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The aim of this study is to evaluate the structural performance of digester tanks structure in 

Al-Jazeera sewage treatment plant within Dhi Qar province in the south of Iraq by adopting 

the experimental field tests and finite element analysis. Due to the significance of anaerobic 

digester structure, it is necessary to evaluate structural performance on a regular basis using 

damage inspection techniques and non-destructive tests, depending on the construction 

materials used to construct the structure of the digester tanks. The surface of the reinforced 

concrete walls of the digester tanks had numerous small cracks, and some compressive strength 

readings were lower than the design value, showing that there was a reduction in the safety 

factor of the structure, necessitating the application of modified action to enhance the structural 

performance of the digester tanks structures rather than the project's designer providing more 

safety factor. To increase the safety factor and structural performance of digester tanks, this 

study recommends utilizing a strengthening strategy that comprises building an additional 

reinforced concrete circle ring on the external walls of tanks in the top, middle, and bottom 

locations. 

Keywords: 

evaluate, digester tanks, compressive 

strength, stress, inspection, finite element 

method 

1. INTRODUCTION

There are higher than 90 percent of the sewage in the 

developing and underdeveloped countries is discharged 

unprocessed in the environmental areas because of absence of 

appropriate wastewater assemblage and treatment plants 

structures. The amount and strength of wastewater are 

administered by the proportions and socioeconomic situation 

of the people percent of the living area [1, 2]. 

Sewage is the wastewater which produced by a public. It is 

consisted of the combination of local wastewater, industrial 

wastewater, and rain water, where a single culvert system is 

existent for wastewater and rainstorm water. The components 

of sewage differ importantly and its description is significant 

for designing and calculating the dimensions of wastewater 

treatment plant buildings [1, 3, 4]. 

The structure of wastewater treatment plants ingests great 

quantities of energy. This energy is commonly obtained from 

the network. Through the previous years, there are several 

continuing methods have been adopted to evaluate the 

conceivable answers for both decreasing the energy ingesting 

and cumulative the renewable energy creation in the 

wastewater treatment plants buildings. In general, wastewater 

treatment plant is a structure includes different processes such 

as physical, chemical and biological which they are used to 

remedy wastewater and eradicate pollution. Practically, there 

are two or more steps of building in the design of wastewater 

treatment plant structure, depending on the capacity of the 

plant structure which is linked essentially to the amount of 

sewage which is determined for the people percent that living 

in the city. The expedition for cleanser energy sources and 

renewable energy has developed a motivation force in the 

present energy advertises. The creation of biogas through the 

anaerobic digestion of organic wastes offers another for 

energy source, recapture and waste handling [5-7]. 

A digester is a structure which has different forms according 

to use for. Also, it can be known as a tank. For circular form, 

the dimensions include diameter and height, and for 

rectangular form, the dimensions include width, length, and 

height. A digester can be constructed by using reinforced 

concrete or steel. The volume of domestic digester for only 

family is less than one cubic meter, but for industrial digester, 

the volume is more than 5,000 cubic meters. Anaerobic 

digestion uses the procedure of fermentation to discontinuity 

biological trouble from animals, plants or sewage to create 

biogas. This method occurs within a central scheme in a 

structure which known as an anaerobic digester. Also, this 

structure can be called as a bio digester. A complete mixture 

digester is essentially a tank wherein wastewater is mixed with 

an active mass of microorganisms. Usual erection of complete 

mixture systems consist of reinforced concrete tanks in or on 

wall and in floor heating [8, 9]. 

Completely blended digesters are best frequently applied to 

sewage sludge, actuated sludge, and compost digestion. They 

are represented the best generally functional conformation for 

anaerobic digestion. Digesters activate as completely blended 

containers, with one or the other gas recirculation or 

mechanical or liquid blending systems. The shapes of digesters 
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can as cylinder-shaped and egg-shaped. Higher loading rate is 

severely count on attainable solid levels. The performance can 

frequently be improved by pre-absorbed solids. Digester is 

designed to operate at varies objective temperature varieties. 

