
The official publication of Cement & Concrete SA NUMBER 171 . NOVEMBER 2022 . ISSN 1682-6116

CONCRETEBETON

PARTNER MEMBERS

Carbon Taxes

Relative rib area of rebar

Corrosion in RC structures

Innovation in  
precast-concrete



www.afrisam.com Creating Concrete Possibilities

AfriSam offers a full range of locally produced, superior quality, reliable construction materials such as cement, aggregate and Readymix 

concrete to meet all your building needs. Couple that with technical support provided by our passionate, skilled team of experts, 

and you can count on us to partner with you in successfully realising your vision. Together, we make it possible. Ask for AfriSam.

10
12

34
6

TOGETHER, WE MAKE 
IT POSSIBLE.

THROUGH YOUR EYES, THERE’S A 
PURPOSE IN EVERY SQUARE METRE.



22

24

CONTENTS

COVER: Constructing a precast 
grandstand has provided an almost 
40% reduction in construction costs.

CONCRETE BETON 3

Editor’s comment ................................................................................4

Festive Wishes ....................................................................................5

Carbon taxes ....................................................................................6

Associate member, ASPASA ..........................................................7

TECHNICAL PAPER 
A simplified test method to estimate the relative rib area of rebar .........8

YCRETS TECHNICAL PAPER 1
Influence of blended cements on corrosion rate of steel in  
reinforced concrete structures in a marine tidal zone – a review ..........16

TECHNICAL NOTE 
Quality of mortar mix important for sustainability .............................20

ICONIC CONCRETE
Concrete has subtly preserved the colosseum for centuries ...............22

INDUSTRY NEWS
Good news for E Cape as Rumdel progresses with R63 route .............24

PPC – an editorial perspective ............................................................26

Diverse benefits of adding extenders to the concrete mix  ..................28

South Africa needs a sustainable  
construction industry .........................................................................30

Basic concrete knowledge important for new staff .............................31

Giving new life to the remains of concrete .........................................32

Versatility of Concrete Admixtures .....................................................34

Innovation in precast-concrete keeps  
sports centres on track ......................................................................36

Colloidal silica combats corrosion  
of reinforcing steel ............................................................................40

Virtual technology expands the  
frontiers of construction  ...................................................................41

Economical foamed concrete  
suitable for limited budgets ...............................................................42

CCSA MEMBERS ..............................................................................44 

32

34



4  NUMBER 171  |  NOVEMBER 2022

CCSA’s commitment to engage with government on critical issues affecting our industry is 
highlighted on page 6 with a report from Dr Dhiraj Rama on the cement manufacturing industry’s 
take on the draft Taxation laws amendment Bill 29 July 2022 in relation to carbon taxes. 

“A simplified test method to estimate the relative rib area of rebar” is a very interesting 
research paper proposing a formula that accurately estimates the projected area in two out 
of three cases, while it underestimates (thus being conservative) for the balance. The paper 
featured from YCRETS 2021 deals with the influence of blended cements on the corrosion rate 
of reinforcing steel in a marine tidal zone – a topical issue given South Africa’s vast coastline.

Iconic Concrete, which has become a widely read feature in Concrete Beton, highlights the 
durability of concrete in the Colosseum, preserving this iconic structure for nearly 2000 years.

Our industry news snippets inform on what is being achieved on various projects, and the 
products available from our members. This prompts me to remind our readers of the Online 
Directory of Services available from our extensive membership database. This easily navigable 
Directory can be accessed on the CCSA website www.cemcon-sa.org.za

Thank you to all our contributors and especially of advertisers who have supported us during 
this year. The good news is that advertising rates for 2023 have been kept the same to ensure 
that Concrete Beton, as the only non-commercial magazine for the cement and concrete industry, 
remains a cost-effective channel of getting a brand message across to the readers.

Enjoy a well-deserved holiday break in December. Concrete Beton will be back with the 
March 2023 issue.

Hanlie
Hanlie Turner, Editor

EDITOR’S COMMENT

Born in Bulawayo, Mick  graduated from the University of Cape Town with a BSc in Civil Engineering 
in 1973.  He joined Liebenberg and Stander the following year and went on to become a director 
in the firm before holding the position of technical director since the formation of Bergstan South 
Africa in 2005.  In addition to being a ECSA registered PrEng, Mick was professionally registered as a 
construction & project manager with SACPCMP.  He was also certified as a senior bridge inspector with 
COTO.

A respected and long-standing member of the Concrete Society of Southern Africa (a precursor for 
Cement & Concrete SA), he became president of the Society in 1994.  In this position, he was also one 
of the judges of the Fulton Awards of that year.  Such was his commitment that he joined CCSA as an 
individual member, where he remained a staunch supporter of the monthly CONCRETEFiX webinars - 
always staying up to date with industry developments.

For 48 years, he served his clients, colleagues, and the broader South African engineering fraternity through his involvement in 
academic and professional institutions. Those being:
• as part-time lecturer at Cape Technicon in the design of reinforced and prestressed concrete and serving on the evaluation panel of the 

Certification Council for Technicon Education (SERTEC) between 1983 and 1986,
• as external examiner for the University of Cape Town’s final-year structural engineering courses between 1991 and 2014,
• as a committee member and later convenor of the Western Cape Roads Liaison Committee that formed part of the South African 

Association of Consulting Engineers between 1993 and 1999,
• elected as a SAICE Fellow in 1999, 
• as an organising committee member for the SEMC international conferences at the University of Cape Town between 2001 and 2010.
• as a committee member of the Joint Structural Division of SAICE and IStructE since 2000.

He played a leading role in the design of several renowned bridge engineering projects, including the Fulton Award-winning Stellenberg 
Interchange (1986) and Swartklip Interchange (1990), the rehabilitation of Meiringspoort (1997), the upgrade of Koeberg Interchange 
(2010), the rehabilitation of the historic Milnerton Wooden Bridge (2020).

He also made significant contributions in papers that he authored and co-authored.
Mick sadly passed away on 22 October 2022 due to a heart attack while cycling in Cape Town.  He leaves behind his wife, Jackie, as 

well as his son and daughter, each with young families of their own.
Cement and Concrete SA pays tribute to a great bridge engineer, but most of all, to a gentleman and a friend of the concrete industry.

OBITUARY: Michael Garth “Mick” Latimer (1951 - 2022)

As usual, this issue of Concrete Beton is a reflection on the sound 
research and technical guidance existing in our industry.
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CCSA NEWS

Dr Dhiraj Rama

Cement Manufacturing in SA  
and Carbon Taxes

Cement is regarded as a key building material in the country, and it becomes 
vital that government gain a clearer understanding of the implications that 

carbon tax imposes on vulnerable industries and to assist in the prevention of 
de-industrialisation through businesses becoming unable to operate. 

Dr Dhiraj Rama, Cement & Concrete 
SA’s Industry Development Executive, 
addressed the Standing Committee 

on Finance (National Assembly) on the draft 
Taxation laws amendment Bill 29 July 2022 
during September. 

The specific point of interest was the 
progressive increase in the carbon tax rate for 
2023 to 2030.  

Dr Rama confirmed that CCSA partner 
members whilst fully committed to responding 
to impacts posed by climate change, are 
of the view that the proposed revised draft 
carbon tax regime will pose a significant 
challenge to the cement business, based on 
South Africa’s socio-economic situation and its 
developmental state, as well as the timing of 
implementation. 

The rapidly increasing carbon tax rate, 
rapidly increasing electricity price, the 
rapidly increasing coal price, greenhouse 
gas mitigation efforts, lack of government 
grants, and imminent removal of the various 
allowances / deductions, could have major 
implications to the viability of the cement 
industry in South Africa. 

It was pointed out that any increase in cost 
to do business is a major threat to the cement 
industry as it ranks most capital intensive, 
carbon intensive and energy intensive amongst 
other industrial sectors.

He further cautioned that many of our 
cement producing hubs are located far from 
the metropolitan economic activities and 
the knock-on effects to these regions will be 
significant in terms of both the cement sector 
as well as its supply/value chain in terms of 
logistics, etc. 

It is recommended that the implications of 
the increased carbon tax rates in addition to 
the future electricity price trajectory as well as 
the future coal price trajectory be considered, 
and appropriate modelling be undertaken 

to inform the viability of industry as well as 
the consequential socio-economic impacts 
regionally where limestone mines are based.

Amongst the concerns Dr Rama addressed, 
were Just Transition to maximize the social 
and economic opportunities of climate action, 
while minimizing and carefully managing any 
challenges, revenue recycling, the timing and 
the rate of the imposition tax, carbon offset 
and sequestration. 

Recommendations:
It is recommended that careful consideration 
be given to allowances, grants, incentives, for 
the cement sector to support decarbonisation.

The revised tax regime should note the 
challenges facing the hard-to-abate sectors 
and provide for special circumstances and 
additional allowances to ensure financial 
viability and sustainability of these industries 
in South Africa.

CCSA would like to emphasise that 
cement remains an integral part of sustainable 
development with regards to social and 

infrastructure development as well as resilient 
infrastructure for the built environment and 
hence requires careful consideration in the 
context of its capital intensive and energy 
intensive characteristics. 

Furthermore, cement producers are located 
in areas where local economic development 
depends on the cement producers for job 
creation and other associated support. It is 
recommended that South Africa embrace 
the principle of common but differentiated 
responsibilities as South Africa is a developing 
country. Our national NDC too is based on 
various conditions being met to support our 
mitigation action.

Dr Rama summarised his address: “it is 
important that National Treasury consider the 
challenges facing the cement sector and would 
like to recommend that National Treasury 
note the challenges facing our hard-to-abate-
cement sector, which is also the most capital 
intensive, energy intensive, carbon intensive 
sector, and vulnerable to cheap imports.”

“The rapidly increasing carbon tax 
rate, rapidly increasing electricity price, the 
rapidly increasing coal price, greenhouse 
gas mitigation efforts, lack of government 
grants, and imminent removal of the various 
allowances / deductions, could have major 
implications to the viability of the cement 
industry,” Dr Rama concluded. It may thus 
be appropriate to consider tax allowances 
carefully for the cement sector coupled 
with incentives and fiscal support to ensure 
sustainability of the sector. CB

Contact: www.cemcon-sa.org.za,
dhiraj.rama@cemcon-sa.org.za
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ASSOCIATE MEMBER

Custodianship of mines that produce sand and aggregates, key components of concrete, is critical 
to the further development of South Africa’s construction industry and secure sufficient supplies 
for years to come. 

Fortunately, smaller-scale surface mines lacking some of the resources needed to ensure day-
to-day compliance with legislation and other statutory conditions are turning towards industry 
association, ASPASA, to fill the voids. While ASPASA is strongly focused on the mining industry,  
its association with other professional bodies, such as Cement & Concrete SA and others in a 
given industry can add as much value and is the reason why ASPASA is a long-time associate 
member of CCSA and its predecessors. 

The association’s work in collaboration with all levels of Government, private construction 
sector and labour over the past 30 years has earned the respect of the industry as well as 
recognition from all quarters including its overseas peers. It has also led to a stampede of surface 
mines applying for membership and resulted in a change of its constitution to admit mines other 
than the sand and aggregate quarries it was founded to represent. 

Currently ASPASA’s membership includes mines in the salt, dimension stone, diamond, clay 
and other sectors. The association also provides services aligned with affiliated onsite plants such 
as readymix and processing plants. When necessary the association protects and lobbies on behalf 
of the surface mining industry and provides appropriate training and literature to its members 
through its various committees.

Some of the key services that assist its members to provide the highest levels of service to the 
concrete industry include:

Audits 
Membership of ASPASA requires mines to undergo two compulsory audits in health and safety, 
as well as environment to ensure compliance with legislation and statutory requirements. These 
measure the mine’s compliance and provides professional feedback to improve its performance 
where required. ASPASA also provides additional audits to measure compliance with standards 
and legal requirements relating to blasting and quality management among others. 

Workshops 
Provide an important interface between the association and its members in order to update 
and upskill the industry to respond to changing market requirements. Legal updates and 
interpretations are also provided in the form of workshops and are an important tool to ensure 
compliance. Legal liability training is also provided.

Technical committees
Chaired by specialists, the committees investigate, debate and interact with stakeholders and the 
industry to gain knowledge and disseminate information about topics as diverse as explosives risk 
assessment, trackless mobile machinery legislation, road construction and others.

GAIN membership
In terms of global competitiveness ASPASA is a long-established member of the Global Aggregates 
Information Network (GAIN), which represents sharing surface mining industry associations 
across the globe from China to the USA, Australia and the United Kingdom. It provides a valuable 
platform for the sharing of information, emerging trends and best practices.

Association benefits
These services combine to make membership of ASPASA a necessity to ensure mining operations 
are compliant with all relevant legislation, operate on a level playing field, while also being able to 
access and implement best practices from around the world as they become available. 

Contact: 011 791 3327,  
office@aspasa.co.za,  
www.aspasa.co.za

Stronger by association 
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ABSTRACT: 
An alternative formula to the current standard is proposed for the 
calculation of the relative rib area of concrete reinforcing bar (rebar). 
The relative rib area is an important geometrical feature of rebar, as it 
facilitates distributed load transfer between concrete and reinforcement. 
The proposed formula and concomitant method are mathematically 
simple and easily implemented in practice. The proposed formula is 
based on the proposition that the projected outline of both the ribbed 
and un-ribbed rebar can be accurately approximated by elliptical curves, 
such that the net projected area of the ribs only is calculated as the 
difference between the areas of the two ellipses thus constructed. 
In contrast, the standard formula assumes a quadratic relationship 
between the rib height and the un-ribbed bar surface. Three available 
rebar specimens are evaluated against both formulae. The specimens 
are geometrically measured in three dimensions by a laser scanning 
system, the data of which are projected onto the plane perpendicular 
to the longitudinal axis of the rebar, and numerically integrated to 
calculate the actual projected area of the ribs. The standard formula 
accurately estimates the projected rib area in one out of three cases, 
while it overestimates (thus being nonconservative) for the balance. The 
proposed formula accurately estimates the projected area in two out of 
three cases, while it underestimates (thus being conservative) for the 
balance.

