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Abstract 

 
The maintenance and replacement of the sewer pipes, manhole and its appurtenances in a highly urbanized neighborhood 
is extremely risky to both operation and maintenance personnel, the community and the travelling public. The cost 
impact of road excavation works, materials replacement, road temporary diversion works, and road reinstatement works 
require substantial budget allocation and management of public complaints due to disturbances. With this more 
consideration of maintenance-free sewer networks is becoming government infrastructure goals to reduced construction 
carbon footprints. 
The main trunk sewers and deep manholes are usually designed from 80 to 100 years design life. To achieved this a 
properly planned, designed, and executed sewerage infrastructure projects using a highly durable concrete materials is 
indispensable.  
The durability design strategy for traditional deterioration mechanisms is based on the philosophy that the durability of 
the concrete structure is achieved by a combination of high-quality concrete, sufficient concrete cover thickness and 
construction quality management. This will significantly reduce the necessity of repairs or replacement within its service 
life. The aim of this paper is to present the research findings on the early requirement to achieved a durable concrete 
design mixture suitable for sewerage applications.  
 
Keywords: Durability, durability requirement, service life, sewerage structure, service life modelling. 
 

1. Introduction 

Sewerage network and its appurtenances are vital infrastructure need in an exceedingly fast-growing urban setting. These 
pipeline networks are used to collect, convey and discharge the sewage and stormwater to the treatment plants or final 
discharge location. The foremost common material within the construction of sewerage structures is concrete. The 
concrete is used to build manholes, pipes, culverts, catch basins, house connection chambers, pump station structures, 
sewage treatment plants, and outfall structures. 

The maintenance and replacement of the sewer pipes and manhole appurtenances in a highly urbanized neighborhood is 
extremely risky to both operation and maintenance personnel and the travelling public. This issue led the design 
engineers to consider bigger capacity of sewerage networks or longer return periods of stormwater/drainage networks in 
their design to deliver a project with longer service life. The cost impact of road excavation works, materials 
replacement, road diversion, and road reinstatement require substantial budget allocation and management of public 
complaints due to disturbances and traffic diversions.  

Consequently, a properly planned, designed, and executed sewerage infrastructure projects will significantly reduce the 
necessity for repairs or replacement within its service life. Also, more consideration of maintenance-free sewer networks 
is becoming government infrastructure goals to reduced construction carbon footprints  
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The use of durable pipe will minimize the cost of future maintenance and rehabilitation works [1]. The typical design 
period of main trunk sewer and drainage networks is 20-25 years and life expectancy of 40-50 years [2]. Hence, the 
client requirements for new projects are designed considering a longer service design life, mostly between 80 to 100 
years using durable construction materials.  

Concrete structures shall be designed, constructed and operated in such a way that, under the expected environmental 
influences, they maintain their safety, serviceability and acceptable appearance during an explicit or implicit period of 
time without requiring unforeseen high cost for maintenance and repair [3]. Today, many owners require services lives of 
80, 100 or even 200 years for important concrete structures”.   

Reinforced-concrete pipes have a long track record of satisfactory performance in most soil conditions, according to 
reports about its service life. Concrete pipe has superior impact and fire resistance, and is less sensitive to excavation for 
installing new pipes adjacently [1]. However, it has been well recognized that concrete material is susceptible to 
chemical and biological attacks. Methods to improved corrosion characteristics of concrete pipe include the use of both 
high-quality concrete coatings and liners. Other innovations include flat-base pipe to deal with poor bedding materials.” 

Sulphide concertation, the relative depth of the fluid and Alkalinity of concrete have significant effect on the service life 
of concrete sewer pipes. Further, he found that the expected service life of concrete sewer pipes can be determined 
through average rate of corrosion based on on-exposure of reinforcing steel [4]. 

Most physical-chemical deterioration process are strongly influenced by the degree of saturation of the concrete pores. 
The most frequent deterioration processes are related to Carbonation, Sulfate Attach, Chloride attack, and Acid Attack. 
Field studies indicated that concrete deterioration in this region is primarily due to chloride-induced reinforcement 
corrosion. Corrosion of reinforcing steel was basically observed at the grade level when the structural components are 
exposed to soil and groundwater contaminated with chloride salts and the structures are not protected. However, this 
type of deterioration was accelerated due to poor quality of concrete, and insufficient and non-uniform cover over 
reinforcing steel. In sub structures, the concomitant presence of chloride and sulfates is another cause for enhance 
reinforcement corrosion [5].  

The blended cement made with fly ash and silica fume have performed better than ordinary Portland cement when they 
were cured for seven days. Therefore, properly characterized supplementary cementing materials can be used to improve 
the concrete durability even under the semi-arid regions of the Arabian Gulf [5] 

The main components of sewerage projects are the construction of pipelines and manholes. The manhole sizes are 
designed with respect to depth from the ground level to the invert level, size of inlet and outlet pipes, and ground 
conditions.  The pipelines are designed according to the static load produced on buried pipe per unit length considering 
the depth and type of backfill materials [6]  

Using a concrete as main component of the structures, it is imperative to identify the breakdown of materials used in the 
design. A concrete is a mixture of cementitious materials, coarse and fine aggregates and water, with or without 
admixtures, which develops its properties by cement hydration.  