The temperature varieties are normally between 86℉ and 

100℉ according to mesophillic and between122℉ and 140℉ 

according to thermophilic [10, 11]. 

Normally, digesters structure can be categorized for two 

kinds. These kinds are wet digesters and dry digesters. So, wet 

digesters can be categorized into three kinds. The first kinds is 

conventional digesters, the second kinds is sludge retention 

digesters, and the third kinds is fixed films digesters. Dry 

digesters consist of three kinds of digesters which are 

continuous dry digesters, batch dry digesters, and large-scale 

dry digestion [11, 12]. 

An important Anaerobic Digester plant insurer claims that 

anaerobic digestion facilities may face major loss occurrences 

due to damage to operating equipment, structural collapse, fire, 

flood, or theft while they are in operation. These occurrences 

can frequently lead to protracted periods of process 

interruption, which can result in a loss of income, cleanup 

expenses, a danger of local pollution, and a reduction in local 

community confidence and support for the project, which can 

be challenging to regain. All plant operators and those 

responsible for its maintenance must have a thorough 

understanding of the dangers associated with an Anaerobic 

Digester plant, as well as the rationale behind the inclusion of 

these safety and control mechanisms. They must understand 

the repercussions of malfunctioning safety features, improper 

plant operation, and disregard for established protocols. Many 

large loss or damage occurrences are typically caused by 

human mistake [13]. 

There was no natural disaster to cause the shell to collapse. 

It is thought that a malfunctioning valve caused a high internal 

pressure to build up on the day of the collapse, allowing a 

considerable amount of sewage to be discharged inside the 

tank and filling the whole structure. As noted in the texts [14-

18], and others, the collapse of reinforced concrete shells has 

been observed in a number of incidents. Ballesteros [18], for 

instance, reported the collapse of an elliptical paraboloidal 

shell while removing the formwork; the structure had obvious 

geometric flaws and construction flaws. Despite the fact that 

many instances of reinforced concrete tanks (or similarly 

shaped structures) failing owing to structural or construction 

issues are not documented in the open literature, this lack of 

publication does not aid other researchers in learning from 

failures [14-18]. 

A variety of internal and external parameters, including 

substrate, temperature, pH, HRT, slurry mixing, and C/N ratio, 

affect how well an anaerobic digester performance. In terms 

of the total amount of power used by the biogas plant and the 

rate at which biogas is produced, mixing is one of the most 

important elements that affects the efficiency of the biogas 

plant. There are several ways to mix in an anaerobic digester, 

including slurry recirculation, impeller mixing, and biogas 

recirculation [19-21]. 

According to importance of anaerobic digester structure, 

structural performance must be evaluated periodically by 

adopting damage inspection methods with non-destructive 

tests depending on the construction materials which used in 

the building of digester tanks structure. Therefore, the 

objective of this study is to evaluate the structural performance 

of digester tanks structure in Al-Jazeera sewage treatment 

plant within Dhi Qar province in the south of Iraq by 

application of the experimental and theoretical analysis. 

2. DESCRIPTION OF STRUCTURES

Al-Jazeera sewage treatment plant is located in Al-Nasiriya 

City within Dhi Qar province in the south of Iraq. The first 

stage of plant was constructed in 2012. The project was 

stopped between 2012 and 2021. The government decided to 

continues the construction works in this project in 2021. 

Therefore, there are needs to evaluate the structural 

performance of reinforced concrete digester tanks structures to 

establish the compressive strength of concrete and compare it 

with design values. There are two digester tanks which have 

13.6m height and 15m diameter. The thickness of reinforced 

concrete wall of digester tanks is equal to 0.70m. Figure 1 

shows the structure of digester tanks. 