Nomenclature
Roman
am Rib height at the rib mid-point [m]
AR Projected rib area [m2]
c Longitudinal rib spacing [m]
d Rebar nominal diameter [m]
de Rebar “diameter” across rib peaks [m]
di Rebar “diameter” across rib valleys [m]
e Average gap between adjacent rib rows [m]
fR Relative rib area [–]
x Horizontal distance from rebar cross-section centre point [m]
y Vertical distance from rebar cross-section centre point [m]

Subscripts
e  External
i  Internal
m  Middle

A simplified test method  
to estimate the relative rib area of rebar

1. INTRODUCTION
An alternative simplified formula is proposed for the calculation of 
the relative rib area of concrete reinforcing bar (rebar). The proposed 
formula yields test results that are superior to the existing simplified 
parabola formula that is listed in the testing standard ISO 15630-1 [1] 
and is easy to implement in a laboratory test method.

The proposed formula is based on the proposition that the projected 
outline of both the ribbed and un-ribbed rebar can be accurately 
approximated by elliptical curves, such that the net projected area of 
the ribs only is calculated as the difference between the areas of the two 
ellipses thus constructed. The plane of the projection is perpendicular to 
the longitudinal axis of the rebar specimen.

The proposed formula (and method) requires only two types of 
measurement by means of a dial-, vernier- or digital callipers. The 
distance from peak-to-peak of two opposing ribs on opposite sides 
of the rebar is measured (de ), as well as the distance from valley-to-
valley (di ). Measurements are taken at a few locations, say five, along 
the length of a rebar specimen, the values of which are subsequently 
averaged.

Let d represent the nominal diameter of the rebar. Typically, the 
rib peak-to-peak distance is larger than the nominal diameter (de > d),  
while the rib valley-to-valley measurement is less than the nominal 
diameter (di < d). The value of de therefore represents the major axis 
of the ellipse whose minor axis is d, while di represents the minor axis 
of the ellipse whose major axis is d. This arrangement is graphically 
displayed in Figure 1 but take care that the nominal diameter (d ) is 
not a measureable quantity as implied in the drawing, but instead a 
nominal quantity.

TECHNICAL PAPER

a. CSIR Mechanical Testing Laboratory, Meiring Naudé Road, Pretoria, 
South Africa. E-mail: jjordaan1@csir.co.za.

The projected rib area, which is required to calculate the relative rib 
area, is identified by the cross-hatched region in Figure 1.

JP Jordaan (a) 

Figure 1: Rebar transverse cross section
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2. BACKGROUND
Concrete is the predominant material used in construction today due to 
its many advantages such as economical cost, on-site fabricability and 
durability [2]. World production of Portland cement reached 4.4 billion 
metric tons in 2021 (statista.com). Typical engineering properties of 
structural concrete are listed in Table 1.

W. P. Witherow filed a patent application in 1916 [7] which describes 
one object of his invention “to provide a reinforcing bar which has on 
the surface of a regularly formed central body projections which form 
a mechanical bond with the concrete in which the bar is embedded, 
thereby decreasing the likelihood of relative movement between the bar 
and concrete and increasing the strength of the structure.” Drawings of 
the proposed bar are displayed in Figure 3.

TECHNICAL PAPER

Table 1: Engineering properties of structural concrete [2]

Compressive strength 35 [MPa]

Flexural strength 6 [MPa]

Tensile strength 3 [MPa]

Modulus of elasticity 28 [GPa]

Poisson’s ratio 0.18

Tensile strain at failure 0.001

Coefficient of thermal expansion 10 × 10-6 [1/°C]

Because the low flexural and tensile strength of concrete limit its 
application in construction severely, the practice of reinforcement of 
concrete with steel has developed over the course of history. A French 
engineer named Francois Hennebique reportedly reinforced concrete 
floor slabs in 1879, and progressed to a complete building system, 
which was patented in 1892 [3]. Not only is the tensile strength of 
steel high, but an important advantage of steel is that its coefficient of 
thermal expansion is very nearly equal to that of concrete. The typical 
requirement for the minimum yield strength of reinforcing steel bar is 
500 [MPa] [4].

Although many materials could conceivably be utilised as 
reinforcement in concrete, steel is widely used today. Of the 1.95 billion 
metric tons of steel produced in 2021 (worldsteel.org), 52% were used 
in buildings and infrastructure, of which 44% was rebar. This means 
that about 23% of steel production (that is 446 million metric tons) 
ends up as rebar.

Steel reinforced concrete is a composite building material. The 
systematic or structured composition of steel and concrete allows for 
the preferential utilisation of steel – with its superior tensile properties 
– in regions where the concrete alone would not be able to withstand 
the tensile stresses caused by the loading of the overall structure, while 
the balance of the structure consists of concrete only. Since the steel 
reinforcing is embedded in the concrete, there is physical interaction 
between the steel and concrete as internal loads are transferred 
between the two types of materials. The ability to transfer such loads 
may be described as the bond strength between the rebar and the 
concrete, which is defined as the maximum measured load in a tensile 
bond test of a steel reinforcing bar [5]. In order to improve the bonding 
performance between the steel and the concrete, transverse ribs were 
introduced to the surfaces of rebar with a view to cause mechanical 
interlocking between steel and concrete. In this regard, several patents 
were filed with the United States patent office since the early twentieth 
century, a few of which are highlighted below.

J. M. Dudley filed a patent application in 1907 [6] which described 
the object of his invention “to produce a reinforcing bar which shall, 
as a whole, possess the maximum strength for its weight in metal and 
which shall be so designed that it may be readily and cheaply rolled 
into the desired conformation which will be such as to form a rigid 
mechanical bond with the material in which it is embedded.” A drawing 
of the proposed bar is displayed below in Figure 2.

Figure 2: 1909 reinforcing bar patent [6]

Figure 3: 1918 reinforcing bar patent [7]

V. M. Surerus filed a patent application in 1944 [8] which describes his 
invention of reinforcing bar “of such form that it may be produced very 
economically and present very high bond value.” The application also 
stated that “Another object is to provide a reinforcing bar of such form 
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that any tendency to rotation of the bar in either direction by the forces 
exerted against it under load will be counteracted.” Some of the patent 
drawings are displayed in Figure 4.

This invention strongly resembles the geometry of typical rebar 
encountered today. The development of ribs on rebar led to the 
need to define and specify surface geometry requirements for rebar, 
such as the relative rib area. Metelli and Plizzari [9] reported that they 
reviewed various previous studies, all of which showed that the main rib 
parameter influencing bond strength and stiffness is the relative rib area 
(fR ), also referred to as the bond index. So instead of conducting bond 
strength tests, which require casting of rebar specimens in concrete 
sections, simple tensile tests in combination with the assessment of the 
surface geometry of the rebar, are an acceptable proxy.

The relative rib area is the ratio of projected rib area (perpendicular 
to the axis of the rebar) to the outside surface area between consecutive 
ribs of a particular specimen of rebar on a nominal basis. The numerator 
of the fraction is the projected rib area in units of length squared 
[L2], while the denominator is the outside surface area of the rebar 
(calculated for the nominal diameter) between consecutive ribs, also 
with units of length squared [L2].  The longitudinal distance between 
consecutive ribs is called the rib spacing.

Determination of the numerator, which is the projected rib area, is 
really the most difficult part of evaluating the relative rib area of a rebar 
specimen, and our attention is focused on this characteristic.

3. PROJECTED RIB AREA
3.1 Testing standard
The international testing standard ISO 15630-1 [1] states in its paragraph 
11.3 that the relative rib area is defined by the following formula (which 
we have simplified here by assuming only a single type of rib per row, as 
well as two identical rows per rebar on either side): 

Figure 4: 1945 rebar patent [8]

A few additional symbols are defined in Figure 5, namely:
e is the circumferential distance between adjacent rib rows, the  
 value of which is employed to account for those areas on the  
 rebar (outside of rib rows) where ribs are not present;
as,i is the average height of a portion (i) of a rib which is subdivided  
 into (p) parts of equal length Δl.

Application of Eq. (1) in practice appears to be nearly impossible, even 
though the standard goes so far as to state it as a definition of the 
relative rib area. The standard, however, allows for the utilisation of  
so-called simplified formulae, which follows below.

a.) Trapezium formula:
  1 
 fR = (a1/4 + am + a3/4) (πd – ∑ei )  4πdc 
 
b.) Simpson’s Rule formula:
  1
 fR = (2a1/4 + am + 2a3/4) (πd – ∑ei )  6πdc
  
c.) Parabola formula:
  2am fR =   (πd –  ∑ei )  3πdc  

The values of a1/4, am, and a3/4 are the measured rib height at the quarter-
point, mid-point, and three-quarters point along the length of the rib. 
These quantities are utilised by the first two formulas listed above.

The third simplified formula, the parabola equation defined in Eq. (4),  
requires only two quantities to be measured and appears to present the 
simplest method for practical implementation.

3.1.1 Parabola approximation to rib height
The parabola formula assumes that the rib height, as a function of 
distance along the circumference of the rebar, can be approximated by 
a second order curve. This notion is visually displayed in Figure 6.

Due to assumed symmetry, only one quarter of the geometry needs 
to be solved, and subsequently multiplied by four (two rib rows with 
two symmetrical half-ribs per row). If we denote the distance along the 
circumference by the symbol s, and the rib height as y (s), then we need 
to solve for the coefficient b in the general equation for a parabola 

TECHNICAL PAPER

Figure 5: Rebar rib layout definitions as per [1]

 2 FR  sinbfR = 
 πd  c  

where (with reference to Figure 5 below):
FR is the area of the longitudinal section of one rib,

 calculated as FR = ∑    (as,i Δl ); 

b is the angle of inclination of the ribs; 
d is the nominal diameter of the rebar; 
c is the longitudinal rib spacing or pitch.

p
i=1

(4)

(3)

(2)

(4)
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(  )

It is important to note that the rib height is plotted against radius, and 
not circumference as in the case of the parabolic approximation. The 
equation for projected rib area is simply the difference between the 
outer and inner ellipses, as follows: 

(where the intersect with the vertical axis, that is am, has already been 
substituted):

y (s) = – b . s2+am   

That is easily done by substituting the value of zero rib height at  
s = (πd)⁄4, that is y((πd))⁄4) = 0, into Eq.(5) 

 πd 2

0 = – b .    + am 4 

 4 2 
... b = am πd   

Substitution back into Eq.(5) yields 
 4 2 
y = – am    . s2 + am πd    

If we now denote the total projected rib area by AR, this enables one 
to calculate for this quantity by integrating along the length of the 
circumferential curve of the quarter-rib, as follows: 

1
 AR = am 1 –  . s2  ds
4    πd

(  )

( )

TECHNICAL PAPER

Figure 6: Parabolic shape of rib height

The parabolic approximation is next compared against the proposed 
elliptical approximation.

3.2 Elliptical approximation
With the proposed elliptical approximation, the rib height is not 
explicitly assumed to follow a particular curve (although it is elliptical); 
instead, the projected rib area is directly approximated as the difference 
between two primary surface areas, both of which are assumed to 
resemble an elliptical shape in the projected plane.

The larger ellipse is the projected area of the rebar (ribs and 
all), while the smaller ellipse is the projected area of the same rebar 
excluding the ribs. The rib height can subsequently be calculated, with 
a typical result shown in Figure 7.

Figure 7: Elliptical depiction of rib height

Figure 8: Schematic calculation of rebar projected rib area

(  )
(  )

πd
4

0∫ 4    2

  πd  1  
  = 4am  –     
  4  3 πd 4(  ) (  ) ) (  4   2 πd  3

  πd  1 πd
  = 4am  –     
  4  3 4 ) (  
  πd  1
  = 4am  1 –
   4  3 ) (  
  2 
  =      am  (πd )    3 

   1 
... AR = 4am s –   s3  
   3 πd( )(  )4    2

   
AR = Ae  – Ai

Ae = π = πdde(  )(  )de

2

1

4

d

2

1

4
Ai = π = πddi(  )(  )d
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2

The end-result is identical with Eq. (4) if we divide by the factor (πdc) 
to obtain the relative rib area (and also, for the moment, neglecting for 
the circumferential distance between adjacent rib rows, e, which has a 
negligible effect).

(9)

(8)

(7)

(6)

(5)

The projected areas of the outer and inner ellipses are calculated 
from the quantities defined in Figure 1, which is expanded below in 
Figure 8 for easy reference.

where

πd
4

0
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Figure 10: Photographs of rebar specimens

Specimen 1

Specimen 1

Specimen 1

Specimen 2

Specimen 2

Specimen 2

Specimen 3

Specimen 3

Specimen 3
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The elliptical formula for the projected rib area is further developed 
below.

The rib height at rib mid-point is taken as half the difference between 
the quantities de and di, that is am = 1/2(de – di ).

The result of Eq. (10) is substantially less than the result obtained in 
Eq. (8), that is AR = 2/3 am (πd). In fact, should Eq. (8) be nearly correct, 
then Eq. (10) underestimates the projected rib area by a quarter (25%); 
conversely, should Eq. (10) be nearly correct, then Eq. (8) overestimates 
the projected rib area by a third (33%). 

The picture in Figure 9 provides a visual comparison between the 
two approximation schemes for rebar of nominal diameter 32 [mm]. 
The difference in areas is quite prominent, where one witnesses the 
additional rib area attributed by the parabola formula towards the 
edge of the rib. It is worth noting that this fact could not reasonably 
be gleaned from the depictions in Figure 6 and Figure 7, which in fact 
creates quite the opposite visual impression.