A concrete as composite material consisting of a particulate aggregate phase embedded in a continuous paste matrix, 
which binds the whole mass together. The overall properties of this composite depend on the characteristics of each of 
the components and the interaction between them at their interfaces [7]. 

The concrete mix design is the proper proportion of the mixture to obtain the desired strength and durability of the 
concrete [4]. The mix design parameters that influence the durability performance of concrete are: water-cementitious 
materials ratio, cement content and size and grading of aggregate, further implied that the use of supplementary 
cementing materials are attribute to the factors which are climatic conditions of the Arabian Gulf make curing a difficult 
process and the materials used purely for their technical merits [4]. 

To achieve an acceptable probability that the structure being design will perform satisfactory during its intended 
life. In order to construct a durable and reliable concrete structure it is necessary to design it for durability and provide 
required service life. [11] For concrete structures, a two-phase service life model using Tuutti model, is used to represent 
the development in the time of traditional deterioration mechanisms of concrete structures, see Figure 1.  
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Figure 1  Service life of concrete structures- a two phase modelling deterioration [Tuutti Model] 

 
The first step of this durability design will be the definition of the desired/required performance of the structure. 

The client or the owner of the structure is asked to define their requirements for quality and target service life. The 
definition of performance criteria will be related to a limit state criterion. Figure 1.4 shows in principle the performance 
(damage function) of a concrete structure with respect to reinforcement corrosion and related limit states. In general 
points 1 and 2 represent serviceability limit states related to durability and point 3 and 4 represent ultimate limit states 
where point 3 relates to both durability and safety. In the DuraCrete project the following durability limit states have 
been identified with regard to service life [12], (1) Depassivation of reinforcement, (2). Cracking of concrete cover, (3) 
Spalling of concrete cover and (4) Collapse. 

 

 
Figure 2: Determination of service life and limit states with respect to reinforcement corrosion  [T. 

Siemes & C Edvardesen, 1999] 
 
Fib Bulleting 34- The service life problem is mainly technical, with the following sub-aspects: mechanical and 

other structural performances; serviceability, and aesthetics. Real service life must not be shorter than nominal - 
normative life. The two phases of deterioration (Fig. 2) are: − The initial phase (period) in which there is no noticeable 
weakening of properties, except protective barrier (the duration of this phase is about 15 years). Corrosion occurs 
initiated by chlorides or carbonation;  The propagation phase with active deterioration mechanisms that develop 
increasingly with time. The propagation period consists of the propagation with minor damage and the accelerated 
period (the duration of this phase is about 15 years). After that follow the accelerated period with widespread cracking 
and spalling of the protective layer (cover). 

Concrete Material components 

a. Binder content 
The choice of binder (Portland Cement), ground granulated blast furnace slag (GGBS), pulverized fuel ash or 

fly ash (PFA), silica fume is important as some binders provide greater durability either because of their chemistry or 
because they are capable of producing concrete which is less permeable [8]  The Type II is the most commonly used in 
the Arabian region. Type V is used for foundation and other concrete in the ground likely to be attacked by sulfates, 
however, it may not have good penetration resistance to chlorides and hence provides less protection against corrosion to 
the reinforcement. It further stated that the Type II have some resistance to both sulfate attack and penetration of 
chlorides. This has probably been superseded by the more widespread use of binders containing GGBS, PFA or Silica 
Fume [8] 
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b. Maximum Water cement Ratio 
The challenge of achieving a low water cement ratio lies in the viability to design concrete mixes with relatively low 
water content while preserving the work-ability of the fresh concrete. Thus, achieving durability control requires the use 
of rheological concepts to develop new workability control technologies and their successful incorporation in the mix 
design [7]. 

Where the cement, water, or addition content is to be determined, the cement content, addition content or added water 
shall be taken either as recorded on the print-out of the batch recorder or where recording equipment is not used, from 
the production record in connection with the batching instruction [9]. 

The first line of defense is to keep the water/binder ration as low as possible. This will greatly reduce the permeability of 
the concrete, thus inhibiting the ingress of deleterious chemicals into the interior of the concrete [7]. Further reductions 
in permeability can be achieved by adding supplementary cementing materials (SCM’s). In particular, silica fume of a 
reduction in both total porosity and the size of the pores. While this measure cannot eliminate chemical attack, they can 
slow it down considerably, thereby increasing the effective life of the concrete.    

c. Aggregates type 
Aggregates as granular material used in construction and may be natural, manufactured or recycled. The natural 
aggregates are from mineral sources which has been subjected to nothing more than mechanical processing while 
manufactures aggregates are aggregate of mineral origin resulting from an industrial process involving thermal or other 
modification.  Aggregates shall consist of though, hard, durable and uncoated particles containing no harmful material in 
quantities sufficient to adversely affect the concrete or reinforcing steel and shall contain no materials likely to cause 
staining or otherwise disfigure the concrete [10]. 

d. Exposure classes 
ACI-201-2R [15] discussed the aggressive chemical exposure of concrete. Concrete will perform satisfactorily when 
exposed to various atmospheric conditions, to most waters and soils containing aggressive chemical, and too many other 
kinds of chemical exposure. There are, however, some chemical environment under which the useful life of even the best 
concrete will be short, unless specific measures are taken. An understanding of these conditions permits measures to be 
taken to prevent deterioration or reduce the rate at which it takes place.  

