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L. INTRODUCTION

In Denmark the production of electricity is largely dependent on coal fired power plants. With
the emergence of the EN 450-1 standard fly ashes from co-combustion of coal and certain
organic matenals in limited amounts were allowed in concrete production on the same
conditions as fly ash from pure coal combustion [1]. In the Netherlands concrete production has
been allowed based on an ETA approval of fly ash from co-combustion with substantially
higher amounts of co-combustion material than is allowed according to EN 4501 [2]. The
Danish government wanis the national power plants to use considerable amounts of biomass in
the production of electricity and heat. In order to fulfil the agreement with the government the
Danmish power plants have looked into producing co-combustion fly ashes  without
compromising the quality of the fly ash in terms of its properties for use in concrete production.

2. MATERIALS AND METHODS

Two general types of ashes were investigated, i.e. ash from co-combustion of coal with straw
from agriculture and ash from co-combustion of coal with wood pellets from the wood indusiry.
The bulk chemical composition of ashes was determined and the chemical and physical test
required to conform to EN 450-1 were performed. In addition pre-testing, i.e. the fresh and
hardened concrete properiies were determined, according to EN 206-1 [3] was performed on
two typical Danish fly ash conerete mixtures in strength classes C20 and C35 comesponding to
exposure classes X0, XC1 and XD1, X52, XF3, XA2, respectively.

3. RESULTS

The activity indexes of tested fly ashes are shown in Table 1. The activity indexes of the co-
combustion fly ashes are very similar to those of the reference ashes, and all ashes meet the
requirements to activity index of EN 450-1, i.e. 75 % at 28 days and 85 % at 90 davs. The
strength developments of the reference pure coal fly ash concretes and the co-combustion fly
ash concretes are shown in Table 2 and 3. From the tables it can be seen that strengths obtained
with the co-combustion ashes are all within their strength classes, However, in some cases the
co-combustion fly ash conerete vielded strengths that were lower than those of the reference
concretes, which can, at lesst o some extend, be attributed to higher air contents of co-
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combustion fly ash concretes. Where the air contenis of the reference and co-combustion fly ash
coneretes were the same the strengths were also the same.

Table 1 — Activity indexes of flv ashes.
Ash D
— SuawHET

Sitrmew 10
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Table 2 — Strength developmenr of C35 concretes in exposure elass XF3 (eguivalent wic = (1.42)
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4. CONCLUSION

The results from testing of co-combustion fly ashes, based on straw from agriculture and wood
pellets from the wood industry, showed that the co-combustion ashes performed similarly to the
pure coal ashes in typical Danish ready mixed concrete.

The Danish concrete industry has been using the straw-based co-combustion ash for more than 3
years, and the practical experience confirms that this co-combustion ash has a performance
equivalent to that of pure coal ash,

The co-combustion ash based on wood pellets has not yet been started up in daily production.
REFERENCES

I. DS/EN 450-1:2005. Fly Ash for Concrete — Part 1: Definition, Specifications and Con-
formity criteria.

2. BMC Cerification: Common Understanding Assessment Procedure - Fly Ash for Con-
erete (ETA request No, 03.01/34), The Netherlands, September 21, 2004,
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1. INTRODUCTION

COIN - Concrete Innovation Centre (www sintefno/coin) — is one of presently 14 Centres for
Research based Innovation (CRI), which is an initiative by the Research Council of Norway.
The main objective for the CRIs is to enhance the capability of the business sector to innovate
by focusing on long-term research based on forging close alliances between rescarch-intensive
enterprises and prominent research groups.

The vision of COIN is creation of more aitractive concrete buildings and structures.
Attractiveness implies acsthetics, functionality, sustainability, energy efficiency, indoor climate,
industrialized construction, improved work environment, and cost efficiency during the whole
service life. The primary goal is to fulfil this vision by bringing the development a major leap
forward by more fundamental understanding of the mechanisms in order to develop advanced
materials, efficient construction techniques and new design concepts combined with more
environmentally friendly material production.

2, RESEARCH SIGNIFICANCE

A major challenge facing the concrete indusiry is the paradox that it is an essential necessity but
yet has a low public image. Hence, it is an important issue for the industry (0 create a more
realistic and positive image of its products. It is likewise important to make concrete buildings
more altractive in order to gain a stronger position among building owners, architects,
contractors and in the public opinion, and thereby increasing the marked share especially on
housings. A goal is therefore to improve the quality of concrete products and to make it even
maore cost efficient and environmentally friendly.