Figure 9: Comparison between parabola and ellipse formulae

The prediction performances of the two approximation schemes are 
now evaluated against geometric data of actual rebar specimens (as 
obtained from a three-dimensional scanning system) below.

3.3 Actual test specimens
Rebar test specimens of nominal diameter 32 [mm], from three 
different manufacturers, are available for evaluation. Photographs of 
the specimens appear in Figure 10.

The important measurements, as defined in Figure 1, Figure 5 and 
Figure 8 are taken from the specimens by a calibrated digital calliper 
and listed in Table 2.

The corresponding calculations for the projected rib area, as per Eq. (8)  
and Eq. (10), are listed in Table 3.

The large differences in values between the parabolic and elliptical 
estimates are compared against the results from three-dimensional laser 
scanning of the rebar specimens.

3.4 3D laser scanning of rebar geometry
The rebar specimens are geometrically scanned with the aid of a three-
dimensional metrology system (MetraScan750 optical elite CMM 
system; scanning software: Vxmodel and Vinspect; design software: 
Inventor 2020). The resultant CAD models of the specimens are 
displayed in Figure 11.

Figure 11: Three-dimensional CAD models of rebar specimens

AR = (1/4) πdde – (1/4) πddi 

 = (1/4) πd (de – di )

 = (1/4) πd (2am)
(10)

 1
=   am (πd)
 2 

Table 2: Measurements taken from rebar specimens

 Specimen de di c

 1 35.20 31.77 15.4

 2 34.75 30.06 20.9

 3 35.50 30.50 23.6

Table 3: Projected rib area calculations for rebar specimens

 Specimen Rib height  AR [mm2]
  am [mm] Parabolic  Elliptical
   2/3 am (πd)  1/2 am (πd)

 1 1.72 114.9  86.2

 2 2.35 157.2  117.9

 3 2.50 167.6  125.7

The coordinates of the CAD models are processed and numerically 
integrated across their cross-sections (that is in the X-Y plane, with 
reference to Figure 11) to obtain a value for the projected rib area.
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Figure 12: Specimen 1 projected coordinate cloud

Figure 13: Specimen 1 coordinate cloud with parabola and ellipse 
curves superimposed

3.4.1 Rebar Specimen 1
Every recorded three-dimensional coordinate of the outside surface of 
Specimen 1 is plotted in the X-Y plane, the cloud of which is displayed 
in Figure 12. The regions of highest density of course represent more 
points, such as the un-ribbed outer surface of the rebar.

The two approximations under consideration, namely the parabola and 
ellipse formulae, are subsequently superimposed onto the scanned 
data. The result can be visually assessed in Figure 13.

The projected rib area is calculated by numerically integrating 
over the region of interest. The X-dimension is discretised into many 
small lengths of equal size so that the surface area of the resultant 
rectangle is easily calculated as width multiplied by height. The total 
projected area is then the sum of the many individual rectangles as one 
progresses from, say, left to right across the X-axis. The calculated areas 
for reducing step sizes are reported in Table 4.

Figure 14: Specimen 1 convergence of numerically integrated rib 
projected area

The results in Table 4 are plotted in Figure 14. It is noted that the step 
size cannot be arbitrarily reduced with a view to improve the accuracy 
of the integration result, as we are not working with a continuous 
function. Because of a lack of sufficient resolution in data points, one 
soon finds “empty” zones where no data points exist as the step size is 
reduced, resulting in an erroneous calculation of zero surface area for 
that particular step in distance. The values of 89.0 and 77.1 [mm2] for 
step sizes 0.125 and 0.0625 [mm], respectively, appear to worsen the 
result instead of improving it.

Since one expects convergence of the finite sum (integration), it is 
proposed that a least-squares line is fitted through the data points of 
the first three steps (that is, step sizes equal to 1.0, 0.5, and 0.25 [mm]) 
as shown in Figure 14. The function value where the x-value equals 
zero, which is equivalent to an integration step size of zero, is then 
taken as the best estimate of the projected rib area. For Specimen 1, 
this value equals 86.8 [mm2].

Table 4: Specimen 1 numerically integrated rib projected area

    Total projected  Step size Top half Bottom half    area   [mm] AR1 AR2     AR = AR1 + AR2

 1.000 69.1 69.7 138.7

 0.500 56.6 56.8 113.4

 0.250 49.9 49.4 99.4

 0.125 44.4 44.6 89.0

 0.0625 38.7 38.4 77.1

3.4.2 Rebar Specimen 2
The three-dimensional coordinates of Specimen 2 are plotted in the X-Y 
plane displayed in Figure 15 overleaf. The calculated projected area for 
the various step sizes are reported in Table 5 overleaf.
The results in Table 5 are reproduced in graphical format in Figure 16. 
Once again, the least-squares line is fitted through the data of the three 
largest steps, and the best estimate for the projected area taken as 
the function value of the straight line where the x-value equals zero 
(equivalent to a step size of zero). This value is 120.2 [mm2].
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Figure 17: Specimen 3 coordinate cloud with parabola and ellipse 
curves superimposed

3.4.3 Rebar Specimen 3
The three-dimensional coordinates of Specimen 3 are plotted in the X-Y 
plane displayed in Figure 17.

The calculated projected area for the various step sizes are reported 
in Table 6.

Table 5: Specimen 2 numerically integrated rib projected area

    Total projected  Step size Top half Bottom half    area   [mm] AR1 AR2     AR = AR1 + AR2

 1.000 82.9 85.1 168.0

 0.500 71.1 73.2 144.3

 0.250 64.9 67.0 132.0

 0.125 61.5 63.5 125.0

 0.0625 55.5 59.1 114.5

Figure 16: Specimen 2 convergence of numerically integrated rib 
projected area

The results in Table 6 are reproduced in graphical format in Figure 18. 
Once again, the least-squares line is fitted through the data of the three 
largest step sizes, and the best estimate for the projected area taken 
as the function value of the straight line where the x-value equals zero 
(equivalent to a step size of zero). This value is 173.2 [mm2].

Figure 18: Specimen 3 convergence of numerically integrated rib 
projected area

Figure 15: Specimen 2 coordinate cloud with parabola and ellipse 
curves superimposed
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Table 6: Specimen 3 numerically integrated rib projected area

    Total projected  Step size Top half Bottom half    area   [mm] AR1 AR2     AR = AR1 + AR2

 1.000 115.9 113.0 228.9

 0.500 102.6 99.6 202.2

 0.250 94.8 91.8 186.6

 0.125 90.3 85.7 176.0

 0.0625 83.8 77.4 161.2
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3.5 Summary of geometric evaluation
The results of the preceding sections are summarised below in Table 7.

4. RELATIVE RIB AREA
4.1 Minimum requirement
Progression from the projected rib area towards the relative rib area 
is trivial. The projected rib area is simply divided by the rebar outside 
surface area (calculated for the nominal diameter) between consecutive 
ribs. The denominator is therefore equal to the value of πdc.

The values thus obtained for relative rib area are compared against 
the minimum requirements specified in the applicable standard [4], which 
are reproduced in Table 8. Since the specimens under consideration 
have a nominal diameter of 32 [mm], the value of interest to us is of 
course fR ≥ 0.056.

CONCLUSION
A new test method that can be employed to evaluate the relative rib 
area of rebar is described and demonstrated on three rebar specimens.

The primary objective of the proposed method is to offer a simplified 
alternative to the current standard formulae. The test results show that 
the proposed elliptical formula yields values that are approximately 
equal to those obtained by numerical integration of the geometric data 
of the specimens in two of the three specimens, while it underestimates 
the relative rib area in one case, thus being too conservative in its 
estimation.

A secondary objective of the work is to assess the accuracy and 
suitability of the parabola formula, which is one of the simplified options 
available in the testing standard. In this regard, the test results show 
that the parabola formula yields values for the relative rib area of the 
specimens that are significantly higher than the same values obtained 
by numerical integration of the geometric data of the specimens, thus 
being too liberal or nonconservative in its estimation for two of the 
three specimens. The parabola formula gives an accurate estimation in 
one case, Specimen 3, for which the ribs exhibit prominent height away 
from the centre of the ribs.

A third and final objective of the work is to demonstrate the 
utilisation of modern technology such as laser scanning techniques, 
employed in conjunction with automated numerical programming 
which could be utilised in a fully automatic and computerised method 
to measure the relative rib area of rebar on an individual basis. CB
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Table 8: Characteristic relative rib area

 Nominal rebar size, d [mm] Relative rib area, fR

 d ≤ 6 0.035

 6 < d ≤ 12 0.040

 d > 12 0.056

Table 7: Updated projected area calculations for rebar specimens

    AR [mm2]
  
 Specimen  Parabola Elliptical Numerical
   2/3 am (πd) 1/2 am (πd) integration 
     CAD model

 1 1.72 114.9 86.2 86.8

 2 2.35 157.2 117.9 120.2

 3 2.50 167.6 125.7 173.2

Rib height 
am [mm]

4.2 Final comparison 
The calculated values for the relative rib area of the three rebar 
specimens under evaluation are listed for the two simplified formulae, 
as well as for the numerically integrated model data.

Table 9: Relative rib area calculations for rebar specimens

   fR = AR ⁄ (πdc)
     Numerical Specimen Parabola Elliptical      integration 

 1 0.074 0.056 0.056

 2 0.075 0.056 0.057

 3 0.071 0.053 0.073
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ABSTRACT
Reinforced concrete structures in the marine environment experience 
early deterioration problems due to chloride-induced steel corrosion. 
High chloride concentrations available and the waving action in exposure 
conditions such as the marine tidal zone makes the steel reinforcement 
vulnerable to corrosion. For this reason, modern procedures for 
reinforced concrete design are aimed at designing concrete that can resist 
weathering as well as corrosion to maintain quality and serviceability 
when exposed to the harsh marine environment. The use of blended 
cements in modern concrete production is notably increasing. This 
is because the introduction of supplementary cementitious materials 
(SCMs), such as ground granulated blast furnace slag (GGBS), fly ash 
(FA), silica fume (SF), etc., to produce blended cements in concrete 
technology produces dense and impermeable concretes. However, 
SCMs show different characteristics and performance under different 
exposure conditions. The main aim of this paper is to critically review 
the influence of blended cements on the rate of corrosion in concrete 
exposed in a marine tidal zone. This paper also explores the suitability 
of the classification of exposure zone in the marine environment used in 
European standards (EN 206), adopted in South Africa.

Keywords: Blended cement, Reinforced concrete, Chloride-induced 
corrosion, Corrosion rate, Marine tidal zone.

1. INTRODUCTION
Reinforced concrete (RC) structures in the marine environment 

experience premature deterioration problems due to chloride-induced 
steel corrosion. High chloride concentrations available and the waving 
action in exposure conditions such as the marine tidal zone make the 
steel reinforcement vulnerable to corrosion. Depending on the exposure 
conditions, chloride ions in seawater can penetrate the concrete by 
diffusion, convection, permeation, and wick action [1]. However, a 
combination of convection and diffusion is the dominant mode of 
chloride transport in a marine tidal exposure conditions. 

For steel corrosion to be initiated, a certain amount of chlorides 
(referred to as chloride threshold) at the level of steel is required [2, 
3, 4]. Consequently, the passive protective oxide layer around the 
steel reinforcement, which is formed as a result of high pH conditions 
(ranging from 12 – 13) in the concrete pore structure is disturbed and 
subsequently leading to corrosion initiation [5]. The corrosion initiation 
is followed by the formation of cracks, spalling of cover concrete, etc. in 
the propagation phase [6]. The propagation phase is mostly influenced 

by the availability of moisture and oxygen [1, 5]. 
Modern design procedures are aimed at designing RC structures that 

can resist weathering and corrosion to maintain quality and serviceability 
when exposed to the harsh marine environment. The use of blended 
cements incorporating supplementary cementitious materials (SCMs), 
such as ground granulated blast furnace slag (GGBS), fly ash (FA) and 
silica fume (SF) in modern concrete production has therefore increased. 
This is because blended cements produce dense and impermeable 
concretes [7] that improve the durability of RC structures [9,10]. 

This paper critically reviews the influence of blended cements on 
steel corrosion in RC structures in a marine tidal zone. This will enable 
engineers with the knowledge to enhance the service life of reinforced 
concrete structures with blended cements. It also explores the suitability 
of the classification of exposure zone in the marine environment used in 
European standards [11], adopted in South Africa [12].

.

2. SUPPLEMENTARY CEMENTITIOUS MATERIALS
Supplementary cementitious materials (SCMs) are used to partially 
replace a portion of plain Portland cement (PC). FA, GGBS, and SF 
are the most commonly used SCMs in South Africa. These materials 
are categorised as pozzolans and hydraulic materials [13]. The 
incorporation of SCMs in concrete improves its durability properties 
through pozzolanic or hydraulic activity, or a combination [13].

For example, low calcium FA, SF and other natural pozzolans 
such as metakaolin (calcined clay) and volcanic ash exhibit pozzolanic 
behaviour when used in concrete, whereas high calcium FA exhibits 
both pozzolanic and hydraulic reactions. In contrast, GGBS exhibits 
limited hydraulic behaviour due to its ability to form hydration products 
when in contact with only water [13]. For this reason, hydraulic SCMs 
can, independently of plain PC, harden or gain strength, however when 
jointly used with PC, chemical reactions are accelerated [13]. 

