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The 5th Annual CoMSIRU Colloquium held on 10 August 2017 at Old 
Mutual House, Bishopscourt, provided a platform for postgraduate 
students and researchers to share their research and progress. Eleven 
students in total presented their research at the 2017 colloquium. 
During each session, presenters showcased their research during a 
15 minute slot, after which an insightful discussion ensued enabling 
researchers to receive feedback, critique and advice that that could 
assist their research.

In addition to the academically beneficial presentations, the 
colloquium offered the opportunity for networking between 
supervisors and students where academics could share their intended 
research directions. Altogether it was a successful colloquium. All the 
presentations are documented in this report for future reference.
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Abstract 

Over the past decades, significant advances in all aspects of freight railway transport 
have made the operation of longer and heavier freight trains possible, thereby increasing 
the volume of bulk commodities conveyed from mines to dedicated export terminals. 
Owners and operators of heavy haul lines are constantly pushed to maximise the 
profitability during upturn periods or reduce the losses when downturns occur. Thus, 
advanced studies and simulations are generally performed to optimise the ratio “rail 
capacity-to-operating costs”. Nevertheless, heavy haul railway transport significantly 
relies on the serviceability and safety of the civil infrastructure serving the lines. 

However, the consequences of running longer/heavier trains on the service life of existing 
bridges have not been always well understood. Within this context, dynamic testing 
and monitoring can be effective tools to evaluate the effects of changing operating 
conditions, towards a knowledge-based management of the civil infrastructure. The 
presentation shows the investigation of the Olifants River Viaduct (ORV), a 23-span, 1 
035 m long prestressed concrete (PSC) bridge located in South Africa. The ORV is the 
largest bridge serving the Iron Ore Sishen-Saldanha Export Line. It is in operation since 
1976 and, at present, crossed by the longest HH train in the world (4.1 km long) with a 
sequence of up to 342 wagons. 

Designed in an era when performance-based design philosophies were not fully 
established yet, the ORV has currently passed 40 years of its service life under changing 
environmental, structural and especially loading conditions. Thus, the two-fold objective 
of the research is i) characterising the current rail loading parameters, investigating the 
structural health state and assessing the dynamic response of the ORV after 40 years of 
operation, and ii) estimating the remaining service life of the bridge based on providing 
guidelines on the operating conditions as well as possible interventions on the structure. 
The presentation focuses on the first step of this ongoing research.

1.	 Assessing the performance of a heavy haul   
 railway viaduct through monitoring traffic
 loads and dynamic effects

	 Dr	Fulvio	Busatta
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2.	 Fatigue life of precast concrete sleepers   
 when used on an open deck bridge

	 Andrew	Goodhead

Abstract 

Railway sleepers are integral components of a railway tracks. Due to better durability and 
larger loadbearing capacity precast concrete sleepers have largely replaced traditional 
hard wood sleepers, as an exception, wooden sleepers are still exclusively used on open 
decked steel bridges. For numerous reason many of which are not well documented in 
literature precast concrete sleepers have not been found suitable for use on open decked 
bridges. However due to the worldwide shortage of hard wood, it is increasingly difficult 
to replace deteriorated wooden bridge sleepers. It is thus out of urgent necessity that 
the use of precast concrete sleepers as replacement for wooden sleepers be thoroughly 
investigated. 

A literature review reveals a limited understanding of a ballasted concrete sleeper’s 
fatigue life however there is no recorded study on the fatigue life of a concrete sleeper 
supported on and open decked steel girder. 

Experimental tests, simulating concrete sleepers near a bridge abutment will proved 
the majority of the data for this investigation. The experimental result will be used to 
try and select an appropriate constitutive relation for concrete fatigue mechanisms. 
Identifying and calibrating a concrete fatigue mechanism is a critical step in the process 
of numerical models of such systems.
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Abstract 

Concrete is regarded as the most used construction in the world. The consumption of this 
material is exponentially increasing as immense pressure is being posed onto the construction 
industry to supply more infrastructure to support the development of urbanisation, which 
can result in significant environmental consequences. One of the solutions to combat this 
problem was achieved by the introduction of partially replacing Portland cement (PC) with 
supplementary cementitious materials (SCM) in order to achieve sustainable construction. 
This practice is becoming prevalent within modern concretes worldwide. 

