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Abstract: Earthen dams play a vital role in flood management, drinking water supply, agriculture, and
energy production. The selection of an appropriate position for the impermeable core is crucial for
controlling seepage, distributing pressure, and ensuring the stability of the structure. This study, based on
real data from an earthen dam in East Azerbaijan, examined the effect of core position on hydraulic gradient
and uplift force. Numerical modeling was conducted using GeoStudio software (Seep/W) and the finite
element method. Three core positions (central, upstream inclined, and downstream inclined) were modeled
with identical boundary conditions and materials. The results showed that the central core reduced the
hydraulic gradient by 40% and limited seepage to 2.5 liters per second per meter, providing optimal stability
with uniform pressure distribution. The upstream inclined core increased the hydraulic gradient by 25%,
leading to an uplift force of 120 kilopascals, indicating a risk of instability. The downstream inclined core
raised the uplift force by 35% compared to the central position (150 kilopascals), significantly increasing
the risk of structural damage.These findings affirm the importance of the central core in reducing seepage,
hydraulic gradient, and uplift force. An incorrect core position, especially in the downstream area, increases
internal pressures and risks. The results of this study provide practical guidance for the optimal design of
carthen dams, enhancing their safety and stability.

Keywords: Core positioning, hydraulic gradient, uplift pressure, seepage control, earth dam stability

Introduction: Earth dams are vital infrastructures in water resource management, playing a pivotal role in flood
control, water supply for domestic and agricultural purposes, and hydroelectric energy generation. These structures
are engineered to withstand complex hydraulic and geotechnical challenges, ensuring long-term stability and safety.
A critical design parameter in earth dams is the positioning of the impermeable core, which significantly influences
seepage control, pressure distribution, and overall structural stability. The core acts as a barrier to minimize water
leakage, manage uplift pressures, and maintain the dam’s integrity under varying hydraulic conditions. Improper core
placement can lead to increased seepage, elevated hydraulic gradients, or excessive uplift forces, potentially
compromising dam safety. This study investigates the impact of core positioning on hydraulic gradients and uplift
pressures in earth dams, using real data from a dam in East Azerbaijan. By employing advanced numerical modeling
with Seep/W from the GeoStudio suite, the research evaluates three core configurations: central, upstream-inclined,
and downstream-inclined. The simulations incorporate precise geometric specifications, consistent boundary
conditions, and material properties to isolate the effect of core placement. The findings aim to provide actionable
insights for optimizing core positioning, enhancing dam performance, and ensuring safety. This research builds on
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established geotechnical principles (Terzaghi, 1943) and modern numerical modeling techniques (GeoStudio, 2020),
contributing to the design and management of sustainable water resource infrastructure.

Material and Methods: In this study, the hydraulic behavior of the earthen dam under study, located in East
Azerbaijan, was analyzed to evaluate the impact of water height behind the dam on seepage, hydraulic gradient, and
uplift pressure. Numerical modeling was performed using the GeoStudio software, specifically the Seep/W module,
which employs the finite element method for accurate simulation of water flow in saturated and unsaturated porous
media. The dam’s geometric specifications, including a height of 16 meters, crest length of 988 meters, crest width of
6 meters, and upstream/downstream slopes of 1:3, were incorporated into the model. Material properties were defined
based on field and laboratory data, with the clay core having a hydraulic conductivity of 10® m/s and alluvial layers
at 10 m/s. Layer thicknesses were set at 1.5 meters for the core and 5 meters for the alluvium. Three core
configurations—central, upstream-inclined, and downstream-inclined—were modeled to assess their effects on
hydraulic parameters. Boundary conditions included upstream water levels ranging from 24.4 to 31 meters and
downstream outflow, reflecting real-world hydrogeological conditions. The model integrated precise geotechnical and
hydrogeological data, ensuring high accuracy. Simulations evaluated seepage discharge, hydraulic gradient, and uplift
pressure under varying water heights. Validation was achieved by comparing numerical results with field piezometer
data, confirming the model’s reliability (R? = 99.94%—-100%). These analyses provide a robust framework for
optimizing the design and operation of earth-fill dams, emphasizing the critical role of core positioning and water
level management.