Guneyisi et al. [14] studied the properties of different SCMs and their 
durability performance when used in concrete. A performance variation 
in reinforcement corrosion and concrete resistivity was observed, where 
other SCMs yielded better resistance to reinforcement corrosion than 
others, based on their replacement levels.  Further, they highlighted that 
the performance variation was attributed to SCM physical, chemical, 
and mineralogical composition as a result of their production and the 
properties of the raw material used. Other studies found that SCMs 
reduce the amount of calcium hydroxide in concrete due to the dilution 
effect and pozzolanic reaction [15, 16]. As a result, the reduction of 
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calcium hydroxide weakens the passivity of the reinforcing steel [17]. 
Therefore, careful consideration of the type and the content of the SCM 
to be used in a particular concrete mixture is paramount because of the 
varying impact of SCM on concrete properties, which in turn influences 
their durability performance. The reader is referred to Thomas [13] for 
in-depth details on the origin of SCMs.

3.THE INCLUSION OF BLENDED CEMENTS IN CONCRETE
3.1 Influence of blended cements on corrosion rate
Lopez-Calvo et al. [18] studied the influence of cover depth on the 
corrosion of steel in high-performance concrete (HPC) against the 
concrete quality and specimen crack width in laboratory simulated tidal 
conditions. The concrete contained corrosion inhibitors and 20% fly 
ash. A reduction in corrosion rate was observed in concrete specimens 
containing fly ash, regardless of the concrete cover and crack width. 
Similarly, Otieno et al. [19] conducted an experimental study on 
chloride-induced corrosion of steel in an accelerated (cyclic wetting and 
drying) and natural marine environment. A variation in cover depth of 
20 mm and 40 mm was employed. The concrete specimens were made 
of 100% PC and a partial replacement of the Portland cement with 
SCMs (30% FA or 50% GGBS). They observed that the inclusion of 
SCMs results in a significant decrease in corrosion rate at a given cover 
depth.

In a recent study, Baten et al. [20], checked the corrosion 
vulnerability of RC structures using different blended cements and a 
variation in cover depth. In concrete mixes containing “30 - 40%”  of 
GGBS, the results yielded moderate resistance to corrosion. The study 
further pointed out that the performance of GGBS concretes improved 
with the increase in cover thickness and higher compressive strength 
values. Whereas concrete mixed with “30 - 40%”  FA yielded higher 
corrosion resistance even at lower cover depths but with slow strength 
development. The high corrosion resistance may be attributed as a result 
of higher silica content and a larger amount of calcium-silicate-hydrate 
(C-S-H) in FA concretes, with the latter leading to a more refined pore 
structure, hence stifled corrosion [21].

Further, Otieno [10] showed that the diffusion coefficient values 
of GGBS concrete, at different water to cement (w/c) ratios, were 
lower than those of FA concretes. This indicated that, based on the 
replacement levels used in that study, GGBS concrete had better 
durability performance than FA concrete concerning the ingress of 
chlorides, moisture and oxygen, hence lower corrosion risk. The better 
performance of GGBS than the other SCMs was also observed in a 
review by Yi et al. [22]. These studies reveal that SCMs show different 
characteristics and performance. Hence, it is important to provide 
engineers with enhanced knowledge to specifically select binder 
types suitable for a particular exposure zone, consequently assisting in 
improving the service life predictions of structures in the tidal zone of 
the marine environment. 

Scott and Alexander [23] studied the influence of binder type, 
cracking and concrete cover on the rate of corrosion and resistivity 
in chloride-contaminated concrete. The specimens were exposed to 
cyclic wetting and drying. The results showed that SCM concretes 
(incorporating FA, GGB and SF) had higher resistivity compared to 
PC concrete, thus reducing the rate of corrosion of reinforcement. 
Therefore, they concluded that in blended concretes, concrete resistivity 
governs the occurrence of corrosion and results in low oxygen diffusion. 
Also, the results of Chang et al. [24] concur with these findings. Where 
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the incorporation of GGBS resulted in low oxygen diffusion due to a 
denser microstructure exhibited by blended concrete. Therefore, an 
understanding of the influence of oxygen and moisture content on the 
corrosion rate is significant, especially for structures in a marine tidal 
zone, taking into account the influence of drying and wetting durations 
and SCMs under varied cover depths.

3.2 Influence of blended cements on chloride ingress
Chloride ingress is the primary cause of corrosion of reinforcement in 
chloride contaminated reinforced concrete structures. The concrete 
pore solution, concrete quality, exposure conditions, curing regime, 
cement composition, etc. influence chloride penetration into concrete 
[25].

Simcic et al. [26] investigated the chloride penetration profiles for 
mixtures exposed to cyclic wetting and drying conditions for 21, 42, 
84, 105, and 126 days. The concrete mixtures incorporated unmodified 
and modified (with fly ash) cement. From their results, modified 
concrete showed lower chloride concentrations compared to the 
unmodified concrete in each observation. This was as a result of the 
dense microstructure in modified concrete. Also, Thomas and Moffatt 
[27] reached similar conclusions, where concretes incorporating SCMs 
(such as GGBS, FA and SF) yielded lower chloride penetrations than 
the PC concrete for structures exposed to different marine conditions 
(including tidal zone) for 25 years.

The use of supplementary cementitious materials as a partial 
replacement for Portland cement in concrete applications shows a high 
chloride binding capacity and great resistance to chloride penetration 
to the level of reinforcing steel [25, 26, 27, 28,29], thereby limiting 
the rate of corrosion in blended concretes. Furthermore, Chalhoub 
et al. [30] investigated the critical chloride threshold values as a 
function of cement type and steel surface. It was found that a low 
w/c ratio increased the chloride threshold value. Furthermore, blended 
concretes also exhibited higher chloride threshold values for the same 
low w/c ratio. These findings support the conclusion by Angst et al. 
[31] that concrete quality (which is affected by w/c ratio and cement 
type) influences the transport mechanism of aggressive fluids and 
gasses in concrete in aggressive environments such as the marine tidal 
zone, hence the significance of concrete quality in concrete durability 
assessments as well as service life predictions.

Moradllo et al. [32] quantified the convection zone depth and its 
influence on chloride profiles and service life prediction of concrete 
structures in a marine tidal zone for five years. The convection zone is 
generally known to consist of high chloride concentrations. Two w/c 
ratios (0.35 and 0.5) and silica fume were used in the mix. The concrete 
with low w/c ratio of 0.35 yielded a 50% decrease in the convection 
zone depth compared to a w/c ratio of 0.5 due to the high permeability 
of the latter.

Guneyisi [33] examined the effect of initial curing on chloride 
ingress and corrosion resistance using different binders. The results 
showed that initial curing had an influence on chloride penetration for 
all concretes. Nevertheless, the rate of chloride ingress and corrosion 
was found to be dependent on the w/c ratio as well as the cement 
type. Similarly, the influence of w/c ratio as well as cement type on 
chloride diffusion and corrosion rate was also noted by van der Wegen 
et al. [34]. 
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4. REVIEW OF EXPOSURE CLASSIFICATION IN  
SANS 10100-2: 2013
This section explores the suitability of the classification of exposure 
zones in the marine environment used in European standards (EN 206-
1), adopted in South Africa (SANS 10100-2) [35]. The standard classifies 
the marine tidal zone and splash and spray zone as the most severe 
exposure conditions. However, the results from the field observations 
presented in Moore [1] challenge this classification because of a notable 

difference in corrosion severity, with the tidal zone exhibiting little or no 
signs of corrosion. Furthermore, findings from laboratory investigations 
of the same study, suggest an adjustment of the tidal zone to the 
submerged category based on the thickness of concrete cover (greater 
than 30 mm). However, it should be noted that the study only focussed 
on the use of PC in concrete, and due to the difference in concrete 
resistivity, concrete pore solution, oxygen diffusion rate, etc., when 
using blended cements, the results may differ. Hence, there is a need 
for further research when using SCMs.

Therefore, the classification of exposure classes indicating the 
severity of corrosion damage need to be refined taking into account the 
type of cement used and cover depth adopted. This will enable more 
precise durability design specifications depending on the exposure 
classes, leading towards sustainable design practice.

5. CONCLUSIONS 
In this study, a review of the influence of blended cements on the 
corrosion rate of reinforced structures is presented. The study also 
explores the suitability of the exposure zone classification in the marine 
environment as per the adopted standard in South Africa. The following 
conclusions can be drawn: 
• The inclusion of SCMs such as fly ash, ground granulated blast-

furnace slag and silica fume, as partial replacement for PC, results 
in a more refined concrete microstructure and high concrete 
resistivity. Consequently, it leads to a reduction in the corrosion rate. 
Notably, GGBS concretes are reported to exhibit better durability 
performance than other SCMs from the reviewed studies. 

• SCMs as a partial replacement for Portland cement in concrete 
applications show a high chloride binding capacity and great 
resistance to chloride penetration. Furthermore, the reviewed 
literature also reveals that the w/c ratio is influenced by the 
performance of SCMs to inhibit chloride penetration, where 
chloride ingress was inhibited even at relatively high w/c ratios. In 
addition, the concrete cover was shown to influence the reduction 
of diffusion of oxygen to the level of the reinforcement. 

• Studies from the literature suggest that the current exposure 
zone classification of the marine tidal zone must be adjusted to 
the submerge category taking into account the influence of cover 
depth. However, more research, based on more field investigations 
and the incorporation of SCMs, is needed to support this notion. 
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TECHNICAL NOTE

The quality of the mortar invariably determines the durability of any 
new structure, says Matthews Magwaza, lecturer at Cement & 
Concrete SA’s School of Concrete Technology. 

“Mortar binds bricks and blocks together to give strength and 
stability to a wall and in developing countries, where contractors tend to 
produce their own mortar rather than 
factory-purchase it, the importance of 
correctly produced mortar is extremely 
important to ensure sustainable 
structures,” Magwaza states. 

He says freshly mixed mortar must 
be soft and plastic so that it spreads 
easily and makes good contact 
without becoming too strong. 
Mortar that is too strong may crack 
and is wasteful and expensive. “The 
proportion of each material in the mix 
should suit the type of work being 
done. In general terms, the classes 
of mortar commonly used in South 
Africa are Class I for high-strength 
structural units such as multi-storey loadbearing buildings or reinforced 
masonry; and Class II mortar for normal loadbearing applications, as 
well as parapets, balustrades, retaining structures, freestanding and 
garden walls, as well as walls exposed to possible severe dampness.”

Magwaza says the preferred cement types for quality mortars are:  
• Common cement complying with SANS 50197-1; and 
• Masonry cement complying with SANS 50413-1; strength class 22,5X.

“The addition of lime in the mortar mix is optional.  Lime should be 
used if the sand lacks fine material or is single sized, as such sands 
tend to produce mortar with poor workability unless lime is included 
in the mix.   Lime also helps the fresh mortar to retain water when it is 
placed against dry masonry units and helps to prevent cracking of the 
hardened mortar. Use only building lime complying with SANS 523, and 
do not use quick-lime, lime wash or agricultural lime. Lime should also 
never be used with masonry cement.

“The sand in the mix must not contain organic material produced 
by animal or plant activities, nor particles retained on a sieve of nominal 
aperture size 5 mm. When 2.5 kg of cement is mixed with 12,5 kg of 
air-dry sand, the mixture shall not require more than 3 litres of water to 
be added to reach a consistency suitable for the laying of masonry units. 
When mixed with the cement in accordance with the mix proportions, 
the sand must have workability suitable for the laying of masonry 
units. Sands which require the addition of more than 3 litres of water 
to reach a consistency suitable for the laying of masonry units, can in 
some instances be blended with a coarse sand for compliance. The 
proportion of the blended sand can be determined by trials.  Some pit 
sands are suitable. River, dune and beach sands are often too uniform in 

Quality of mortar mix important  
for sustainability   

size or too fine to give good results without being blended with another 
suitable sand.

“When it comes to batching, a 65 litres builder’s wheelbarrow is 
a convenient measure for large batches. Steel drums of 20 or 25 litres 
capacity and buckets are useful for small batches. 

“Mixing should be done on a clean 
hard surface such as a smooth concrete 
floor or a steel sheet. Small batches may 
be mixed in a wheelbarrow provided that 
the volume of the batch is no more than 
half the capacity of the barrow.  Sand and 
cement, and lime if used, should be mixed 
dry until the colour of the mix is uniform. 
Then add water in small quantities, mixing 
after each addition, until the mix is soft 
and plastic,” he explains.

Magwaza says if mortar is left in 
the sun before being used, it should be 
covered with plastic sheeting or a wet 
sack. Mortar that has stiffened so much 
that it is impossible to restore workability 

without adding more water should be discarded. 
“Mortar must not be used after it has started to set, which usually 

occurs about two hours after it has been mixed.  Do not use too thick a 
layer of mortar between bricks or blocks; this is wasteful and may lead 
to cracking,” he cautions.

For more information, including strength requirements and mix 
proportions recommended by Cement & Concrete SA, download the 
CCSA free leaflet on MORTARS at www.cemcon-sa.org.za or phone 
011 315 0300. CB

Matthews Magwaza,  
Lecturer: Cement & Concrete SA’s 
School of Concrete Technology





22  NUMBER 171  |  NOVEMBER 2022

When the durability of concrete is discussed, the Colosseum in 
Rome tends to become a prime example.  It’s not surprising. 
The fact that so much of what was the biggest of the Romans’ 

enormous amphitheatres is still intact - a staggering 1 942 years after 
it was built - is surely a decisive testament to the longevity of concrete.  

However, ironically, the most important application of concrete 
at the Colosseum is not apparent to the millions of tourists who visit 
annually, nor was concrete actually the main building material. But 
concrete played the key role in preserving the structure. 

“You can’t see it, but the reason the Colosseum is still standing is 
because of its incredibly robust concrete foundation,” says Prof Marie 
Jackson, geologist at the University of Utah, an authority on Roman 
concrete. “The Colosseum’s concrete foundation is packed with dense, 
heavy lava rock aggregate and is a full 12 m thick. Without such a 
strong, long-lasting material at its foundation, the Colosseum would 
have been reduced to rubble by the region’s earthquakes.”