Carbonation is one of the main mechanisms, which induces reinforcement corrosion. It involves 
carbon dioxide reacting with the alkaline constituents within concrete, which passivates 
the embedded steel to produce calcium carbonate. A decrease in alkalinity results in the 
depassivation of the steel, which in turn makes the steel vulnerable to corrosion. Alkaline 
concrete constituents, mainly calcium hydroxide is responsible for the relatively high pH 
environment within the concrete. It forms during the hydration reaction and its quantity is 
proportional to the amount of calcium oxide within the cement. This inclusion of SCMs results 
in the decrease in pH due to its lower calcium oxide content to produce calcium hydroxide. 

In South Africa, the Durability Index (DI), a performance-based approach was adopted 
to quantify the durability of a concrete structure. This consists of three tests (oxygen 
permeability, sorptivity and chloride conductivity index tests). Each test relates to a specific 
transport mechanism, which contributes to the deterioration of the concrete structure. The 
results obtained from these tests (i.e. OPI and CCI) can be used as input parameters within the 
appropriate service life prediction model to determine the expected life span of the structure. 
However, the concrete mix designsused to formulate the models are significantly different to 
ones presently used within construction, thus the expected service life of modern concretes 
cannot be adequately determined. Therefore, the purpose of this research seeks to improve 
the DI approach by determine the relationship between DI values and the performance of 
modern concrete structures, specifically with regard to carbonation-induced deterioration.

The OPI test has a good correlation to carbonation depths and sensitive to various concrete 
parameters such as w:b ratio, binder type, curing condition and so forth. Furthermore, it 
is used as an input parameter to define medium-term carbonation depths i.e. accelerated 
carbonation, which are then used to determine long-term results of carbonation i.e. the 
carbonation service life model equation.  As previously stated, the purpose of this research is to 
determine carbonation predictions for modern South African concretes. This will achieved by 
investigating various concrete mixes. The variables that will be investigated are the following: 
w:b ratio, SCM type (GGBS, GGCS, y ash and limestone) and the SCM partial percentage level. 
Finally, the laboratory experiments that will be conducted are the compressive strength test, 
OPI test, and the accelerated carbonation test.

3.	 Carbonation predictions for modern  
  South African concretes

	 Nabeel	Omar
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Abstract 

The African continent is experiencing an enormous economic boom, which mainly puts 
pressure on the entire continent to develop infrastructures. Infrastructure development is 
accompanied by a significantly higher demand for cement and concrete. However, to date 
Africa is the continent where cement and concrete are by far the most expensive and in 
conjunction with the economic purchasing power of the population the least affordable in 
the world. For instance, a US citizen needs only 0.5 working days to afford 1T of cement while 
a Rwandan citizen needs 191 days to afford this same amount of cement. The high price of 
cement is largely responsible for the high price of concrete, but there is also an ecological 
issue: to use too much cement in concrete in general due to the energy intensive processing 
and transportations as well as the carbon emissions. A more efficient use of cement could 
reduce the cost of concrete as well as the environmental impact. However, the more efficient 
use is limited in Africa by the limited availability and high prices for admixtures. This is 
largely induced by the fact that most of the admixtures used in concrete technology are 
manufactured outside Africa. However, Africa is also known for its biodiversity which offers 
vast possibilities in terms of research and potential solutions. 

It is in this spirit that many studies have started to focus on natural materials for their 
application in civil engineering, such as this introductory study. The most interesting benefits 
of the use of natural materials are their availability, their environmental appropriateness, and 
the potential to use waste materials such as husks, cassava peels or starch. This extended 
abstract presents first results of some preliminary tests that have been carried out on the sap 
of a tree called Triumfetta Pentandra A. Rich. The local name in Cameroon, where it comes 
from, is Nkui. Nkui is known especially in the western part of Cameroon as a festive meal for 
women that just gave birth. Nkui itself is a sticky brown sauce (due to the 19 spices used to 
cook it) which is eaten with maize couscous. It is obtained by the extraction of the sap of the 
tree rod. Triumfetta Pentandra is a plant which grows in various modifications in all tropical 
areas of Africa. Hence it is an available resource. 

This study presents some basic tests that have been conducted on cement paste made 
with different ratios of Nkui solution with the aim to see if this sticky solution could affect 
some properties of the cement paste. The observations presented here are on the flowability, 
the density and the setting time. The first results show that the nkui gives to cementitious 
materials a thixotropic behaviour that reduces their workability, without affecting their 
hardening and their mechanical properties.

