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Abstract 

In this paper, various issues related to the design and construction of a pump station under 

high-level underground water conditions in Dorood City using different approaches are 

investigated. These methods include deep wells, sheet pile walls, and secant walls. By 

evaluating the deficiencies of these methods in dealing with high-level underground water 

conditions, a new approach called the Top-Down method is studied and introduced; it was 

previously presented for the construction of caissons and buildings. In comparison to other 

methods, the advantages and disadvantages of the Top-Down method are evaluated, 

leading to its selection; Subsequently, the problems, including the waterstop placement 

system and construction details were addressed and modified. Architectural and structural 

details for the construction of such structures applying the Top-Down method were then 

presented in the research. Finally, the efficiency and robustness of the proposed approach 

in the design and construction of concrete sewage structures exposed to high-level 

underground water, are demonstrated from the technical and economic perspectives, 

construction time, costs and safety level.
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1. Introduction 
To conduct studies for the second phase of the 
sewage network in the city of Dorood, field visits 
were first conducted at the site of the PS2 sewage 
pumping station. During these field visits, a high 
groundwater level was observed, which posed 
significant challenges for the construction of the 
structure. Therefore, after obtaining the 
geotechnical tests and report, the design engineer 
explored various options for the design and 
construction of the pumping station. After 
examining the different options, the Top-Down 
method was chosen as the preferred approach, 
and various construction and waterproofing 
issues were addressed during the construction. 
 

2. Study area 
The study area for the PS2 sewage pumping 
station is located in the city of Dorood, in 
Lorestan Province. The structure is circular, with 
a diameter of 12 meters, and features a wide-type 
foundation, with a depth of 14 meters below the 
natural ground surface.  

According to the geotechnical report, the soil 
at the site primarily consists of a sequence of 
layers classified as clay with low plasticity (CL) 
and sandy silt (SM). In some depths, fine-grained 
layers appear as silts mixed with sand (ML). The 
estimated mechanical parameters of the soil 
layers based on the geotechnical report are 
presented in Table 1. 

 

3. Literature review  
There has been limited research conducted 
regarding the design and construction of 
wastewater structures in areas with high 
groundwater levels. Generally, various 
construction methods concerning this issue are as 
follows: 

1. Dewatering and Groundwater Control 
Using Deep Wells 

Dewatering involves reducing the water level 
outside the construction site and maintaining the 
groundwater level until the project is completed. 
(Kara Azmoon Sazeh Azma, 2020). 

2. Sheet Pile Walls 
Another method for protecting excavation 

walls involves driving sheet piles. Sheet piles are 
commonly used in marine and riverine 
environments. They are typically made of steel 
and have a trapezoidal profile. (Das, 2014; BS 
8002, 1994; MPO, 2005; Bowles and Gou, 
1996). 

3. Excavation Using Continuous Peripheral 
Pile Driving System 

In this method, piles are installed at regular 
intervals around the area to be excavated. 
Concrete piles can be implemented as either 
precast or cast-in-place. The piles bear the lateral 
soil pressure like cantilever beams (Kara 
Azmoon Sazeh Azma, 2020). 

4. Top-Down Construction Method 

This method, which was initially 
implemented for narrow shafts or caissons in 
high groundwater conditions beneath the base of 
bridge piers (Nemati, 2005), and later used in 
building construction (Li et al., 2014), is 
executed as follows: the structure is prefabricated 
step-by-step above the ground, and excavation is 
performed using earthmoving machinery, such as 
tall-reach excavators, alongside or within the 
structure. The walls are constructed gradually 
and lowered downwards. Once the structure 
reaches its designated elevation, the foundation 
and other structural elements are installed.  

The pros and cons of all existing methods for 
concrete wastewater structures exposed to high 
groundwater levels were evaluated and compared 
using the Top-Down method. After thorough 
consideration, the Top-Down method was 
selected as the superior option over other 
methods for the following reasons: 

• High speed of construction. 
• More economical construction costs due to 

the lack of need for stabilizing the excavation 
wall slopes or retaining structures. 

• Efficiency in handling deep excavations 
compared to other methods. 

• Higher safety level during construction. 
It should be noted that when using this 

method, necessary technical measures and 
considerations for waterproofing the structure 
must be taken into account, which are addressed 
in the waterproofing section. 

