52 b 515 S o
Glil 4 0di YL (69,0 Jlaie aS 090 o alaxde .ol cul ools
d/D=+/+Y &l5l a4 005 pYb (59,05 Jade 3l yries d/D=/- - ¥
by 4S8 slad oS il 4 0ai Vb (595 i nl 2l (o0
SLl a8 09d oo Sleiian di2l 5o G plh WAL (oo ugmeee
Sda ey ond Ojge el Olasde 4 axg b 2Se) s
oy 9l p S g oauas sl UU | & Ko jo a5 el
Glizes gl Sl jo iSe) 092 pas g 0925 Sl 0 0as YL
GLBl oo e piyded s Y Ges 4 1Sa; ki cens d/D
OS8) det la CunBye b (sl aies G (2 9)90 93 2 45
& S Joges alive o ymeinl Jloges L/H Galises slo cll>
) aibl o 0Vl ggpm ialS doys olie D] L Laid
el o liinl Lo Jagas s 85 51 e lazsl sl

i Slayien oS s iSag Al L 1Y S s
ol o ools Lz VL/H=I0 el j0 (559 9w slos! o)

aarg b adl oo (s Sy OLol,T L Y USS

LT ogisnl o 'oFen Jxlsie bume S )0 4 dalllas 350
AW u)f)la..)o 4l o e ofe e Y ‘&5)..\1& Colas oo
s s s gl aind el yo 45 el 55 @ o3
Sgyden Colow o po a5 o)l 18 e (Lo Ve a4y oy
oud 4 S I 50 s (g (Slgpier Cale oyl plp Ve ]

38,5 ps o] o adse cdgpm Bl

Sy g gl Y
‘OM&MLS))AJG)bAnlJm)JwaAJQLxA&)‘M
O 3l ln oges gl 1) e Jow ool 5l Jol> gl gl (o
alold Cos ol ol goas Joo jo ool o) e il oy
ol g yuiie t/H) o Sl ;ﬂ el 4y o Gy sl e ojlgss oyl
Juj) 4.’1_‘9; )Ja.’ )») Y/& 9 Y ‘\/V& ‘\/0 5\/\" 4\ c’/A 5’/& 4‘/“&
e Joo bl p 6,80 il o e a5 alold op s g
ools i ¥ USE jo a5 jshailen 0§ asiie il axily
VY ol el 4 il o e alols cons S8y ol ouls
U (2o G @20 p ol sl alolwogd oo iy
iy A il gle e alold L6 550 5 Y JSL 0 005 e
oo oolo i (g, (Sgyaue Lol S 0 YL (95 (sl
6 dols a5 cusls bl g 0 O S 9 F IS @ 4z g b
JUS 25 (8958 2 (P39 (S Ad (S el (il o e
M 29,5 (Sdgyane (Lol alols (pl (Jgeoe 30 o
el 4y ool e g akold coed 3T O ISS @ axgi Lol o

6 ol il sl s VIO 3 WH) iy ity s uy

1 Homogenous
2 Isotropic

YYYF



Q (cms)

Uplift Force (kPa)

Exit Gradient (m/m)

YYY+—YY-Q Slxio Y- JL.» & b)‘.o.w oy 0)9.) ‘)Af).m‘ ul).o.c u&).x.Q(o du).u.u

0.00485 -
0.0048 A oO—0 O
0.00475 4
0.0047 A
0.00465 4
0.0046 A
0.00455 4
0.0045 A
0.00445 4
0.0044 T

0 0.5 1 1.5 2 2.5 3

t/H

S T (20 g (B G e pSULY IS
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Table 2. Effect of drainage system position on uplift force, exit hydraulic gradient and seepage

Location U/Uo ie Q (cms) Location U/Uop e Q (cms)
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Fig. 9. Comparison the distribution of the uplift force under the gravity dam in the presence of the drain (in positions
f and g) with the case of absence drain
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Table 3. Linear and non-linear regression equation to obtain the uplift force, exit
hydraulic gradient and seepage with two drains in positions of r1 and r2
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Table 4. Application of the regression equation obtained in table 3 to calculate the uplift force, exit hydraulic gradient
(ie) and seepage under gravity dam

leesls S 39 53 b
(g) r1(m) r2 (m) Uplii;i(llalj.m e Q (cms) Upllli)'l;(llalj.m e (cgs)

100 8.00 17.00 35109.99 6.64  0.00622 11354.57 1.41 0.00189
100 35.90 45.28 35109.99 6.64  0.00622 14005.37 0.85 0.00129
100 15.81 35.90 35109.99 6.64  0.00622 10494.37 0.78 0.00115
90 8.00 17.00 31598.99 598  0.00560 9726.17 1.24 0.00155
90 35.90 4528 31598.99 598  0.00560 12238.29 0.75 0.00101
90 15.81 35.90 31598.99 598  0.00560 9030.99 0.67 0.00088
80 8.00 17.00 28087.99 532 0.00498 8160.93 1.06 0.00125
80 35.90 45.28 28087.99 532 0.00498 10521.77 0.65 0.00077
80 15.81 35.90 28087.99 532 0.00498 7623.29 0.57 0.00065
70 8.00 17.00 24576.99 4.65 0.00435 6665.14 0.88 0.00100
70 35.90 4528 24576.99 4.65 0.00435 8853.01 0.54  0.00058
70 15.81 35.90 24576.99 4.65 0.00435 6270.90 0.45 0.00048
60 8.00 17.00 21065.99 3.99  0.00373 5248.27 0.69 0.00080
60 35.90 45.28 21065.99 3.99  0.00373 724122 0.41 0.00044
60 15.81 35.90 21065.99 3.99  0.00373 4983.92 0.33  0.00035
50 8.00 17.00 17554.99 332 0.00311 3921.74 0.50 0.00064
50 35.90 4528 17554.99 3.32 0.00311 5694.64 0.27 0.00034
50 15.81 35.90 17554.99 332 0.00311 3771.82 0.20  0.00026
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