4.	 Potential admixture for concrete 
 technology made from the sap of Trimfetta   
 Pendrata A. Rich.

	 Dr	Ines	Ngassam
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Abstract 

Alkali-aggregate reaction, AAR, is an adverse chemical reaction between the alkaline pore 
solution and reactive silica in concrete. The reaction can be categorised in one of three 
classes based on the type of aggregate involved. In the Western Cape, the prominent use 
of greywacke and granite aggregates implies that alkali-silica reaction, ASR, will be the 
main concern. However, ASR has been mostly studied from a scientific perspective and 
standardised tests, which are broad in context, have been established.  The main concern 
is that the most common tests do not accommodate for the concurrent use of both 
‘reactive’ coarse and ‘reactive’ fine aggregates, which is generally present in ‘real-life’ 
situations. This occurrence is what has been investigated in this study. 

The study was thereafter segmented into three phases. Phase 1 of this research was 
dedicated to investigating any behavioural pattern which may arise with the simultaneous 
use of reactive fine and reactive coarse aggregates. In this effect, the AAR-2 AMBT was 
slightly modified and conducted on nine mixes. From the results of Phase 1, it was found 
that a pessimum effect occurs when approximately 40 to 60% of the fine aggregate 
blend is constituted of greywacke crusher sand. Moreover, all the mixes tested in this 
phase were deemed ‘slowly reactive’ in terms of ASR as the expansion measured was in 
the range of 0.1 to 0.2%. Additionally, it was found that the formation of the gel product 
does have a negative impact on compressive strength as cubes whereby the reaction was 
encouraged had a lower strength than normally cured cubes. Phases 2 ensues whereby 
the critical mix from Phase 1 (50% crusher sand in sand blend) was complemented with 
cement extenders with the aim of mitigating the expansion due to ASR. As expected, 
both the Class F fly ash and Corex slag proved to be effective mitigation measures, that 
is reduced expansion to less than 0.1%, when dosed correctly. It was also found that the 
fly ash was relatively more effective than the corex slag. Finally, 

Phase 3 delved into the mechanisms of the mitigation processes involved when using 
cement extenders. It is theorised that the extenders reduce the expansion by firstly 
reducing the total available alkali content from the binder (dilution process) and secondly 
by binding free alkalis into compounds from the pore solution. As such, in this phase an 
inert filler was used instead of the cement extenders but in the same proportions as in 
Phase 2. Comparison between the results show that the limestone filler does reduce the 
expansion but to a much lesser extent than the cement extenders, therefore confirming 
the occurrence of the reaction effect.

5.	 Alkali aggregate reaction: current Western   
 Cape concrete

	 Zubair	Mahomed
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Abstract 

Currently, there exists many repair products in the market which has resulted in a 
challenge in the specification of repair products by engineers. There exists no readily 
available and well established procedures that would guide the ranking of the existing 
commercial non-structural concrete patch repair mortars (PRM) to how they meet the 
performance requirements. This ranking will be based on the cracking tendency. The 
performance of patch repair mortars with respect to cracking and bonding depends to a 
large degree on material properties such as tensile strength, elastic modulus, creep, and 
rate of hydration (Beushausen and Alexander, 2006). To determine the age of cracking 
of these repair mortars, ring tests cast in accordance to the ASTM C 1581 were used. 
Mechanical properties are also measured with the use of the compressive strength test, 
tensile strength and tensile relaxation. Durability index based performance tests i.e. 
Oxygen Permeability Index (OPI), Water Sorptivity Index (WSI) and Chloride Conductivity 
Index (CCI) are determined.

PRMs from the following suppliers will be tested; Sika, Pro-Strut, BSF, a.b.e and Mapei. 
This study will rank the commercial PRMs using the ring test to ASTM standards. The 
age at cracking will be determined. Guidelines /limiting values for the ring test age at 
cracking will be followed. As a minimum, two electrical resistance strain gages will be 
used to monitor the strain development in the steel ring. 