Results and Discussion: Numerical modeling of the earthen dam under study using GeoStudio’s Seep/W module
revealed significant impacts of water height behind the dam (24.4 m to 31 m) on hydraulic parameters, including
seepage discharge, hydraulic gradient, and uplift pressure. The simulations, based on the finite element method,
incorporated the dam’s geometry (height 16 m, crest length 988 m, crest width 6 m, slopes 1:3) and material properties,
with the clay core’s hydraulic conductivity at 10~® m/s. Results indicate that increasing water height from 24.4 m to
31 m led to a 34.2% rise in seepage discharge, from 6.1 x 1077 m?/s to 8.7 x 107 m%/s, equivalent to an increase of
2.26 x 1077 m?*/s (R? = 99.94%). This linear relationship is expressed as y = 8x107%x — 2x107¢, where x is water height
(m) and y is seepage discharge (m?®/s). The hydraulic gradient at the dam’s outlet increased by 25%, from 0.002 to
0.0025 m/m, a change of 0.0005 m/m (R? = 100%), described by y = 0.0004x — 0.008. Uplift pressure on the dam
body rose by 28.7%, from 4578.3 kN/m to 5889.5 kN/m, an increase of 1311.2 kN/m (R? = 99.99%), modeled as y =
457.83x — 8859.5. These high R? values confirm the model’s accuracy, validated by field piezometer data. The clay
core’s low permeability (107® m/s) played a critical role in reducing seepage, concentrating pressure lines within the
core and preventing extensive downstream flow. The central core configuration outperformed others, minimizing
hydraulic gradients and seepage while ensuring uniform pressure distribution. In contrast, inclined core configurations
(upstream and downstream) exhibited higher gradients and pressures, increasing instability risks. For instance, at 31
m water height, seepage reached 9.66 x 1077 m?/s, with concentrated pressure in the core underscoring its effectiveness.
These findings align with prior studies [6, 7, 12], emphasizing the importance of core design and water level control.
Maintaining water height below 27 m and optimizing drainage systems (0.3 m diameter drains spaced 5 m apart) can
reduce seepage by 20%, enhancing stability and safety.

Conclusion: This study demonstrates that the central core position offers the most effective configuration for earth
dams, significantly enhancing seepage control, pressure management, and structural stability. Deviations toward
upstream or downstream inclinations amplify hydraulic gradients and uplift pressures, compromising safety. These
results provide a scientifically grounded basis for optimizing core placement in earth dam design, offering practical

guidance to engineers for improving performance and longevity of such critical water management structures.

© 2023 University of Zabol, Zabol, Iran.
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Fig. 1 (a) Geographical location of the studied dam, (b) Satellitemage of the studied dam location
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Table 1 Geometric characteristics of the studied dam

Value attribute Value attribute

Dam height 16 m
Dam crest length 988 m
Dam crest width 6m
Upstream slope 1:3
Downstream slope 1:3
Dam crest elevation 1701 m

S |y Qs zU glay | a8 conl 2o VYo 5 oo 7 g8,
0594 ¢ g Olasin (pl aiS co astie o mdaw 4
Syl g (Sgyoee so)lad pln jo aw )lwl L)l Hs
R azgoy50 Sy slafldod (rien g il

=

D s

2 S Aled Codge 53U o )0 o Shy ol (eles
SB e o lidng e g Slgee pbolS
Slasin a5 ) ooz 10 .5l cege i asdlacs jge
o S5g 5 obul ol s o lis |y adllass g0 s  gwain
5 Silwdae o il g wload asine 385 jsbay
2w )8,y bl le gyl 5 Sy sl s
o 5 olou lalyd o ohgtr i slajlad ol

A58 18 solazuls g0

o Glolgale  pgal g oldlax Cuadae )

Lo

alllaed g0 s Coxdge 5l slojlgale gl (B) caslllans 9o v (2ldlia Cosdee (@) ) S



\f.Y dm} g O)L&.& Ay 099

Ol 2! O (owaige G ings

(1971

ol 358 5 Uaglyi 5l mSale g g disy ano Gl
Ol el oalds solainl @3B oy e SO 5l Pme Co
G g5 J S 0 oS pate S Gl o) din
Gl S (Jl nl b ojle du (gl Baa 5o coge
ke 53 3 sl ko g ol 5 2 e
oanlie JJo 4y (g, l0 0 e Olyes yo ol &l o 2Ll
asls byl g s 4 aslol 4o a8 0 plosil e (ol 5o
growe) ] oy K Al aS S 04 b_>‘).lo Lg‘:b;
S ye a4 b )l se slaiel (L) (o pduldeis
Slp Fee Ll ool g sle wl ool ools ioles ¥
dyxl pley o aS cwl [Sda p3¥ clils gl 5l (6,5 ol
Lt 3 50 Cewly Zlo G 4 VY zhaie 51 iy 0)lg0
Tob e Ly g o 5l Blal wligly sl oleaslas cosliv
i Sgete Sly @b cnl 5o s Al gaae (]
EE0 P VR PR W P L O R 3 CR] R W) JE PRV
5 Cwles glils a5 0l Jate Sy 0 g9 5l S
il Ol stz P BB Hebas pladl b el e gl )]
L :pgo 2ol (z oo ialiél ) o gl g osls S|,
g ol cutd 5l ool OMSLie sunlice 5 (5,08 0 40 sl
Slladl g 5l (2 Sloy o s el 092
O 4l oo > el ol el LSS
doee 50 Sy o i 5l o] Sl SO Sdl
Vo ablin o aS lays oplaid Slas] o canoVl aily
oads Lzl o il Ae calbes g 5o VO Gas 4 Y- !
4 500,S JyaS 1y 3l ol Gl g 985 g saboay e
>Nl Slaladl pl el saelal w05l i gl
a1, i Olaladl ploxl g et & Ui Coanl snis L

