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Cover: The iconic Soccer 
City is the largest stadium 
in Africa and seats 89 000. 
The stadium was built by 
Aveng Group subsidiary, 
Grinaker-LTA /Interbeton by 
Soccer City Joint Venture.

I couldn’t help pondering upon this for 
quite some time. The longer I did, the 
more I realised what a gem it is and 

how pertinent it is in the South African-
built environment context.

We are currently struggling with the 
colossal task of transferring skills to our 
enormous potential labour force.

Gone are the days of apprenticeships 
when one was trained and mentored for 
anything up to five years before being 
deemed worthy of receiving the relevant 
artisan qualification.

A three week course, I am afraid, 
cannot provide one with the in-depth 
understanding of the trade which one 
has chosen. At the very best, it provides 
the bare minimum to start out in a cer-
tain field of work, and no more. The rest 
must be learned on the job. 

I recall reading the statistics on the 
number of qualified tradesmen in our 
country about two years ago and was 
absolutely astonished and horrified to 
learn the actual percentage of people 
now available and actively still working 
in South Africa, relative to say trades-
men in the early to mid- eighties. With 
so few senior tradesmen (or should I say 
trades-people) available, skills trans-
ference and mentorship to the youth 
presents a serious uphill battle for the 
foreseeable future. 

The other day, while going through a diving manual for a 
course that I am instructing, I found a significantly profound 
quote by Confucius: “Tell me and I will forget, show me and 
I will remember, involve me and I will understand.” 

In my experience, young engineers and 
technicians, having just emerged from 
the hallowed halls of their respective 
Alma Mater, if they can actually find em-
ployment, quite often find themselves 
thrown into a wild construction industry, 
without much in the way of structured 
mentoring regimes being available to 
them. It’s a real “sink or swim” situa-
tion for many of our fledgling technical 
people. 

This brings me to the point of pro-
fessional engineering personnel.  Cur-
rently I understand the average age of 
Registered Professional Engineers and 
Engineering Technologists to be around 
57 years - this age group represents 
the overwhelming majority. What I also 
understand from one of my esteemed 
colleagues working and lecturing at one 
of the major tertiary institutions, is that 
due to the recent economic and building 
boom, the class sizes have experienced 
unprecedented growth over the past 
few years. 

Now here is the conundrum – What 
do we do as a country in eight or so 
year’s time when the majority of these 
folk retire? The current economic 
downturn will in all probability serve to 
amplify the problem. It may be that skills 
transfer and mentoring take a back seat 
to survival in many companies for the 

time being, unfortunately. We need to 
collectively ensure that all students who 
qualify, be it with a degree or diploma, 
be given a fair shot at developing a 
career in our industry.  

 Even more importantly, we must 
utilise and draw from the sagely skills of 
our “older” engineering and other tech-
nical mentors to the maximum benefit 
to our youth and our Country.

The Society can play in assisting your 
company with some of the skills transfer 
portions of this mentoring process, with 
the high quality and varied in nature, 
technical talks, seminars, symposia and 
conferences that we host. 

This is your Society- use its facilities!      
I would like to take this opportunity 

to wish all our members and other read-
ers of this Journal a relaxing and joyous 
festive season, a safe passage if you are 
travelling and a vibrant New Year.

Francois Bain Pr Eng
President:
The Concrete Society
of Southern Africa
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FULTON AWARDS WINNER

The
iconic
Soccer
City
The iconic Soccer City, African 
calabash pot design, won the 
prestigious Fulton Awards 
for ‘Concrete in Architecture’ 
and captured a second 
Fulton Award for winning the 
‘Building Project’ award.

The roof wetting for Johannesburg’s 
latest landmark was auspiciously 
marked by a downpour and in 

traditional African style, dignitaries, 
contractors and workers celebrated the 
start of the final completion inspections 
of Soccer City.

The 89 000-seater, African stadium 
will host both the opening and final 
matches of the 2010 FIFA World Cup 
matches. The stadium is the largest in 
Africa. It is also the biggest all-seated 
stadium built for any football world cup 
event. 

The Team from Grinkaker–LTA/Inter-
beton by Soccer City Joint Venture; 
the client the City of Johannesburg – 
2010 Office; principal agent Phumela 
Africa Professional Engineers and sub-
contractors DSE, Steeldale Reinforcing 
and Fixing Services, Ground Engineering 
joined the work force in celebrations.

Roger Jardine, CEO of the Aveng 
Group and its subsidiary Grinaker-
LTA, said at the roof wetting, “we are 
immensely proud of this landmark 
development. Not only does it highlight 
African design and ingenuity but this 

was achieved with 1million disabling 
injury-free man hours – an unprec-
edented achievement under such tight 
deadlines.” He proudly added that this 
bares testament to Aveng and its part-
ners’ unrelenting focus on safety.

Bui ld ing the stadium required 
90 000 m3 of concrete steel, about 
10 000 tons of reinforced steel, 9 mil-
lion bricks and 13 000 tons of struc-
tural steel. The structure has a double 
layer of fabric roof and required 32 400 
fibre cement panels to complete the 
calabash-inspired design of the façade. 
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Fulton Awards winner
Motivation: Architectural 
design description
The architectural design of the stadium 
was selected from a series of concept 
designs, ranging from acknowledge-
ment of Jo’burg’s disappearing mine 
dumps; the kgotla (defined by the tree) 
of the African city state; the African map 
as a horizontal representation, which 
included the roof as a desert plain sup-
ported on tropical trees set within the 
mineral wealth of Southern African; 
to a representation of the protea, our 
national flower. 

The calabash, or African pot design, 
proposed by Boogertman Urban Edge 
and Partners, was selected as being 
the most recognisable object to rep-
resent what would automatically be 
associated with the African continent 
and not any other. The calabash, or 
‘melting pot of African cultures’, sits 
on a raised podium, on top of which is 
located a ‘pit of fire’. Thus the pot sits 
in a depression, which is the ‘pit of fire’, 
as if it were being naturally fired. The 

pit of fire demarcates the security and 
turnstile line separating the outer areas 
and the secure inner areas.

The structural profile of the exist-
ing suite levels and upper-tier seating 
of the existing western grandstand 
are extended all round to encircle 
the pitch. The existing lower embank-
ment will be rebuilt to vastly improve 
the view lines and comfort of the 
most popular seats in the house.  
The upper third of the existing embank-
ment is to be raised to form a second-
ary tier, thus turning the stadium into a 
3-tiered, rather than a 2-tiered, stadium. 
The upper embankment and the rebuilt 
lower embankment are accessible from 
the lower concourse, which is fed from 
the podium level.

The two suite levels and the upper 
tier are accessed via 3-dimensional 
ramp structures that are contained 
within the façade of the pot. The suite 
levels also have separate lift and stair 
lobbies at each corner for dedicated 
secure VIP access.

It has taken some 9 980 000 hours to 
complete the construction of Soccer 
City, since the project’s inception in 
2007, says Mike Moody, Grinaker–LTA 
project director.

Grinaker-LTA MD, Neil Cloete says 
that the initial bid was to complete 
Soccer City with a simple roof.

The organising committee wanted 
a meaningful African design, and it 
is incredible to have witnessed the 
transformation of the site into what will 
be a landmark for the country and the 
continent at large.

Every seat in the stadium has an 
unrestricted view of the pitch and the 
grounds, with the furthest seat 105m 
from the centre of the pitch.