6.	 Assessing the conformity of South African   
 Patch Repair Mortars (PRMs) to the 
 EN 1504-3 performance specifications

	 Brian	Abala
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Abstract 

Globally, concrete is the most widely used construction material. Its embodied energy is 
relatively low yet, due to the vast quantities that are produced annually, there are substantial 
emissions associated with it. Of the concrete material constituents, the manufacture of clinker, 
the basis of all conventional cements, contributes the most significant emissions. Therefore, 
with the hope of reducing the emissions associated with concrete manufacture, there has been 
extensive research into how the clinker content of concrete can be reduced without neglecting 
desired engineering properties.  

Methods for the reduction of clinker have included the partial replacement of clinker by various 
supplementary cementitious materials (SCMs) as well as the consideration of alternative binders 
with lesser global warming potential. However, so far, the use of SCMs are subject to their 
availability and many alternate binders are only applicable to niche markets. Further methods 
have considered the modelling and particle packing optimisation of concrete materials. Initially, 
this was done for the coarse and fine aggregate components but subsequently, the largest 
potential for the reduction in the clinker content of concrete was found to be the optimisation 
of the powder material phases. The influences on the packing of powder materials are not the 
same as those for coarser particles and therefore coarse particle packing models cannot be 
directly extended to powder phases. Instead, they need to include influences specific to powder 
materials such as van der Waals and electrostatic interparticle forces.

This research entails an investigation into the application of powder-particle packing modelling 
for the reduction of clinker content in concrete. Objectives comprise the maximisation of 
powder packing density to enable a reduction of clinker content without detrimentally affecting 
desired engineering properties. The investigation comprises the analytical modelling of various 
material combinations, aiming to find optimal combinations which maximise packing density. 
Modelling includes the application of two theories: discrete (Compaction Interaction Packing 
Model (CIPM)) and continuous (Modified Andreasen and Andersen Curve (MAAC)) poly-disperse 
particle systems. Modelling outputs will be verified experimentally, allowing the comparison of 
the accuracy of the two models and their theories. Furthermore, experimental findings will also 
allude to the effects of the optimised material combinations on fresh concrete properties and 
how the outputs from modelling might need to be further adjusted. 

Ultimately, this research aims to address the applicability of powder-particle packing 
modelling for the reduction of clinker content in concrete.  Practically, this will be assessed 
by the extent that the parameter of strength per kilogram clinker per cubic meter of concrete 
can be maximised.

7.	 The packing of powder materials for a    
 reduction in the clinker content of concrete

	 Matthew	Holmes
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Abstract 

Concrete durability has become a major concern in recent years as maintenance costs 
often exceed construction costs. Various current research efforts are being focused on 
understanding and subsequently predicting and mitigating the mechanisms that result 
in deterioration. 

A significant form of concrete degradation is the chloride-induced corrosion of steel 
in reinforced concrete especially in marine environments. Due to the porous nature of 
concrete, it is evident that transport mechanisms play a vital role in corrosion and other 
deterioration mechanisms. 

Although the products of corrosion are known to create expansive stresses within the 
concrete, it has been observed in the past that the rust is first deposited in the concrete 
pores within the vicinity of the reinforcing steel. It is for this reason that this work aims 
to develop a multiphase model of rust transport in reinforced concrete using the Theory 
of Porous Media as a first step towards a complete model of chloride-induced corrosion. 
The model will be implemented in SESKA by modifying the existing cardiac mechanics 
model so that it may be applied to concrete.

8.	 Multiphase modelling of reinforced 
 concrete corrosion using the Theory of    
 Porous Media (TPM) 

	 Joanitta	Ndawula
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Abstract 

One of the key constituents of concrete is cement, whereby approximately 12 billion of concrete 
produced in the construction industry uses 1.6 billion tons of Portland cement (Kumar Mehta 
2004). This is associated with a high fuel expenditure which causes high production costs, and 
high carbon dioxide (CO2) emission to the atmosphere which leads to the greenhouse effects. 
The cement industry produces 0.8 tons of CO2  per each one ton of cement produced (Rashad 
2013) that accounts for 5-8% of worldwide CO2 emission (Scrivener & Kirkpatrick 2008).

Therefore, the use of supplementary cementitious materials (SCMs) has been adopted for the 
purpose of reducing the use of Portland cement in construction, but also improving strength 
and enhancing durability of concrete (Siddique & Khan 2011). The reduction of cement 
quantity reduces the production of clinker, and hence a substantial decrease in CO2 emission 
and production costs. (Lothenbach et al. 2011).

