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Abstract - Dams have multiple types and have many characteristics that affect the stability and efficiency of their work. To 
study some important hydraulic properties and the extent of their values change each year by studying and analyzing the data 
and discussing the results to find solutions. 
This research is specialized in studying an important type of dams, it is the irrigation dam which is of paramount importance 
because the main objective of the construction of dams is irrigation and regulating the water needed for irrigation through 
summer and winter. By operation plans based on a central operation policy to meet the water needs throughout the year for the 
sectors used for water in particular the agricultural sector, which consumes up to 85% of the available water volume. In the 
short term, a certain volume of storage is considered for the following year in the case of continued shortage of water for a 
second year. 
Correct estimation of uplift force and exit gradient is very important in stability analysis of hydraulic structures. In this 
research, case of study was about al-Kufa dam, by carrying out the high water levels of all piezometers distributed in al-Kufa 
dam during six months, the uplift pressure was measured by 16 piezometers and water head was measured at maximum level. 
As a result, the exit gradient of Lock navigation, power plant and al-Kufa main barrage was 0.11, 0.073 and 0.128, 
respectively. So factor of safety against piping for all parts of Al-Kufa dam larger than one.  Factor of safety against uplift 
pressure in Lock navigation, power plant and al-Kufa main barrage was 1.6, 1.8 and 4.15, respectively. The results showed that 
al-Kufa dam is safety against piping and uplift pressure. 
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I. INTRODUCTION 
 
Any stability analysis of the dam should seek to apply 
forces that are compatible with the failure mechanism 
being assumed, these forces include Dead loads, 
External Water Imposed loads, Hydrostatic Loads, 
Nape Forces, Internal Hydrostatic Loads (Uplift). 
In the United States much gravity dams were 
designed without any leniency for uplift pressure 
therefore, highly publicized dam failures occur, 
engineers began to pay more interest for accounting 
this force. Depending upon foundation rock 
characteristics and whether or not grout and drain 
curtains were to be included, uplift intensity was 
applied to one-third, one-half, two-thirds, or the full 
horizontal base area. Many researchers studied effect 
uplift pressure and exit gradient on dam and its 
foundations. 
 
(Pekau, O., 2007), adopted Proper the uplift pressure 
consideration at the base of a concrete gravity dam 
specifically under seismic conditions for a cracked 
dam. Seismic uplift pressure model is proposed for a 
penetrated crack. His computations show that the 
seismic uplift pressure can be several times greater 
than the constant one, increasing the cracked dam 
dynamic instability. It is also revealed that the 
dynamic water flow plays a wedge role while the 
upper mouth of the crack is closing. When the dam 
rocks back to upstream, the uplift pressure increases 
until it is so high that the pivot at the toe is raised up 
and the whole dam loses its contact. Then the resultant 
uplift pressure remains constant until the dam is 

inclined to the upstream. During this period of time, 
the cracked dam is normally drifting towards the 
downstream due to the hydro pressure. 
(Kahkesh, et al, 2017), investigated the effect of exit 
gradient under the foundation and uplift pressure of 
hydraulic structures which made up with different 
diameters to vertical pipes. In The Ferdowsi 
University of Mashhad a physical model was applied 
in order to study the hole drains effect in estimating 
uplift pressure, exit gradient and seepage discharge. 14 
piezometers was used to measure the uplift pressure in 
each experiment, the seepage discharge was measured 
for the located hole drains, separately for a maximum 
level water head. His results showed that the best 
position of controlling seepage and exit gradient by 
vertical drainages were A/L =0.4 (A=distance from 
dam heel, L=dam length). 
 
This study investigate the effects of uplift pressure and 
exit gradient on foundation of al Kufa dam to check 
the  safety against uplift pressure and piping  
depending on analysis of  the highest readings of 
water level in all piezometers distributed to all parts of 
al- Kufa dam. 
 
II. KUFA DAM 
 
A barrage dam, a special type of dam which contain a 
line of large gates that can be opened or closed to 
control the quantity of water passing through the dam. 
The gates are set between flanking piers which are 
answerable for supporting the water load, and are 
often used to control and steady water flow for 
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irrigation systems as shown in figures (2-1), (2-2), and 
it is a part of Kifel- Al-Shinafiyah irrigation project, 
which includes organizing the irrigation and drainage 
of the irrigated lands of Shatt Al-Kufa and Shatt 
Al-Abbasiyah., which cover 550,000 donum. The 
planned drainage of the dam is 1400 m3/s is provided 
by the 25.70 m above sea level. The number of 
openings are 7 each with a dimensions of        12.00 
× 6.30 m and has radial iron gates. In the site of the 
dam there is a hydroelectric power station. After the 
establishment of Al-Kufa dam, it became possible to 
control the water discharges that pass through 
Euphrates River to ensure the success of the annual 
agricultural plans where water is rationed by 40% of 
the quantities that were launched before the 
establishment of the dam. The agricultural plans were 
applied successfully with less water in addition to 
reform new arable land that were flooded and put out 
of the annual agricultural plans. The project was 
accomplished in 1988. 
The project of Al-Kufa system includes a set of 
sensors and monitoring in both vertical and horizontal 
directions distributed throughout the project and 
includes a total of 16 piezometers distributors on all 
part of it. 