There are 193 suites and roughly 
2 700 seats dedicated solely to media, 
860 parking bays and 77 concession 
kiosks. Particularly black-marked seats 
form lines pointing in the direction of 
other stadiums around the country 
where World Cup matches will be 
played.
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The pot’s façade is made up of lami-
nated fibre reinforced concrete panels, 
in a selection of 8 colours and 2 textures 
that make reference to the shades 
and textures of the calabash. The pot 
is punctured by open or glazed panels 
which create a suggestion of pattern on 
the façade that comes into its own when 
the inside volumes are illuminated. The 
façade is articulated by 10 vertical slots 
which are aligned geographically with 
the nine other 2010 stadia, as well as 
the Berlin stadium. These are repre-
sentative of the road to the final, and it 
is hoped that, after the World Cup, the 
scores of each game at each venue will 
be placed in pre-cast concrete panels on 
the podium. A visit to the stadium will 
thus provide one with a full history of the 
World Cup and all its scores.

The upper roof, which is cantilevered 
from an enormous triangular spatial ring 
truss, is covered by a PTFE membrane in 
a colour similar to that of the adjacent 
mine-dump sand. The bottom of the 
trusses will be covered by a perforated 
mesh membrane, thus giving the ap-
pearance of a smooth under-slung 

ceiling. All VIP areas and the stadium 
management offices will be located be-
hind the main western grandstand, with 
a dedicated VIP entrance. New change 
rooms, media work areas, auditorium, 
and VIP parking are located within a 
new basement under the podium on the 
western side of the stadium. 

The site is directly north of the pro-
posed new Nasrec Transportation Hub 
and pedestrian mall, linking the stadium 
to the redeveloped Expo Centre to the 
south.

The transportation hub will accom-
modate taxi, bus, and rapid transit 
services, thus providing good public 
transport links to the precinct and the 
stadium.

A secondary Bus Rapid Transit sta-
tion is also proposed on the Soweto 
highway to the north of the stadium, 
which will further strengthen the public 
transport links to the stadium.

All of this is to be set in a revamped 
Nasrec precinct, which will boast new 
roads, and pedestrian walkways with 
lighting, signage, landscaping, CCTV, 
and public amenities.

Structural 
Design
P.D. Naidoo & As-
sociates (PDNA) are 
the principal struc-
tural engineers for 
the upgrading of Soc-
cer City. PDNA ap-
pointed a German 
company, Schlaich 
Bergermann & Part-
ners, as a specialist 
roof sub-consultant 
to assist with the 
detail analysis and 
design of the roof 
and façade struc-
tures. The existing 
stadium, which was 

first constructed in 1987, consisted of 
a playing field surrounded by embank-
ment seating, two levels of corporate 
hospitality suites, and an elevated seat-
ing tier on the western side only.

The architects for this prestigious 
project, Boogertman Urban Edge and 
Partners, in association with HOK 
Sports Architecture, have created, an 
“African Pot” which will in future be 
recognized instantly by spectators in 
every corner of the world. To achieve 
this unique look, a structure, circular in 
shape on plan, was created to envelope 
the upgraded triple-tiered concrete 
seating bowl.

The circular plan format of the pot, 
which encircles the rectangular seating 
bowl and field, was selected to ensure 
that all façade detailing could be consis-
tent in plan and section, thus ensuring 
an easier detailing, manufacture, and 
installation process. This ensured that 
the 120 concrete façade columns would 
be consistent in shape and form. Given 
that the existing concrete structure 
was limited in its ability to carry the ad-
ditional roof load imposed on it, it was 

The Calabash
African
pot design

Aveng CEO Roger Jardine

Mike Moody, Grinaker-LTA project director
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decided by the design team to remove 
the roof structure from the seating bowl 
structure and place the roof structure on 
12 off-shutter concrete shafts. These 
shafts required an ingenious piling 
solution.

Piling
On completion, approximately 1350 
piles will have been installed at Soc-
cer City. The forces generated by the 
concrete structure and roof mean that 
exceptionally high loads have been 
transferred to the foundations, which 
has resulted in the design and construc-
tion of some of the most extreme piles 
ever installed in South Africa. All the 
piles and lateral support were designed 
by ARQ and Verdicon, and installed by 
GEL.

Whilst many of the piles carry large 
compressive loads, many piles are also 
subjected to exceptionally high tension 
loads. The calabash-shaped façade and 
the roof transfer the loads from the roof, 
down twelve reinforced concrete shafts 
and 120 inclined perimeter façade col-
umns, to the piled foundations. Some 

shaft foundations are required to resist 
tension loads up to 13000kN, in com-
bination with sheer loads of 6000kN 
and a bending moment of 125000kNm. 
Due to the limited space, it was only 
possible to install a maximum of 12 
piles per shaft foundation, resulting in 
some piles being subjected to tension 
loads of 5800kN (580 tons). In order to 
accommodate the massive loads, the 
designers decided to anchor the piles 
6m into the sandstone bedrock using 
dowel bars installed through the base 
of the pile. 

In some cases the 1500 diameter 
piles were installed up to a depth of 
33m, necessitating almost 60m³ of 
concrete in a single pile.

Shafts
The roof is supported by 12 large, 40m-
high rectangular concrete shafts, each 
of which is designed to withstand large 
horizontal and vertical loads. The shafts 
vary in plan from 3.5m x 5.0m to 3.5m 
x 14.0m, with an average wall thickness 
of 600mm. A huge reinforcing steel 
content of 460kg/m³ (approximately 

Winning building project

Grinaker-LTA Managing Director, Neil Cloete
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three times more than normal rein-
forced concrete) made the placing and 
compaction of the concrete extremely 
difficult. The stiffness of the shafts un-
der varying load combinations had to 
be determined accurately, as this could 
affect the forces in the structural steel 
roof structure. The design and stiffness 
of the shafts were further complicated 
by various openings which had to be 
provided for electrical, mechanical, fire, 
domestic, and storm water services. All 
these services were designed early on in 
the process and modelled in 3D by the 
architects to ensure that all penetrations 
were fully co-ordinated, before the rein-
forcing was designed by the engineers. 
This was required as it was impossible to 
entertain any late requests for penetra-
tions by the services engineers. These 
shafts are founded on the piled founda-
tions described above, with some piles 
subjected to downward loads of 1100 
tons and upward loads of 580 tons. In 
addition to the shafts, 
16 circular columns of 1 
meter diameter support 
the roof.

Shaft bases
In order to transfer the 
large loads from the roof, 
via the concrete shafts, 
into the tension and 
compression piles, large 
pile caps with depths 
in excess of 4m were 
required. The construc-
tion of these large bases 
required careful plan-
ning, as heat of hydration had to be 
controlled, and the safety of construc-
tion workers, who are often required to 
work beneath heavy reinforcement, had 
to be ensured. Varying soil conditions on 
site often required that the engineers 
had to adapt the design of these bases. 

Lateral Support
To allow access into the completed sta-
dium bowl, three deep tunnels had to be 

FULTON AWARDS WINNER

Largest 
stadium 
in Africa

cut with vertical excavation. The western 
players’ tunnel runs below the existing 
stadium structure, and has permanent 
support with a maximum vertical height 
of up to 10.0m. The south-west and 
north-east tunnels have been construct-
ed through new portions of the stadium. 
Due to programming constraints, it was 
decided to construct permanent lateral 
support in these tunnels, consisting of 
soil nails, shotcrete, and mesh. Due to 
the construction of deep pile caps at 

the base of the north eastern tunnel, 
vertical lateral support heights of up to 
13.0m have been constructed. 

Raking Beams
In order to vastly improve the sightlines 
of the existing stadium, the rake of the 
existing western upper tier has been 
increased, and an additional raised 
seating tier has been introduced on 
the upper portion of the embankment. 

Two levels of hospitality suites and the 
upper tier have been completed on the 
northern, eastern, and southern pavil-
ions, thereby creating a classic triple–
tiered bowl. All raking beams were con-
structed using purpose-made formwork.  
The existing pre-cast steppings to the 
western upper tier were removed, 
crushed, and recycled as base layers 
for the bulk earthworks. All new seating 
steppings are constructed from pre-cast 
concrete, all made on site. 