In the Western Cape construction industry, Corex slag is currently used as an SCM to produce 
cement. However, it is difficult to guarantee the availability of this material since it is a by-
product of steel production industry (Saldanha Steel). It is possible that the decline of steel 
production or other global factors may lead to scarcity of this material. In the second hand, 
fly ash produced at Eskom electricity power station may take over during the scarcity of Corex 
slag. However, emphasizing the use of fly ash has the negative environmental impacts. Its 
production involves burning coals which produces more of greenhouse gases (Scrivener & 
Kirkpatrick 2008). 

Therefore, there is a need to consider alternative SCMs for use in the Western Cape. A possible 
candidate for this material could be metakaolin. Metakaolin is a new high reactive pozzolanic 
material which is abundantly available in Western Cape. It is commonly known as metakaolin 
K40. It is manufactured from the kaolin clay deposit at Atlantis by a company called Kaolin 
group, and supplied by Serina Trading company. 
The main objective of this study is to investigate the properties of this locally available 
metakaolin K40 for use as an alternative supplementary cementitious material in the Western 
cape concrete. The following specific objectives are assessed in order to meet the main 
objective.
i. To characterize metakaolin in terms of its physical properties, chemical properties, and  
 pozzolanic activity.
ii. To assess the influence of metakaolin on fresh concrete and hardened concrete properties, 
 and to compare with the properties of concrete with corex slag.

9.	 Properties of Western cape concretes made   
 with metakaolin

	 Alice	Titus
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iii. To evaluate the durability properties of concrete containing metakaolin by assessing its 
   potential to mitigate alkali silica reaction (ASR), and to reduce concrete penetrability.

The study methodology is divided into two stages; a substantial and critical literature review of 
the use of metakaolin in concrete, and laboratory experimental investigations. The experimental 
investigations are conducted at UCT Civil Engineering laboratory, whereby six aspects are studied, 
namely; physical and chemical properties of metakaolin, pozzolanic activity of metakaolin, 
properties of fresh concrete, properties of hardened concrete, deformation and volume change of 
hardened concrete, and durability properties of concrete especially metakaolin mitigation potential 
of ASR. The variable considered in the concrete mix design are the metakaolin replacement level 
at 0%, 10%, 20%, and 30%, and water/binder ratio of 0.4, 0.5, and 0.6.  The water and aggregate 
content are kept constant to all mixes, whereby a superplasticizer (CHRYSO ® Plast Omega 103) is 
used to regulate the slump of 100 mm. 

The pozzolanic activity of metakaolin is tested by two test methods; the strength activity index 
test and semi-adiabatic calorimeter test method. In both tests, the mortar is used to prepare their 
specimens. Their results will be compared and the conclusion of its reactivity potential will be made.
The properties of fresh concrete with metakaolin are assessed into two terms, setting time and 
workability. The setting time is determined by the Vicat apparatus test, whereby the cement paste 
of different replacement levels is tested. The workability of fresh concrete mixes is determined by 
the consistency test (slump test).

The properties of hardened concrete which are tested are; compressive strength, tensile strength, 
elastic modulus and pore size distribution. The age of curing is 7, 14, 28, and 56 days. The mix shows 
the desired results will be compared to the properties of concrete mix of 50% corex slag. The aim 
of doing this is to observe the possibility of using metakaolin as a substitute of corex slag in the 
construction industry.

The deformation and volume change of the hardened concrete with metakaolin is also assessed to 
determine the creep and shrinkage behaviour of the concrete. This will assist to predict the long-
term deformation behaviour of the concrete. The creep test will be conducted to the concrete 
mixes with 0.5 water/binder ratio and different replacement levels of 0%, 10%, 20%, and 30%. The 
drying shrinkage test is assessed relative to the unloaded creep samples (control).

Finally, durability properties of concrete with metakaolin are assessed into two terms; the concrete 
penetrability and metakaolin potential to mitigate ASR. The concrete penetrability is assessed 
by the durability index tests, which are oxygen penetration index test, water sorptivity test, and 
chloride conductivity test, while accelerated mortar bar test described by ASTM C1567-13 (2008) 
is performed to determine the potential alkali silica reactivity of metakaolin and the reactive 
aggregate named greywacke. 

Thereafter, the test results in each aspect will be analysed and discussed, finally, the conclusion and 
recommendation will be drawn. This study has its significance in the western cape construction 
society which is adding to the body of knowledge of metakaolin use as an SCM. Thus, it will lead 
to awareness on the potential use of metakaolin in South Africa, particularly in the Western Cape.  