In CS163, [8] it provides detail on the exposure and durability classification for concrete based on the ground 
and groundwater characteristics in the Arabian region as shown in Table 1. 

 
Table 1 Corrosion Induced by Carbonation 

Class Description Informative Example Reference 

XC2 Wet, rarely 
dry 

Concrete surface subject to long term water 
contact 

BS EN 206-1: 
Table 1 

 

Table 2 Corrosion induced by Chloride 

Class Description Informative Example Reference 

XD2 Wet, rarely 
dry 

Structures permanently located below the 
GWT however, cyclic wet and dry is also 
assessed which is deemed to be appropriate 
w.r.t. Chloride-induced R/F corrosion. AS a 
result of partial saturation of concrete 
ingress will be a combination of diffusion, 
capillary suction and dispersion leading to 
faster ingress of chlorides compared to 
permanently submerged conditions 

BS EN 1992-1-1-
2004: Table 4.1 
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Cited in BS EN 206 where concrete containing reinforcement or other embedded metal is exposed to chemical 
attack from natural soils and groundwater, the exposure shall be classified as Class XA1 to XA3 for slight aggressive, 
moderately aggressive and highly aggressive environments. In QCS 2014, it defines that an aggregate exposure is a 
permanently submerged or wet concrete in contact with groundwater including capillary rise zone, concrete containing or 
permanently exposed to saline water.  

 
ACI-20102R [15], Concrete is rarely, if ever, attacked by solid, dry chemical. To produce a significant attack on 

concrete, aggressive chemicals should be in solution and above some minimum concentration. Concrete that is subjected 
to aggressive solutions under pressure on one side is more vulnerable than otherwise because the pressures tend to force 
the aggressive solution into the concrete. The most important factors that influence the ability of concrete to resist 
deterioration are shown in Table 3 below adopted from Table 2.2 of the code.  

 
Table 3 Factors influencing chemical attack on concrete 

 

Factors that accelerate or 
aggravate attack Factors that mitigate or delay attack 

1. High porosity due to: 
i. High water absorption 

ii. Permeability 
iii. voids 

1. Dense concrete achieved by: 
i. Proper mixture proportioning 

ii. Reduced unit water content 
iii. Increased cementitious material content 
iv. Air entrainment 
v. Adequate consolidation 

vi. Effective curing 
2. Cracks and separations due 

to: 
i. Stress concentrations 

ii. Thermal shock 

2. Reduced tensile stress in concrete by: 
i. Using tensile reinforcement of adequate size, correctly 

located 
ii. Inclusion of pozzolan (to reduces temperature rise) 

iii. Provision of adequate contraction joints content 
3. Leaching and liquid 

penetration due to 
i. Flowing liquid 

ii. Ponding 
iii. Hydraulic pressure 

3. Structural design: 
i. To minimize areas of contact and turbulence 

ii. Provision of membranes and protective barrier systems 
to reduce penetration 

 
Detailed in QCS 2014, the Exposure classes related to the environmental conditions surrounding the concrete in 

service. The concrete may be subject to more than one of the classes described below, and the environmental conditions 
to which it is subjected need to be expressed as a combination of exposure classes. Where two or more aggressive 
characteristics lead to the same class, the exposure shall be classified into the next higher class; unless a special study for 
this specific case proves that it is not necessary. For a given structure, different concrete elements may be subject to 
different environmental classes. 

 
In QCS 2014, the constituent’s materials shall not contain harmful ingredients in such quantities as may be 

detrimental to the durability of concrete or cause corrosion of the environment. For reinforced concrete in the ground, 
the need for protection from chlorides must be balance against the need for protection from sulfate. Protective measure 
includes the use of surface treatment, alternative reinforcement and increasing the concrete cover. In every case, the need 
for good quality concrete with low permeability is paramount.  

 
Section 6.5.2 in QCS 2014 discussed the maximum acid soluble chloride content. The chloride content of the 

concrete, expressed as the percentage of chloride ions by mass of cementitious materials. Calcium chloride and chloride-
based mixtures shall not be used in concrete containing steel reinforcement or other embedded metal. The determination 
of the chloride content in the concrete shall be conducted by the sum of the contributions from the constituent materials 
as described in BS EN206-1 and BS 8500-2 
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Supplementary Cementitious Material 
Section 6.5.3, QCS 2014 The type of Cementitious. Different types of cementitious materials offer resistance to 

sulfate attack and penetration of chlorides. The minimum cementitious content for different concrete grades is given in 
Table 4 below. The table provides the different types of cementitious materials and their combinations. 