Pre-Cast yard and
pre-cast elements
To reduce the handling time 
and damage to precast units, 
as well as to achieve a value-for-
money product, GLTA/Interbeton 
elected to establish an on-site 
batching plant and pre-cast yard. 
This allowed for easy inspection 
and control of the units, which 
were all unique in dimension 
due the existing geometry of the 
old stadium bowl, allowing them 
to be placed correctly with the 
minimum amount of handling. 

Façade Columns
One of the most challenging elements 
of the concrete structure was the design 
and construction of the façade columns. 
The façade structure is supported 
on 120 inclined concrete columns 
enveloping the stadium. The columns 
are 16.3m high, and the top of each 
of these columns has a horizontal ec-
centricity of 6.5 metres in relation to 
its base, resulting in large moments 
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and upward loads on the 
piled foundations. Due to 
the large moments and 
forces in these slender 
columns, the reinforcing 
steel is extremely dense 
(860 kg/m³), which made 
the use of a vibration 
poker extremely difficult. 
GLTA/Interbeton opted to 
use self-compacting con-
crete to construct these 
columns. All façade col-
umns are connected with 
tie beams which act in 
ring tension so as to limit 
long-term deflection of 
the columns and façade 
structure. The design and 
construction of the façade columns had 
to be planned and executed very care-
fully, with temporary propping and brac-
ing, so as to prevent deflection during 
construction. It is interesting to note that 
the temporary steel required for the live 
and dead ends of the façade columns 
will be recycled by the architects, with 
the help of a group of artists, into art-
works that will have pride of place on the 
podium and within the Nasrec precinct.

Façade cladding
The final selection of the façade ma-
terial came about after an extensive 
search by the architects to select a 
product that would ultimately reflect 
the nature of the concept of the cala-
bash. Having discarded ideas of com-
posite aluminium, steel, and various 
roof-sheeting options, the architects 
were coincidently introduced to an ex-
truded fibre reinforced concrete panel 
called Fibre C, from Rieder Elements 
in Austria. The product is supplied in 
panels with varying surface finishes, 
honed and sandblasted, in combination 
with a variety of earthy colours, to create 
the unique variegated façade cladding. 
The panels, which are light-weight and 
only 13mm in thickness, are supplied 
in 1200 x 1800mm typical panel sizes 
and are fixed to a galvanised steel sub 
frame. The panels, furthermore, have 
excellent thermal properties and have 
been subjected to rigorous testing, in-
cluding hail impact, water penetration, 
and discolouration tests.

Ramps
Eight large pedestrian ramps, designed 
for the efficient ingress and egress of 
spectators to the upper levels of the 
stadium, have been provided. These 
ramps, which also provide vehicular 

access to all levels, follow the shape 
of the façade bowl and consequently 
change position in plan from one level 
to the next. In addition to the sloped 
façade columns, the other columns sup-
porting the ramps are inclined, thereby 
requiring intricate design analysis and 
construction techniques.

Training 
Due to the critical skills 
shortage in the con-
struction industry, the 
Soccer City project em-
barked on an extensive 
training initiative to 
provide the necessary 
skills required by the 
project and to contrib-
ute to the development 
of the local community. 
A self-sustaining train-
ing centre was estab-
lished by the Soccer 
City project near the 
site, in conjunction with 
a black economic em-
powerment (BEE) train-
ing provider. Training 
was conducted in the 
following disciplines, 
according to the rel-
evant unit standards: 
Crane Operat ions , 
Shutterhand, Concrete 
hand, Construction 
Supervisor, Foreman, 
Construction Plant Op-
erator.

All new trainees were 
assessed through a 
Learner Ability Battery 
Test, which is non-dis-
criminatory and is used 
to determine literacy, 

numeracy, and the de-
velopment potential. All 
currently employed core 
and limited-duration em-
ployees are offered the 
opportunity for further 
training and develop-
ment to enhance their 
skills and further their 
construction careers.  
The training centre as-
sessed 907 unemployed 
learners and trained 
798 learners. A large 
number of the unem-
ployed learners were 
offered employment at 
Soccer City. 

Social Upliftment
As part of their Corporate Social Investment 
programmes, GLTA/Interbeton have agreed 
to construct two classrooms at the Bella 
Primary School in Soweto, opposite the 
Hector Pieterson Museum.



8
Concrete Beton Journal
No. 123 • August  2009

ACCREDITED TECHNICAL PAPER

SHCC is a relatively new class of high 
performance fibre-reinforced cement-
based composites (HPFRCC), which 
currently receives intensive research 
attention internationally. Physical evi-
dence of rate and time-dependence 
of SHCC is presented in terms of 
tensile rate-dependent test results, 
as well as tensile creep test results. A 
model for time-dependent mechanical 
behaviour of SHCC is proposed and 
elaborated. The model is based in 
multi-surface, anisotropic, computa-
tional continuum plasticity. It is shown 
to realistically capture rate-enhanced 
tensile resistance, as well as tensile 
creep fracture. 

1 INTRODUCTION
This paper proposes a constitutive 
model for fibre re-inforced strain-
hardening cement composites (SHCC). 
This class of high performance fibre 
reinforced cement composite (HPFRCC) 
is designed for large tensile strain 
capacity at moderate tensile strength, 
with examples shown in Figure 1. A high 
tensile strength FRCC is also shown in 
the figure.

The tensile ductility of SHCC is obtained 
through balanced fibre and matrix prop-
erties, to allow effective crack bridging 
by fibres, whereby cracks are controlled 
to widths in the micro-range, despite 
moderate fibre volume levels (1.5<Vf 
<2.5%). Evidence is emerging that the 
crack control is maintained also in more 
general loading conditions, including 

flexure, shear (Shang & van Zijl 2007) 
and combined flexure and shear, both in 
pure SHCC and with steel bar reinforce-
ment (R/SHCC) (van Zijl 2008).

The significance of the crack control 
is reduced water and chloride diffusivity 
through crack width limitation in cement 
composites, as reported by several re-
searchers (Wang et al. 1997, Rapoport 

Constitutive model for fibre-
reinforced strain-hardening cement 
composites (SHCC)
By GPAG van Zijl
Department of Civil Engineering, Stellenbosch University, South Africa

ABSTRACT: Constitutive 
models that capture dom-
inating mechanisms of 
mechanical and time-
dependent behaviour of 
construction materials 
are essential for accurate 
structural analysis. Such 
models may be highly 
complex, as the behav-
iour of especially cement-
based construction mate-
rials is indeed complex.
The value of such mod-
els lies in the ability it 

Figure 1: Tensile stress-strain responses of SHCC.

measured in physical 
experiments, which is a 
cost-effective extension 
of the physical experi-
mental data.
With the aid of such com-
plex models, thorough 
understanding and even-
tual simpler analytical 
models can be derived.
This paper describes a 
constitutive model for 
fibre-reinforced strain-
hardening cement com-
posites (SHCC).

affords the specialist to predict 
structural behaviour beyond that 

GPAG van Zijl
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et al. 2001, Lepech & Li 2005, Sahma-
ran et al. 2007).

These processes govern the longer 
term migration of water and chlorides 
into the material through the micro-
pores (Bažant, & Najjar 1971, Neithal-
ath 2006).

Under service conditions, which 
inevitably include cracks in cement com-
posites, long term durability is controlled 
by reduced diffusivity. The experimental 
evidence that crack widths may be limit-
ed to within a threshold value of 100µm 
by inherent crack control in SHCC (Wei-
mann & Li 2003) confirms the potential 
of SHCC for durable structures.

