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ABSTRACT

In a sewage environment, the durability of concrete sewer pipes and sewer infrastructures
is affected by Biogenic sulphuric acid (BSA) attack. Most of these sewer pipes and sewer
structures are laid underground, and therefore, their deterioration remains hidden. This
deterioration, being undetected, leads to the sudden collapse of these pipes before their
designed life. Various models are available throughout the world to predict the deterioration
of concrete pipes due to biogenic sulphuric acid attacks, however, these models need a large
amount of input data to accurately predict the outcome. No work has been done to date to
predict the degradation of concrete pipes in the environment existing in the sewages in
India. Also, none of the models incorporate the variability of the input parameters to
determine the service life of concrete in sewer pipes. It is very important to incorporate this
variability because the sewage conditions vary from location to location and depend on
many social and environmental factors.

In this study, a service life prediction model has been developed to determine the life of the
concrete cover of these sewer pipes, by incorporating the various models that are available
in the literature from other countries. These models are adapted, assembled, or modified
for Indian conditions, incorporating the variability of the input parameters for Indian
Sewers.

To develop the service life prediction model, first, the process model has been developed
to determine the degradation of concrete due to BSA attack. Thereafter, Indian sewage
conditions were studied to determine the values of various input parameters and their
variations to be used in the equations obtained from the process model. Then, an algorithm
was developed to calculate the service life of concrete covers for the available input data
for Indian conditions, Indian Standard Codes, and the Indian sewage manual using the
Monte Carlo simulation technique. The model includes integrated service life concepts
along with a statistical probabilistic approach to predict the life of the concrete cover of
sewer pipes.

A sample calculation is thereafter performed using the service life prediction model for
existing Indian sewage conditions to predict the service life of concrete cover for various

confidence levels. It was observed that the service life of cover, thus obtained, is almost
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half the designed service life for 95% confidence level. However, for 50% confidence level,
it reaches three-fourth of the designed service life.

To understand the impact of each individual parameter and different distribution sensitivity,
an analysis was performed, both by varying the mean values keeping the same distribution
and also by keeping the mean same and different distributions of the input variables After
performing the sensitivity analysis, it was observed that the life of concrete cover is most
sensitive to the COD value in the sewage system followed by the alkalinity of the concrete
as compared to the other input parameters. After performing the sensitivity analysis, it was
observed that the life of concrete cover is most sensitive to the COD value in the sewage
system as compared to the other input parameters. It was also observed that different
distributions of the input parameters also affect the life of concrete covers.

One of the major objectives of this work was to quantify the amount of sacrificial layer
based on the importance and service life requirement of these pipes. Through the current
work, probabilistic service life model has been developed for the problem of BSA corrosion
in the concrete sewer pipes. It is hypothesised that the life of concrete pipes can vary
significantly even for same average value of input variables considering the fluctuations
for different confidence levels. In current work, through various calculations, it is shown
that for designed life of sewer pipes with different service life requirements, one can obtain
different cover of concrete pipes, which means economical design.

Finally, a reverse calculation was performed, based on various confidence levels and
service life requirements, to determine the thickness of the sacrificial layer. This sacrificial
layer will assist urban planners and designers to accurately and economically design sewer

pipes for the required service life, based on the desired confidence level.
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CPCB
C-S-H
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DEF
DLS
DO
DOL
DWC

FIB
GGBS
H>S
HAC
HDPE

Glossary

= ALO:;

= Australian Building Codes Board

= Asbestos Cement

= Alumino Ferrite- Monosulphate

= Alumino Ferrite Trisulphate (Ettringite)
= Alkali Silica Reaction

= American Society for Testing and Materials
= Adenosite Tri Pohosphate

= Biological Oxygen Demand

= Biogenic Sulphuric Acid Attack

= British Standard European Norm
=Ca0O

= Calcium to Silica Ratio

= Calcium Aluminate Cement

= Calcium Oxide/ Portlandite

= Crown Corrosion Factor

= Calcium Oxygen Demand

= Central Pollution control board

= Calcium Silicate Hydrate

= Chemolithotroph Sulphate Oxidising Microorganism
= Delayed Ettringite Formation

= Durability Limit State

= Dissolved Oxygen

= Dolomite Aggregate

= Double Wall Corrugated

=Fex0s

= International Federation for Structural Concrete
= Ground Granulated Blast Furnace Slag
= Hydrogen Sulphide/ Sulphide

= High Alumina Cement

= High Density Poly Ethylene
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IS = Indian Standard

IS = Indian Standard

ISO = International Organization for Standardization

ITZ = Interfacial Transition Zone

LC? = Limestone Calcined Clay Cement

LFM = Life Factor Method

MCS = Monte Carlo Simulation

MIC = Microbiologically Induced Corrosion

MK = Metakaoline

NP = Non-Pressure

OPC/PC = Ordinary Portland Cement

PE = Poly Ehylene

PFA/FA = Pulverized Fly Ash

PPC = Pozzolana Portland Cement

PSC = Portland Slag Cement

PSOM = Photoautotropic Sulphate Oxidising Microorganism
PVC = Poly Venial Chloride

RC = Reinforced Concrete

RCC = Reinforced Cement Concrete

RH = Relative Humidity

RILEM = The International Union of Laboratories and Experts in Construction

Materials, Systems and Structures/ Reunion Internationale des

Laboratoires et Experts des Materiaux, Systemes de Construction et

Ouvrages
RPC = Reactive Powder Concrete
S =Si0,
SATIR = Saure Angriff Transport Instationar Reaktion
SCM = Supplementary Cementitious Material
SF = Silica Fumes
SIL = Silicious Aggregates
SLS = Serviceability Limit State
SOM = Sulphate Oxidizing Microorganism
SRM = Sulphate Reducing Bacteria/microorganism
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STP
TCF
TSS
UCT
ULS
US-EPA
VES
VFA
w/c
WATS
WWTP

= Sewage Treatment Plant

= Turbulence Corrosion Factor

= Total Suspended Solids

= University of Cape Town

= Ultimate Limit State

= United States Environment Protection Agency

= Virginia Experimental Sewer

= Volatile Fatty Acid

= Water to Cement Ratio

= Wastewater Aerobic/anaerobic Transformations in Sewer

= Waste Water Treatment Plant
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