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Most sanitation structures in the world are constructed using concrete which is reinforced 

by the steel, this type of concrete is called Reinforced Cement Concrete (RCC). The RCC 

structure is believed to be relatively resistant to corrosion which the sanitation structures 

are prone to due to the aggressive environment in which they are subjected to. This belief 

has been compromised since the reinforced concrete used in the sanitation structures 

such as the concrete sewer pipes has become susceptible to Microbiologically Induced De-

terioration (MID). This MID leads to degradation and compromised strength and service 

life of the RCC. In the reinforced concrete structure, the backbone of this structure is the 

reinforcing steel which when its strength is compromised by the MID, the whole structure 

is compromised. The present research therefore aimed at evaluating the effects of sulfuric acid, resulting from the 

MID process, on the bending strength of steel metal used for reinforcing concrete in sanitation structures. Rein-

forced concrete specimens were developed using different types of cement and different concrete cover. The three 

different types of cement were, Ordinary Portland Cement (OPC), Portland Pozzolana Cement (PPC) and Limestone 

Calcined Clay Cement (LC3), while concrete covers of 15mm and 25mm were applied. They were then subjected to 

a harsh environment (a sample of sewage) suitable for corrosion just like in their actual operational environment. To 

determine the effects of sulfuric acid resulting from MID on the steel metal, the steel metal was tested using a Uni-

versal Testing Machine (UTM). The bending strengths before and after being subjected to an aggressive environ-

ment were determined. The testing of the specimens was done at an interval of 14 days for a period of three (3) 

months. According to the results, for a concrete cover of 25mm, LC3 showed a minimum percentage reduction in 

strength compared to PPC and OPC. It had the lowest percentage reduction in strength after 84 days which was 

5.25%, OPC 7.20%, and PPC 7.24%. In conclusion, there was a strength reduction for all specimens tested. 

LC3 showed good resistance to the effects of MID compared to PPC and OPC. In terms of concrete cover, 25mm 

showed good resistance to MID compared to 15mm concrete cover.  
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Introduction 

In the Kenyan 2010 constitution Article 43 (1) 

(b), every person has a right to accessible and ade-

quate housing, and to reasonable standards of 

sanitation. Anchoring sanitation in the constitu-

tion therefore means that the required sanitation 

structures such as the pit latrines, septic tanks, 

anaerobic baffled reactor (ABR), biogas reactor 

and sewer lines must be designed in such a way 

that they are safe and suitable for use. According 
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to information from the Kenya National Bureau of 

Statistics, 80.75% the Kenya’s population have 

access to sanitation facilities [1]. These sanitation 

facilities include pit latrines and toilets, for toilets, 

they are either connected to pit latrine, septic 

tank or sewer system [1]. In these sanitation 

structures, the main materials used to develop the 

structures are concretes reinforced with mild steel 

metal [2]. Reinforced concrete is made by first 

developing the steel metallic structure after which 

the mortar is poured on it and then given at least 

seven days to cure up [3]. 

Apart from being used in concrete reinforce-

ment, the steel metal can be independently used 

in developing some sanitation structures [4]. 

Some of these structures include the vacuum 

trucks for transporting human waste from the 

septic tanks to the treatment plants and the trick-

ling filters where the sprinklers are used to spray 

wastewater over the filters in treatment plant 

[5].The mild steel metal being used in the sanita-

tion structure is subjected to aggressive environ-

ment which is suitable for Microbiologically In-

duced Deterioration (MID), which occurs in the 

form of corrosion [6]. Corrosion has led to tre-

mendous reduction of strength of the mild steel 

metal hence weakening the structures made of it 

[7]. Currently, no sanitation structures can serve 

up to its designed service life [8]. For example, 

the average service life for a sewer system should 

be between 50-100 years, but no sewer system 

can last that long minus very expensive repair and 

maintenance [9]. 

Sanitation structures are subjected to five 

main forces which they must be able to with-

stand. The forces are shear, torsional, bending, 

compressional and tensional forces [8]. This 

makes mild steel metal to be a very integral part 

of these structures even though it is vulnerable to 

corrosion [4]. A sanitation structure may not be 

subjected to all these forces at the same time but 

a sanitation structure must be subjected to at 

least one of them at any time [8]. Mild steel metal 

has a desirable characteristic which makes it to be 

preferred for construction purposes like in con-

structing the sanitation structures. It has the abil-

ity to withstand, shear, bending, torsional and 

tensional loads which are among the common 

loads which the sanitation structures are subject-

ed to [8,10, 11]. Concrete alone has a perfect 

compression strength [12], therefore reinforcing 

it with mild steel makes it all round fit to be used 

in any sanitation structures. What happens there-

fore if this backbone of sanitation structure is 

overwhelmed by corrosion is that that the reliabil-

ity and the service life of these structures are 

compromised. 