Figure 1. The structure of digester tanks 

3. FIELD INVESTIGATION

Damages investigation of concrete structures and bridge 

components are conducted to determine whether a structure is 

safe, to spot any areas that require maintenance, repair, or 

strengthening, to serve as a planning tool for funding those 

areas, and to inform designers and construction engineers of 

those areas that require attention. In general, damages field 

investigation of the concrete structure's goals include 

assessing structural performance, locating actual and potential 

sources of damage as soon as possible, explaining to the 

member state whether the area is safe or unsafe, identifying 

any maintenance, repair, and strengthening that needs to be 

done, and classifying the damaged parts of the bridge members 

[22-28]. 

The team of inspection visited Al-Jazeera sewage treatment 

plant and inspected the structure of digester tanks by using 

visual inspection process. They found that the appearance of 

structures is acceptable despite of there are many thin cracks 

(very low width). There are no any structural cracks 

penetrating the reinforced concrete walls of digester tanks. 

Therefore, some non-destructive tests are needed to evaluate 

the compressive strength of concrete to ensure that it conforms 

to the standard specifications, taking into account the time 

period for construction. 
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4. FIELD NON-DESTRUCTIVE TESTS

Engineers use non-destructive testing (NDT) as a method to 

find flaws in materials and structures, either during production 

or use. Ultrasonic, radiography, magnetic particles, eddy 

current, dye penetrant, and visual methods are frequently 

employed. Applying these tried-and-true methods and 

techniques to the entire spectrum of engineered structures is 

what this significant and expanding sector does [29]. 

In this study, Ultrasonic plus velocity test and Schmidt 

Hummer test were used to measure the compressive strength 

of concrete, then determining the reduction percentage of 

compressive strength of concrete according to construction 

value and design value. 

4.1 Ultrasonic pulse velocity test 

For more than 60 years, the ultrasonic pulse velocity method 

has been used to assess the quality of concrete. This technique 

can be used to find interior cracks and other faults in concrete 

as well as changes caused by freezing and thawing and harsh 

chemical environments. It is also possible to assess the 

strength of concrete test specimens and in-place concrete by 

employing the pulse velocity approach. Sending an ultrasonic 

wave pulse through concrete and measuring the time it takes 

for the wave pulse to go through the concrete are the two key 

components of ultrasonic pulse velocity measurement. A 

transmitter transducer and a receiver transducer both produce 

the ultrasonic pulse wave [30, 31]. Table 1 lists the velocity 

criterion for concrete quality grading [32]. 

Table 1. Velocity criterion for concrete quality grading [32] 

UPV Pulsing (km/s) 
Excellent 

Above 4.5 

3.5-4.5 Good 

3-3.5 Medium 

Below 3 Poor 

Because of the presence of many thin cracks on the surface 

of the reinforced concrete digestion tanks walls, which causes 

the dispersal of the waves emitted by the ultrasonic pulse 

velocity and gives wrong readings. Therefore, the team of 

investigation decided to adopt a Schmidt Hammer to evaluate 

the reinforced concrete walls. 

4.2 Schmidt hammer test 

The Schmidt hammer hardness test, which was initially 

created in 1948 for a rapid measurement of UCS but later 

expanded to assess the hardness and strength of rock, is an easy 

and non-destructive test. The working principle is 

straightforward: a spring releases a hammer, which indirectly 

strikes a rock surface via a plunger. The hammer's rebound 

distance, which ranges from 10 to 100, is then immediately 

read from the scale or electronic display. In other words, the 

rebound hardness is determined by the distance the hammer 

mass travels after striking a rock through a plunger and under 

the pull of a spring. Naturally, rebound distances increase with 

surface hardness. The rebound hammer method could be used 

to evaluate the uniformity of the concrete, the quality of the 

concrete in relation to the standard requirements, and the 

quality of one element of concrete in relation to another. It 

could also be used to evaluate the compressive strength of 

concrete with the aid of suitable co-relations between rebound 

index and compressive strength [33, 34]. 

In this study, 19 points were selected to apply the techniques 

of Schmidt hammer test. Each point has 16 readings of 

compressive strength, after that will take the average for all 

points. The distribution of tested point was selected for three 

locations. The first location contains points 1, 2, 3, 4, 5, and 6 

on the middle height of tank No.1 and points 18 and 19 on the 

top height of tank No.1. The second location on the tank No. 