2.

3.

2017 Annual Colloquium
 74 

Concrete Materials & 
Structural Integrity Research Unit

1.



2017 Annual Colloquium
 75 

4.

5.

6.



2017 Annual Colloquium
 76 

7

8.

9.



2017 Annual Colloquium
 77 

10.

11.

12.



2017 Annual Colloquium
 78 

13

14.

15.



2017 Annual Colloquium
 79 

16.

17.

18



2017 Annual Colloquium
 80 

Abstract 

Shrinkage cracking and shrinkage deformation in concrete structures continue to be very 
relevant issues in the construction engineering industry. In an effort to minimise the 
risk of shrinkage cracking, structural engineers often tend to specify shrinkage testing. 
However, test interpretation is difficult and the relevance of the results is not fully 
understood.

 This research aims at evaluating current commonly-specified shrinkage testing methods 
and developing interpretation guidelines for these testing methods. This is to be done by 
investigating the correlation between accelerated shrinkage and atmospheric (long-term) 
drying shrinkage; the correlation between shrinkage results and concrete cracking; and to 
further investigate the repeatability and reproducibility of test results and test method 
sensitivity to known intrinsic factors (related to mix design) influencing shrinkage.

10.	 An evaluation of concrete shrinkage test   
  methods towards better design 	 	 		 		 	
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Abstract 

Infrastructure deterioration is a growing concern all around the world, whether it be 
premature deterioration due to inadequate material design or because the structure 
experienced higher loads than it was designed for. It is a major concern firstly because 
of the significant cost associated with building new structures or upgrading structures 
and secondly, very often a brand new structure is out of the question due to logistical 
nightmares of rerouting traffic or relocating occupants from a building, in order to 
demolish and rebuild.

Two of the major causes of infrastructure deterioration, specifically bridges, are 
corrosion damage and fatigue damage. Considerable research has been conducted 
in these two fields, considering them in isolation. However if, combined they can be 
quite destructive and significantly reduce service life of the affected structure.

Corrosion damage is a twofold problem in that it firstly causes cross-sectional loss of 
reinforcing steel in the form of either uniform corrosion or pitting corrosion, where 
the latter is more critical, as is causes a larger, localized cross-section loss. Secondly, 
corrosion damage causes damage to cover concrete, because the corrosion reaction 
products occupy a larger volume that the original steel, which exerts tensile forces 
on cover concrete, resulting in cracking, delamination and eventually spalling of cover 
concrete.

Fatigue is related to characteristic micro-cracking and eventual rupture of a structural 
component under cyclic loading. As a structure experiences fatigue mid-span 
deflections increase with the number of fatigue cycles it experiences.

Corrosion damage coupled with fatigue behaviour reduces the service life of RC 
structures in that it facilitates fatigue failure at lower fatigue stresses. Pitting corrosion 
not only reduces the ultimate limit state (ULS) design moment due to cross-section 
loss, but it also creates an ideal location for formation of micro-cracks which have a 
shorter propagation distance to rupture.

11.	 Fatigue behaviour of corrosion damaged, patch  
  repaired and FRP strengthened RC beams

	 	 Valontino	James
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If detected early enough there are a few methods that can be employed to ameliorate 
the damage. The most common repair method for corrosion damaged structures being: 
removing the damaged concrete, treating the corroded steel and applying a concrete repair 
mortar. If the steel has corroded excessively strengthening may be required and most 
recently FRP is being used extensively to that end. This repair method has been proven to 
be quite effective in restoring structural durability and capacity. 

The problem is that this creates a multiple interface system between the concrete substrate, 
repair mortar, reinforcing steel, FRP epoxy and the FRP strip itself. The resulting composite 
structure has four interfaces, where each interface is susceptible to multiple failure modes. 
The long-term behaviour of structures repaired in this manner is a relatively unexplored 
area. The problem is further exacerbated by the constant evolution of construction 
materials. Modern concretes vary considerably to concretes used half a century ago, due 
to the availability of cement constituent components. Also, advances are constantly being 
made in improving construction material properties. Nonetheless, an understanding of 
the long-term behaviour of corrosion damaged, patch repaired and FRP strengthened RC 
structures remains vital. 
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