The productivity in the construction sector has during the past decade for several reasons had a
negative development compared with other industries. Technical improvements may
significantly reduce the required work force and counteract this trend. In order to further
improve the product quality, productivity and the work environment there will inevitably be an
increased trend towards tailoring of properties and a higher degree of (indoor) prefabrication and
premixed products. A goal is therefore to develop more rational production and to increase the
level of competence in this sector.
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Sustainable development will still be emphasized by European and National politicians in the
coming years. The sustainability of buildings and structures is strongly influenced by the choices
made in design and construction, and it should be evaluated for the whole service life of the
building. Recent studies reveal the possibilities for significant reductions (=50 %) in energy
consumplion for heating and cooling of buildings by adequate utilisation of the high thermal
energy of concrele, A goal is to develop designs and construction systems for significant
reductions in energy consumption for heating and cooling of buildings by adequate wiilisation of
the high thermal energy of concrete,

With respect to suestainability the concrete industry also faces challenges related to
environmental impact, depletion of resources and energy consumption. Being a “natural”
material, utilization of concrete implies consumption of a vast amount of raw materials. Thus,
the industry is facing rapidly increasing challenges related to global environmental requirements
and supply of resources that force the concrete industry to look for altemative solutions. A goal
is therefore to improve the sustainability through development of technologies for reduced raw
material and energy consumption and for low emissions, while maintaining the market share.

Aggregates for concrete have been quarried from natural resources. Now, an increasing amount
is produced from crushed rock (but also secondary raw material, demolition waste, etc) because
the natural resources are emptied or rejected for environmental reasons, However, even rock
quarries meet environ-mental restrictions all over Europe. Production of cement is associated
with high COy-emission. Although considerable progress has been made in optimisation and
utilization of alternative materials and fuels, it still accounts for about 5 % of the world's otal
COz-emissions. To meet these environmental challenges the concrete industry needs to reduce
material consumption, develop altermative and more robust matenals, lighter products, new
construction and design technigques.

3. CONTENT AND RESULTS

The work so far has been to organize the Centre and to establish State-of-the-Art within the
chosen research areas. The latter has resulted in nearly 30 State-of-the-Art Reports, many of
them presented at the present symposium. About 25 researchers from SINTEF (host), the
Norwegian University of Science and Technology — NTNU (research partner) and industry
pariners, 15 — 20 PhD-students, 5 — 10 MSc-students every year and a number of international
guest researchers, work on presently 5 projects: 1. Advanced cementing materials and
admixtures, 2. Improved construction techniques, 3. Innovative construction concepts, 4.
Operational service life design, and 5. Energy efficiency and comfort of concrete structures.

4.  PROJECT DATA AND FINANCIAL SUPPORT

COIN has presently a budget of NOK 200 million over 8 years (from 2007), and is financed by
the Research Council of Norway (approx. 40 %), industrial partners (approx 45 %) and by
SINTEF Building and Infrastructure and NTNU (in all approx 15 %). The present industrial
pariners are: Aker Kvaemer Engineering and Technology, Borregaard LignoTech, Maxit Group,
Norcem A.S, Norwegian Public Roads Administration, Rescon Mapei AS, Spenncon AS,
Unicon AS and Veidekke ASA.
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L. INTRODUCTION

Residential buildings are not always adjusted to the way we live our lives today. Our houses are
still built as they have been for ages although our way of living has changed a lot in the last
decades. Today it is common that both parents are working full time and do not have much time
to spend on housework or to keep the house well-maintained. The circumstances in a family
may not be the same forever or they can be very different from one family to another. This
means that we have to be able to build flexible houses which can satisfy sudden changes in
needs connected to the living environment.

These thoughts initiated this concrete house-project KONKRET VISION (eng. Concrete
Vistion).

¥ 5 THE NETWORK BETTAN AND OUR PROJECT KONKRET VISION

The ideas for this house in concrete is based upon the desires of the women in the female
network Bettan in the Swedish Conerete Association. The network was inspired by Volvo's
"Your Concept Car = by Women for Modern People”. This project is financed by the Swedish
National Board of Housing, Building and Planning and by the Development Fund of the
Swedish Construction Industry. The project will in June 2008 result in blueprints and computer
visualizations of a two-storey concrete house.