To enable sound application of SHCC, 
design models are required, which 
should eventually be incorporated in 
standards for structural design with this 
construction material. Such models do 
not yet exist, and the pool of experimen-
tal data is limited relative to traditional 
construction materials like reinforced 
concrete and structural steel. It is 
argued that computational models, in 
combination with physical experiments, 
are effective in developing insight in the 
behaviour of structures manufactured 
of such a new material, thereby assist-
ing in the formulation of simpler design 

but provided for non-linear behaviour 
in only the tensile regime.

Also, reported SHCC response to 
cyclic loading (Boshoff 2007, Jun & 
Mechtcherine 2007) indicates that 
elastic unloading, as used in a plasticity 
approach, is more appropriate for SHCC 
than the secant unloading used in the 
damage approach. Typical unloading-
reloading behaviour is shown schemati-
cally in Figure 1.

Kabele (2002) also proposed a con-
tinuum model for SHCC. This model is 
limited to tensile non-linearity, and static 
behaviour, ie time-dependence is not 
incorporated. The unloading behaviour 
is elastic in the strain-hardening tensile 
regime, but secant beyond the peak 
tensile resistance.

In this paper, a continuum model is 
proposed for both tensile and compres-
sive behaviour, in terms of a multi-
surface continuum plasticity model. 
Anisotropy is considered in terms of dif-
ferent strengths and hardening-soften-
ing responses in orthogonal directions. 
This has been shown to be relevant for 
certain manufacturing processes, for in-
stance extrusion, which predominantly 

Table 1: Typical SHCC mix proportions

Figure 2: Typical tensile behaviour of SHCC.

Figure 3: Shear response of SHCC under 
pure shear (Shang &van Zijl 2007).

Figure 4: Compression test response of 
SHCC cylinder specimen 100 mm x 50 mm 
diameter produced by (a) casting
(W/B = 0.4) and (b) extrusion (W/B = 0.25)

(a)

(b)

models. Such computational models 
should capture the main mechanisms 
of behaviour with reasonable accuracy 
to be objective and allow prediction of 
structural behaviour beyond that tested 
in physical experiments.

While detailed micro-models may 
prove more accurate by capturing 
interaction of the heterogeneities in 
SHCC (fibres, hcp matrix, fibre-matrix 
interfaces), so-called macro-models are 
pragmatic and allow viable analysis and 
prediction of structural behaviour.

In this paper a macro-model based 
on continuum plasticity is proposed 
and elaborated. Such a model does 
not distinguish between the various 
ingredients in SHCC, but considers it to 
be a homogeneous continuum.

The use of such continuum models 
for concrete or other cement-based ma-
terial have become standard in research 
environments and are even available 
in commercial finite element packages 
such as DIANA (2008), which is used in 
this research.

However, a computational macro-
model appropriate for SHCC does not 
yet exist commercially. A model based 
on continuum damage was proposed 
recently by Boshoff & van Zijl (2007), 

Ingredient Mass proportion kg/m3

Cement (CEM I 42.5) 0.5 531

Fly Ash 0.5 531

Water 0.4 425

Sand (φs<0.21 mm) 0.5 531

PVA fibre, Lf = 12 mm,
df = 0.04 mm 0.024 26
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Figure 5: Tensile stress-strain response to tensile tests at various loading rates, and 
creep tests of pre-cracked specimens at various sustained load levels.

orientates fibres in the extrusion direc-
tion. Creep is incorporated in the form 
of visco-elasticity. In tension, cracking 
rate-dependence is considered, based 
on experimental evidence.

2 MECHANICAL BEHAVIOUR 
OF SHCC
Typical SHCC mechanical behaviour is 
demonstrated here by results of char-
acterisation tests on a particular SHCC 
with mix proportions given in Table 1, 
used for all results reported in this paper, 
unless stated otherwise.

The specimens were produced by 
normal casting in steel moulds, strip-
ping after two days and curing to an 
age of 14 days in water at controlled 
temperature of 23°C. The evolutions 
of mechanical properties (7 days to 28 
days, wet curing) have been reported be-
fore (van Zijl 2005). The tensile results 
here are for thin dumbbell specimens, 
shown in Figure 2, with typical thickness 
of 15 mm. Compressive results are 
however for 50 mm diameter cylinders 
of height 100 mm.

The strain-hardening response of 
SHCC is associated with multiple crack 
formation once the tensile strength of 
the matrix is exceeded. This is shown 
for a typical case in Figure 2.

Instead of significant widening of 
the first crack, which initiates once 
the matrix strength is exceeded, more 
cracks arise upon further deformation. 
The crack control is a dominant feature 
of SHCC and holds the key to under-
standing and predicting its short and 
long term behaviour.

Through balanced properties of 
the cement matrix, fibres and their 
interfaces, based on consideration of 
micro-mechanical mechanisms (Li et al. 
1995), pseudo strain-hardening tensile 
behaviour is achieved.

The conditions for pseudo strain-
hardening are well understood and 
the data base of experimental results 
towards confirming micromechanical 
design models is growing.

The ductility of SHCC is shown to 
exist also under pure shear (Figure 3) 
and uniaxial compression (Figure 4a).

Note that the SHCC produced by 
extrusion (Figure 4b) has significantly 
higher uniaxial compressive strength, 
due to the lower W/B ratio used to obtain 
extrudable SHCC, but also due to the 
high pressure extrusion process and fi-
bre alignment in the extrusion direction.

This high strength is seen to be fol-
lowed by a steep post-peak reduction in Figure 6: Single fibre pull-out rate tests (Boshoff 2007).

Figure 7: Single fibre creep tests showing 
(left) the load-deformation and (right) the 
times to failure (Boshoff 2007).

Figure 6
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compressive resistance. The responses 
of cast SHCC suggest the use of ductile 
strain-hardening-softening relations to 
describe the stress-strain responses.

3 TIME DEPENDENT 
BEHAVIOUR OF SHCC
To illustrate the time dependent behav-
iour of SHCC under mechanical load, re-
sults of recent characterizing creep and 
rate-dependent tensile tests are sum-
marised here. Tests were performed 
on macro-level as well as on single fibre 
pull-out level. For the macro tests, the 
same dumbbell-shaped specimens as in 
the previous section were prepared and 
tested. In addition, single fibre pull-out 
tests were performed. These specimens 
were prepared with the same matrix, 
but with a single fibre embedded to a 
pre-determined embedment length Le. 
A series of tests were performed on 
specimens with different embedment 
lengths to establish a length suitable for 
subsequent test series at various pull-out 
rates, as well as under sustained load. 
From the initial test series Le = 1.4 mm 
was chosen for the rate and creep tests. 
See Boshoff (2007) for complete details.

3.1 Rate dependence
3.1.1 Rate-dependent response of 
SHCC composite
Stress-strain responses of a series of 
tensile rate tests over 4 orders of average 
strain rate magnitudes
are shown by the solid lines in Figure 
5. The first cracking strength appears 
to be significantly rate-dependent, but 
the ultimate tensile strength and strain 
to a lesser degree.

3.1.2 Single fibre pull-out rate 
dependence
To study the rate effect on the micro-
level, single fibre pull-out tests were 
performed (Boshoff 2007) at pull-out 
displacement rates over 4 orders of 
magnitude                           . Typical 
results are shown in Figure 6. A signifi-
cant increase in peak pull-out force is 

seen with increased loading rate. At 
low rates, fibres pull out of the matrix 
completely, indicated by the gradual 
reduced resistance beyond the peak 
in Figure 6. Higher rates lead to fibre 
breakage, followed by an abrupt drop 
in resistance. 

Thus it appears that fibre pull-
out rate-dependence is an important 
mechanism of rate-dependence of the 
composite material.

3.2 Tensile creep response
The reduced stiffness and resistance of 
cement-based composites under long 
term sustained load are well described 
in the literature (eg. Rüsch 1960, Zhou 
1992). This has recently been studied 
for SHCC in tension by Boshoff (2007). 
Two series of tests were performed.