2 which contains points 11, 12, 13, 14, and 15 on the middle 

height of tank No.2, and points 16 and 17 within top height of 

tank No.2. The third location was selected in the middle 

structure between two tanks which contains points 7, 8, 9, and 

10. Figure 2 shows the location of tested points for two tanks.

(a) 

(b) 

Figure 2. Location of tested points for two tanks 

The results of Schmidt hammer test can be seen that in 

Tables 2, 3, and 4. From these tables it can be shown that the 

average value of compressive strength of reinforced concrete 

wall for digester tank No.1 is equal to 31Mpa, the average 

value of compressive strength of reinforced concrete wall for 

digester tank No.2 is equal to 26Mpa, and 52Mpa for middle 

structure reinforced concrete wall. When comparing between 

the tested values with design compressive strength of concrete 

which is equal to 30MPa, the values of digester tank No.1 and 

middle structure are more than the design value. Whereas, the 

value of digester tank No.2 is lower than design value. 

According to above results and inspection process, there are 

many thin cracks on the surface of reinforced concrete walls 
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of digester tanks and some compressive strength reading lower 

than design value, indicating that there is reduction in the 

safety factor of structure which needs to apply some modified 

action to improve the structural performance of digester tanks 

structures, instead of the designer of this project give more 

safety factor. Therefore, there is need to analyze tank structure 

by using Finite Element software to check the structural 

performance of digester tanks. 

Table 2. Compressive strength for tank No. 1 

Point 
1 2 3 4 5 6 18 19 

Reading 

1 34 34 28 0 32 32 40 48 

2 32 32 28 0 36 34 44 40 

3 36 32 28 0 32 36 36 40 

4 36 36 28 0 34 36 36 46 

5 36 30 28 0 34 32 40 44 

6 36 32 26 0 32 36 40 44 

7 34 34 26 0 32 40 44 50 

8 36 36 28 0 30 36 40 46 

9 34 32 26 0 30 32 44 44 

10 34 32 26 0 30 34 44 40 

11 36 32 28 0 30 30 38 46 

12 34 32 28 0 28 38 44 44 

13 36 34 28 0 28 36 48 46 

14 36 32 28 0 36 34 48 46 

15 38 32 30 0 30 36 48 44 

16 40 30 30 0 32 36 42 38 

Average 36 33 28 0 32 35 42 44 

Compressi

ve strength 

(MPa) 

33.

6 

28.

2 

20.

3 
0

26.

5 

31.

8 

45.

9 

50.

4 

Compressi

ve strength 

after 

corrected 

(MPa) 

34 28 20 
Ne

g.
27 32 40 40 

Average 31 

Table 3. Compressive strength for tank No. 2 

Point 
11 12 13 14 15 16 17 

Reading 

1 28 26 20 28 28 36 36 

2 28 28 32 32 34 36 30 

3 28 28 32 28 44 36 36 

4 28 30 30 28 36 36 30 

5 28 28 34 28 34 34 36 

6 28 30 34 28 34 36 34 

7 28 26 34 28 38 30 32 

8 28 26 34 30 35 36 32 

9 30 30 28 30 34 36 30 

10 30 26 34 32 32 36 32 

11 30 30 34 30 34 38 34 

12 30 28 30 36 38 38 30 

13 30 28 30 35 34 38 32 

14 30 26 36 30 30 38 36 

15 30 30 30 32 36 38 34 

16 32 26 34 28 38 38 30 

Average 29 28 31 30 35 36 33 

Compressive 

strength 
21.8 20.3 24.9 23.3 31.8 33.6 28.2 

Compressive 

strength after 

corrected 

(MPa) 