The female network Bettan was founded in spring 2004, The purpose of this network 15 to attract
more women (o the construction industry and to make the industry more competitive. Today, in
Sweden, only 8 percent of all white-collar workers and | percent of all carpenters are women,

respectively.



The goal is to develop a living environment where sharp solutions, pood functions and quality in
the housing is given priority. In this project we try to think outside the box to be able o creale a
safe housing with wellbeing that simplifics our living and protects our environment.

3 ENERGY EFFICIENCY - KIND TO YOUR WALLET AND TO THE
ENVIRONMENT

We focus to create an energy efficient and environmental friendly house. These factors control
the design of the house, the onentation in different point of compass, choice of climate control
system and of course also in choice of materals, [n order to create an energy efficient house we
give priority to, among other things, a well insulated concrete structure, energy efficient
windows and renewable energy source.

4. CONCRETE INDOORS

In this project we also want to exemplify
the possibilities to use concrete in the
living environment. Concrete is very
formable and we believe it has a lot to
offer when it comes o aesthetic
gualitics, For example all the sanitary
areas have concrete surfaces instead of
tile. It gives a nice and tidy surface
without joints. It may contribute to less |
housework and an easier life.

3. SIMPLE AND SAFE

We have focused on assembling all
the pipes, ducts and wires in a joint
shaft. This shaft is the main supply
for the house and connects the
sanitary areas such as the bathroom
and laundry room with the kitchen.
There will be full access to the shaft
via the kitchen area which renders
the possibility to inspect the pipes
and wires and to make modifications
in the future. This is the core of the
house and may be considered as a
product of its own.
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. INTRODUCTION

Thermal actions due to environmental influences lead to temperature changes in concrete
structures. Temperature changes can be divided into an average temperature change and a linear
as well as a non-linear temperature variation over the cross section. The average temperature
variation is mostly due to varation in the annual temperature, while the linear and non-linear
temperature variation is due to daily variation in radiation and wind.

The temperature variation in a concrete structure will lead to movements. If the movements are
restrained, stresses are induced in the structure. These stresses may contribute to cracking in the
structure. It is known from inspections of concrete bridges that cracks are more freguent on
faces exposed to solar radiation. This is a clear indication that thermal actions have a significant
influence on the performance.

The main objective with this project is to characterize and describe thermal actions due to
climatic exposure. Methods shall be developed to determine design temperature profiles for a
specific concrete bridge with given cross section based on climatic thermal actions using a FEM
program and metcorological data from SMHI. The temperature profiles can be used to predict
thermally induced stresses in both longitudinal and transversal directions of concrete structures.

2. RESEARCH SIGNIFICANCE

Cracking 15 a significant problem in concrete structures. To prevent and limit cracks the loads on
a structure mus! be known. Thermal actions lead to temperature loads which can lead to
eracking in the structure. It is important to develop methods 1o perform more detailed evaluation
of thermally induced effects.

The use of such methods is motivated for large bridges with special design conditions, for
assessment of existing bridges where thermal actions can be expected to contribute significantly
and in connection with monitoring to distinguish thermally induced response from other effects.



121

3. METHOD

A concrete slab has been cast and mounted with thermo-couples to measure the temperature at
various depths in the center of the slab. The measured temperatures are compared to
temperatures calculated with a Finite Element analysis of the slab. In the FE model the different
types of thermal factors must be estimated and included. To estimate the thermal factors {solar
radiation, wind, ambient temperature and long-wave radiation) special measuring equipments
have been installed at the site of the slab.

The verified FE model will be used to calculate temperatures in concrete structures with climate
data acquired from SMHI over a period of approximately 40-50 years. From the calculaied
temperatures a statistical analysis will be executed to estimate extreme values for effective
bridge temperatures and linear temperature differences.

4. RESULTS

In this stage of the project the measurements and modeling of the slab are the primary
objectives. The results presented in Figure 1 are temperatures in the slab for a February day.
Results from Finite Element calculations compared with the measuremenis will be presented in

the poster at the symposium.

g - e —

Swiface

e 5 i
(R

= ER NN

Temrperature - "

- |

(kE-02-1 1 0824 80315 20:24 08-02.14 08: 24

Day - Tiivae

Figure |-Diagram showing the temperature in the slab ar different distances from the surface,
Total thickness 250 mm.