3.2.1 Macro creep
Firstly, creep tests of previously undam-
aged specimens were performed at 
50% of the ultimate tensile strength. 
Secondly, a series of creep tests was 
performed at various load levels (30%, 
50%, 70% and 80% of average peak 
strength). Note that all the specimens of 
the second series were pre-cracked by 
deformation controlled tensile loading 
to a predetermined tensile strain of 1%. 
After this preload the specimens were 
unloaded and subsequently reloaded to 
the creep load, sustained for a period of 
eight months. The specimens were kept 
in a constant environment of 23±1 °C 
and 65%±5% RH. Two specimens were 

tested at each load level. The creep 
strain of the uncracked creep speci-
mens at 50% of peak strength was in 
the order of 0.15% after 8 months. This 
is negligible relative to that of the pre-
cracked specimens shown in Figure 5.

Note that the reduced stiffness is due 
to the pre-cracking.

After eight months no specimens 
failed, despite the quasi-static load-
deformation/stress-strain envelope 
being exceeded in the case of the high-
est (80%) sustained load. Due to the 
sealant, cracks and spacing could not 
be observed or measured accurately.

However, individual cracks which 
existed at the onset of sustained load-
ing were observed to widen in time. 
Instantaneous jumps in the time de-
pendent deformation graphs provide 
evidence of new cracks initiating under 
the sustained load (Boshoff 2007). Both 
these two sources of time-dependent 
deformation were confirmed by creep 
tests performed by Jun & Mechtcherine 
(2007) and Boshoff et al. (2008).

3.2.2 Single fibre pull-out creep
Single fibre pull-out creep tests were 
also performed to study this important 
mechanism of creep in the composite. A 
sustained load causing a bond stress be-
tween the fibre and the matrix equalling 
τ = 1.2 MPa was applied, reached by an 
initial pull-out rate of 1 mm/s. Note that 
this represents an average normal fibre 
stress of roughly 1.6 times the average 
fibre stress in the composite at 80% of 

Figure 8: Trends in macroscopic tensile behaviour and
                 mechanisms of rate-dependence. Figure 9: Tensile material law for SHCC.

Figure 10: Limit function for biaxial behaviour of SHCC.
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the peak load (composite average stress 
2.1 MPa). If a correction is made for the 
random 2D fibre orientation, whereby 
fewer fibres effectively bridge the crack, 
but at higher stress, the single fibre sus-
tained load is representative of the com-
posite situation. In a first series the fibre 
in each specimen was initially de-bonded 
by loading the fibre to just beyond τ0 and 
then unloading, before commencing 
with the creep test. τ0 is the average 
bond stress which marks the end of the 
linear load pull-out response. In a second 
series of three specimens, the test was 
performed on the undamaged (non de-
bonded) specimen. In Figure 7 the creep 
tests and resulting times to complete 
pull-out, or failure, are shown.

To distinguish fibre creep from the 
pull-out creep deformation, the time-
dependent deformation of a single 
fibre was measured under a sustained 
normal stress of 580 MPa. This creep 
load is nearly five times the fibre normal 
stress in the pull-out creep stress.

Under these conditions insignificant 
time-dependent deformation of the fibre 
was measured. Thus, time dependent 
fibre pull-out appears to be an important 
mechanism of creep in the composite 
material.

3.2.3 Creep mechanisms
From the previous sections the main 
mechanisms of creep are identified as 
(i) the initiation of new cracks under 
sustained load, (ii) widening of cracks 

Figure 11: Schematic representation of the constitutive model.

Figure 12: Tensile creep compliance measured on dumbbell 
SHCC specimens.

due to fibre pull-out, (iii) matrix creep. It 
was shown for the particular fibre that 
a potential fourth mechanism, namely 
fibre creep, does not contribute to 
creep in the SHCC studied here. It was 
also noted in section 3.2.1 that the 
uncracked matrix creep is small relative 
to the time-dependent deformation of 
cracked specimens, which implies that 
the mechanisms of crack initiation and 
widening due to fibre pull-out dominate.

To interpret these creep mecha-
nisms, it is useful to study the trends in 
macroscopic tensile behaviour (Figure 
5), in close connection with the micro 
behaviour of individual fibre pull-out 
(Figures 6 and 7), as well as micro-crack 
formation. The result of such scrutiny is 
presented as a schematised postulation 
in Figure 8. Also shown in this schematic 
figure as a dashed line is the crack 
width development, based on results 
reported by Boshoff et al. 2008. Cracks 
are controlled to small widths (in the 
range 50-150µm) over a large tensile 
deformation range. Such small crack 
widths imply that the lengths of fibres 
pulled out at the positions of cracks 
are also this small. This means that 
fibre pull-out cannot be the mechanism 
in the early strain-hardening stages, 
because the rate-enhanced resistance 
is mobilised at larger pull-out lengths, 
apparent from Figure 6. Only once the 
crack width increases, ie towards the 
end of the strain-hardening regime in 
Figure 8, this mechanism is activated. 

The initial rate-dependence is ascribed 
primarily to matrix cracking viscosity 
(Zhou 1992, Wu & Bažant 1993, van 
Zijl et al. 2001).

4 MODELLING OF SHCC TIME-
DEPENDENT BEHAVIOUR

4.1 Computational 
framework
A continuum approach is followed. 
It is assumed that the tensile load-
deformational behaviour measured 
over a practical gauge length on small 
specimens, for instance 80 mm on the 
dumbbell shown in Figure 2, is simply 
translated to stress-strain behaviour. 
Figure 9 shows the assumed tensile ma-
terial law, including a linear hardening 
and exponential softening tensile stress 
(σti) - equivalent strain (κt) relation. 
The softening is controlled by fracture 
energy (gfti). Note that the subscript i 
denotes the two material directions x 
and y respectively.

Anisotropy, which may be significant 
due to particular manufacturing pro-
cesses, is considered. For instance, 
in extruded products dominant fibre 
orientation in the extrusion direction 
have been shown to cause flexural 
strength in the extrusion direction of 
roughly 2.5 times that in the orthogonal 
direction (Visser & van Zijl 2007). To 
account for such lower strength in the 
orthogonal direction, the same basic 
shaped stress-strain law as in Figure 
9 is used for tension in that direction, 
but with different values for first crack-
ing stress (fty), ultimate tensile stress 
(ftuy), strain at ultimate stress (κtuy), and 
fracture energy (gty), than those for the 
main material direction (ftx, ftux, κtux gtx).

No test results for biaxial behaviour 
SHCC are available yet, with a test 
program for such behaviour currently 
in progress at the University of Stel-
lenbosch. However, shear test results 
(Li et al. 1994, van Zijl 2007) indicate 
that SHCC shear resistance exceeds its 
uniaxial tensile resistance. Mechanisms 
include fibre confinement by compres-
sion orthogonal to the diagonal shear 
cracks, as well as steeper crack align-
ment to mobilise greater compressive 
resistance, enabled by retained ten-
sile resistance beyond first cracking. 
These results imply non-trivial biaxial 
behaviour of SHCC, eg  as shown by 
the dashed lines in Figure 10. For lack 
of sufficient characterising data, the 
solid line limit functions in Figure 10 are 
assumed for the current computational 
framework.
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Note that a plane stress state is consid-
ered and shown in Figure 10 in terms 
of the two orthogonal normal stresses. 
This is appropriate for the thin-walled 
SHCC specimens used here.

Also shown in Figure 10 are the limit 
functions for compression, which are 
also taken as simple straight lines in 
the zero shear stress (principal stress) 
plane. Similar expressions are used 
for the compressive stress-strain re-
sponses as for the tensile stress-strain 
model shown in Figure 9, with param-
eters fcx, fcux, κcux, gcx and fcy, fcuy, κcux, gcy 
respectively.