 

4. Modeling and design of the structure 
To analyze, load, and design of this structure, as 
well as control crack width and specify the 
technical characteristics of materials exposed to 
the corrosive effects of wastewater, relevant and 
accepted design codes for environmental and 
wastewater structures were utilized, including the 
ACI-350 standard. Additionally, relevant 
national regulations, such as the guidelines for 
the design and calculation of underground water 
tanks (Iranian Concrete Code No. 123), were 
employed in this context. Other reputable codes, 
such as ASCE/SEI 7-16, Standard 2800, and 
National Building Regulations (Chapter 6), were 
utilized for the loading criteria of the structure 
under both static and seismic conditions. For the 
design of the concrete structure, the ACI-318 
standard, National Building Regulations (Chapter 
9), and the Iranian Concrete Code (No. 120) were 
employed. In designing the shelter steel structure 
and specifying the steel materials, National 
Building Regulations (Chapter 10) was 
referenced.  

Geometric modeling and design of the 
pumping station structure were performed using 
SAP2000 software version 21.0.2. The results 
obtained from the structural analysis in 
SAP2000, including the bending stresses M11 
and M22, are illustrated in Fig. 1. 
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Table 1. Mechanical properties of the soil layers (Kara Azmoon Sazeh Azma, 2020) 

Depth 
(m) 

Material 
C’ 

(kg/cm
2
) 

'(°) 
C’ 

(kg/cm
2
) 

'(°) 
wet 

(g/cm
3
) 

E 
(kg/cm

2
) 

 

0.5-4 CL 0.2 17 0.35 3 1.84 100-150 0.45-0.5 
4-7 SM 0.1 25 0.20 5 1.91 50-100 0.3-0.33 

7-8.5 CL 0.2 23 0.40 3 1.85 200-250 0.45-0.5 
8.5-10 SM 0.1 28 0.45 5 1.95 150-200 0.3-0.33 
10-19 CL 0.2 27 0.55 6 1.94 250-300 0.45-0.5 
19-21 SM 0.15 35 0.45 5 1.99 250-300 0.3-0.33 
21-26 CL 0.3 29 0.70 7 1.98 300-350 0.45-0.5 
26-30 SM 0.15 35 0.45 5 1.99 300-350 0.3-0.33 

      
Fig. 1. Resultant M11 & M22 Diagram in SAP2000 

 
5. Construction phases of the structure 
In general, the construction of the pumping 
station structure was carried out in four phases: 
1. Construction of walls 
2. Construction of foundation 
3. Construction of internal structural 

components, including interior walls and 
columns 

4. Construction of the steel roof over the 
pumping station 

The walls of the structure were constructed 
on-site in 2 to 3-meter segments as precast 
concrete. In the first segment, the wall was 
designed with a wedge shape at the bottom to 
facilitate its embedding into the soil, as per the 
construction details in Fig. 2. 

Then, excavation was performed from the 
inside of the first ring of the wall using an 
excavator to allow the structural components to 
move downward under their weight. Following 
this, the reinforced concrete placing for the 
subsequent parts was carried out above the 
structure, and excavation was again performed 
from the inside of the structure to facilitate further 

downward movement of the structure under its 
weight. 

This process continued until the structural 

components reached the required alignment level 

based on architectural drawings, allowing the 

structure to achieve balance and stability under its 

weight. Ultimately, the plumbness of the wall 

segments was verified using surveying 

instruments (Fig. 2). 
Typically, if the excavation around the 

structure is performed uniformly from all sides 

using an excavator, the wall sections will move 

downward under their weight and the structure 

will be constructed plumbed. During the 

construction of this structure, it was also observed 

that it moved downward, balanced, and plumbed 

under its weight. Ultimately, when the walls 

reached their installation level according to the 

construction drawings, the plumbness of the 

structure was verified using surveying 

instruments. Observations and surveying checks 

indicated that the structure had been installed in a 
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Fig. 2. Construction of the next parts of the wall to reach structural foundation level 

 
balanced and plumb condition under its weight. 

Finally, after verifying the plumbness of the 

walls, the last section of the edge wall-designed 

to control the uplift pressure-was constructed at 

the natural ground level, and compaction was 

performed on the edge of the walls to aid in the 

stability and balance of the structure. 
In cases where any lack of plumbness or 

imbalance is observed during the construction of 

the structure’s walls and their downward 

alignment, hydraulic jacks or horizontal braces 

can be used to achieve stability and plumbness of 

the structure. 

After ensuring the stability and plumbness of 

the structure and executing the surrounding edge 

beams, the foundation of the structure was 

constructed. Due to the high groundwater level in 

the foundation area, a pumping pit was initially 

created beneath the foundation. Then, while the 

pump was draining the groundwater surroundings 

of the structure, the foundation’s concrete was 

placed according to the construction details 

shown in Fig. 4. 