5. CONCLUSIONS
Figure 1 shows that the solar radiation affects the top of the slab more and makes it warmer than

the lower parts. At night the opposite happens, long-wave radiation causes the temperature to
drop in the top of the slab.

6.  FINANCIAL SUPPORT AND PROJECT DATA

This project is a PhD-project of 5 years, started 2007, and is mainly financed by the Swedish
Research Council Formas with additional support from the Swedish Road Administration,
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1. INTRODUCTION TO SENSOBY G

The Danish Ministry of Science, Technology and Innovation granted a R&D project to the
building industry in Denmark in 2007. The project is titled "Sensor based surveillance in
construction” or in short SensoByg. The project started in March 2007 and it will be running for
3 years until 2010 with a 4 ME budget.

Danish Technological Institute is acting as overall project manager for the 12 industrial partners
and 6 R&D performers. The latter includes Aalborg University (building physics), the Technical
University of Denmark (wireless signals and radio wave technology), Alexandra Institute
(software architecture for sensor networks), Lund University (moisture in building materials),
Aarhus University (software systems and computer science) and Danish Technological Instituic
{sensor technology, concrete technology). The individual SensoByg members are deseribed on
the web site www, SesnsoByp dk together with description of the work packages,

The main purpose of the project is to develop robust and reliable systems for monitoring
buildings, civil struciures and building materials by means of wireless embedded sensor
technology. It is not the scope of the project to develop the sensor technology itsell. Focus is
placed on the systems handling the sensor data providing decision making tools for the building
owners, the building operators and the contractors. One of the main challenges is to develop
embedment technigques for the sensor unit so that it is able to survive the alkaline environment of
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concrete and installation technigues being robust enough to survive on the building site
conditions. Installation techniques for newly cast concrete (in situ as well as precast) and post-
installation in existing structures are included.

The activities within SensoByg are strongly associsted with the monitoring of moisture (in
terms of relative humidity) because moisture 15 almost always the driving force when damages
on buildings and building materials are considered. Moisture governs the durability of concrete
and it controls the risk of corrosion. Inside buildings moeisture is associaled with growth of fung
and degradation of organic building materials. Furthermore, excess moisture is responsible for
health problems within houses. SensoByg is organised in 5 technical focus areas (Fig. 1, right)
and 4 demonstration projects (Fig. 1, left). The focus areas are common R&D themes that apply
to all the demonstration projects and applications. Three of the demonstration projecis are
closely associated with concrete:

* “Large structures™ focus on civil structures such as bridges and unnels. The scope is mainly
to monitor the structures over several years or even decades in order to asses the need for
rehabilitation without destructive condition surveys, One application is surveying of
waterproof membranes on bridge decks but also splash zones and other hard-to-reach areas
are included. Furthermore, wircless sensors are considered to monitor and to verify the
concrete quality during casting and curing of new concrete structures,

= “Moisture in the construction phase” focuses on building structures such as walls and floors
where moisture sensitive finishing is specified. Typically the moisture content in concrete
floors is limited 1o say 83 % RH before the flooring is applied. Testing of conerete moisture
content is cumbersome and ofien hindered by tight time schedules. Cast in sensors are
expected to give the contractors betier control and planning of the drying process during the
casting and curing of concrete.

e “Concrete elements” focus on maturity and logistics of precast structural elements. This
activity should help the manufacturer to improve his productivity and product quality from
the casting bed to the final application.

Due to the limited space available it is not able to go into details with the specific topics.

Figure 1 — SensoByg themes and activities,
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1. INTRODUCTION

China faces great challenges with respect to sustainable energy and resource managemeni,
excessive pollution, environmental degradation and health effects, and with regards to
environmentally sound and safe hazardous waste management.

The Chinese cement industry produced 1.065 billion ton cement in 2005, accounting for 808
kg per capita and approximately 50 % of the world production. The cement industry consumed
about two billion tons of virgin raw materials, approximately 200 million tons of coal, around
100 mallion kWh of electricity and emitted more than one billion tons of carbon dioxide,
millions of tons of dust and about 5 % of all S0 emissions in China. Ambient air levels of
suspended particulates and SOs in Chinese cities are among the highest in the world and these
heavy pollutant loads are closely associated with significant respiratory illnesses, estimated to
cause 200,000 premature deaths each vear in urban areas.