 
Figure 1: Front View of Al-Kufa dam 

 
Figure 2: Top view of Al-Kufa dam 

III. EXPERIMENTAL WORK 
 
The exit gradient of all piezometer distributed in 
Al-Kufa dam was calculated depending on the highest 
reading of the calculated water levels of all over the 
period of 6 months and the uplift pressure applied to 
the base of each part of the dam was calculated and the 
weight of the concrete blocks above the selected 
piezometers was then calculated. 
In order to calculate the safety factor against uplift 
pressure and exit gradient. 
 
Steps of calculations: 
Take readings of the water levels in piezometers. 

 Calculation the amount of drop between each 
adjacent piezometers. 

 Calculation the length of line drop. 
 Calculation Iexit and I critical. 

 Calculation the safety factor against piping. 
 Calculation the buoyancy force. 
 Calculation the percolation pressure. 
 Calculation the uplift pressure. 
 Calculation the weight of concrete blocks 

based on design drawings. 
 Calculation the safety factor against uplift 

pressure. 
The length of line drop was calculated depending on: 
Lane’s Weighted Creep Theory, in this theory, the 
length of the creep had been calculated by simply 
adding the vertical and horizontal creep length, 
thereby making no difference between the two creeps. 
However, Lane, on the basis of his analysis executed 
on about 200 dams all over the world, specific that the 
horizontal creep is less efficacious in reducing uplift 
(or in loss of head causing) than the vertical creep. He, 
therefore, suggested a correlation factor of 1/3 for the 
horizontal creep, as against 1.0 for the vertical creep. 
(1) 
Where: 
L: Length of line drop. 
N: Horizontal creep. 
V: Vertical creep. 
According to piezometers distribution at all parts of 
Kufa dam, calculations have been carried. 
Figure .3.depicts the distribution of piezometers. 

 
Figure 3: Distribution of Piezometers 
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 Al-Kufa main barrage include (p8, p9, p10, 
p11, p12, p13, p14, p15). 

 Lock navigation include (p1, p2, p3, p4, p5). 
 Power plant include (p6, p7). 

 
Taking reading of p8, p9 as example of al Kufa main 
barrage to calculate factor of safety against uplift 
pressure and piping. Calculate the safety factor against 
piping and uplift pressure depending on the highest 
reading of the water levels for piezometers of al-Kufa 
main barrage. 
 

D.S P9 P8 U.S Month 
21.7 22 22.23 24.05 Jan 
21.6 21.9 22.16 23.45 Feb 
22.1 22.35 22.6 23.85 Mar 
22.2 22.5 22.7 24.5 Apr 

22.65 22.75 22.89 23.6 May 
22.6 22.7 22.9 23.35 Jun 

Table 1. Readings of Water Level for p8, p9. 
 

D.S P9 P8 U.S NO. of piezo. 
22.2 22.5 22.7 24.5 Water level 

0.3 0.2 1.8 Drop( H) (m) 

3.65 10.1 34.58 Length of line 
drop (L) (m) 

0.082 0.019 0.052 
Drop in 

percolation 
Pressure IEXIT 

Table 2 .Results of Highest Readings of p8, p9. 
 

D.S P11 P16 P10 U.S Month 
21.7 22.1 22.19 22.25 24.05 Jan 
21.6 21.97 22.04 22.05 23.45 Feb 
22.1 22.44 22.5 22.57 23.85 Mar 
22.2 22.5 22.64 22.7 24.5 Apr 

22.65 22.82 22.84 22.88 23.6 May 
22.6 22.7 22.84 22.9 23.35 Jun 

Table 3. Water Levels in p10, p16, p11. 
 

D.S p 11 P 16 P10 U.S NO. Of 
piezo 

22.2 22.5 22.64 22.7 24.5 Water 
level 

0.3 0.14 0.06 1.8 Drop (H) 
(m) 

3.65 5.05 5.05 34.58 
Length of 
line drop 
(L) (m) 

0.082 0.027 0.011 0.052 

Drop in 
percolation 

Pressure 
IEXIT 
Table 4. Results of Highest Readings of p10, p16, p11. 