 
In the experiment conducted by Marques et. al[14], the concrete composition with blast furnace slag cement 

had best performance followed by composition type wit silica fume. But combination of these presented a higher 
diffusion value.  

Table 4: Cementitious Materials and Combinations (QCS 2014) 
 

Cementitious 
Material 

Percentage of 
component 

BE EN 197-1 
designation 

ASTM 
Standard 

Portland Cement 100% PC CEM I Type 1 

Sulfate-resistance 
Portland cement 

100% SRPC - Type 5 

PC/fly ash 
65-79% PC 
35-21% FA CEM II/ B-V  

PC/ ground granulated 
blast furnaces slag 

35-65% PC 
65-35% GGBS CEM III/A  

Triple Blend` 
55-70% PC 
35-25% FA 
10-5% SF 

  

Triple Blend/ 
PC/GGBS/SF 

30-45% PC 
60-50% GGBS 

10-5% SF 
  

Section 6.5.5 of QCS 2014 detailed the recommendations to resist reinforcement corrosion. The durability 
design should start at the concept design stage, continuing through the design detailing, specification and execution 
phases. The table covers the concrete grade, cementitious type, and minimum concrete cover for various exposure 
classes as given in Table 5 below 

 

Table 5: Recommended durability requirement to resist reinforcement corrosion (QCS, 2014) 

Exposure Class Minimum Concrete Cover (mm) Cementitious Type 

X0 No risk of corrosion 25     All 

X1 Mild 45 40 35 30  All 

X2 Moderate  50 45 40 35 All 

X3 Aggressive  70 65 60 55 
-PC/FA 

-PC/GGBS 
-Triple Blend 

X4 Severe*  75 70 65 60 
-PC/FA 

-PC/GGBS 
-Triple Blend 

X5 Extreme  80 75 70 65 -Triple Blend 

Min. concrete grade C30 C40 C50 C60 C75  
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Section 6.5.6 of QCS 2014, detailed the recommendations to resist sulfate attack. The exposure classification shall 
be identified based on the sulfate and magnesium contents in the ground and groundwater, pH and mobility of 
groundwater. The recommended concrete specification requirement in terms of concrete grade and cementitious type is 
presented in Table 6 below.  

 
Table 6: Recommended durability requirement to resist sulfate attack (QCS 2014) 

 

Exposure Class Minimum concrete 
grade 

Cementitious Type 

S1 C35 All 

S2 C40 
C50 

Triple Blend  
SRPC, PC/FA, PC/GGBS 

S3 C50 
C60 

Triple Blend  
SRPC, PC/FA, PC/GGBS 

S4 C60 
C75 

 

S5* special treatment when the 
sulfate content exceeds 
6000mg/l and the magnesium 
content exceeds 1000mg/l 

special treatment when the sulfate 
content exceeds 6000mg/l and the 
magnesium content exceeds 
1000mg/l 

 
Section 6.5.7 of QCS 2014, the durability of concrete is greatly influenced by the ability of the concrete cover 

to resist the movement of liquid and gas through concrete. The most commonly used test for assessing the transport 
properties of concrete is listed in Table 1.12 below. The lower value indicates more durable concrete. The concrete shall 
be tested for any of the transport properties when requested by the Client and shall be tested at 28 days. Exception will 
be made for concrete mixtures containing fly ash, silica fume or GGBS, where testing shall be requested at 56 to 90 
days. 

Ground granulated blast furnace slag is a by-product of the blast furnace process in the production of iron. 
Because the production of iron is carefully controlling the slag is produced at the same time. The slag is subsequently 
quenched (granulated) to optimize the cementitious properties and then dried and ground to the fineness desired, but 
usually greater than 350m2/kg and less than 420 m2/kg. Slag ground to a fine degree will provide increased activity and 
could lead to less benefit in terms of early heat gain, especially in the climatic conditions found in the Middle East.  

Fly ash is a by-product of power stations that burn coal to generate electricity. The fly ash is extracted by 
electrostatic precipitation from the flue gases of the furnaces fired with pulverized coal. Once the fly ash has been 
collected from the electrostatic precipitators it is passed through an air classification plant to remove the large particles. 
The process gives a more uniform product and on that should confirms to the fineness requirement of BS EN 450, Fly 
ash for concrete. And microsilica is a very fine non-crystalline materials used a filler to provide high strength concrete 
replacements. It reduces thermal cracking, improves durability and increasers strength.  