The Chinese State Environmental Protection Administration (SEPA) estimates that more than
one billion tons of industrial wastes are generated annually, up to 30 million tons of hazardous
wastes, approximately 150 million tons of municipal solid waste and more than 30 million tons
of sewage sludge. The treatment capacity for these wastes is far from sufficient and there is an
urgent need for improvement. The European cement industry is substituting up to 40 % of their
fossil fuel consumption with waste materials and co-processing in the cement industry has been
the sale solution for arganic hazardous waste treatment in Norway the last twenty five vears.

China has currently 6000 cement plants in operation but enly a few plants have started to co-
process waste as a fossil fuel subsiitute. Co-processing of waste in cemeni kilns offers
advantages for the cement industry, for the industry producing wastes as well as for the
authorities responsible for waste management, One of the advantages for authorities and
communities is that this waste recovery method uses an already existing facility, eliminating
the need to invest in a new, expensive and purpose-built incinerators.
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1, PROJECT JUSTIFICATION

Cement kilns have proven to be effective means of recovering value from waste materials and
co-processing in cement kilns is now an integral component in the spectrum of viable options
for treating hazardous industrial wastes, mainly practiced in developed countries. A preheater
cement kiln possess many inherent festures which makes it ideal for hazardous waste
treatment; high temperatures, long residence time, surplus oxygen during and afier combustion,
good turbulence and mixing conditions, thermal inertia, counter currently dry scrubbing of the
exit gas by alkaline raw material (neutralizes all acid gases like hydrogen chloride), fixation of
the traces of heavy metals in the clinker structure, no production of by-products such as slag,
ashes or liquid residues from exit gas cleaning and complete recovery of energy and raw
material components in the waste. One mega joule of waste encrgy will substitute one mega
Joule of fuel energy.

It is however necessary to have clear guidelines for co-processing of hazardous wastes in
cement kilns, guidelines which also follow the requirements of the Stockholm and the Basel
Conventions. To protect health and environment efficiently, it is necessary o leamn from
experience in other countries and to adapt the lessons learnt and best practice to the actual
Chinese requirements and conditions. When such guidelines are in place the technology can be
promoted in China through training and demonstration projects.

The purpose of the project is to establish the basis for large scale implementation of safe and
environmentally sound treatment and recovery of hazardows and industnal wastes in the
Chinese cemenl industry.

3. PROJECT ACTIVITIES

The project aims at integrating the best from intemational practice of co-processing wasle
materials in the cement industry with requirements of global conventions and Chinese
conditions. The guidelines will be made operational and practical and will be tested and
evaluated in pilot demonstration activities in selected Chinese provinees and cities. Based on
the outcome of the demonstration activities, the guidelines will eventually be amended and
improved and draft final guidelines will be 1ssued. Capacity building and training will be cross
cutting and overarching activities.

The following cities and provinces are candidates for demonstration activities: Beijing,
Guangdong, Hubei, Shanghai, Shanxi, Sichuon and Zhepang. To save time and monoey, the
project will try to integrate and benefit from already on-going hazardous waste management
activities, for example between international bilateral pariners and Chinese authorities.

The project has been requested by the Chinese State Environmental Protection Administration
(SEPA) and will be executed by their intemational unit, FECO (Foreign Economy Co-
aperation Office of SEPA), which will subcontract research to institutes, universities,
Environmental Protection Bureaus in the various provinees ete. The project will be carried out
in close cooperation with the industry, and will be managed and supervised by SINTEF. The
project started January 2007 with a duration of 3 years.
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1  INTRODUCTION

The rates of cement hydration reactions may be increased by adding small amounts of chemical
substances, called accelerators, to the cement-water mix. Hence, an accelerator is added to
concrete for the purpose of shortening setting time and/or increasing early strength development.

In the Norwegian COIN project (see Section 4) one goal is to develop cfficient accelerators,
especially for “slow hardening”™ blended cements. Accordingly, a state-of-the-art-report [1] has
been written providing a historical and technical overview of accelerators, their mode of
actions and the charactenstics of ioday's commercial accelerators. This report is a short
presentation of the COIN state-of-the-an-report.

2  RESEARCH SIGNIFICANCE

The introduction of blended cements has created a need for more efficient accelerators that have
the capacity to speed up the hydration reactions and accelerate the hardening process. Calcium
chloride is known to be an extremely efficient accelerator for both setting and hardening,
Indeed, calcium chloride has been widely used for many decades due to its low
cost/performance ratio. However, due to its tendency to promote corrosion of steel, it is no
longer recommended for use in steel reinforced concrete. Accordingly, calcium chloride has
been replaced by chlonde-free alternatives, many being less efficient and charactenzed by high
cost/performance ratios.