The Emperor Vespasian commissioned the building of the 
Colosseum in the year 72 AD and it was already completed in 80 AD. 
The name of the architect has been lost but the construction of the 
amphitheatre which, free of charge, seated around 50 000 to 87 000 
people (opinions vary), was a challenging project. Scarcity of land in 
central Rome meant that the Colosseum had to be built on the site of 
an artificial lake which had to be drained before work could start. The 
notorious Emperor Nero had built the lake in a private park to showcase 
his enormous ego.  

To start the Colosseum project, engineers had to dig 6 metres below 
the bottom of the lake to make a draining trench and then another  
4 metres into clay subsoil to create an oval-shaped ditch, 200 metres 
long and 50 metres wide. Concrete was then poured into the ditch to 
bring the surface back to lake-bed level.  

The excavation of the site, laboriously carried out by hand, took 
about a year to complete by slaves sourced from the newly-conquered 
province of Judea. It is believed up to 100 000 Jewish slaves were used 
to build the Colosseum and that much of the cost of the structure came 
from loot grabbed by the Romans during that conflict. After excavation, 
two oval-shaped concrete foundation walls were built, each 12 metres 
high and 3 metres deep, to form a load-bearing “doughnut” with 
concrete filling the space between the outer and inner foundation 
walls.  Weight-bearing concrete was also used in arches, vaults, floors 
and walls. 

Contrary to popular belief, the Romans did not invent concrete. 
An ancient form of the material was already used by the Egyptians, 
Bedouins and Greeks more than a thousand years BC but the Romans 
were the first to use concrete on a large scale as building material. 

The original formula for Roman concrete included limestone burnt to 
produce quicklime with water added to make a paste. Then pozzolana, 
a type of volcanic ash from the dried lava of volcanoes, was added 

Concrete has subtly preserved  
the colosseum for centuries

by Jan de Beer

to form a durable mortar strengthened with chunks of volcanic rocks 
called tuff. Big lumps of tuff were used in the Colosseum’s foundations 
and smaller ones in the upper walls. 

But the most prominent construction material at the Colosseum is 
travertine limestone brought to Rome from Tivoli quarries. Travertine 
– still a decorative building material today - was durable and attractive 
enough to serve as an exterior finish and could be shaped into large 
blocks.  

The travertine blocks, used on the exterior walls at the Colosseum, 
were lifted into position by “cranes” powered by the slaves walking 
in a treadwheel which was a far cry from the treadmill at your local 
gym. In Roman times, the treadwheel was like a hamster wheel, linked 
to pulleys, with the hapless slaves forced to walk non-stop inside the 
wheel to hoist heavy weights. This torturous type of crane could, by 
all accounts, lift 3 000 kg of stone with just four flogged slaves doing 
the walking.  The tormented prisoners worked long, hard hours under 
harsh conditions, including transporting the heavy travertine building 
blocks from the quarry 35 kms away in Tivoli.

ICONIC CONCRETE
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of animals hunted during Colosseum shows 
were elephants, hippos, crocodiles, and even 
giraffes, ostriches and hyenas to seriously 
endanger the northern African ecosystem. 

The bloody spectacles continued for more 
than four centuries with an estimated 400 000 
human fatalities during the gladiatorial blood 
sports.  

The Colosseum spectacles also included 
naval conflicts, staged after flooding the 
Colosseum floor for battles between ships 
(“naumachia”). Emperor Titus introduced this 
lavish spectacle using special flat-bottomed 
ships in the shallow water with condemned 
criminals cast as sailors. 

In late antiquity, religious and economic 
factors made the shows less lavish and bloody. 
The Romans also seemed to have grown 
tired of watching complimentary cruelty 
so an imperial decree in 438 AD banned 
gladiator games and, almost a century later, 
those involving animals.  The Colosseum was 
later over the centuries reused for housing, 
workshops, quarters for a religious order, 
a fortress, a quarry, and Christian shrine. 
Italian restoration work began in the 1990s 

Travertine stones were also used as 
seating material for spectators who, in a 
highly streamlined manner arrived and exited, 
carrying their cushions, through 76 arched 
numbered entrances on ground level. The 
Roman numerals can still be seen on 31 of the 
arches.

The entertainment provided varied but 
was almost always gory and lethal. Gladiators 
battled with swords, spears and nets, and it is 
believed that about 9 000 animals were killed 
during the “hunts” of the 100-day opening 
festival. Incredulously, among the millions 

and has now reached the stage when the 
amphitheatre in recent years was the venue 
for concerts by the likes of Andrea Bocelli and 
Paul McCartney. 

The Colosseum remains one of the most 
popular tourist attractions in Rome – symbolic 
of one of the most powerful empires ever. In 
2007, the iconic structure was included in a 
new list of Seven Wonders of the World.  

And to think it would not still be there 
without concrete. CB

Jan de Beer 
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Anew concrete repair system, comprising two a.b.e. Construction 
Chemicals products, is providing excellent results and is 
increasingly being specified in various parts of South Africa. 

a.b.e., with head office in Boksburg, is part of the Saint-Gobain 
Group. 

In terms of the new concrete repair system, a.b.e.’s durarep EC, a 
three-component epoxy cement mortar with selected fine aggregates, is 
overcoated with abecote SF 217, a two-component solvent-free Novolac 
epoxy resin. 

The combination of durarep EC and abecote SF 217 was selected 
for the repair and protection of the return activated sludge (RAS) pump 
station of the Sandfontein sewer works in Cape Town, completed by 
main contractor, Hiload Inyanga Construction. A total of 120 kits of 21kg 
durarep EC were needed for this project.

Brett Papayanni, a.b.e. General Construction Sales Manager in 
Cape Town, who handled the two Western Cape projects on behalf of 
a.b.e., says trowel-applied durarep EC provides exceptional non-slump 

Good news for E Cape as  
Rumdel progresses with R63 route

consistency for the smoothing of irregular surfaces and blow holes on 
concrete and masonry.

“durarep EC is ideal for the re-profiling of irregular surfaces, pore 
filling and sealing of blow holes and can be applied to protect vertical and 
horizontal surfaces between 0.5 and 4 mm thick. It is chemical-resistant 
and suitable for new and refurbishment applications in aggressive 
chemical environments. 

“Furthermore, the solvent-free product is impervious to liquids and can 
be applied to damp surfaces. It quickly develops placeable consistency and 
so provides fast turn-around time. With excellent adhesion, durarep EC  
remains cohesive and does not sag,” Papayanni explains. 

The new a.b.e. concrete repair and protection system calls for durarep 
EC to be overcoated with abecote SF 217, a clear resin system used for 
sealing, laminating, screening and grouting applications. abecote SF 217 
offers high chemical resistance not possible with standard epoxies and 
can be used as a laminating resin, for high chemical-resistance screeding, 
chemical tile grouting, and sealing porous elements such as concrete  
and wood.

INDUSTRY NEWS

SANRAL’s significant upgrade of the R63 route from Fort Beaufort to Alice is 
progressing well. The contractor, Rumdel Construction Cape, is completing 

the revamp of Fort Beaufort’s main road, while the rural section is well 
advanced. AfriSam is providing its High Strength Cement for structures such 

as bridges and culverts.

4 800 tonnes of AfriSam’s Roadstab Cement will be used for road 
stabilisation.

AfriSam is supplying its High Strength Cement for all the structural 
elements of the contract.



CONCRETE BETON  25

“a.b.e. concrete repair products have for decades been used to 
repair and effectively maintain important South African building and 
infrastructural facilities. The new durarep EC and abecote SF 217 system 
illustrates a.b.e.’s commitment to develop and introduce the widest 

By August 2022, over 70 targeted enterprises have 
been involved and this number is expected to increase 
to around 90 by the project’s close. 

A completely new 65 m long five-span bridge is being built over Mxelo River,  
with the old bridge to be demolished. 

possible choice of solutions for diverse repair and maintenance projects,” 
Papayanni adds. CB 

Contact: www.afrisam.com, Facebook: @AfriSamSA,  
Twitter: @AfriSam, LinkedIn: AfriSam 

When You Need 
Quality Products 
Formulated For 
Superior Results!

•  Bonding Agents
•  Chemical Anchors
•  Concrete Bonding
•  Concrete Crack Repairs
•  Concrete Release Agents
•  Concrete Repair Mortars
•  Curing Compounds
•  Epoxy Adhesives
•  Epoxy Grout
•  Joint Sealants
•  Non Shrink Grouts
•  Pre Cast Repairs
•  Water Proofing

•  Tel:  + 27 11 822 2320
•  Fax: + 27 11 822 2354
•  e-mail: cindy@ashak.co.za 
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operations to increase the capacity and to 
reduce the input cost of fuels, thus reducing 
the carbon emissions. In 2018 the Slurry 
operation installed a brand new 3000 ton per 
day 6 stage pre-calciner kiln that replaced the 
older long stage kilns. These older kilns has 
since been demolished to ensure that we keep 
to our commitments and to reduce the impact 
we leave on the environment. These are just 
to name a few technology upgrades and there 
are plenty more. PPC also believe in the people 
and to create culture where all can thrive, 
PPC has retired their old culture principle and 
values (Kambuku) and this allowed the birth 
of our new culture called Jabali. The concept 
of Jabali means solid as a rock and gives our 
employees the basic tools and the values to 
grow and to improve their lives.

How does PPC keep its customers 
satisfied and including the PPC 
response to both the micro as well as 
the macro landscape?
PPC does not believe in only selling a product 
to our customers but to rather sell a solution 
with after service support. PPC continuously 
meets up with their customers to understand 
their needs and then partner with these 
customers to achieve the required results. PPC 
also makes use of strict quality standards and 
provide consistency in the product quality that 
exceeds the normal legal standards. At PPC, 
we truly care about the communities in which 
we operated and continuously search for new 
ways to develop small businesses and the 
communities. 

Tell our readers about the efforts by 
PPC to reduce carbon emissions and 
ultimately to decarbonise?
The cement making process is well known to 
be one of the major contributors to carbon 
emissions and this is why PPC always looks at 
innovative ways to reduce our carbon footprint 
and to reduce the energy requirements. The 
first is always to keep our operations up 
to date with the newest technology, thus 
reducing the thermal heat required to produce 
clinker. PPC also make use of highly extended 
cement that reduces the amount of clinker 
in the final product and thus reducing the 
carbon footprint. To achieve these high quality 
standards and to extend cement efficiently, 

What is PPC recognised for within the 
built industry?
PPC is recognised for their consistency in 
their quality as well as providing a total 
solution to any building challenge. PPC pride 
themselves not only for selling cement and 
materials but also for going the extra mile 
in after sales service by testing products for 
better performance and providing knowledge 
sharing workshops to further assist our 
customers. PPC empowers people to create 
a better life for themselves and their families. 
The strength and heartbeat of PPC lies within 
the people in the organizations that is always 
willing to go the extra mile and continuously 
challenging the status quo by coming up with 
new inovations .

What should the world know about 
the significant role that PPC has played 
in the framing of the South African 
economy?
PPC is a company with a rich history in the 
building industry and the development of 
South Africa and its economy as seen today. 
We are proud of the 130 years that PPC 
were able to supply our customers with the 
best quality cement and being part of major 
developments and building such as the Union 
Buildings in Tshwane. PPC played a major role 
in 2007-2010 in the supplying of cement to 
all the new stadiums that were constructed to 
host a successful soccer world cup in 2010. 
PPC has got 9 different operations all over 
South Africa and provide careers for more 
than 2500 people. 

What innovation, technology and 
excellence does PPC bring into the SA 
economy to advance the quality of 
lives of communities?
PPC is one of the largest cement producers 
in the market and has been loyal to their 
South African customers over the last 130 
years. During this 130 years of operation, 
PPC continuously upgraded the technology 
to keep up with the latest technologies and 
to maintain that superior edge in the market. 
Here are a few examples. A brand new state of 
the art vertical roller mill is installed at Hercules 
that replaced the out of date ball mills. In 
2008 , the newest technology 6 stage pre-
calciner kiln was installed at our Dwaalboom 

PPC – an editorial perspective

the process need to be extremely consistent 
and the quality needs to be extremely good. 
We then blend this high quality product to 
achieve the cement qualities that are required 
by our customers. Some of our products 
only use 42% clinker in the final cement 
product. PPC also play a part in minimising 
their dependency on natural resources such as 
coal and substitute it with electrical energy by 
investing in solar plant and wind turbines.

What does it mean be produce locally 
versus being a locally owned owned 
South African company that optimises 
its business operations by importing 
parts of its business operations?
To produce locally means that throughout 
the entire value chain and process of making 
cement, you support your country and make 
sure that you procure locally, you produce 
locally and you support locally. PPC owns fully 
integrated cement plants which means that 
we mine our own limestone and produce our 

Adriaan Stander GM PPC Slurry.
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own clinker ( the main product of cement) and 
then finally produce and pack our cement that 
we sell into the South African market. This is 
also done by buying locally and making use 
of local South African companies to assist 
the operations. By doing this, PPC created 
opportunities in South Africa for companies to 
grow and provide careers for more than 2500 
employees. PPC also comply with government 
regulations and support the development of 
communities by investing back into smaller 
businesses and to grow the surrounding 
communities. This is done through SLP and CSI 
initiatives. Plenty of other cement companies 
buy their clinker from other countries and only 
blend it in South Africa. The process of mining 
and producing clinker, is where 90% of the 
cost of making cement sits and is critical to be 
sustainable and providing job opportunities. 