 
2. Research Methodology  
 

Data was collected from various existing and recently completed sewerage projects in Qatar. . Majority of the 
respondents were from engineering consultants and contractors of sewerage or drainage projects from public and private’ 
development sectors. Their roles in the project is distributed as Quality Manager/Engineers, Construction 
Managers/Engineers, Project Managers, Site Engineers and Design Engineers. Concrete design mixes and test reports 
were collected, analyzed and evaluated. Project details is not provided in this report due to strict disclosure agreement 
with the respondents.  The objective was to identify the common early test on the durability of concrete materials, 
application of service life modeling to determine the design life of the concrete structure and to recommend the quality 
measure during construction in compliance to achieve the durability requirements. 
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2.1 Early test on the durability of concrete materials against chloride attacks, microbiological, abrasion and 
temperature 
 

The durability assessment process entails the selection of suitable materials and procedures to resist the 
assessed or calculated deterioration of the concrete structures due to exposure, both internal and external throughout 
its service life. In order to achieve the performance requirement during the designed service life, the concrete shall 
be design to resist chloride and carbonation-induced corrosion of reinforcement.  

 
• Resist conventional sulfate attack and thaumasite from of sulfate attack (TSA) by using appropriate 

concrete mix design and additional protective measures as required; 
• Avoid Delayed Ettringite Formation (DEF) by controlling the maximum temperature of the mix; 
• Minimize the risk of Alkali-Silica Reaction (ASR) using suitable aggregate and 
• Resist external acid attack, especially in strata with mobile water 
• Resistance to H2S, H2SO4, NaCl and other chemicals expected to be present in groundwater 
• Resistance to galvanic and ground electrical currents, saltwater, alkalis and other chemical that may be 

present in the surrounding soils environment and 
• Hydraulic properties remain consistent over a long period of time. 

 
The durability assessment will provide recommendations for a minimum cover for the external protection of 

reinforcement, based on the probabilistic service life using the fib Bulletin 34.  
 

i. Environmental Conditions  

The state of Qatar is a peninsula characterized by arid to hyper arid climate with low annual rainfall and intensely 
hot and humid summers. The coastal areas are slightly influenced by the Persian Gulf, and have lower maximum but 
higher minimum temperatures and a higher moisture percentage in the air from Qatar Meteorology Department 
(www.caa.gov.qa), summarizes the temperatures, average rainfall and relative humidity for Doha 

ii. Test on Durability 

All projects, were required to submit materials for approval to the supervision consultant/client according to the 
specifications. This includes various design trial mixes from the concrete batching plant suppliers. A concrete cube 
sample of 150 x 150 x 150 mm cubes was collected , subjected to laboratory curing, and  tested for compressive strength 
and durability tests at  28, 56, and 90 days as per design engineer’s recommendation. The early testing parameters 
conducted were the chemical test of soil and groundwater in order to design the desired concrete mixtures. Testing of 
water absorption, water penetration, rapid chloride permeability (RCP), and chloride migration was conducted for the 
durable concrete mixes. 
 

2.2 Application of service life modeling to determine the design life of the concrete structure 

The design life specified for the permanent concrete structures are often provided by the Client Owner. The 
lifetime requirement implies that the function of the structures or components shall persists in the given service life if 
they are subject to due care and proper maintenance.  The probabilistic service life modeling using fib bulletin 34 was 
used to model the service life of concrete mix design. The service life modelling for the OPC and Triple Blended cement 
were compared to prove the hypothesis if there is no significant difference in the durability tests of concrete structures 
constructed using the above design mixes. The service life calculation is base in the modeling of the carbonation induced 
reinforcement corrosion,  chloride induced reinforcement corrosion  and sulfate attack 

i. Service Life Modelling- Carbonation  Induce Corrosion  

The approach in fib Bulletin 34 for carbonation induced corrosion is based on the model developed within the 
European research project DuraCrete, and slightly modified within the research project DARTS. The calculation for 
carbonation depth in an un-cracked concrete section is based on diffusion process (Fick’s law of diffusion) as the 
prevailing transport mechanism within the concrete and is given by: 
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                      (1) 

Where; 
xc(t) = Carbonation depth at time t; [mm] 
t = Time of exposure; [year] 
ke = Environmental function; [-] 
kc = Execution transfer function; [-] 
kt = Regression parameter; [-] 
RACCO-1 = Inverse effective carbonation resistance of concrete; [(m2/year)/(kg/m3)] 
ε t = Error term; [(mm2/year)/(kg/m3)] 
Cs = CO2 concentration; [kg/m3] 
W(t) = Weather function; [-] 

 
The key input parameters of the mathematical model are quantified as probabilistic distribution (mean value, 

standard deviation and distribution function). This way, both the probabilistic nature of the input parameters and intrinsic 
model uncertainties are taken into account. It is assumed that the diffusion coefficient for carbon dioxide through the 
material is a contact materials property, although the CO2-diffusion for a concrete curing service life may be a function 
of numerous variables. 

 
ii. Service Life Modelling Chloride Induce Corrosion 

The approach in fib Bulletin 34 for chloride induced corrosion is based on the model developed within the 
European research project DuraCrete and slightly modified within the research project DARTS. The calculation for 
chloride induced corrosion in an un-cracked section is based on the limit state equation, in which the critical chloride 
concentration Ccrit is compared to the actual chloride concentration at the depth of the reinforcing steel at a time t and is 
given by: 
 

                                (2) 