GEO STUDIO 35l 5 -1-¥

el oee oS5 ,8 lawg a5 GeoStudio l38le )
slelpl 51 (S glgear ccwl a8l axwgs Geoslope
Wbl SESSP) owdine 0je> )0 pelr g Ayl
a0 lS slagis Sl slasgeme b lile 5 (nl 09 o0
@ sl g Sles Gleojen 0 038 b
L aS aos oo 1y Gl cpl Glansie 45 g 09l 0 48,515
@ ggie o slagts; 5 )8, sladowe I sl
b Wilape 095 Glaojgn G35 Alb g oy
5 &5l Jow a3 GeoStudio Llds g w1115 (5,050
@ Sy ol WS o0 S Sxleiz Gk | (S
) lagoe daojsn sl 5l (U s oo o3l (lusiges
Sl bk slr @i sl g oS ol c8s
35 sdngs sl 3 a5 Sy iy azes
5 58S Ve 5l oo o GeoStudio «SaSSg5s  awdige
wlie l38le 5 cnl 200 oo )18 oolitals g0 ez pol o
 Plaxis s FLAC b iS55 caass slo 3l lo
bass o sl 5 w5 o0 Jos 500 slagss) sl
oo Gludige 090 so plsl gae (gl by, SWS 4y
g 435 ol e b b e glagtal 5 50 ehugar colyes g
dise 4o GeoStudio oo S sl Ll 5l g jlass
sle Jdos ol GeoStudio (gles )5 aisls .aigds oo
plsl & Geizmen g Sl Bl s Ol (S A
5 S sleaw gl daglynd slwly sladlos
Sheojbo o pdy oSl (SeSSe55 slaosle (Sealis Jolo
Silodd & Olgs o0 )13l 5 (al 4z g3 BB slac Ll Koo
Sz oy Jelod g ains S 3 (21Slg; oy
aiad a8 L0l SO ylsicas GeoStudio wulys (o 0,5 oL
Slojgn bl 5 285 35t ;5 Sl A 0 slaieniz
Gl Qloiges 4 3l 5 Gl S oo L] SSS 98 (omitigee
3 b 4 i 2B 5 plabl b o ams e |, IS
Sl Wl 4y cazml jo 5 W5l 293 baods sy Jelos
Zienkiewicz, ) ailel SaS  (SaSGg55 sleojle geul g



o‘,&n&s‘so.»J 65}""5@3)"\*“ Qbalﬁ,mww,.o )-UL’ J.».l:u
1701.00
Nax WL 169957 wgr Soai0
Iy W Ay
NWL 16991
& | w_ 3
| \ =0
1693.20 \ 1693.00
Min WL 168030 v d | X v
v = < 1686.00

Concrete wall with a cross-section of 22
towards the right side

Initial Design of the Qeysaraq Dam
Sealing System

h &

—

Fig. 2 Preliminary design considered for the foundation and body sealing system of the studied dam

anlllas 5o dus 30y 5 (g G| s (5l 0024385 J15 )0 adsl )b ¥ S

ROt Ol pus® cdwd Coxlgo xd Loyl s
Sgdoe odaliv v S o JLad mse 5 0l slags!
sl gl s 6ol » (2l ;56 Wlgs oo yal (ul &S
Sy lsieds Wlgi e Bekos ol b adl azsls SL
5 b ojem 5o GlRaagh 5 plesiee Sl st e
S bsy dgete 4 5 9xS 8 eslaials se lavs Jolos
Al (plasS SeS S sloow sl 2L, 9 b
5 2l o ey o (ele Lol arwg @ Lsa
SHgyed U8, 5l S ree S50 4 aSh Bl oo (55l
5 delxl oo alize Lyl o S slbaw gll
& @l Copae 5 (b gloosd )0 5y5ls sludins;
S8 5t ey ) Joe cadllae (pl 55 05 walys
Gl el Bl (35 50 5 (S350e Codge )3 s aln
Slr sl 9 998 o0 BB a2 po Joo plyieds g S
il bylpd o aies bl Sl s 5 duglio
Sbul cge S 50 dles (65518 305 o0 Cgmine
stz 5yba g 0gd e ojle o ST b )ik a9
Ol ) easliiwads gl aes s ralS | aws way 5l s
2 4 den SuaBye 330 (b a5 was e plis Joe
b g (Slgyaee )L, ash w8580 cis e
Joe i 0 ols e BB Ol 5s o ojle JSls
S (28 U5 ln anS e Oleed 655 e aten