 
The max value of IExit in p 10, p11, p16 is equal to IExit 
in p8, p9 = 0.082. 
For p12 and p13, readings of water level as shown in 
table 5. 
 

D.S P13 P12 U.S Month 
21.7 22.05 22.25 24.05 Jan 
21.6 22.06 22.14 23.45 Feb 
22.1 22.47 22.58 23.85 Mar 
22.2 22.64 22.67 24.5 Apr 

22.65 22.83 22.88 23.6 May 
22.6 22.69 22.88 23.35 Jun 

Table 5. Water Levels in p12, p13 
 

D.S p 13 p 12 U.S No. of piezo. 
22.2 22.64 22.67 24.5 Water level 

0.44 0.3 1.83 Drop (H) (m) 

3.65 10.1 34.58 Length of line 
drop (L) (m) 

0.12 0.003 0.053 
Drop in 

percolation 
Pressure IEXIT 

Table 6. Results of Highest Readings of p12, p13. 
 
The max value of IExit in p 12, p 13= 0.12 
 

D.S P15 P14 U.S Month 
21.7 22.1 22.29 24.05 Jan 
21.6 22 22.14 23.45 Feb 
22.1 22.5 22.64 23.85 Mar 
22.2 22.67 22.75 24.5 Apr 

22.65 22.83 22.9 23.6 May 
22.6 22.71 22.88 23.35 Jun 

Table 7. Water Levels in p14, p15. 
 

D.S Piezo 
15 

Piezo 
14 U.S No. of piezo 

22.2 22.67 22.75 24.5 Water Level 
0.47 0.08 1.75 Drop (H) (m) 

3.65 10.1 34.58 Length of line 
drop (L) (m) 

0.128 0.008 0.05 
Drop in 

percolation 
Pressure IEXIT 

Table 8. Results of Highest Readings of p14, p15. 
 
The max value of IExit in p 14, p15= 0.128. Find the F.S 
against piping for IExit = 0.128 because it is the biggest 
value of IExit between all piezometer of Al-Kufa main 
barrage. 
soil = 2690 kg/m3 
Icr = soil/water = 2.69/1 = 2.6 ton/m3 

S.F =  = 2.6/0.128  > 1     Ok 
To check factor of safety against uplift pressure of al 
Kufa main barrage, taking the highest reading of water 
level on p14 and p15 and calculating the volume of 
concrete blocks according on scheme of Al- Kufa 
main barrage. 
h = D.S – foundation level 
= 22.2 – 16.2 = 6 m 
Buoyancy force = Fb = hA 
= 1 x 6 x 32.8 x 1 = 196.8 Ton 
Pizo14 = 22.75 – 16.2 = 6.55 m 
Pizo15 = 22.67 – 16.2 = 6.47 m 
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Calculation the volumes of concrete blocks based on 
design drawings: 

 

 
Figure 4: Scheme of Al- Kufa Main Barrage. 

 
Ok 
Calculate the safety factor against piping and uplift 
pressure depending on the highest reading of the water 
levels in upstream for piezometers of lock navigation 
For piezometer 1 and piezometer 4 on lock navigation 
 

D.S P4 P1 U.S Month 
21.7 21.95 22.71 24.05 Jan 
21.6 21.8 22.56 23.45 Feb 
22.1 22.27 22.88 23.85 Mar 
22.2 22.4 23.1 24.5 Apr 
22.65 22.87 22.89 23.6 May 
22.6 22.7 23.15 23.35 Jun 

Table 9. Water Levels in p1, p4. 
 
Results of drop, length of line drop, Drop in 
percolation Pressure in lock navigation for p1, p4 as 
shown in table 10. 
 

D.S p4 p1 U.S No. of piezo 
22.2 22.4 23.1 24.5 Water level 

0.2 0.7 1.4 Drop (H) (m) 

4.26 7 35.36 Length of line drop 
(L) (m) 

0.047 0.1 0.04 Drop in percolation 
Pressure IEXIT 

Table 10. Results of Highest Readings of p1, p4. 
 
The max value of IExit in p1, p4 = 0.1. 
For piezometer 2 and piezometer 5 readings of water 
level as shown in table 11. 
 

D.S P5 P2 U.S Month 
21.7 22.22 22.46 24.05 Jan 
21.6 22.1 22.24 23.45 Feb 
22.1 22.5 22.65 23.85 Mar 
22.2 22.67 22.77 24.5 Apr 
22.65 22.76 22.76 23.6 May 
22.6 23.23 23 23.35 Jun 

Table 11. Water Levels in p2, p5. 
 