Where; 
Ccrit = Critical chloride contents; [wt.-%c] 
Co = Initial chloride content of concrete; [wt.-%c] 
Cs,Δx = Chloride content at a depth x in mm from surface at particular time; [wt.-%c] 
a = Cover to reinforcement; [mm] 
Δx = Depth of convection zone; [mm] 
Dapp,C = Apparent chloride diffusion coefficient of concrete; [mm2/year] 
t = Time of exposure; [year] 

 
The key input parameters of the mathematical model are quantified as probabilistic distribution (mean value, 

standard deviation and distribution function). This way, both the probabilistic nature of the input parameters and intrinsic 
model uncertainties are taken into account. 

 
iii.  Service Life Modelling- Sulfate Attack  

Deterioration of concrete due to sulfate attach caused by sulfates in the soil/groundwater waster also analyzed 
and relevant measures to avoid them is implemented. Traditionally waterproofing membranes have been applied at the 
external surfaces of subgrade concrete structures in the Middle East to avoid sulfate attack. This approach was CS 163 
[8]. By applying that, the sulfate resistance of the concrete structure can be assumed achieved irrespectively of the 
concrete mix design. Therefore, QCS 2014 and other guidance require only a verification of the documentation of the 
concrete's sulfate resistance if a waterproofing membrane is not applied.  
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3. Results 

The probabilistic service life modeling using fib bulletin 34 was used to model the service life of concrete mix 
design. The service life modelling for the OPC and Triple Blended cement were compared to prove the hypothesis if 
there is no significant difference in the durability tests of concrete structures constructed using the below design mixes. 

 
Table 7 Selected properties of concrete mix designs used for service modelling 

 

SN Mix Design Min. Concrete 
Grade (EN206) w/b ratio Min. Binder 

content [kg/m3] Reference 

1 OPC [100%] 35 0.55 320 QCS 2014, Table 6.4 

2 Triple Blend  45%OPC + 
50% GGBS + 5% MS 

65 0.35 440 As per actual data 

 
The concrete mix designs have been selected to combine high resistance to sulfate attack and high resistance to 

chlorides ingress. The triple blend design mix is selected in this modeling. 
The requirements, e.g., maximum w/b ratio and minimum binder content as given in Table 6.4 of the QCS, 

2014 and Table 7 above. However, in the concrete precast factory a minimum of 0.25w/b was used for dry-mix design. 
This is specially designed for the highly durable precast concrete pipes used in microtunnelling projects. The precast 
element was poured in a formwork with mechanically vibrators. 

 
3.2.1.A. Carbonation Induced Corrosion 
 

The carbonation reaction, which occurs in aqueous solution, results in a decrease in pH of the concrete pore 
solution. When the carbonation front reaches the level of the reinforcement, the passive layer on the reinforcements 
surface degrades and increases the risk of reinforcement corrosion initiation.  

 
Table 8 Data of Service Life Modelling for carbonation induced corrosion of Binder 

Type: 100% OPC, Binder Content: 320 kg/m3, W/C Ratio: 0.55 
 

SN Variable Unit Distribution Mean 
Value SD Ref 

1 RHreal % 
BetaD 

0 ≤RHreal ≤ 100 59 59 www.qweather.gov.qa 

2 RHref % C 65  Fib Bulletin 34, cl B1.2.3.3 

3 fe - C 2.5 - Fib Bulletin 34, cl B1.2.3.4 

4 ge - C 5  Fib Bulletin 34, cl B1.2.3.4 

5 tc
 day C 5  Fib Bulletin 34, cl B1.2.5 

6 bc - ND -0.567 0.024 Fib Bulletin 34, cl B1.2.4.2 

7 kt - ND 1.25 0.35 Fib Bulletin 34, cl B1.2.5 

8 RACCO
- 10-11 (m2/s)/ 

(kg/m3) ND 9.8 9.8 Fib Bulletin 34, cl B1.2-3, Table B1-2 
(CEM I) 

9 ε t 
(mm2/yr)/ 
(kg/m3) ND 315.5 48 Fib Bulletin 34, cl B1.2.5.4 

10 Cs, atm kg/m3 ND 0.00082 0.0001 Fib Bulletin 34, cl B1.2.6.2 

11 to Year C 0.0776  Fib Bulletin 34, cl B1.2.7.1 

12 T Year C 100  [Target Service Life design] 

13 Psr - C 1  [use for underground structures] 

14 bw - ND 0.446 0.163 Fib Bulletin 34, cl B1.2.7.3 
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Table 9 Data of Service Life Modelling for carbonation induced corrosion of Binder 

Type: Triple Blend Mix, Binder Type: 45% OPC + 50% GGBS +5% MS, Binder Content: 440 
kg/m3 ,W/C Ratio: 0.35 

 