3  RESULTS AND CONCLUSIONS

Many chloride-free inorganic and organic salts and compounds have been reported to aceclerate
hydration of Portland cements. Typical inorganic compounds are alkali and alkali earth salts of
nitrate, nitrite, thiocyanate, carbonate, sulphate, silicate and aluminate. Today, most commercial
aceelerstors for normal concrete contain sodium and calcium salts of nitrate and thiocyanate,
while sodium silicate and alumimum sulphate are used in shotcrete accelerators. Accelerating
organic salts and compounds are found among carboxylic and hydroxycarboxylic acids and their
salts, and alkanolamines. In the first group, calcium formate is a well known aceelerator, while



di- and triethanolamine are the most common among the alkanolamines. Alkanolamines are
typically used as ingredients in aceelerator blends, and rarely, if ever, as a sole ingredient. It is
considered important that further R&D activities focus af:

Today s most commaon u'-'nng m:'lm‘cmmr h.t.wd on technical grade calcfum nitrate fulfils most
requirements in the market concerning setting behaviour,

Technical grade bulk chemicals

The main chemical in a formulated admixiure must be eavily available at acceptable low cost.
Safety (chemicals friendly to humans and natural environment)

The "worst labelling™ of a potential admixture for the future would probably be Xi, Irritant (Xn
Harmul showld be avoided).

Low alkali content

Atremps at developing alkali-free accelerators should be aimed at, especially if the accelerator
is ta be wused at high dosages, as for shotorete accelerators and antifreeze admixtures.

S istic effects of chemi lends

A lot of potential chemicals have been tested separately. However, future R&D efforts should
focuis on synergistic effects eccurring when several chemicals are mived,

4. PROJECT DATA AND FINANCIAL SUPPORT

COIN - Congcrete Innovation Cenire - is one of 14 Norwegian Centres for Rescarch hased
Innovation (CRI), which is an initiative by the Research Council of Norway. The main objective
for the CRIs is to enhance the capability of the business sector to innovate by focusing on long-
term research based on forging close alliances between research-intensive enterprises and
prominent research groups.

About 25 researchers from SINTEF (host), the Norwegian University of Science and
Technology (NTNU) and mdustry partners work in the COIN projects (presently 5 projects).
COIN involves moreover |5 - 20 PhD-students, 10 - 20 M.Sci-students and intemational guest
researchers. The research covers a wide range of topics wherein Advanced cementing materialy
and admixiures is one of them.

COIN has presently a budget of NOK 200 million over 8 years (from 2007}, and is financed by
the Research Council of Norway (approx. 40 %), industrial partners (approx 45 %) and by
SINTEF Building and Infrastructure and NTNU (in all approx 15 %). The present industrial
partners are:

Aker Kveerner Engineering and Technology, Borregaard LignoTech, Maxit Group, Norcem A.S,
Norwegian Public Roads Administration, Rescon Mapei AS, Spenncon AS, Unicon AS and
Veidekke ASA.

For more information, see www.sintef.no/coin

REFERENCE

1. R Myrdal, “Accelerating Admixtures for Concrete. State of the An”, SINTEF REPORT
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1. INTRODUCTION

The calcium silicate phases C3S {alite) and TS (belite] ARE essential to the build-up of strength
in Portland cement. They are formed above 800 “C, where C;5 is preferentially formed upon
elevating the temperature, and increasing amount of added bumed lime, CaO. The C;8 phase is
responsible for short term strength development (days to months) while C8 displays the better
long term strength development {(~years). The high energy input and the buming of calcite make
cement production a major source of the green house gas C0; [1] that causes global warming. In
recent years, the increased aftention on environmental aspects of material conversion has
influenced research towards possible modifications of Portland cement to better meet the
increasing demands for sustainability in the construction sector.

2. RESEARCH SIGNIFICANCE

Our rescarch concerns both method developments and fundamental understanding of the
chemistry of cement. The influence of additives such as nanosilica and alkaline-free accelerators
is studied to achieve fast setting and early strength even with a high belite/alite ratio to obtain
more environmental friendly and sustainable cement. To fully understand the influence of
additives on the hydration of cement it is important to study the carly chemical processes. It is
vital to know which chemical reactions that dominate during different stages to draw
conclusions about e.g. the selting from a chemical point of view and to design additives that
give desired properties. One major problem is to find technigues that are fast enough to monitor
very short hydration times. This can successfully be solved by using a freeze drying method [2].