Worldwide, there are sewer infrastructures 

which have existed for more than 100 years of 

investment [9]. According to [9], the designed 

service life for sanitation structures should be 

more than 100 years so that value of the initial 

costly investment can be realized. For example, in 

the United State of America, the sewer system is 

valued at approximately $1 trillion [6]. In Kenya, 

according to the African Ministers’ Council on 

Water (AMCOW), there is an annual investment 

of US$386 million for sanitation structures [13]. 

This costly investment is under serious deteriora-

tion which is microbiologically induced in the form 

of corrosion [14]. The main cause of corrosion in 

sanitation structures is hydrogen sulfide (H2S) 

which leads to the formation of sulfuric acid, hy-

drogen sulfide exists in human waste, wastewater 

and industrial waste [15-17]. According to [9], 

there is an annual investment of more than $1 

billion used in maintenance, repair and replace-

ment of worn-out parts of the sewer system. He 

then concluded that developing a technique 

which can improve the service life of the sewer 

system by one year would save the world more 

than $ 1 billion per year. 

Among the Sustainable Development Goals 

(SDGs), the SDG number 6 advocates for available 

and sustainable sanitation for all [18]. The advo-

cacy is also found in the Kenyan 2010 constitu-

tion Article 43(1) (b). This therefore means that 

sanitation structures should be taken seriously 

and their constructions should be up to the re-

quired standards with the required material to 
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avoid their failure. Their frequent failure may make 

the users revert to Open Defecation which is be-

ing campaigned against [19, 20]. Quick and ami-

cable solutions should be put in place to counter 

anything which may compromise their service 

lives or condition of use. The aim of this research 

was to evaluate the effects of sulfuric acid on the 

performance of available mild steel in the Kenyan 

market when used in sanitation structures. Steel 

metals from reinforced concretes made from dif-

ferent types of cements, Ordinary Portland Ce-

ment (OPC), Portland Pozzolana Cement (PPC) 

and Limestone Calcined Clay Cement (LC

3

) were 

tested. Different concrete cover sizes, 15mm and 

25mm were also applied. This was to determine 

the best type of cement and perfect concrete cov-

er size which can be resistant to corrosion result-

ing from the sulfuric acid. 

 

Materials and Methods 

Materials 

OPC and PPC were commercially acquired from 

the local market in Kenya. OPC was in accordance 

with the standards set by the European Standard- 

EN-197-1 for class-42.5R cement while PPC was in 

accordance with the standards set by the Ameri-

can Society for Testing and Materials for 52.5R 

cement as per ASTM C15O. The LC

3

 was obtained 

from Meru University of Science and Technology 

(MUST). The type of LC

3

 cement used was com-

posed of the following, 50% clinker, 30% calcined 

clay, 15% limestone and 5% gypsum according to 

[21]. The sand was commercially acquired from 

local suppliers who harvest it from the nearby Riv-

er Sio located in Nambale sub-county, Busia Coun-

ty. It was in line with the set standards by the 

American Society for Testing and Material as per 

ASTM C778-17. The sand was well graded as it 

contained particles of varying sizes between 150 

microns and 4.75millimeters [22, 23]. Coarse ag-

gregates were obtained commercially from the 

stone crushers located at Nambale in Busia Coun-

ty. The aggregates were as per the ASTM D692M-

20. They had varying sizes between 6mm and 

20mm, therefore they were also well graded [24, 

25]. The steel of diameter 8mm (D8) was in ac-

cordance with the set standards for American So-

ciety for Testing and Material for materials with 

designation number 3(10) as per ASTM 

A615/615M-20, it was obtained commercially 

from the local market. The descriptions for PPC, 

OPC and LC

3

 are shown in Table 1. 

 

Methods 

Particle Size Distribution for River sand and Coarse 

Aggregate 

The river sand and the coarse aggregates were 

tested for particle size distribution to ensure their 

conformity to the international set standards. The 

river sand was tested to confirm its conformity to 

the American Society for Testing and Materials, 

ASTM C778-17 while for the coarse aggregate, it 

was to conform to ASTM D692M -20. To conduct 

the test, the river sand and the coarse aggregate 

were passed through different sets of sieves. For 

the river sand, the set of sieves used had varying 

sizes between 4.75millimeters at the top and 150 

microns at the bottom. The set of sieves for grad-

ing the coarse aggregates had sizes varying be-

tween 20mm at the top and 6mm at the bottom. 