SN Variabl
e Unit Distribution Mean 

Value SD Ref 

1 RHreal % 
BetaD 

0 ≤RHreal ≤ 100 59 59 www.qweather.gov.qa 

2 RHref % C 65  Fib Bulletin 34, cl B1.2.3.3 
3 fe - C 2.5 - Fib Bulletin 34, cl B1.2.3.4 
4 ge - C 5  Fib Bulletin 34, cl B1.2.3.4 
5 tc

 day C 5  Fib Bulletin 34, cl B1.2.5 

6 bc - ND -0.567 0.024 Fib Bulletin 34, cl B1.2.4. 
2 

7 kt - ND 1.25 0.35 Fib Bulletin 34, cl B1.2.5 

8 RACCO
- 10-11 (m2/s)/ 

(kg/m3) ND 3.5 3.5 

Fib Bulletin 34, cl B1.2-3, Table 
B1-2 (CEM III) 

*No data available used the lowest 
value in w/b= 0.35 

9 ε t 
(mm2/yr)/ 
(kg/m3) ND 315.5 48 Fib Bulletin 34, cl B1.2.5.4 

10 Cs, atm kg/m3 ND 0.00082 0.0001 Fib Bulletin 34, cl B1.2.6.2 
11 to Year C 0.0776  Fib Bulletin 34, cl B1.2.7.1 
12 T Year C 100  [Target Service Life design] 
13 Psr - C 1  [use for underground structures] 
14 bw - ND 0.446 0.163 Fib Bulletin 34, cl B1.2.7.3 

 
 

Table 10 Summary of Carbonation Induced Service Life Modelling  
 

Parameters 
Ordinary Portland Cement Triple Blend Cement 

100% OPC 45% OPC + 55% GGBS + 5% MS 

Design Life, t [years] 100 100 
Concrete Cover, [mm] 75mm 75mm 

Carbonation depth 
at time t [mm] 

Mean 5.211 5.211 
SD 0.18 0.18 

Results Carbonation did not reached 
pass through the concrete 

Carbonation did not reached pass 
through the concrete cover 

 
3.2.1.B Chloride induce corrosion 
 

There was no data collected regarding durability test reports for plan OPC at C35 MPa, rather data is taken 
from QCS2014 and Fib 34 data for purposes of illustration. Test Report of RCP of triple blend mix design provided 
during the data collection. 
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Table 11 Input parameters for chloride induced corrosion for Binder Type: 100% 
OPC,  Binder Content: 360 kg/m3 , W/C Ratio: 0.55 

 

SN Var Unit Distribution Mean 
Value SD Ref 

1 Ccrit %w/wcem BetaD0.2 ≤CCrit ≤2 0.60 0.15 Fib Bulletin 34, cl B2.2.6 

2 CsΔx %w/wce LogND 1.65 0.52 Fib Bulletin 34, cl B2.2.5.2 

3 Co %w/wce C 1 - Table 6.5 of QCS,2014 

4 dc mm ND 75mm  Design Value 

5 Δx mm BetaD0≤ a ≤50 8.9 5.6 
Fib Bulletin 34, cl B2.2.5.5,  

AX=0 for submerged 
structures 

6 ke 

be K ND 4800 700 Fib Bulletin 34, cl B2.2.3.2 

Treal K ND 303  Fib Bulletin 34, cl B2.2.3.3 

Tref K C 293  Fib Bulletin 34, cl B2.2.3.4 

7 DRCM,0 10-12 m2/s ND 2.0 x10-12   As per test Reports 

8 A(t) 

a - BetaD0≤a≤1 0.30 0.12 OPC  

to 
y
r C 0.0767  Fib Bulletin 34, cl B2.2.2.2 

9 T yr C 100  Design Life 
10 β - C ≥ 1.3   

 
Table 12 Input parameters for chloride induced corrosion for Binder Type: 45% OPC 

+ 50% GGBS +5% Binder Content: 440 kg/m3 ,W/C Ratio: 0.35 
 

SN Variab
le Unit Distribution Mean 

Value SD Ref 

1 Ccrit %w/wcem BetaD0.2 ≤CCrit ≤2 0.6 0.15 Fib Bulletin 34, cl B2.2.6 

2 CsΔx %w/wce LogND 1.65 0.52 Fib Bulletin 34, cl 
B2.2.5.2 

3 Co %w/wce C 0.15 - Table 6.5 of QCS,2014 
4 dc mm ND 75mm   

5 Δx mm BetaD0≤ a ≤50 0  

Fib Bulletin 34, cl 
B2.2.5.5,  

Δx =0 for submerged 
structures 

6 ke 

be K ND 4800 700 Fib Bulletin 34, cl 
B2.2.3.2 

Treal K ND 303 5 Fib Bulletin 34, cl 
B2.2.3.3 

Tref K C 293 - Fib Bulletin 34, cl 
B2.2.3.4 

7 DRCM,0 10-12 m2/s ND 2.0 x10-12   As per test actual reports 

8 A(t) 

a - BetaD 
0≤a≤1 0.45 0.1 OPC+GGBS+MS  

to yr C 0.0767  Fib Bulletin 34, cl 
B2.2.2.2 

9 T yr C 100  Design Life 
10 β - C ≥ 1.3   
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Table 13 Summary of Chloride Induced Service Life Modelling  
 