Silwaw asile (Sdgjane S5 slaciyn 0 (ol g
sbojle Gaeaily gl 5 collae o, Sles Lid> 0 e

ey g i =¥

Lol dw s CoaBae U oy p 4 GBS
@050 o0 (S slasw jo JLid 5 (69m g (STg,0ue
NBles 5l ggoge (385 9 Gaee Julw jelate
ad,in sbolble g acgame I Jisw  aSSeep/W
sobas l38le 5 el el ouls (6,50 4o el GeoStudio
sl s O b Sl 5 iledae lp o
S sl 5 i oy letend 5 Sl
oz bl gileand (lp |y ULl 5 oals (b
23 cdo b aalllans ge s Joo 350 o @l 8 Sy
oad 3l 8l p 4y o] (adly pwain sl iy el
Bk CoxBge (glp calize Joo du (Gudow (pl [0 .ol
sliga oo pl cd)5 18 b5l 00 9 (i o
2 A Comdsn i 36 Sl a5 Whad golas
golr g &80 jsbay jlady; g9y 5 (Sdgyoee Lol S
Coxdge a5 a2 oo Lis eadplxl gla o 20,5 s
0900 (SS9 e jli8, 9 Lad 568 p cendiue 3L Al



\f.Y dm} g O)L&.& Ay 099

Ol 2! O (owaige G ings

Ll 2 Sl slgan,Sn L S dlyea Joe 0
RN POP S TE I KN AWK,
Sdgyses (bolS il @dly o0l ww ojle 5k
L5 Sy Cushl g St Gl Sy Gl 4 e
Sk saz jsbar Wlg oo 2ig) (nl Ssbee S (g 0
o Fhb aarg O)9,0 5 ojll Sl a ] an S
HE Y IS8 il (lled zadsa | ae Cusdse
2V oy canoVb as bleie dus din Casdge Ol o
SiS oo poal ]y addllaed oo s o (Slgyane (Lol
Slade (ewoVWl G @) dis olule Lol dgpuie
ol bior RPN e S BB jebar (Sgaee bolS
g Awd CemBgo 4 i (YL Gl Siblas il
el s 0y (Slgyee glagys o] ekt 36
@ Jbloie dwn |yl a5 apo o ylid sdeliawsdy zlis
Gk Rl g )Lad s 595 Sl 4 Wil e VL
@‘P}°M%Q&°M‘bdﬁ|}"°9&)@“
30 G9> eba Wb g cwl o e oYL Cownl o

20,8 bl S slaaw Jdow 5 210k Rt
Ceawd oyl Coows 45 g il Ojgods v ae ¥ Jus o

0 lS 4 e dld Cuxdae )0 s 05 oo Jslee

12.00
£

E 1000
S
=

= 8.00
2
=
<

5% 6.00
2
=

£ 4.00
<
>
=

2.00

0.00 - T T \
0.8 1.6 24 3.2
Position of the core placement (m)
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Table 3 Parameters used in modeling

Parameter Amount
Core layer hydraulic 5
conductivity 107 (m/s)
Alluvial layer 4
hydraulic conductivity 107 (m/s)
Core layer thickness 1.5m
Alluvial layer thickness Sm
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Table 2 Specifications of the models simulated in the

research
Model =y del 2
1 (core . Model 3
Feature . (oblique
in the (downstream core)
core)
center)
Core 1.5 1.5 1.5 meters
depth meters meters ’
Core
thickness 1 meter 1 meter 1 meter
Type' of Various  Various .
alluvial Various layers
layers layers
layers
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Fig. 6 Comparison of the effects of locations on pressure gradients and hydraulic improvements in three different models
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5- List of Symbols

Symbol Yaka Definition
i m/m Hydraulic gradient
Pu kPa Under pressure force
L/s/m leakage rate
K m/s Hydraulic steering
H m dam height
Le m The length of the crest
of the dam
We m The width of the crest
of the dam
Su withqut units upstream slope
(ratio 1:3)
Sd Wgzggtﬁg;ts Downstream slope
tc m Core thickness
The thickness of the
ta m .
alluvial layer
Hw m upstream water level
The downstream water
Hd m
level
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