22 20 25 23 32 34 28 

Average 26 

Table 4. Compressive strength for middle structure 

Point 
7 8 9 10 

Reading 

1 44 44 50 42 

2 42 42 48 38 

3 50 42 44 46 

4 46 38 44 42 

5 42 38 50 40 

6 48 42 44 48 

7 54 38 44 42 

8 50 42 46 44 

9 50 40 46 44 

10 50 40 42 50 

11 46 44 48 40 

12 46 44 46 46 

13 46 38 46 42 

14 54 42 46 42 

15 54 38 48 48 

16 50 38 50 48 

Average 48 41 46 44 

Compressive 

strength 
60 43.7 55 50.4 

Compressive 

strength after 

corrected (MPa) 

60 44 55 50 

Average 52 

5. FINITE ELEMENT ANALYSIS OF STRUCTURE BY

USING STAAD PRO. SOFTWARE

Digester tank are analyzed to study the distribution of loads 

and stresses and check the safety of structure according to 

standards. STAAD Pro software was used in the analysis 

process. Figure 3 shows the three dimensions model of 

digester tank. Figure 4 shows boundary condition of digester 

tank model.   

Figure 3. Three dimensions model of digester tank 
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Figure 4. Boundary condition of digester tank model 

5.1 Distribution of loads on the digester tank 

According to ACI code, Figure 5, Figure 6, and Figure 7 

show the load cases details on the digester tank. 

Figure 5. The all load cases details 

Figure 6. The PRGY of live load 

Figure 7. The TRP X0 of live load 

5.2 Analysis results of maximum absolute stresses 

distribution overall tank 

Figure 8 gives the results of dead load stresses with their 

distribution on the overall tank. From this figure it can be seen 

that the minimum value of stress is 0.019MPa which was 

located within bottom of digester tank and the maximum value 

of stresses due to dead load is equal to 0.301MPa. For live load, 

the values of stresses can be seen in Figure 9. The lower value 

is equal to 0.042 which is positioned within the lower quarter 

of digester tank and the higher value is located in the top of 

digester tank which is equal to 0.674MPa. All these values are 

within allowable design values of stresses. 

Figure 10 shows the distribution of stresses due to dead load 

(1.4 load1). It can be shown that the maximum value of 

stresses of case 1 is equal to 0.421MPa within middle of tank. 

Figure 11 gives the values of stresses within overall tank due 

to dead and live loads (1.2 load 1 and 1.6 load 2). From this 

figure it can be noted that the value of maximum stress of case 

2 increases comparing with case 1 which is equal to 1.14MPa. 

The case 3 includes the distribution of stresses according to 

(1.2 load 1and 1 load 2) which is shown in Figure 12. The 

higher value is equal to 0.732MPa in the top of tank. Figure 13 

shows the case 4 which contains on the stresses due to (1.2 

load 1) and the maximum value of stress is 0.360MPa within 

middle of tank. Figure 14 shows the distribution of stresses for 

case 5 which is (0.9 load 1). The maximum value is 0.271MPa. 

According to previous results, all values within allowable 

design values. 

Figure 8. Results of maximum absolute dead load stresses 

with their distribution on the overall tank 
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Figure 9. Results of maximum absolute live load stresses 

with their distribution on the overall tank 

Figure 10. Distributions of maximum absolute stresses due 

to dead load (1.4 load1) for case 1 

Figure 11. Distributions of maximum absolute stresses due 

to dead and live loads (1.2 load 1 and 1.6 load 2) for case 2 

Figure 12. Distributions of maximum absolute stresses due 

to dead and live loads (1.2 load 1 and 1 load 2) for case 3 

Figure 13. Distributions of maximum absolute stresses due 

to dead load (1.2 load 1) for case 4 

Figure 14. Distributions of maximum absolute stresses due 

to dead load (0.9 load 1) for case 5 
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5.3 Analysis results of maximum top principal major stress 

distribution overall tank 

The stresses analysis of tank top due to dead and live load 

can be seen that in Figure 15 and Figure 16. From these 

Figures, the higher value of stress due to dead and live loads 

in the tank top is 0.049MPa and 0.674MPa respectively. For 

load cases 1 to 5, Figure 17, Figure 18, Figure 19, Figure 20, 

and Figure 21 show the values of maximum principal major 

stress which is equal to 0.068MPa, 1.14MPa, 0.732MPa, 

0.058MPa, and 0.044MPa respectively. 