Parameters 

Ordinary Portland 
Cement Triple Blend Cement 

100% OPC 45% OPC + 55% GGBS + 
5% MS 

Design Life, t [years] 100 100 
Concrete Cover, [mm] 75mm 75mm 
Critical Chloride Content, wt. 
%/Cement 0.30 0.30 

Chloride induced 
Corrosion [wt. %/ 
Cement 

Mean 1.211 0.235 

SD 1.916 0.293 
 

Results 
The chloride induce 

corrosion is greater than the 
critical chloride content 

The chloride induce 
corrosion is less than the 
critical chloride content 

 
4. Application 

The application of the designed concrete mix is applied to the structural components of the manholes and 
pipelines of sewerage structures. This is applied to the precast elements of manholes like the precast concrete base 
segment, chamber, reducer slabs, shafts and cover slab. Figure 3, illustrate the typical manhole details. The nonstructural 
components line the benching works, temporary shaft wall protection,  backfilling and cover frame hunching concrete 
are constructed using OPC or SRC mixes 

  
   (a)        (b) 

Figure 3.: Typical 3D of Precast manhole details (a) external details (b) cross sectional details 
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(a)       (b) 

Figure 4: Actual application of Manhole surface protections (a) external surface epoxy coating (b) 
internal GRP liners 

 

                       
(a)       (b)  

Figure 5: Actual application of pipeline surface protections (a) microtunnelling jacking pipes with 
external surface epoxy coating (b) microtunnelling pipe with embedded internal GRP liners 

 
Construction Methodology to improve the length of service life. 
 

If quality management is not implemented at the construction or concrete fabrication plants, then the concrete 
design mix and concrete cover will not be sufficient to improve the service life of the structures. The following details 
the quality management practices required to construct a durable structure. 

a. Use of strict quality assurance and quality control plans  
i. Control of concrete temperature 
ii. Application of suitable curing methods 

b. Use of concrete surface protection 
i. Internal protection 
ii. External protection 

c. Use of precast elements manufactured in highly controlled factory/plants environment. 
d. Stringent inspections of each step of the construction works. 
e. Selection of good quality raw materials 
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f. Post construction checking on the: 
i. Cracks wider than designed crack width for the structure 

ii. Area of low cover 
iii. Budged area or ovalisation (normally less of a durability concern due to the concrete 

surround but it is an indication of potential problem 
iv. Water seepage through the concrete or moist leakage patches on the concrete 
v. Water leakage at joints or cracks in the concrete 

vi. Failure at GRP lamination and in particular adequacy of hdpe/grp joints 
vii. Risk of bimetal corrosion, etc. 

 
Additionally, all components of the structures must be applied these include the use of equally durable materials for 

the internal and external lining of manholes and pipelines. The hoisting hooks of precast elements must be within the 
design minimum concrete cover and the lifting hook pockets to  be filled with non-shrinkage chemical grouts. The 
operation and maintenance manuals to specifically include the periodic replacement of components that wear and tears 
during the systems operations. 

 
Furthermore,  research on the durability compliance of using fiber concrete and self-compacting concrete mix with 

triple blend mix design must be considered for future studies. 
 

5. Conclusion  

Based on the data collected it was imperative to determine the geological characteristics and groundwater 
chemical concentrations during the preliminary stage of the project. To design a long-lasting sewerage system, it is 
necessary to use a durable concrete material. The concrete sewerage structures are permanently submerged or wet to 
aggressive groundwater with continuous exposures to high concentrations of chlorides and sulfates. The design mixes 
using triple blend cement found to be more durable material than ordinary portland cement or sulfate resisting cement. 

 
The hypothesis is accepted on the statement if there is significant importance of the early testing of concrete to 

determine the durability of underground concrete structures. The early resting requirements includes the soil and 
groundwater analysis, raw materials testing and concrete design trial mix testing for durability. 

 
Based on the modelling calculations, there was a significant difference between the durability test results of 

OPC mixture and cement blend mixture with GGBS/PFA and microsilica. In concrete durability design modeling, the 
target service life of the structure is determined by the concrete design mix quality, concrete cover thickness and the 
corrosion of the reinforcement. The following specification presented in Table 14 is recommended concrete design mix 
for used in sewerage structures: 

 
Table 14 Summary of the recommended Concrete Design Mixture for Durable Sewerage Structures 

 

Description Specification 
Cement Type: Triple Blend 45% OPC + 55% GGBS + 5% MS 
Concrete Cover Thickness 75 mm minimum 
Concrete Grade @ 28 days C65 
Max w/b ratio 0.35 
Min. binder Contents [kg/m3] 440kg/m3 
Water Absorption  (BS 1881: Part 122) 2% 
Water Penetration (BS EN 12390-8) 10mm 
Rapid Chloride Permeability (ASTM C 1202) 1000 Coulombs 
Chloride Migration (NT Build 492) 2.0 x 10-12 (m2/s) 
Temperature Controls (during mixing transport and 
pouring) 30-32 0C Maximum 
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