For each test, the percentage weight retained and 

percentage passing weight were recorded. 
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Preparation of the Reinforced Concrete  

Wooden structures with the shape and size of 

the reinforced concrete specimen were made. The 

structures were in two sizes with a rectangular 

shape. The first one had internal dimensions of 

40mm × 40mm × 150mm to produce reinforced 

concrete with a cover of 15mm. The second one 

had internal dimensions of 60mm × 60mm × 

150mm to produce reinforced concrete with a 

cover of 25mm.  After making the wooden struc-

tures, mortar was poured into them then they 

were given a period of seven (7) days to cure up. 

The reinforced concretes were removed from the 

wooden structures after 7 days then they were 

submerged into the sewage sample contained in a 

concrete tray. The mortar had mixing ratio of 1: 2: 

3:0.5 for cement, sand, coarse aggregate and wa-

ter. 

 

Determination of Bending Strength of the Steel Speci-

mens 

Data for bending strength of the steel speci-

mens was collected at an interval of 14 days for a 

period of 3 months. This was done by taking the 

specimen out of the concrete tray and then re-

moving the concrete cover after which, the steel 

metal was tested using UTM. The concrete tray 

contained sewage sample which provided an envi-

ronment similar to the actual environment which 

the reinforced concrete is subjected to in the sani-

tation structures. 

The specimen (which is the steel metal) was 

placed centrally on the jig mounted on the UTM 

table.  A vertical load was then applied at its cen-

ter using a steel bar of thickness 24mm. The verti-

cal load was supplied from the automatic hydrau-

lic system of the UTM. The load was applied until 

the specimen failed by bending inwards. The load 

at the yielding point was recorded in newton (N). 

This same procedure was repeated for all the 42 

specimens which were subjected to this test.  

 

Results and Discussion 

Results 

Particle Size Distribution for River sand and Coarse 

Aggregate 

From the data collected, the figures 1 and 2 

show the plotted graphs for distribution of parti-

cles per sizes in river sand and coarse aggregate 

respectively. 

       From figure 1, the sand was well graded as it 

contained particles of varying sizes from 0.15mm 

to 4.75mm. It had a fineness modulus of 2.6473 

according to [26]. 

 

Fineness modulus = ∑ (cumulative % of  

retained weight)/100= 264.73/100 = 2.6473 

 

The coarse aggregated was also well graded as it 

contained particles of varying sizes from 4.75mm 

to 20mm as shown in figure 2. It had a fineness 

modulus of 2.1736 also according to [26]. 

 

Fineness modulus = ∑ (cumulative % of  

retained weight)/100= 217.36/100 = 2.1736 
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Figure 1: Sand Particles size distribution  Figure 2 : Coarse aggregates particles size  

distribution. 



5 

 

Bending Strength 

Graphs shown in Figures 3,4, and 5  graphs were 

plotted from data collected after performing 

bending strength tests. 

From the graphs,  it can be observed that the 

steel metal from the reinforced concrete made 

with the LC

3

 cement had the highest bending 

strength at the end of 84 days of submersion into 

the sewage, followed by PPC then OPC. It 

had a bending strength of 1899.97N for 

concrete cover of 25mm and 1711.23N 

for a concrete cover of 15mm as indicated 

in figure 3.5. PPC had a strength of 

1722.31N for concrete cover of 25mm 

and 1600.09N for a concrete cover of 

15mm. For OPC, it had a strength of 

1499.35N for concrete cover of 25mm 

and 1521.20N for a concrete cover of 

15mm. The initial bending strength of the 

steel metal before being submerged into 

the sewage was 2619.08N. 

 

 Discussion  

Analysis of the graphs plotted 

As per the analysis of the plotted graphs, 

as the number of submersion days in-

creased, the bending strength of the steel 

metal in all the three types of cement, 

OPC, PPC and LC

3

 decreased.  This is at-

tributed to microbiologically generated 

sulfuric acid (biogenic sulfuric acid) during 

the MID process [27, 28]. This reduction 

of strength recorded was similar to the 

findings of [4] who also recorded reduc-

tion in strength of the metallic reinforce-

ment. Comparing strengths generally in 

terms of concrete cover size, a bigger con-

crete cover size, 25mm in size, showed 

good resistance to sulfuric acid effects 

hence compared to a cover size of 15mm, 

its reduction in strength was relatively 

low. The same results were recorded by 

[21]. The reason behind the difference in 

strength reduction between 15mm con-

crete cover size and 25mm concrete cov-

er size was the ingression time. The time taken for 

the microbiological organisms and the acids 

(chloride and sulfuric acid) to reach the steel met-

al imbedded inside the concrete varied depending 

on the concrete cover size [29]. The lesser the 

concrete cover size the lesser the ingression time 

[29, 30]. 