All the walls, internal columns, and other 

structural components were constructed in the 

next phase. Following that, the steel roof of the 

pumping station was erected, along with all the 

internal utilities and equipment of the structure. 

The final configuration of the constructed 

structure is shown in Fig. 3. 

 
6. Control of uplift pressure 
Since the concrete walls are to be cast in place at 

a depth of 3 meters below the ground, and based 

on the calculations performed for controlling 

uplift pressure, the weight of the structure alone is 

insufficient to resist this pressure. Therefore, to 

control the uplift pressure, a footing was designed 

around the walls at a depth of 3 meters (above the 

groundwater level), which appropriately increases 

the weight of the structure. The weight of the soil 

above this footing was also utilized to mitigate 

the uplift pressure.  
 

7. Waterproofing of the structure 
To waterproof the structure, PVC waterstops 

were used in all segments of the walls. In the area 

where the foundation connects to the wall, a 

combination of bentonite and hydrophilic 

waterstops was employed according to the 

waterproofing details, as illustrated in Fig. 4. 
 

8. Conclusion 
In this paper, various methods for designing and 

constructing wastewater concrete structures 

exposed to high groundwater levels were 

examined, taking into account the sensitivity of 

the waterproofing in these structures. After 

conducting technical and economic evaluations, 

the Top-Down construction method was selected 

as the superior option for the construction of these 

structures in high groundwater-level conditions. 

This method offers significant advantages 

including high construction speed, greater safety, 

and more economical construction due to the lack 

of need for stabilizing the excavation slope or 

retaining structures. It also demonstrates 

effectiveness in deep excavations compared to 

other methods. The necessary technical measures 

and precautions for waterproofing the structure 

are also implemented. 
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Fig. 3. Final constructed structure 
 

 
Fig. 4. Construction details of waterstop system for the foundation 
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Fig. 1. Satellite image of the project in Google Earth

 

 

Fig. 2. Subsoil profile (Kara Azmoon Sazeh Azma, 2020)

Kara Azmoon Sazeh Azma, 2020
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Kara Azmoon Sazeh Azma, 2020

Table 1  Mechanical properties of the soil layers (Kara Azmoon Sazeh Azma, 2020) 

Depth 
(m) 

Material 
C’ 

(kg/cm
2
) 

'(°) 
C’ 

(kg/cm
2
) 

'(°) 
wet 

(g/cm
3
) 

E 
(kg/cm

2
) 

 

0.5-4 CL 0.2 17 0.35 3 1.84 100-150 0.45-0.5 

4-7 SM 0.1 25 0.20 5 1.91 50-100 0.3-0.33 

7-8.5 CL 0.2 23 0.40 3 1.85 200-250 0.45-0.5 

8.5-10 SM 0.1 28 0.45 5 1.95 150-200 0.3-0.33 

10-19 CL 0.2 27 0.55 6 1.94 250-300 0.45-0.5 

19-21 SM 0.15 35 0.45 5 1.99 250-300 0.3-0.33 

21-26 CL 0.3 29 0.70 7 1.98 300-350 0.45-0.5 

26-30 SM 0.15 35 0.45 5 1.99 300-350 0.3-0.33 

   
 

Fig. 3. Sheet pile Wall (Kara Azmoon Sazeh Azma, 2020)
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Fig. 7. Conventional excavation schemes for the Top-
Down Method in buildings (Li et al., 2014) 

Li et al., 2014
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Fig. 8. Structural model in SAP2000 
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Fig. 9. Resultant M11 & M22 Diagram in SAP2000

M11 M22SAP2000

 

 

Fig. 10. First part of the wall with wedge-shaped section

 

 

 

Fig. 11. Architectural detail of first part of the wall with wedge-shaped section 
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Fig. 12. Construction of the first part of the wall with wedge-shaped section

 

Fig. 13. Construction of the next parts of the wall 

 

Fig. 14. Construction of the next parts of the wall to reach structural foundation level
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Fig. 15. Construction of all parts of the wall and circumferential structure 

 

 

 

 

 

     

                       (a)                                                                                         (b) 
 

Fig. 16. Stabilizing the structure using a) hydraulic jack and b) strutting of the wall

a b  
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Fig. 17. Construction details of foundation

 
Fig. 18. Construction of interior walls and columns
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Fig. 19. Final constructed structure

 

 

 

Fig. 20. Construction details of waterstop system for foundation 
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