Why is it important to produce 
sustainable products and what is the 
impact of imports on the levels of 
quality in the built industry?
The quality and standard of products will 
affect the life of the building, the road or the 
structure and not adhering the these minimum 
standards can lead to infrastructure failures 
or even loss of lives. Imports do not always 
comply with the minimum standards in South 
Africa and reduces the cement requirements 
on the South African market. This leads to 
closures of some plants and eventually to job 
losses. The most important fact is that money 
is leaving the country and our own people 
do not see the benefit of companies doing 
business in South Africa.

How does PPC plan to continue to 
produce sustainable and affordable 
cement and materials in the wake of 
imports?
By keeping up with the latest technologies and 
by producing good consistent products while 
giving the extra attention and support to our 
customers will go a long way. PPC continues 
to invest in the local communities and in local 
business and this creates trust in the product 
and the company. PPC also develop and invest 
in their employees which in return becomes 
more skilful and knowledgeable. This will 
allow PPC as a company to be sustainable.

How does PPC plan to continue to 
contribute to the development of a 
unique and sustainable built industry?
This can only be achieved by educating our 
customers and by working together to find 
new ways of achieving a common goal. 
PPC understand their customers and their 
requirements and by doing test and growing 
with our customers, we can further assist our 
customers. We empower people to develop a 
better quality of life for themselves and their 
families and in return we achieve stronger 
loyal employees and customers.

How is PPC being an elegant solution 
to all or some of South Africa’s 
problem?
Because PPC are a local company and we 
experience the same challenges and success 
that the country and its people feel, we 
understand it better and can come up with 
ways to assist, rather than to complain. We 
are a country with a huge diversity in culture 
and by respecting this and by embracing the 
diversity, PPC has become stronger. 

Tell us about PPC’s modern day 
innovations? What is in the pipeline 
and how is PPC collaborating with 
other stakeholders and role-players to 
ensure that this impacts positively on 
the entire industry?
PPC believes in its people and trust in the 
employee’s abilities to come up with new ideas 
and innovations to reduce the operating cost 
and to improve the quality and consistency 
of the products. PPC is currently working 
on a solution to assist the government with 
the removal of old used tyres. PPC is also in 
communication with local municipalities to 
assist with waste by burning these unwanted 
materials in the kilns. Furthermore PPC assist 
the country by destroying some hazardous 
materials (which is waste from another 
industry) in the kiln that acts as an incinerator 
and destroys the harmful properties of the 
material without harming the environment. 
PPC is also collaborating with some private 
companies to produce renewable energy and 
to capture carbon from the main stack to 
produce fertilizer. 

Tell us about the Buy Locally campaign 
and why your customers who are 
struggling as it is and largely due to 
the effects of both the pre and post 
covid conditions, choose local products 
which may in effect be more expensive 
in some instances?
The answer to this question is in the quality 
and consistency of the product and in the 
after service that we supply our customers. 
PPC goes the extra mile to find new ways to 
benefit our customers business and to reduce 
the final costs of the customer’s products. By 
being a local company, we understand the 
challenges in the country and by embracing 
these challenges, we grow with our 
customers. PPC has always been the preferred 
supplier due to our relationships with our 
customers and the consistency in our quality. 
PPC has the ability to increase the output if the 
customers require more cement and whenever 
the country experiences cement shortage. As 
PPC, we pride ourselves in delivering against 
all the odds.

Talk to our readers about cost versus 
quality and cost versus value?
South Africa and its people has felt the pressure 
on the economy after Covid and plenty of 
people are looking for cheaper products and 
then soon experience that cheaper is not always 
cheaper. PPC make use of this information to 
educate our customers about the advantages 
of using good quality cement. Sometimes 
you can get better yields on more expensive 
cement, thus making your final product 
cheaper. PPC consciously hosts workshops 
for its technical sales teams to give support to 
small businesses by providing them with the 
knowing and business tactics. PPC also assists 
customers with the selection of other materials 
that they use with our product to ensure that 
our customers get the most value out of our 
products. We test the customers material and 
recommend small changes to optimize the 
performance of our products. This is adding 
value beyond only the sale and our customers 
appreciate this value and understand that this 
brings a saving at the end.

continued overleaf
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What does it mean for you to work for 
a company like PPC?
I have been working for PPC for the past 
14 years and PPC gave me the opportunity 
to develop myself as an individual. PPC has 
for many instances exposed me to great 
challenges, but the company also assists 
me by providing me with the tools and the 
knowledge to face these challenges. PPC 
respects me and my family and continuously 
ask feedback to improve the general working 
conditions for all employees. I have seen the 
projects and initiatives that PPC has completed 
in the communities and I have seen small 
businesses grow. This has made me humble 
and grateful, to be part of such a passionate 
team. PPC cares about the environment and 
the communities and most of all, PPC care 
about their employees. 

What message do you have for 
young graduate engineers looking 
for opportunities in the cement and 
materials industry?
The country’s economic environment is tough 
and you might have had plenty of challenges 
as an individual. Never give up and always 
respect the people you work with. Try and 
understand the people surrounding you and 
truly care about their wellbeing. PPC is a 
company that will grow you but will also grow 
with you. The opportunities and the exposure 
that you will receive will grow you as an 
engineer, but also as a person. PPC is not only 
about making cement, it is a company that 
cares for you and your family. Take all these 
opportunities and never stop learning and you 
will succeed.

Why is PPC the best cement pack in the 
market?
PPC has more than 130 years of experience 
and PPC spends time developing and 
understanding its employees and its 
customers. We have the newest technology 
kilns and mills and continuously look for 
opportunities to be more efficient. But most of 
all, for PPC it is not just about selling cement, 
it is about empowering people (employees 
and customers) to experience a better quality 
of life. CB

Contact: www.ppc.co.za

Including extenders to the concrete mix offers several important advantages, says Bryan 
Perrie, CEO of Cement & Concrete SA (CCSA). 

Among the benefits derived from the now widespread practice of adding ground 
granulated blast-furnace or corex slag, fly ash, or silica fume, to the concrete mix are:
•  Cost savings: Extenders are generally cheaper than Portland cement;
•  Technical benefits: Extenders improve impermeability and durability of the hardened 

concrete and often improve the properties of concrete in the fresh state.
• Significant benefits to reducing greenhouse gas emissions as most extenders are secondary 

products from other processes.

“Portland cement extenders are all less reactive than Portland cement. This can affect the 
rate of early-age strength gain, causes a ‘fine-filler’ effect, which affects the rate of heat 
development due to cementing reactions. Substituting a Portland cement extender for part of 
the cement in a concrete mix, may reduce the rate of strength gain at early ages. The extent of 
the reduction increases with increasing substitution level.

“Extremely fine extender particles act as nuclei for the formation of calcium silicate 
hydrate which would otherwise form only on the cement grains. This fine-filler effect brings 
about a denser and more homogeneous microstructure of the hardened cement paste and 
the aggregate-paste interfacial zones, resulting in improved strength and impermeability. 
The extent of the fine filler effect depends on the content of extremely fine particles in the 
extender. Fine particles of filler materials, such as limestone, can also exhibit the fine-filler 
effect,” Perrie explains.

He says concrete in which part of the Portland cement is replaced by an extender produces 
heat at a rate slower than that of a similar concrete made with only Portland cement. The 
slower the rate of heat development, the lower the temperature rise and therefore the smaller 
the likelihood of thermal cracking. 

“However, it should be remembered that improvements to the properties of hardened 
concrete brought about by extenders can be fully realised only if the concrete is properly 
cured,” Perrie cautions.  CB

Contact: www.cemcon-sa.org.za

Diverse benefits of adding  
extenders to the concrete mix

A cement extender such as fly ash is a waste residue derived from coal-fired power plants.
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If South Africa is to meet its full potential, we will need to develop 
human settlements which are socially acceptable and capable of 
economic development and growth. 

According to ASPASA, sustainability is not only the sphere for 
environmentalists, but rather the whole supply chain within construction 
and infrastructure development processes who should be keenly aware 
of sustainable development issues.

This should include the protection of our earth’s natural resources 
where building materials are derived from and the essential need for 
building products and services to be made at a fair and affordable price. 

Hard work
Around South Africa ample work is needed, there are still many 
communities without sufficient housing. Urban development is putting 
ever more pressure on our cities’ infrastructure and facilities which need 
to be upgraded to correctly aid our communities. 

“In future South Africa will need to create cities where economic and 
social systems support the notion of long-term sustainability. We will also 
need to create business and living spaces that enable the creation of jobs 
and that facilitate wealth-building. Communities can then become more 
socially coherent, and this will enable individuals to work together for 
the greater good of their own society.

“This can only be done if people have proper shelter and adequate 
affordable housing. They need to have a livable environment and have a 
sense of belonging, as well as a sense of pride in their surroundings and 
in their city. Infrastructure must therefore be created that enables the 
ongoing sustainability and improvement of these areas,” says ASPASA 
environmental auditor, Anthony Bowen.

Forward thinking
Associations such as Aspasa play a crucial role in the sustainable 
construction industry. These associations supply the key ingredients of all 
building and construction projects in the form of sand and stone, which 
creates vital building blocks for concrete structures, roads and others.

At the core of its existence the association’s main objective is to 
tend to the long-term sustainability of the quarrying industry and to 
align it with quality labour and social requirements as well as legal 
and environmental compliance. The building industry can increase 
its standards by simply dealing with accredited sustainably operated 
suppliers of building materials and therefore discredit unethical and 
illegal suppliers.

As the legal and regulated quarrying industry is at a constant with 
cleaning up its act and ensuring social environments, health and safety 
commitments are being met. The illegal operators are growing and 
selling their goods and creating an immense impact on the sustainability 
of the legal trade our country possesses. 

Key points to having a truly sustainable industry are as follows:
• Sustainable and energy efficient designs
• Environmentally friendly practices

South Africa needs a sustainable  
construction industry

• Sustainable maintenance practices
• Materials must be produced in a sustainable way
• Quality of materials should be a prime concern
• Surrounding communities should derive maximum benefit from all 

building and construction activities
• Skills development and job creation should leave a sustainable legacy

Implementing these measures of sustainability will ensure that the 
structures and roads that are built will last and ensure that businesses 
remain profitable into the future. By supporting quality suppliers, the 
industry can help grow quality building contractors. 

Governmental cooperation 
“In addition, role players need to be identified to drive development and 
act in a leadership role to ensure sustainability,” explains Anthony.

“Our most important role-player is our government, focusing on the 
development of infrastructure, schools, hospitals, roads, police stations, 
houses, hospitals as well as other key structures, it all needs to be well 
mapped out and developed into the community in a sustainable manner. 

“The money allocated through the fiscus needs to be spent wisely 
to ensure it ticks all the boxes of sustainability in terms of ethical 
social environments etc. Putting this infrastructure in place to facilitate 
employment and social coherence, and as a result no shortcuts can 
be taken at this point as this is what will form the basis of our future 
developments. 

“The government’s duty is to legislate the quarrying industry and 
create equal opportunity by cutting out illegal mining, preventing 
imports of low-grade building materials such as cement. Following 
the government’s duty, it is the responsibility of the built environment 
professionals to strive for quality sustainability as well as social and 
economic upliftment. By simply insisting on locally produced cement, 
we can have a sustainable supply system, having correctly manufactured 
readymix from accredited suppliers such as ASPASA members.

Being compliant
“By ensuring that companies comply with regulations and meet the 
standards of the South African Bureau of Standards (SANS), professionals 
can affirm suitable care is taken of employment conditions, residential 
areas, and communities.  

“For this reason, we plead with role players to look at the big picture 
when planning for sustainability. Government and building professionals 
need to look beyond the use of “green” products for new developments. 
To have a truly sustainable building industry we need to make sure the 
products we use are ethically derived and comply with standards. 

“We also need to deal with suppliers and contractors that are focused 
on true sustainability in terms of social, environmental and economic 
upliftment of the region and the country,” concludes Anthony. CB

Contact: ASPASA, Tel: (011) 791 3327, Email: office@aspasa.co.za,  
Web: www.aspasa.co.za



Basic concrete  
knowledge important  

for new staff 

All smaller companies in the construction industry should ensure 
that new junior and non-technical staff are “introduced to 
concrete” as part of their initial in-house training to ensure that 

they deal with customers professionally right from the outset, says 
John Roxburgh, senior lecturer at Cement & Concrete SA’s School of 
Concrete Technology. 

“This is why the School of Concrete Technology’s course, ‘SCT 10 
Introduction to Concrete’ is so popular. New or smaller companies 
should regard it as essential for all new junior staff – in fact, every 
employee who deals with the public - to attend. Customers who have 
to struggle to explain their needs or inquiries to total industry novices, 
who incredulously sometimes have not learnt the difference between 
cement and concrete, are likely to give such companies a wide berth 
in future,” Roxburgh says. 

The School will be presenting the two-day Introduction to 
Concrete course at its Midrand premises on November 28 and 29. 
It is strongly recommended for small, medium and micro enterprises, 
junior technical and sales staff in the building, construction and allied 
industries. “In fact, the course is suitable for anyone literate wanting 
to know more about concrete whether for commercial or personal 
requirements,” Roxburgh adds.
The topics to be covered in the course, which includes practical 
laboratory sessions, include: 
• Properties and materials for concrete;
• Receiving and storing materials;
• Batching, mixing and testing concrete; 
• Transporting, placing and compacting concrete;
• Finishing and surface preparation; 
• Protecting new concrete surfaces and curing; 
• Formwork and reinforcement; 
• Sand-cement mixes; and
• Durability of concrete. 