D.S Piezo 5 Piezo 2 U.S No. of piezo 
22.2 22.64 22.77 24.5 Water level 

0.47 0.1 1.73 Drop (H) (m) 

4.26 7 35.36 Length of line 
drop (L) (m) 

0.11 0.014 0.05 
Drop in 

percolation 
Pressure IEXIT 

Table 12. Results of Highest Readings of p2, p5 
 
The max value of IExit in p2, p5 = 0.11. 
Find the F.S against piping for Iexit = 0.11 because it is 
the biggest value of Iexit between all piezometer of lock 
navigation. 
 
OK 
To check factor of safety against uplift pressure of 
lock navigation for p2, p5, taking the highest reading 
of water level on p2 and p5 and calculating the volume 
of concrete blocks according on scheme of lock 
navigation. 
 

 
 
- Calculation the volumes of concrete blocks based on 
design drawings of lock navigation. 

 
Figure 5: Scheme of Lock Navigation 

 
Ok 
Finally the last part of al Kufa dam, power plant which 
is checked against uplift pressure and exit gradient 
depending on the highest reading of the water levels in 
upstream for piezometer of power plant of Kufa main 
barrage . 
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Piezometer 6 and piezometer 7 is located on power 
plant of al Kufa dam, the readings of water levels are 
shown in table 13. 
 
Month U.S P6 P7 D.S 

Jan 24.05 22.28 21.82 21.7 
Fbr 23.45 22.19 21.73 21.6 
Mar 23.85 22.58 22.22 22.1 
Apr 24.5 22.7 22.38 22.2 
May 23.6 22.75 22.67 22.65 
Jun 23.35 22.98 22.6 22.6 

Month U.S P6 P7 D.S 
Jan 24.05 22.28 21.82 21.7 
Fbr 23.45 22.19 21.73 21.6 
Mar 23.85 22.58 22.22 22.1 
Apr 24.5 22.7 22.38 22.2 
May 23.6 22.75 22.67 22.65 
Jun 23.35 22.98 22.6 22.6 

Table 13. Water Levels in p6, p7. 
 

D.S p 7 p 6 U.S No. of piezo 
22.2 22.38 22.7 24.5 Water level 

0.18 0.32 1.8 Drop (H) (m) 

2.45 10.1 28.9 Length of line 
drop (L) (m) 

0.073 0.031 0.062 
Drop in 

percolation 
Pressure IEXIT 

Table 14. Results of drop, length of line drop, Drop in 
percolation Pressure in lock navigation for p6, p7. 

 
The max value of IExit in p 6, p7 = 0.073 
Find the F.S against piping for Iexit = 0.073 because it 
is the biggest value of Iexit between all piezometer of 
power plant 
 
OK 
Check F.S against uplift pressure 
By using the highest reading of the water levels in p 6, 
p7 and calculating the volume of concrete blocks 
according on scheme of power plant. 

 
Calculation the volumes of concrete blocks based on 
design drawings as shown in figure 6. 

 

Figure 6: Power Plant Sections 
Ok 
 

CONCLUSIONS 
 
Depending on the highest readings of water level in all 
piezometers, checked safety dam against piping and 
uplift pressure. 
As a result, the exit gradient of Lock navigation, 
power plant, al-Kufa main barrage, 0.11, 0.073, 0.128 
respectively. So F.S against piping for all parts of 
Al-Kufa dam > 1 
Uplift pressure of Lock navigation, power plant, 
al-Kufa main barrage, are 246.28 T, 300T, 213.021 T 
respectively. While the weights of concrete blocks are 
392.5 T, 952.53 T, 877.065 T respectively. So F.S 
against uplift pressure >1 in Lock navigation, power 
plant and al-Kufa main barrage, 1.6, 3, 4.11 
respectively. 
As a results, so Al-Kufa dam safety against uplift 
pressure and exit gradient. 
Figures that show the highest water level of 
piezometers have been selected for study: 
 
Figure 7: Water Levels in p1 and p4 in Lock 
Navigation along 6 Months. 
 
Figure 8: Water levels in p6 and p7 in Power Plant 
along 6 Months. 
 
Figure 9: Water levels in p12 and p13 in al-Kufa 
Main Barrage along 6 Months 
 
RECOMMENDATIONS 
 
1) Checking out and approving dam enlargements, 

repairs, modifications, and removals to assure that 
the dam appurtenant structures are designed to 
meet minimum requirements. 

2) Implementing separate analysis to understand 
dam and appurtenant structures achievement. 
These analyses can include structural, 
geotechnical, hydraulic, and hydrologic 
evaluations. 

3) Overseeing construction to ensure work is being 
done in accordance with the approved plans and 
specifications. 

4) Inspecting each dam on an annual basis to 
guarantee it is safe 

5) Periodically reviewing the constancy of dams and 
their principle appurtenances. 
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