This is used for simplicity, but im-
proved resemblance with the measured 
compressive responses - for example 
those in Figure 4 - can easily be ob-
tained by defining alternative hardening-
softening curves, for instance parabolic 
hardening and linear softening.

4.2 Constitutive model for 
SHCC
In a plane stress setting with stress and 
strain vectors

(1)

the material law can be expressed as 
follows

(2)

where Dve is an equivalent time-depen-
dent stiffness modulus,
are the visco-elastic, plastic and initial 
strain vector respectively and Σ is a 
viscous stress vector accounting for 
the history. Full detail of the computa-
tional treatment is given by van Zijl et 
al. (2001). There it is shown that the 
visco-elastic stiffness is computed from 
the spring stiffnesses (Ei) and dashpot 
viscosities (ηi) of the elements in the 
Maxwell chain shown in Figure 11. The 
stress history term accumulates the 
stresses in each chain element at the 
end of the previous time step. Linear 
time integration is used to integrate 
eq. (2).

To incorporate the various sources 
of time dependence, the limit func-
tions and their evolutions according 
to the hardening-softening shown in 
Figure 9 are enhanced by consider-
ation of bulk visco-elasticity through 
the Maxwell-chain, as well as cracking 
viscosity (ηcr), as schematised in Fig-
ure 11. Note that the latter is activated 
only in tension.

The limit stresses are treated in multi-
surface plasticity fashion, whereby the 
plastic strain increment is expressed 
as follows:

(3)

with λ the amount of plastic flow/crack 
strain and f the flow function. For ten-
sion, the anisotropic Rankine yield 
function is chosen (represented by the 
solid line in Figure 10), which is a maxi-
mum principal stress failure criterion, 
formulated as

(4)

The current admissible stresses in 
the material x, y directions are denoted 
by σtx and σty respectively.

Simple expressions for the tensile 
resistance are given in Figure 9. As 
stated in the previous section, separate 
expressions are used in the orthogonal 
directions, with separate sets of model 
parameters. The hardening-softening is 
governed by equivalent tensile strain Kt, 
with an appropriate measure for SHCC 
considered to be the maximum principal 
plastic strain given by

(5)

The equivalent strain increment can 
be shown to be directly related to the 
plastic flow increment (ΔKt = Δλt) insert 
symbols. The parameter αt controls the 
shear contribution to tensile failure.
In compression, the limit function is

(6)

The equivalent compressive strain is

(7)

As for tension, it can be shown that 
the ΔKc = Δλc.

The intersection between the two 
limit surfaces is treated in a con-
sistent way, as proposed by Koiter 
(1953).

(8)

In tension, a cracking rate-depen-
dence is introduced following Wu & 
Bažant (1993) and van Zijl et al. (2001) 
as follows:

(9)

where         is a constant, reference crack 
opening rate.

The crack width w, which is as-
sumed to be spread uniformly across 
the fracture process zone of width lb, 
can be related to the equivalent strain 
as follows:

(10)

With eqs. (9, 10) the tensile strength 
equations (Figure 9) can be rewritten 
as

(11)

(12)

where the index i refers to the mate-
rials axes. The coefficient c2 is a small 
offset value to prevent singularity of 
eq. (9). The reference strain    rate is 
directly related to      cf. eq. (10).

Figure 13: Computed rate and creep responses of SHCC.
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It should be a sufficiently low cracking 
rate at which the cracking strengths are 
rate-independent. In the current model, 
the rate terms represent all physical 
processes causing rate dependence, in-
cluding both cracking viscosity and fibre 
pull-out rate-dependence. The constitu-
tive model has been implemented as a 
user material in DIANA (2008).

5 MODELLING RATE 
DEPENDENCE AND CREEP 
FRACTURE
The ability of the model to represent 
observed SHCC rate-dependence and 
creep is demonstrated in this section. 
The simple case of uniaxial tension is 
considered here, representing the case 
for which the results are shown in Figure 
5. The model parameters were taken 
as average values of the following test 
results:

(i) Monotonic, uniaxial tensile tests 
at low rates on dumbbell specimens to 
obtain the quasi-static tensile strength 
and hardening-softening parameters.

Note however that the lowest physical 
test load rate of                           was used. 
To incorporate lower tensile resistance 
at an even lower rate, the reduced val-
ues ftx = 1.8 MPa, ftux = 2.0 MPa, κtux 

= 0.035 and gtx = 0.01 N.mm-2 were 
chosen by inverse analysis to represent 
the case for                          .

(ii) Tensile creep tests on dumbbell 
specimens to compute spring stiffness 
and dashpost viscosities in the linear 
visco-elastic range, ie up to 50% of peak 
load – Figure 12 shows that tensile 
creep loads beyond 50% lead to nonlin-
ear creep. Note that shrinkage has been 
measured on separate specimens and 
has been compensated for.

(iii) Rate-dependent tensile tests 
on dumbbell specimens, from which 
the cracking rate model (eqs. 11, 12) 
parameters were computed by inverse 
analysis:

The finite element model results com-
puted with the constitutive model are 
presented in Figure 13. The numerical 
results of rate-dependent tensile tests 
are shown in dashed lines, with tensile 
strain rates coinciding with those in the 
physical experiments (Figure 5).

Also shown in the figure are numeri-
cal results of tensile creep analyses at 
various levels of sustained load (1.8, 
2.4, 2.8 and 3.2 MPa). The results 
indicate that the creep limit is reached 
for tensile creep at a sustained load 
level below a certain threshold, in this 

case 2 MPa. Delayed fracture of the 
specimen does not occur at loads be-
low this level. Beyond this level, creep 
fracture occurs after significant creep 
deformation. This is in agreement with 
the experimental results for the case of 
80% sustained load in Figure 5, except 
that the physical specimens have not 
yet fractured. Nevertheless, delayed 
fracture is expected, based on reported 
creep fracture at high sustained tensile 
load (Jun & Mechtcherine 2007) and ob-
served in tensile creep tests on notched 
SHCC specimens (Boshoff et al. 2008).

Note further that the computed 
responses to the rate-dependent, 
monotonic tests form an envelope of 
deformability for the creep specimens, 
beyond which creep fracture occurs.

The numerical results shown in Fig-
ure 13 are in reasonable agreement 
with the measured responses in Figure 
5. Note however, that no attempt was 
made to incorporate a strain-dependent 
rate term to simulate the different mech-
anisms of rate-dependence described 
in section 3.2.3. By such distinction, 
improved agreement with experimental 
results may be obtained.

6 CONCLUSIONS
This paper proposes a constitutive model 
for SHCC. Mechanisms of tensile creep 
and rate-dependence have been identi-
fied from recent experimental results. 
Rate-dependence of the cement-based 
matrix is considered to dominate in the 
low deformation range after first cracking, 
while rate-dependent fibre pull-out gov-
erns the response at large deformations.

The constitutive model incorporates 
anisotropy in terms of different strengths 
and strain-hardening-softening curves 
for orthogonal material directions, for 
both tension and compression. The 
framework of multi-surface continuum 
plasticity is used and extended to incor-
porate visco-elasticity for the bulk creep 
and cracking rate-dependence.

The model requires further charac-
terisation for biaxial loading. For lack 
of such data, simple Rankine-type 
limit functions have been suggested 
and elaborated here. Current research 
activities include biaxial testing of SHCC 
to investigate whether the linear func-
tions are appropriate.

The model has been implemented as 
a user material in a commercial finite el-
ement programme and used in finite ele-
ment analyses to demonstrate its ability 
to capture the phenomena of creep, 
creep fracture and rate-dependence 
with reasonable accuracy.