3. METHOD

The DR-FTIR-spectrometer used was a Nicolet Magna-TR 560 with an insert cell for diffuse
reflectance spectroscopy. The measured range lics between 400 and 4000 cm™”, The samples
were hydrated for a pre-determined time and then frozen by immersion in liquid nitrogen and
subsequently freeze-dried overnight. The Vicat apparatus was a Vicatronic automatic recording
apparatus E040 and measurements were performed aceording to European standard EN196-3.

4. RESULTS

DR-FTIR combined with freeze-drying was used to monitor the chemical changes during
hydration. Comparison with Vicat shows correlation between setting time and development of
polymerized silica. Silica sol gives only a slight decrease in setting time. The alkali-free
accelerator gives a significant reduction of setting time, and an even greater reduction in setting
time 15 observed when it is combined with silica sol.

5. CONCLUSIONS

Application of a freeze drying technique has proved to be a well suited method 0 examine
chemical changes during carly hydration of Portland cement with DR-FTIR. The information
from DR-FTIR can potentially be correlated with Vicat to determine the mechanism for setting
in Portland cement.

6. FINANCIAL SUPFORT

The project is financial supported by Eka Chemicals AB and Post-Graduate School NMK,
Natural Materials in Environmental Science and Culiural Conservation, Gteborg University
and Chalmers University of Technology, Gateborg.

7. FROJECT DATA

Ph.D} joint project with Eka Chemicals AB. The project started in April 2007 and is planned to
be finished in April 2012.
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BACKGROUND

"All" standards related to binder-materials in concrete use the same wet chemistry method to
determine Si02 content. A basic problem with this reference method is that the number of
people who actually has sufficient experience to do it properly is rupidly dwindling. Another is
that it is time-consuming and costly.

For these reasons, the facilities that offer the testing are disappearing, and judged by experience
from some of the more exotic parts of the world, those that offer the service occasionally do not
have the capability of performing the tests,

Today, the bulk of silica fume production is moving away from Europe and USA/Canada, and
the anticipated capability of analysis laboratories is not increased.

Add to this that the method 15 really made for matenals with a lower Si0,; content — typically
cements and the need of a new method is evident,

ACTION

Elkem, being the largest supplier of silica fume, with a global supply network with about 40
different facilities supplying through the company, has identified the need for a reference
method that carries better precision in the determination of Si0: content than the wet chemistry
method currently used.

“Everyone” today uses a XRF method with compressed powder tablets for determination of
chemical composition of silica fume. However, it has been found that this procedure also is apt
to be influenced by factors that will disturb the analysis result.

After a substantial amount of investigation, it has been suggested 1o apply a method that uses
fused glass tablets as the reference method of the standard. The method has been developed in
cooperation with leading members of the relevant ASTM committees, and is curmrently out for a
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ballot in ASTM C09.24 Supplementary Cementing Materials. The details will be presented in
the public presentation.

As the dragnets searching for alternative materials are spread wider, the industry will appreciate
a more stnngent approach o the determination of chemical composition of supplementary
cementing materials,
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1. INTRODUCTION

The nature of conventional concrete production and technology has set up clear limitations to
the agsthetic possibilities, The concrete architecture that we know today is often dominated by
repetitiveness and recognisable geometries like squares and rectangles. Due to production
methods still based on craftsmanship, spectacular concrete architecture is rarely seen, and
almost only in connection with extraordinary buildings, where the construction costs have been
excessively high. To lower the cost and to utilize the unused potential of concrete for unigue
structures, innovative development and usage of the construction industry is required.

r RESEARCH SIGNIFICANCE

The aim of this project is to find solutions for mass customisation of concrete structures. This
reqquires new ways to build unique formwork by the use of robots, and development of tailor-
made concrete with special, enginecred properties in the fresh state.

% METHOD

The innovation of the project is the interdisciplinary approach with leading research and
industrial partners bringing architecture, concrete technology and robot technology together.

The research in the project conceming architecture involves deseribing and visualising
hypothesis of the needs and demands to the future concrete architecture and thereby a new
architectonic idiom, characterised by the parametric design tools used.