The cement which portrayed good resistance 
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Figure 3 :  Bending strength against subm ersion duration 

for OPC. 

Figure 4: Bending strength against subm ersion duration 

for PPC. 

Figure 5: Bending strength against subm ersion duration 

for LC
3

. 
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to the corrosive environment was the LC

3

 followed by PPC and then OPC, these findings were related 

to what [21] found. The resistivity was attributed to low porosity and low chloride and sulfuric acid 

ingress of LC

3

, PPC and OPC accordingly [21]. The steel metal from reinforced concrete made of LC

3

 

generally had low reduction in strengths compared to both PPC and OPC, though there are some rare 

cases in which PPC and OPC showed low strength reduction compared to LC

3

. This is from visual 

analysis of the plotted graphs. 

 

Evaluation of the Bending Strength of the Concrete Reinforcing Steel 

To evaluate the strength of the steel metal in terms of percentage reduction in strength, qualitative 

analysis was done as follows. 
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Strength of steel metal after being submerged considering bending strength was: 
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Considering that: 

 

Evaluation of Final Strength of steel metal in 

Terms of Percentages. 

From the calculations done on evaluation of 

effects of sulfuric acid on bending strength of 

steel metal, subjecting the steel metal to the ag-

gressive environment similar to the one in which 

the reinforced concrete is normally subjected to in 

sanitation structure led to its reduction in 

strength. This reduction in strength of the rein-

forcing steel when concrete is subjected to ag-

gressive environment was also recorded by [4]. 

LC

3

 cement showed less reduction in strength fol-

lowed by PPC then LC

3

.This was in order of their 

porosity and rate of chloride and sulfuric acid in-

gress as per the findings of [21]. According to 

[21], LC

3

 had low porosity and chloride and sulfu-

ric ingress [21]. A concrete cover of 25mm also 

showed low reduction in strength compared to a 

concrete cover of 15mm due to its low ingress 

time. These results were similar to the one ob-

tained by [21] in his research.  

 

Conclusions 

In light of the results obtained and the analysis 

done, the following conclusions were made: 

i) Sulfuric acid had a negative effect on the rein-

forcing steel. This was justified by strength re-

duction which became more rapid as the days 

of submersion increased. 

ii) The reduction in strength was dependent on 

the type of cement used and the concrete cov-

er size. 

iii) For the types of cement, LC

3

 showed less re-

duction of strength compared to other types 

hence should be used in construction rein-

forced concrete in sanitation structures. 

iv) For concrete cover size, 25mm showed less 

strength reduction compared to 15mm hence 

a cover of same size or greater than that 

should be applied in construction of sanitation 

structures. 

 

Recommendation 

Within the limits of this research, LC

3

 cement has 

shown good performance. Given that it is relative-

ly new in Kenya and globally in general and in the 

efforts for realization of better service life of the 

sanitation structures, more research and encour-

agement in using it in the markets should be en-

couraged. The results have also shown that con-

crete cover size of not less than 25mm is encour-

aging.  

 

Declaration of competing interests 

The authors declare that no competing interests 

exist. 

 

References  

1. KNBS, Kenya Demographic and Health Survey 

2014. 2014. 

2. Olonade, K., A Review of the Effects of 

Wastewater on Reinforced Concrete Structures in 

Nigeria. Nigerian Journal of Technology, 2016. 35

(2): p. 234-241. 

3. MacGregor, J.G., et al., Reinforced concrete: 

Mechanics and design. Vol. 3. 1997: Prentice Hall 

New Jersey. 

4. Alexander, M., H. Beushausen, and M. Otieno, 

Research Monograph No. 9-Corrosion of steel in 

reinforced concrete: Influence of binder type, 

water/binder ratio, cover and cracking. Depart-

ment of Civil Engineering, University of Cape 

Town: Concrete Materials and Structural Integ-

rity Re-860 search Unit (CoMSIRU)(9), 2012: 

p. 4-32. 

5. Tilley, E., Compendium of sanitation systems 

and technologies. 2014: Eawag. 

6. Parande, A., et al. Deterioration of reinforced 

concrete in sewer environments. in Proceedings of 

the Institution of Civil Engineers-Municipal Engi-

neer. 2006. Thomas Telford Ltd. 

7. Uyguno lu, T. and I. Gunes, Biogenic corrosion 

on ribbed reinforcing steel bars with different 

bending angles in sewage systems. Construction 

and Building Materials, 2015. 96: p. 530-540. 