The course is usually presented by School of Concrete Technology 
lecturer, Matthews Magwaza, who is not only vastly experienced in 
laboratory training but can also speak five African languages to assist 
learners who do not have English as a first language.  CB

Contact:  School of Concrete Technology at 011 315 0300,  
email sct@cemcon-sa.org.za,  www.cemcon-sa.org.za

A STRONG FOUNDATION FOR 
INFRASTRUCTURE SUCCESS
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Giving new life to the remains of concrete

There are numerous new and exciting fields being pioneered 
in the field of concrete technology.  The big buzz word now is 
3D printing but also causing excitement is low carbon concrete, 

remote monitoring, bio-concrete, and infrared thermography.  With the 
concrete industry hard pressed to become more sustainable there are 
other fields that, although not new, are of high importance.  

One of these - being considered with new vigour - is the recycling 
of concrete.

Under the banner of sustainability, it is a sound idea to recycle 
concrete and indeed legislation around the world is enforcing this to 
an ever-increasing degree.  There are many pros and cons to recycling 
concrete but, if done correctly, it is undoubtedly a winner for all living 
on this planet. 

An interesting phenomenon with concrete, which is not well 
known, is that in most concretes a significant portion of the Portland 
cement clinker is never hydrated. For Portland cement mixes self-
desiccation can occur at water to cement ratios of 0.56 and lower. This 
is due to insufficient capillary water available and if no water is fed to 
the concrete in curing, the capillary water is used up and no further 
hydration can occur.  With modern curing regimes for larger concrete 
elements only surface concrete at times gets sufficient water, if effective 
wet curing is applied.  If the cement is extended with, say, fly ash or slag, 
the water to cement ratio at which self-desiccation occurs is lowered.  

The point to note here is that the unhydrated cement can be used 
effectively when recycling the concrete to make new concrete.   

A wonderful example of this is a concrete mix design developed 
jointly between American Engineering Testing Inc. and Cemstone in the 
USA - a mix that won the coveted American Society of Civil Engineers’ 
(ASCE) Charles Pankow Award for innovative use of concrete. Making 

use of the unhydrated clinker in the recycled concrete, they could 
produce a concrete with only 2 % portland cement - that is 46 kg of 
cement in a mix with a plastic density of 2300 kg/m3. With a water to 
cement ratio of 0.45, this mix achieved 30 MPa compressive strength 
post-28 days.   

Unique to this mix design was the use of the full grading envelope 
of the crushed recycled concrete instead of the conventional method of 
just using the course fraction of the recycled concrete as a substitute 
for stone. The fine material from the crushed recycled concrete 
provided unhydrated portland cement. The cracked open faces of the 
fine material and the fine hydrated cement particles produced a fine 
filler effect. Increasing the nucleation points for cement gel growth 
resulted in faster strength gain and the improvement of strength and 
impermeability of the paste-aggregate interface. CB

Contact: www.cemcon-sa.org.za

by John Roxburgh

John Roxburgh, Senior Lecturer: 
Cement & Concrete SA’s School of 
Concrete Technology.
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THAT’S SUSTAINABILITY, FIRST. 
Not only were we the first to measure kiln emissions in Southern 
Africa, we were the first to install bag-house filter technology to 
reduce kiln emissions, setting a benchmark for the industry by not 
only identifying a production problem but providing a productive 
solution. We were also the first to achieve a 90% reduction in 
particulate emissions and a 33% reduction in CO2 emissions because, 
as the leaders in sustainability, putting sustainability first has been, 
and always will be, second nature to us.

10
12

33
7



34  NUMBER 171  |  NOVEMBER 2022

INDUSTRY NEWS

Versatility of Concrete Admixtures
On Jindilli Farm, just outside Hazyview in Mpumalanga, lies the beautiful 

Jindilli Campsite. Nestled against, and overlooking a 15 Ha private irrigation 
dam complete with a bird-nesting island, it was named  after the macadamia 

flower blossoming accross the farm on which the trees are grown. 

Architect, Hermann Schnepel, was 
tasked by Jindilli Farm, to conceptualise 
and design a campsite that would 

accommodate two families for weekend 
getaways. The essence of the plan was to 
provide minimalistic essential support services 
for camping, without trespassing on the 
natural beauty of the surrounding farm. The 
breath-taking view across the water to the 
bird island needed to be preserved as the 
scenic backdrop to the camp. The sub-tropical 
climate in this region is conducive to outdoor 
living, so another objective criterion was to 
create a seamless transition from being under 
an open-plan style of cover one moment, 
to stepping out into the great outdoors the 
next. To ensure the optimal use of space, 
the supporting structures would include a 
boma, with outer stairs, a flat paved area to 
accommodate two tents, and a separate site 
for the lounge, kitchen and dining facilities.

Following the approval of the architect’s 
final design, it was deemed that two different 
concrete mixes were required for the project. 
A standard 25 mpa concrete would be used 
for the foundations and 30 mpa concrete for 
the polished concrete floor. Edge Readymix 
Concrete was chosen as the preferred concrete 
supplier. Edge Readymix, based in Hazyview, 
is owned and managed by Andrew Solomon 
and Trudie Heinemann, who together have 
over thirty years’ experience in the ready-mix 
industry. Edge Readymix was established in 
September 2020 on the Vuka Crushers site  
8 kilometres outside Hazyview.

Edge Readymix and Sika have been in 
business since its inception and together have 
developed a concrete product range that 
not only supplies ready-mix concrete of any 
class for any requirement but also prebagged 
concrete and mortars for small requirements.

For the polished concrete floor, Edge 
Readymix and Sika ran numerous trials to find 
the most desirable polished finish and efficient 
concrete mix. Special consideration was given 
to the amount of time a contractor would need 
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to place the concrete, and certain traits of the 
concrete mix had to be assessed: flow rate, 
setting time, stripping times, placing methods, 
and durability of the concrete in those specific 
types of conditions on site at the time. Ingwe 
Floors, a contractor based in Nelspruit, were 
known as the local experts on flooring. Armed 
with polished samples created in advance, 
they were engaged to assist with placing and 
polishing the concrete at Jindilli Campsite. 

The first morning on site was very 
warm and humid. Given that the conditions 
directly affect the workability retention of 
the concrete, delays in the placing were 
anticipated. Immediately, they consulted 
with Darius Herbst, Sika’s concrete expert, 
for guidance on adapting the concrete mix 
design, and it delivered excellent results. Edge 
Readymix used SikaPlast® Stallion-2 admixture 
for all their concrete mixes, which proved 
to be the correct choice for this project. 

SikaPlast® Stallion-2 is a multi-purpose water 
reducer and superplasticizer, with long-lasting 
workability, and it utilises Sika’s ViscoCrete® 
polycarboxylate polymer technology. A huge 
advantage that SikaPlast® Stallion-2 provided 
on this project was that the mix ratio could be 
changed to deliver the concrete 5 km away 
or 80 km away, depending on the workability 
retention required. 

Inside meets outside, open meets covered, 
concrete meets grass, people meet friends. 
The brief was so overwhelmingly met. The 
gem, created upon this stunning, tranquil 
site, is enhanced by the Jindilli flowers in full 
bloom. CB

Contact: www.sika.co.za

Sika is a specialty chemicals company with 
a leading position in the development and 
production of systems and products for 
bonding, sealing, damping, reinforcing, 
and protecting in the building sector 
and motor vehicle industry. Sika has 
subsidiaries in 101 countries around the 
world and manufactures in over 300 
factories. Its 25,000 employees generated 
annual sales of CHF 7.88 billion in 2020.

Sika’s solution for
WATERTIGHT CONCRETE

Sika® WT-200 P
High performance crystalline waterproofing admixture that
enables concrete cracks to self-heal and therefore block water,
even when under extreme hydrostatic pressure. 
It will continue to reactivate whenever water is present. 

KEEPING WATER OUT:
■ Basements
■ Habitable basements
■ Parking garages
■ Utility/plant rooms
■ Tunnels

www.sika.co.za

KEEPING WATER IN:
■ Swimming pools
■ Water retaining structures
■ Dams
■ Water structures
■ Waste water treatment structures
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Leading multi-disciplinary construction 
company, Murray & Dickson Con-struction 
Group’s drive to digitalise processes is 

already yielding favourable results. This is 
especially noteworthy for the company’s 
technically complex projects for private sector 
clients operating in the energy and mining 
industries.

Municipalities are harnessing precast-
concrete technology to help significantly fast-
track the construction of large grandstands 
for community sports and recreational centres. 
The technology is also providing a more cost-
effective means of building these structures 
and an end product of a higher quality, both in 
terms of durability and aesthetics.

However, one of the major benefits of the 
precast-concrete system is that it is helping 
to empower emerging contractors. The 
grandstand is the most complicated aspect of 
these projects. Constructing an in-situ structure 
with the same aesthetic design as the precast 

concrete grandstands deployed on these 
projects can only be undertaken by a handful of 
established contractors. While subcontracting 
the construction of the precast-concrete 
grandstand to a specialist in the field, emerging 
contractors are involved in all other aspect of 
the work scope. Among others, this includes 
the earthworks and site terracing; installation 

of the various services and perimeter fencing; 
and the construction of the buildings and the 
pitch. There are also many opportunities to train 
and develop members of communities located 
within the construction footprint and who are 
the beneficiaries of the final infrastructure. 

A case in point is a sports and recreational 
centre that is being constructed in a municipal 
district in Limpopo. It is being built by an 
emerging contractor that has made steady 
progress on this Expanded Public Works 
Programme project. 

It features a grandstand that is able to 
seat 3 500 people, making it the largest such 

Innovation in precast-concrete keeps  
sports centres on track

structure to have been designed by Infinite 
Consulting Engineers and erected by Corestruc, 
to date. The companies have jointly built more 
than 20 grandstands in Limpopo over the years.

Constructing the grandstand in this 
manner has provided an almost 40% reduction 
in construction costs for the municipality. This 
is by eliminating the need to manufacture 
bespoke shutters and operating a tower crane 
for almost 12 months on site, among other 
preliminary and general costs associated with 
such a project. 

The grandstand was erected in as little as 
four months. This is opposed to the 10 months 
it would have taken to build a similar structure 
using conventional in-situ techniques. Material 
procurement, such as the special shutters for 
the seating benches, columns, raker beams, 
side panels and closures, and establishing the 
stacking area, alone, would have taken almost 
four months using cast-in-place methods of 
construction. It would have taken three months 
just to construct the 9 m-high back columns. This 
includes setting up the shutters and support, as 
well as the reinforcement and concrete works. 
Constructing the 20 bottom, middle and top 
raker beams and the seating using traditional 
cast-in-place methods would have been an 
onerous seven-month long process. It is for 
this reason that some municipalities will opt 
for less aesthetically appealing grandstands 
for their sports and recreational facilities. At 
times, they may be constructed from steel, 
which also requires more maintenance than 
concrete structures, increasing the total cost of 
ownership of the assets. In other instances, a 
very simple brick and mortar structure is built. 
However, this option is more suited to smaller 
facilities. This is despite many precast concrete 
structures having also been erected for smaller 
sports and recreational facilities, considering 
the numerous benefits that they also offer 
municipalities. 

Coreslab commenced manufacturing 
the various precast-concrete elements for 
the grandstand in mid-October 2021. The 

The grandstand is able to seat 3500 people.

By Kobus Kotze, Director Infinite Consulting Engineers and  
Willie de Jager, Managing Director of Corestruc



manufacture of the 20 tapered columns, as 
well as 20 front-end and 20 top raker beams 
were completed in mid-January 2022. This is in 
addition to the more than 340 seating benches, 
19 back benches, 34 side panels and 76 steps, 
as well as the structural steel bracing for the 
structure.

In the meantime, the principal contractor 
commenced constructing the foundations 
and the cast in-situ bases for the structure 
in mid-October 2021. They were completed 
before the builders’ shutdown period that 
year to enable Corestruc to start erecting the 
structure in January 2022. This preliminary 
work included excavation; placement of the 
stabilised fill; and construction of the in-situ 
10 MPa concrete bases. Constructed in sound 
founding material, the concrete bases for 
the front raker beams and front columns are  
3 200 mm in width and length and 500 mm 
 thick. For the back columns, the concrete bases 
are 3 900 mm in width and length and 600 mm  
deep. The chemical anchors that are used to 
connect the precast concrete columns extend 

between 300 mm and 400 mm into the 
concrete bases and have pull-out resistance of 
more than 150 kN. 

A single column was installed a day, starting 
with the middle precast-concrete elements. 
The top of the columns was set out with 
coordinates to confirm the plumb and position. 
This was followed by the lining up of the front 
raker beams with the top and bottom bolts of 
the columns and then fastening them in place. 
Corestruc then installed the rear columns, 
again setting out the top of the precast-
concrete elements with coordinates to confirm 
the plumb and position. Afterwards, the back 
columns were braced vertically with structural 
steel. By bracing the first and second, third and 
fourth, fifth and sixth, seventh and eighth, and 
ninth and tenth columns, five frames spaced  
5,5 m apart were created. This provided 
the critical stability that was required at this 
stage of the erection process, considering 
the slenderness of the columns. The top 
raker beams were then installed in the same 
way that the front elements were placed. 

Afterwards, they were braced horizontally in 
a similar sequence to that used for the back 
columns. This was followed by the placement 
of the many seating benches. They were lined 
up with the raker beams and then grouted 
into position and, in doing so, forming a single 
monolithic structure. The process was followed 
by the installation of the side panels and steps. 
This structure will feature a roof comprising 
galvanised structural steel elements, fixed to 
the concrete structure at strategic positions.

Infinite Consulting Engineers and Corestruc 
have been refining and perfecting this modular 
system since 2016. The focus has been on 
designing an “off-the-shelf system” that 
reduces erection time and only requires minor 
design modifications – if necessary. This has 
been achieved by standardising and reducing 
the number of prestressed precast-concrete 
elements, while the use of curved columns and 
flat surfaces for the rakers, benches and side 
panels has also facilitated quick and efficient 
installation. Infinite Consulting Engineers has 
also refined the method of connecting the 

*Recently opened locks
  in the Panama Canal
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The grandstand was erected in as little as four months.