According to the results of field tests and finite element 

analysis, there is reduction in the compressive strength of 

reinforced concrete for walls of digester tank from 30MPa to 

25MPa, leading to decrease in the safety factor. Table 5 lists 

the values of safety reduction. From this table it can be seen 

that the difference in safety is equal to 4%. Therefore, this 

study recommends that the designer must increase the safety 

factor by suggestion some strengthening and repairing 

methods or by reducing the loads on the structure.    

Figure 15. Results of maximum top principal major stress of 

dead load with their distribution on the overall tank 

Figure 16. Results of maximum top principal major stress of 

live load with their distribution on the overall tank 

Figure 17. Distributions of maximum top principal major 

stress due to dead load (1.4 load1) for case 1 

Figure 18. Distributions of maximum top principal major 

stress due to dead and live loads (1.2 load 1 and 1.6 load 2) 

for case 2 

Figure 19. Distributions of maximum top principal major 

stress due to dead and live loads (1.2 load 1 and 1 load 2) for 

case 3 
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Figure 20. Distributions of maximum top principal major 

stress due to dead load (1.2 load 1) for case 4 
Figure 21. Distributions of maximum top principal major 

stress due to dead load (0.9 load 1) for case 5 

Table 5. Compressive strength and safety percent 

C=30 MPa Safety C=25 MPa Safety Differences of Safety 

fct (MPa) 0.48 80% 0.6 76% -4%
Losing from safety 

ɸVc (kN) 434.24 55% 396.52 51% -4%

6. IMPROVEMENT OF STRUCTURAL 

PERFORMANCE OF DIGESTER TANKS

To increase the safety factor and structural performance of 

digester tanks, this study suggests applying strengthening 

method which that includes construction of additional 

reinforced concrete circle ring on the external walls of tanks 

within top, middle, and bottom location to strength and support 

of reinforced concrete walls. The compressive strength of ring 

concrete must be equal to 40MPa. Figure 22 shows layout of 

steel reinforcement for ring. Figure 23 shows the layout of 

strengthening method.  

Figure 22. Layout of steel reinforcement for ring 

Figure 23. The layout of strengthening method 

7. CONCLUSIONS

The conclusions of this study are: 

(1) In this study, experimental field tests and finite element

analysis method were used to evaluate the structural 
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performance of reinforced concrete walls of digester tanks 

within Al-Jazeera sewage treatment plant which was 

positioned in Al-Nasiriya City within Dhi Qar province in the 

south of Iraq. The results of experimental field tests shown that 

the average value of compressive strength of reinforced 

concrete wall for digester tank No.1, No.2 and middle 

structure were equal to 31Mpa, 26MPa, and 52MPa 

respectively. By comparing between the tested values with 

design compressive strength of concrete which was equal to 

30MPa, the values of digester tank No.1 and middle structure 

were more than the design value. Whereas, the value of 

digester tank No.2 was lower than design value. 

(2) According to results of inspection process, there were

many thin cracks on the surface of reinforced concrete walls 

of digester tanks and some compressive strength reading lower 

than design value, indicating that there was reduction in the 

safety factor of structure which needs to apply some modified 

action to improve the structural performance of digester tanks 

structures, instead of the designer of this project give more 

safety factor. 

(3) According to the results of the finite element analysis,

the stresses were less than the values intended. The 

compressive strength of reinforced concrete for the walls of 

the digester tank has decreased from 30 MPa to 25 MPa, 

according to the findings of field testing and finite element 

analysis, which has caused the safety factor to drop. 

(4) This study suggests using a strengthening technique that

involves construction an additional reinforced concrete circle 

ring on the external walls of tanks in the top, middle, and 

bottom locations to strengthen and support of reinforced 

concrete walls in order to increase the safety factor and 

structural performance of digester tanks. The strengthening 

program can be as future work for this paper. 
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