8. Rimshin, V., E. Kuzina, and I. Shubin. Analysis 

of the structures in water treatment and sanita-

73 



8 

tion facilities for their strengthening. in Journal of 

Physics: Conference Series. 2019. IOP Publishing. 

9. Ritter, S.K. Fixing a Source of Sewer Corrosion. 

Civil Engineering: Switching water-treatment 

chemicals could reduce sulfide which degrade 

cement pipes, 2014. 92. 

10. Allen, E. and J. Iano, Fundamentals of building 

construction: materials and methods. 2019: John 

Wiley & Sons. 

11. Aplapollo. Uses of mild steel in the construc-

tion industry. 2021. 

12. Shah, S. and J. Chandra Kishen, Fracture prop-

erties of concrete–concrete interfaces using digi-

tal image correlation. Experimental mechanics, 

2011. 51(3): p. 303-313. 

13. AMCOW, Water Supply and Sanitation in Ken-

ya. Turning Finance into Services for 2015 and 

Beyond. 2011: p. 10-11. 

14. Stanaszek-Tomal, E. and M. Fiertak, Biological 

corrosion in the sewage system and the sewage 

treatment plant. Procedia engineering, 2016. 

161: p. 116-120. 

15. Kaushal, V., M. Najafi, and J. Love, Qualitative 

investigation of microbially induced corrosion of 

concrete in sanitary sewer pipe and manholes. 

Proc. ASCE Pipelines, 2018. 2018: p. 768-775. 

16. Wu, M., et al., Microbiologically induced corro-

sion of concrete in sewer structures: A review of 

the mechanisms and phenomena. Construction 

and Building Materials, 2020. 239: p. 117813. 

17. Munyao, O.M., et al., Study on the effect of 

Thiobacillus intermedius bacteria on the physico-

mechanical properties of mortars of ordinary 

portland cement. Heliyon, 2020. 6(1): p. 

e03232. 

18. Bongartz, P., N. Vernon, and J. Fox, Sustainable 

sanitation for all: experiences, challenges and in-

novations. 2016: Practical Action. 

19. Muchiri, E. and E. Muellegger, Operation and 

maintenance strategies for resource-oriented sani-

tation systems in Nakuru, Kenya. 2009. 

20. Cheserek, G. and G. Opata, Environmental and 

housing problems of low-income households in 

eldoret municipality, Kenya. Journal of Emerging 

Trends in Economics and Management Scienc-

es, 2011. 2(4): p. 320-324. 

21. Marangu, J.M., Physico-chemical properties of 

Kenyan made calcined Clay-Limestone cement 

(LC3). Case Studies in Construction Materials, 

2020. 12: p. e00333. 

22. Venuja, S., M. Nasvi, and S. Mathiluxsan, Ge-

otechnical engineering properties of peat, stabi-

lized with a combination of fly ash and well graded 

sand. 2017. 

23. Saha, R.C., A.S. Dhar, and B.C. Hawlader. Shear 

strength assessment of a well-graded clean sand. 

in Annual conference of Canadian Geotech-

nical Society, GeoSt. John’s. 2019. 

24. Eme, D. and C. Nwaobakata, Effect of Coarse 

Aggregate Gradation on Workability and Flexural 

Strength of Cement Concrete. International Re-

search Journal of Advanced Engineering and 

Science, 2019. 4(1): p. 128-132. 

25. Salau, M. and A. Busari. Effect of different 

coarse aggregate sizes on the strength character-

istics of laterized concrete. in IOP Conference Se-

ries: Materials Science and Engineering. 2015. 

IOP Publishing. 

26. Raja, R. and V. Sagu, An Experimental Investi-

gation on, Effects on the Properties of Concrete by 

Partial Replacement with M-Sand. 

27. Wei, S., et al., Microbiologically induced deteri-

oration of concrete: a review. Brazilian Journal of 

Microbiology, 2013. 44: p. 1001-1007. 

28. Hudon, E., S. Mirza, and D. Frigon, Biodeterio-

ration of concrete sewer pipes: State of the art 

and research needs. Journal of pipeline systems 

engineering and practice, 2011. 2(2): p. 42-52. 

29. Otieno, M.B., The development of empirical 

chloride-induced corrosion rate prediction models 

for cracked and uncracked steel reinforced con-

crete structures in the marine tidal zone. 2014. 

30. Basheer, L., J. Kropp, and D.J. Cleland, Assess-

ment of the durability of concrete from its perme-

ation properties: a review. Construction and build-

ing materials, 2001. 15(2-3): p. 93-103. 

74 