The grandstand is the most complicated aspect of sports and recreational centre projects.

various precast-concrete elements over the 
years. The columns are connected to the in-
situ bases by components that have been cast 
into the precast concrete elements and secured 
using hold-down bolts in the base. The raker 
beams, seating benches and side panels are 
secured with dowels that fit seamlessly into 
sleeves that have been cast into the various 
precast-concrete elements and into which the 
grout is then poured. The dowels have also 
been strategically positioned to facilitate ease 

of installation. These innovations have ensured 
that clients derive maximum benefit from the 
precast-concrete technology.

The design team uses Building Information 
Systems to model the structures to further 
ensure precision. BIM creates models of each 
precast-concrete element and provides updated 
design statuses. It also facilitates quality control 
by enabling seamless tracking and tracing of 
each precast-concrete element from the design 
phase through to their integration on site. 

Infinite Consulting Engineers also uses a 
suite of commercial software for structural 
analysis and design.  

The production of the system was unde-
taken by Coreslab as an approved manufacturer. 
By undertaking the production of the various 
elements in a controlled factory environment, 
the professional team is able to deliver a final 
structure of a very high quality. The factory 
features a computerised batching plant and 
optimised curing processes. Enhanced mix 
designs are also deployed to produce the 
concrete that is used to manufacture the 
various precast-concrete elements, all of which 
have a 50 MPa compressive strength. A self-
compacting concrete eliminates the need for 
concrete pokers and provides an excellent 
finish. Significant planning also goes into 
ensuring practicality and turnaround efficiency 
of the specialised forms used to produce the 
various precast-concrete elements. To ensure 
precision, they have been manufactured from 
steel that has been cut using laser-cutting 
machines. They enable fast production and 
are user-friendly to help facilitate the accurate 
placement of the various cast-in components. 
There is very little scope for error at this project 
stage, considering the precision with which the 
various precast-concrete elements are installed 
on site. Corestruc’s team achieves tolerances of 
3 mm when connecting the precast-concrete 
elements to the foundations and 5 mm when 
integrating the other components of the 
system. 

Members of the South African Institution 
of Civil Engineering’s (SAICE) Limpopo branch 
recently visited the project. 

Cuthbert Ngairongwe, who heads SAICE’s 
Limpopo branch, described the innovation 
as the future of structural engineering and a 
means of fast-tracking infrastructure delivery 
in the country. “Your precast technology 
has taken delegates out of their comfort 
zones. They have seen for themselves the 
innovation that has been deployed across the 
precast prestressed-concrete value chain to 
fast-track the construction of projects, while 
also providing a high-quality final build,” 
Ngairongwe said. CB 

Contact: www.corestruc.co.za
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Chlorides are a major cause of reinforcing steel corrosion, the 
primary reason for the failure of reinforced concrete structures. 
They penetrate the passive layer around the rebar inside the 

concrete. This passive layer is a film created by the high alkalinity of 
concrete through which oxygen cannot penetrate. Chloride ions 
increase the solubility of the passive layer, causing it to give way at 
a threshold concentration. The corrosion action then no longer needs 
chlorides to progress. This action is typically self-sustaining, requiring 
only the rebar, water and oxygen to continue. After this occurs, the 
pore structure of the concrete and the electrical resistivity that they 
provide become the primary focus.

Carl White, Managing Director of Spraylock Africa, says that colloidal 
silica post-placement pozzolan technology is a one-time application 
solution for combatting corrosion of concrete reinforcing steel. “It 
achieves this in several ways. Firstly, colloidal silica post-placement 
pozzolan technology can significantly deaccelerate the transmission of 
chlorides through the concrete. This potentially extends the corrosion 
initiation period by years compared to untreated concrete. Secondly, it 
waterproofs concrete. This reduces access of the corrosion reaction to 
water and significantly restricts oxygen availability. Moreover, colloidal 
silica post-placement pozzolan technology can increase the electrical 
resistivity of the concrete to levels where corrosion is unlikely to occur,” 
White says. Spraylock Africa is the official African representative for 
Spraylock Concrete Protection’s cutting-edge SCP products, which are 
based on colloidal silica post-placement pozzolan technology.

SCP products can, therefore, provide an advantage over conventional 
corrosion inhibitors. This is by affecting the initiation period and 
removing some of the water and oxygen that is needed for corrosion to 
continue. Typically consisting of calcium nitrite, corrosion inhibitors are 
promoted to chemically alter the corrosion process. Laboratory studies 
have shown that corrosion inhibitors only extend the corrosion initiation 
period. Just a few of these products provide a short delay in corrosion 

Colloidal silica combats corrosion  
of reinforcing steel

initiation. Moreover, once corrosion has started, the effectiveness of 
corrosion inhibitors is less significant than previously reported. 

Considering colloidal silica post-placement pozzolan technology’s 
extremely small particle size, it has a tremendous amount of pozzolanic 
potential. The pozzolanic reaction of colloidal silica post-placement 
pozzolan technology is greater than even that of undensified silica 
fume. This pozzolanic reaction takes place in the capillary voids and 
pore space in concrete. In this way, colloidal silica post-placement 
pozzolan technology fills the void space with calcium-silicate hydrate 
(C-S-H). C-S-H is the same reaction product that provides concrete with 
its strength and durability traits. This action also restricts movement 
of water through concrete even under hydrostatic pressure. SCP, 
therefore, considerably reduces water-borne contaminant ingress, 
including chloride transport. 

The performance of colloidal silica post-placement pozzolan 
technology has been tested in chloride bulk diffusion situations in 
conventional concrete by three United States-based laboratories. 

White explains that chloride bulk diffusion involves ponding salt 
water on top of concrete to test chloride concentrations at various 
depths according to AASHTO T-259 or ASTM C1543. “This information 
is used to derive an average diffusion coefficient (D) that can be used 
to calculate the amount of time that it will take for chlorides to reach 
reinforcing steel and penetrate the passive layer around it. These 
predictions are modelled with software, such as Life 365. If the diffusion 
coefficient can be reduced by years, time can be added to the period it 
takes for chlorides to reach the rebar. This is the way in which colloidal 
silica post-placement pozzolan significantly extends a structure’s life 
expectancy,” White concludes. CB

Contact: www.spraylockafrica.co.za

Colloidal silica post-placement pozzolan technology can significantly deaccelerate the transmission of chlorides through the concrete.
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Virtual technology expands the  
frontiers of construction

Technology is changing the shape of the global 
construction industry, and some of the most 
exciting trends have already taken root in South 

Africa.
At the cutting edge of development is the utilisation 

of virtual reality and augmented reality to reduce the 
costs of projects, enhance the quality of delivery and 
raise productivity levels.

The application of 4th Industrial Revolution (4IR)  
technologies is no longer on the fringes of the 
construction sector. Many companies are utilising 
laser scanning, 3D printing, on-site robots and small 
drones to deliver more cost-effective projects. Big data is 
transforming the industry by reducing costs and increasing 
access to information.

The sector becomes more productive and efficient with each 
advance. Virtual reality and augmented reality take these evolving 
technologies a few steps further.

Both technologies are already extensively used in the entertainment 
and gaming industries, in aerospace and defence, and in medicine and 
healthcare sectors. It also has the potential to transform the construction 
and engineering fields and expand the edges of possibilities.

Virtual reality uses computer technology to create a simulated 
environment. It enables users to relate both physically and virtually with 
this environment.

Augmented reality builds on this technology by overlaying infor-
mation as visual content into a real-time experience. The user may 
survey the physical environment through smartphones or tablets while 
computer-generated simulations offer views of what a future structure 
could and should look like. Potential flaws and challenges are identified 
on the spot.

The immense opportunities which these technologies offer to the 
construction sector are obvious. It enables owners and contractors to 
visualise what a building will look like before construction starts, and 
subsequently tracks the building processes through all their stages to 
the point of final delivery.

Construction is, by definition, a highly collaborative sector which 
requires high levels of teamwork between contractors from various 
disciplines. On-site meetings consume costly time and resources, and 
often contribute to failure of meeting deadlines and late delivery of 
projects.

Many of these processes can now be streamlined through the 
application of new technology. These factors alone will prompt many 
construction companies to invest in virtual and augmented reality 
applications which are still very expensive.

But this will not be an entirely major leap for the local industries. 
Covid-19 requirements have already introduced a shift towards virtual 
planning and electronic meetings. 

By Bongani Dladla

The new generation of leadership within engineer-
ing and construction are all early adapters of technology 
and have the curiosity and skills to embrace the next 
generation of applications.

The obvious question is whether these technologies 
are applicable within the current South African 
environment in which there are still huge disparities 
in the resources available to large primary contractors 
and small and medium enterprises, predominantly 
owned by women and Black people.

Will these technologies only be found in the 
toolboxes of established conglomerates or will 

emerging contractors also be able to function within this 
space? The costs of programmes and applications are still 

premium, but will, inevitably, become accessible to medium-sized and 
niche contractors who want to expand their businesses.

These are issues which need to be addressed within the broader 
construction and engineering sectors as the indications are that 
construction activity is picking up and government’s expansive 
infrastructure programme will be a major driver of future growth.

The Construction Industry Development Board (cidb) in South 
Africa, is strategically placed to provide leadership and industry 
experience in this field. Our primary mandates are to transform the 
industry, to facilitate access to public sector construction opportunities, 
and to champion the participation of emerging contractors. In addition, 
we need to collaborate with all industry partners to achieve these 
strategic interventions linked to its legislative mandate, functions, and 
responsibilities

We are already assisting emerging contractors with support 
programmes to grow their skills and improve their capacity to move 
up through the contractor levels. As will the introduction of virtual 
technologies.

Examples of these are software developers who produce applica-
tions which are tailor made for South African conditions and offer 
the requisite training. Such solutions are already on the market in the 
property, surveying and planning environments.

Moreover, the cidb can play a catalytic role to provide software 
developers and the research community with valuable insights into the 
nature of the local construction sector. 

Virtual and augmented reality applications are becoming agile and 
more intuitive daily and are increasingly being integrated into standard 
construction software. As the technology becomes mature and gain 
acceptance, it will become more cost effective and deliver better returns 
on investment. 

This presents exciting new opportunities for the South African 
construction industry.

The Construction Industry Development Board is established in terms 
of the CIDB Act 38 of 2000 to lead transformation and development of 
the construction industry. CB

Bongani Dladla is the  
CEO of the cidb.
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material where ground subsidence has 
taken place and as a founding layer for 
road works on very weak soils.

“Historically, foamed concrete 
has been perceived to be weak and 
non-durable with high shrinkage 
characteristics. Unstable foams have in 
the past resulted in foamed concrete not 
being suitable for reinforced, structural 
applications. However, the development 
of protein-hydrolisation-based foaming 
agents and specialised foam generating 
equipment has improved the stability 
of the foam, making it possible to 
manufacture foamed concrete for 
structural applications.

“But it is important to ensure that 
the air entrained into the foamed concrete is contained in stable bubbles 
that remain intact and isolated to ensure that the permeability of the 
cement paste between the voids is not increased,” Perrie adds.. CB

Contact: www.cemcon-sa.org.za

Foamed concrete is the most 
popular of all low-density concretes 
in developing countries mainly 

because of its low capital expenditure 
on equipment and the ready availability 
of its principal materials, says Bryan 
Perrie, CEO of Cement & Concrete 
South Africa (CCSA).

“Foamed concrete can be produced 
on a small scale, even at site level, and 
is relatively easy to place and finish 
without heavy or expensive equipment. 
It has been used as a structural material 
in schools, apartments and housing 
developments in countries such as 
Brazil, Singapore, Kuwait, Nigeria, 
Botswana, Mexico, Indonesia, Libya, 
Saudi Arabia, Algeria, Iraq and Egypt,” Perrie states. 

Foamed concrete is a cementitious material, with a minimum of 
20% (per volume) foam entrained into the plastic mortar but, as no 
coarse aggregate is used, the term ‘concrete’ is basically inappropriate, 
he explains. It is produced by entrapping numerous small bubbles of air 
in cement paste or mortar. 

Mechanical foaming can take place in two principal ways:
• By pre-foaming a suitable foaming agent with water and then 

combining the foam with the paste or mortar; and 
• By adding a quantity of foaming agent to the slurry and whisking the 

mixture into a stable mass with the required density.

Perrie says the most commonly used foam concentrates are based on 
protein hydrolyzates or synthetic surfactants. These are formulated to 
produce air bubbles that are stable enough to and capable of resisting 
the physical and chemical forces imposed during mixing, placing and 
hardening.

“Foamed concrete is self-compacting, free flowing and pumpable 
and therefore, easy to place in inaccessible places. It has good thermal 
and acoustic properties and is frost resistant. It is, however, too weak 
for direct exposure to traffic and hail and should be protected by a 
wearing layer.

“It is standard practice to classify foamed concrete according to its 
dry density. The density is determined from oven-dried specimens and 
the actual density of foamed concrete would usually be higher than 
this density as there would generally be evaporable water present in 
foamed concrete. The presence of water in foamed concrete elements 
also results in an increase in thermal conductivity,” Perrie states.

Since the introduction of cellular concrete systems to the 
construction industry almost six decades ago, its use has almost 
exclusively been limited to non-structural void filling, thermal insulation, 
acoustic damping, trench filling for reinstatement of roads and for 
building blocks. In the Netherlands, foamed concrete has been used 
not only for level corrections in housing developments, but also as a fill

Economical foamed concrete  
suitable for limited budgets

Foamed concrete is free-flowing and pumpable. 

Bryan Perrie, CEO of CCSA:  
“Extenders can improve the technical 
qualities of concrete, and save 
costs,” he says. 
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