However, the model does not distin-
guish between the identified different 
physical mechanisms of rate-depen-
dence, acting at different levels of de-
formation in SHCC. This is a continued 
research focus.
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The Inland Branch held their 20th 
Annual Concrete Boat Race Day at the 
Victoria Lake Club in Germiston, near 
Johannesburg in September. Each year 
sees an improvement in the event and 
this year was no exception, with 70 
boats taking to the water and well over 
1 000 supporters cheering the rowing 
team of their choice.  

The day attracted a record number 
of participating companies and in his 
closing remarks, the Inland Branch 
Chairman, John Sheath thanked the 
organising committee, the industry, 
sponsors, lecturers and students for 
their continuing support of this now 
prestigious event on the Inland Branch 
calendar. 

Support from the local universities 
was excellent, and as in the past, some 
had included the boat construction 
in their student syllabus as a project 
management exercise. Success on the 
day was due largely to the support from 
industry representatives who provided 
financial and other support. Special 

Inland’s Concrete Boat Race
thanks therefore go to 
the following companies/
organisations: AfriSam, 
Ash Resources, BASF 
Construction Chemicals, 
Basil Read, Blitz Beton, 
Cement and Concrete In-
stitute, Chryso SA, Group 
5, Infraset, Lafarge SA, 
PPC Cement, Rocla and 
WR Grace.

Special prizes - com-
pliments of PPC Cement 
- were awarded to Deon 
Kruger for the lecturer 
who registered the larg-
est number of boats on 
behalf of the University 
of Johannesburg and for 
the greatest increase in the number of 
boats and students compared to the 
event in 2008.

There was a new prize on offer this 
year which was awarded to the first boat 
that sank. This occurred in 10 seconds 
from the start of the first race and went 

to the head of the engineering depart-
ment at one of the universities. The 
name has been withheld to protect the 
team’s reputation.

The prize (a concrete boot) was spon-
sored and presented by Modcon Precast 
of Johannesburg.

The judges: Colin Kalis and Hanlie Turner

Crowds flock to the Concrete Boat Race
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Some struggled to make the course

 Boat Name Team Prize (compliments   
  of PPC Cement)

STUDENT
CONSTRUCTION   

1ST FLYASH University
  of Johannesburg R6,000

2ND  ARK University
  of Johannesburg R2,500

3RD  GO GREEN Tshwane University
  of Technology R1,000

SPECIAL MENTION QUEEN MARY University
  of Johannesburg -

Category Boat Name Team
and Position

STUDENTS
RACE  

1ST Viermaneenroeispaanangedrewerbetonwater- University of 
 vervoermiddel  Pretoria 

2ND Crafty University of
  Johannesburg

3RD Wet ‘n Wild University of
  Johannesburg

INDUSTRY
RACE  

1ST PPC Hercules PPC Cement

2ND DuraPozz Ash Resources

3RD Rocla Racoon Rocla

LADIES RACE  

1ST PPC Sales/Marketing 2 PPC Cement

2ND The Submarine Group 5

3RD Rocla Racoon Rocla

Gillooly’s
Interchange 
The site visit to Gillooly’s Interchange, 
one of the busiest interchanges in 
South Africa was one of the unique 
events members attended recently. The 
Gauteng Freeway Improvement Project 
(GFIP) incrementally launched the 
bridge at Gillooly’s Interchange, where 
the N3 and N12 meet, to the east of Jo-
hannesburg. More than 50 enthusiasts, 
ranging from consulting engineers and 
contractors, to suppliers and academ-
ics, were hosted on this special visit by 
the main contractor, CMC di Ravenna 
South Africa.

The afternoon began with a detailed 
presentation by a visiting CMC engineer 
from Italy on all aspects of the bridge 

construction covering design, logistics, 
erection and launching. In summary this 
part of the project, named Work Pack-
age I is the final GFIP project in the first 
phase, entailing the upgrade of 10km 
of the N12 between the N3 (Gillooly’s) 
and the R21 interchanges, as well as 
the N3 section between the N12 and 
Modderfontein interchanges. The con-
sultants for this section are Gillooly’s 
Joint Venture and the main contractor 
is CMC/G4 Joint Venture. 

A highlight is the construction of a 
200m-long, incrementally launched 
bridge designed to relieve the weaving 
action of traffic within the Gillooly’s In-
terchange. The curved bridge is being 
cast in increments, from the Boksburg 
side, and will take the Boksburg to 
Sandton traffic movement.

Unique to Work Package I is the use 
of an ultra-thin concrete base for the 
new road sections. The base is heav-
ily reinforced using 50x50x5mm steel 
mesh, and the concrete itself has a high 
concentration of steel fibres yielding a 
strength of approximately 120MPa.
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Eastern Cape’s concrete chatter
The end of the year is rapidly approach-
ing and we are about to bid farewell to 
an interesting and busy year. The year 
started off at a sprint with the organisa-
tion and hosting of the very successful 
Self Compacting Concrete (SCC) full day 
seminar in February as well as the AGM 
at the end of the same month.  

Things certainly did slow down a little in 
terms of CSSA activities as committee 
members’ work commitments escalated 
and between the AGM and now we only 
managed to organise and host the Ful-
ton Awards Dinner at the King Edward 
Hotel in June, which also was a huge 
success with approximately 140 people 

attending. To close off the year, two final 
events have been arranged: the Con-
crete Diagnostics and Repair Methods 
end of October; and the Coega Bridge 
Site Visit during November.  In 2010 the 
Eastern Cape branch intend hosting a 
‘Concrete mix design and specification’ 
workshop during March.

KZN’s Egg Protection Device Competi-
tion arranged by the KZN branch and 
sponsored by NPC Cimpor was well 
attended with 23 student entries and 
10 entries from industry. Students 
from MUT, UKZN and DUT took part in 
a closely contested competition at the 
Berea Rover Sports Club. The teams got 
to see whose concrete arch could take 
the most blows from an overhead weight 
before the arch cracked and broke the 
egg underneath. Participants and sup-
porters showed great enthusiasm and 
the excitement and noise levels were on 
a par with last year’s event.

The evening was a great success for 
all parties who participated. NPC Cimpor 
is proud to be associated with this event 
and would like to see this event grow 
from strength to strength in the future. 
This will remain an important event on 
the KZN CSSA’s calendar. 

The winners were awarded their 
prizes by Laurence Stevens, NPC Cim-
por’s Operations Manager, who handed 
over cheques to the winners. 

The winner of the Student Competi-
tion was Shumbuzo Mngadi from MUT. 
Second place went to Andrew Maro from 
UKZN and in third place Silindile Gloria 
Maphumulo from MUT. 

The hotly contested industry compe-
tition saw Nishal Surjoo from Lafarge 
take first place.

KZN’s Egg Protection Device Competition

First place went to MUT team number 2: Nondumiso Thulile Gumede, Penny Gugu 
Mbuyisa and Mlungiseni Biyela with Dion Kuter – KZN CSSA Branch Chairman, Rowan 
Scully – KZN CSSA Committee Member/NPC Cimpor Key Account Manager)

Second place: DUT team: Robert Mc Cann, Bradley Hall, Brent Kloppers and members

Laurence Stevens from NPC Cimpor with Nishal Surjoo from 
Lafarge take first place. Mthokozisi Themba Shezi from Contest 
came second, and in third place MA Mncwabe from Lafarge.

The winning students, in first place Shumbuzo Mngadi 
from MUT, 2nd place was Andrew Maro from UKZN, NPC 
Cimpor’s, Laurence Stevens next to Silindile Gloria 
Maphumulo from MUT in 3rd place.
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Western’s 
Concrete 
Cube
Competition 
The Western Cape Branch held the prize-
giving for the annual Concrete Cube Com-
petition at the University of Cape Town’s 
concrete laboratory. 

The quest for accuracy continued 
this year with a target compressive 
strength challenge set at 90.0 MPa 
for the 100 mm cube specimens, lim-
iting mass to 2.6 kg but permitting the 
use of any material.

In recent years the number of entries 
has increased dramatically due to a higher 
number of civil engineering students at the 
academic institutions which also results in 
tougher competition. 

This year was no exception with 43 group 
entries. Support and attendance from the 
local universities was great.

Special thanks to Hans Beushausen for 
conducting the cube tests and hosting the 
event at UCT.

Special thanks to Doka and their repre-
sentatives who provided the catering as well 
as booby prizes.

The Koeberg Interchange Phase 1 site 
visit and project briefing was hosted 
by Group 5 Civils. The event was well 
attended and over-subscribed to by 
engineers, contractors and suppliers.
John Colman briefed the society’s 

Koeberg Interchange site visit
delegates on the scope of the work, 
the project deadlines and the current 
progress.

After the briefing, the attendees 
toured the site and discussed construc-
tion aspects in detail. They were given 

first hand knowledge of the operation 
and the magnitude of the upgrade to the 
Interchange in the City of Cape Town.The 
branch is hoping that a second visit will 
be possible during the second quarter 
of 2010.

Runner up Simon Braun

Mike Otieno with Hans Beushausen

Student results: 1. Mike Otieno (UCT) 90.0 
MPa; 2. Simon Braun (UCT) 89.8 MPa; 3. 
Tony Meri (UCT) 88.6 MPa; Non-student; 1. 
Charles May (UCT Laboratory) 97.0 MPa
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This is because ordinary concrete be-
haves like a malleable body depending 
on the slump and temperature, however 
SCC behaves like a liquid and does not 
have the ability to support part of its 
own weight within five hours, therefore 
resulting in the need for walling systems 
that can withstand greater pressures for 
higher casting heights. 

In South Africa most contractors and 
suppliers possess modular systems that 
can withstand fresh concrete pressures 
of 60kN/m². With the utilisation of 
SCC these systems will only be able to 
realize pour heights of maximum 2,4m. 
A limited amount of contractors and 
suppliers are in possession of systems 
that can withstand pressures of 80kN/
m², realizing pour heights of up to 3,2m 
possible.

For walling and columns’ pour heights 
greater than 3,2m, special formwork 
solutions will need to be utilised either 
made of special steel design or of a 
variable solder/waler application utilis-
ing standard components designed to 
suit the relevant pressure anticipated.

The contractor will need to ensure 
that the following considerations are in 
order to ensure successful concreting. 
Formwork will need to be designed to 
withstand the relevant concrete pres-
sure. No gaps in shutter to be wider than 
2mm and all other gaps to be sealed. 
Box outs need to be bolted down/ se-
curely fixed and braced

The best way of pouring SCC is to let 
it flow from one point. It flows up to 20 
m horizontally. But having box-outs for 
doors within these 20m will result in 
single sided concrete pressure on the 
box-out, which will destroy it, so pour 
alternately. 

A concrete kicker is advisable to assist 
with sealing of gaps. Groutex should be 
utilised. Formwork has to be tied/bolted 

allow the placement to take 
place from the bottom with 
a static pump.

Slab formwork
SCC concrete does not im-
pose any additional load 
onto the slab formwork. The 
form lining will need to be 
watertight, resulting in addi-
tional cost of consumables. 
Modular decking systems 
are questionable and not 
recommended. Soffits with 

a fall are not possible without top shut-
ter, resulting in an additional cost.

Special formwork 
applications
With tunnels, underpinning ,shaped 
beams and buttress columns, SCC has 
the obvious advantages over normal 
concrete placement due to the blind 
workface and inaccessibility. Special 
Engineering & Design will be necessary.

References
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ager, Peri Formwork & Shoring
2. Riaan Brits(Pr Eng) Sales Engineer, 

Wiehahn Formwork & Scaffolding
3. Ariane Standt (Dipl.Ing) Design 

Engineer, Wiehahn Formwork & 
Scaffolding

4. Sika Concrete Handbook
5. American concrete institute (ACI)

Self Compacting
Cement
Recognising that some SCC can be almost liquid-like in 
nature, the American Concrete Institute (ACI) Committee 
347, Formwork for Concrete, recommends a very con-
servative approach to formwork design. The committee 
suggests that formworks are designed with the assump-
tion that full liquid pressure head will be achieved unless 
trial study measurements can prove otherwise.

down to the founding wall below, to pre-
vent upliftment. Watertight chamfers, 
cones and ferrule tubes are required.

The additional consumables will 
definitely impose an additional cost to 
the wall formwork process however the 
actual formworking material cost and 
any additional cost can only be realised 
once the pour height, finish require-
ment, cycle time and the amount of 
materials have been determined.

Concrete placement
There are three options for the place-
ment of concrete. Option 1: with water-
tight concrete skip and a flat hose allows 
the placement to take place from the 
bottom. Option 2: Pumped with the 
discharge pipe placed between rebar 
to allow the placement to take place 
from the bottom. (Minimum space be-
tween rebar is 140mm). Option 3: with 
a formwork concrete pump connector to 
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                                                                           INTERNATIONAL EVENTS CALENDAR 2010
DATE MEETING/EVENT VENUE  CONVENOR

14 – 16 Design and Construction of Safe and Technical University, Prof Dr HR Viswanath
April Sustainable High-rise Structures Munich, Germany

22 - 24 34th IABSE Symposium Venice, Italy IABSE Organising
September “Large Structures and infrastructures for  Committee
 Environmentally Constrained and  
 Urbanised Areas”

                                    CONCRETE SOCIETY OF SOUTHERN AFRICA — INLAND BRANCH EVENTS 2010DATE
 MEETING/EVENT VENUE  CONVENOR

04 Feb Branch Committee meeting C&CI, Waterfall Park, Midrand John

04 Mar Branch Committee  meeting/AGM/Carbon Footprint presentation TBA John/Hanlie

01 Apr Branch Committee meeting C&CI, Waterfall Park, Midrand  John

06 May  Branch Committee meeting C&CI, Waterfall Park, Midrand  John

14 May Egg Protection Device Competition – test date and prize-giving PPC Jupiter Carousel, JHB Johan van Wyk

20 May Mini-seminar – Architectural Concrete TBA Hanlie

03 Jun Branch Committee meeting C&CI, Waterfall Park, Midrand  John

01 Jul Branch Committee meeting C&CI, Waterfall Park, Midrand  John

03/04 Aug National Concrete Seminar Gauteng All

12 Aug Branch Committee meeting C&CI, Waterfall Park, Midrand  John

02 Sep Branch Committee meeting C&CI Waterfall Park, Midrand John

18 Sep Annual Concrete Boat Race Day  Victoria Lake, Germiston Trevor

07 Oct Branch Committee meeting C&CI, Waterfall Park, Midrand  John

21 Oct Mini-seminar- Innovation in South African concrete TBA Hanlie

04 Nov Branch Committee meeting C&CI, Waterfall Park, Midrand  John 

05 Nov Chairman’s Breakfast  & Concrete Achiever of the year Award To be advised Johan

 DATE
                                              CONCRETE SOCIETY OF SOUTHERN AFRICA NATIONAL OFFICE 2010

 MEETING/EVENT VENUE  CONVENOR

28 February Closure of Source Distributed to all members Natasja Pols
 Book Entries  Administrator of CSSA
 Submissions

11/12 March National AGM Cape Town (venue to be confirmed) Francois Bain
   President of CSSA

Mid April Concrete Beton - Issue 124 Distributed to all members  Crown Publications

May Concrete Flooring Johannesburg, Durban, Port Elizabeth Seminar Organising Committee
 Roadshow Seminar & Cape Town (venues to be confirmed)   

Mid May Distribution of Distributed to all members Crown Publications
 2010/2011 Source Book

3/4 August Sustainability Symposium Johannesburg (venue to be confirmed) Symposium Organising Committee