The research conceming formwork focuses on analysing and optimising existing and new
formwork systems. This involves analysing new formwork materials in relation to aspects like
environment, economy, strength, flexibility and architectonic possibilities.
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New and complex geometries give new challenges to the conerete in order to fill the form
properly. This involves simulation of form filling with Self-Compacting Concrete using CFD
(Computational Fluid Dynamics) technology in order to tailor the rheological properties of the
SCC.

The main tool for manutacturing the formwork materials is a 6-uxis robol. The potential of the
robot regarding automation of i.e. the cutting, milling, melting and lifting processes will be
exploited in the project. The research will focus on robots for single production, where the robot
control unit automatically calculates the movement of the robot based on input from 3D CAD
models.

4. RESULTS

The architectonic statement was finished in the first half of 2007. It concludes that the future
will introduce a new amorphous digitally created architecture only possible to build with new
industrial production methods. 3D CAD models where produced to visualise the architecture.

An extensive analysis of potential formwork materials has ended with a detailed list, which is
the starting point for the test activities in laboratory. The list of potential formwork materials
includes plywood, polystyrene, PU-foam, paraffin, latex, acryl, mould sand, clay and many
more, Promising lests have been performed with robol milled expanded polystyrene placed in
existing formwork systems.

3. CONCLUSIONS

The project has shown a big potential in using robots to mill owt formwork materials in
interesting geometries based on digital 3D CAD models. Together with existing formwork
systems, the methods used in the project can make a complex digital architecture possible in the
near future.

6, FINANCIAL SUPPORT

The project is financed by the participants in the project: Danish Technological Institute,
University of Southern Denmark, School of architecture in Aarhus, Spancom a's, Unicon a/s,
Giiben Scandinavia a's, Paschal Danmark a/s and MT Hejgaard a/s. The project is financially
supporied by The Damsh National Advanced Technology Foundation.

7. PROJECT DATA
Name: Unigue Conerele Structures.

Duration: 3 years {2007-2009).
Project budget: € 1,7 million.
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1 INTRODUCTION

The vse of concrete admixiures is nowadays a common way of producing high quality conerete
with the desired properties in fresh and hardened state. As both the properties of fresh and
hardened concrete are considered equally important, often more than one admixture is applied in
the mixes. It is common knowledge that this can cause problems as concrete admixtures can
inferact with each other as well as with the hydrating cement components [1] and therefore can
influence and even reduce cach other's actions.

2 OBSERVED DAMAGES AND POSSIBLE CAUSES

Recently observed damages on several concrete structures were often due to high air contents
combined with uneven distribution or accumulation of entrained air, resulting in structural
elements with concrete of poor quality with low density and strength. These damages were nol
only observed on complex geometnes where intensive compaction is required but also in
comparntively uncomplicated structures such as concrete slabs, where no exceptional high
compaction energy is applied.

Figure | - Accumulation of entrained air ar Figure 2 — Detail of Figure |,
concrete surface.
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Possible causes for the above described damages can be the combinations of concrete
admixtures (plasticizer, air-entraining admixtures, and retarding admixtures) as well as the
construction method i.e. applied compaction energy or curing methed.

3 INVESTIGATIONS

The concretes tested within this project were assigned to exposition class XD3/XF4 with a
waler-cement ratio of 0.4, The cement content and consequently the water content of the
concrete mixes were relatively low, even though a high slump value was aimed for. Different
combinations and amounts of concrete admixtures (plasticizer, air-entraining admixtures, and
retarding admixtures) from different manufacturers were tested; and varying degrees of
compaction by vibration were applied to determine influences from the construction method on
concrete quality and possible accumulation of entrained air. Laboratory tests covered the
examination of material properties of the fresh and hardened concrete {consistency, air content;
compressive strength, density and mr void analysis on hardened concrete),

4 RESULTS

It was found that the consistency of the fresh concrete is particularly important with regard to
accumulation of entrained air. Generally coneretes with lower slump values tend 10 have a lower
air content which is evenly distributed, regardless of the brand of the admixtures or the higher
need of compaction energy.

Concretes  with the same content of o
entrained air but with higher slump values *
tended to segregation and foam formation
(entrained air  accumulation) during
compaction. In some cases the foam
formation could already be found in the
concrete mixer, Retarding admixtures s¢em
to have a negative effect with regard to the
stability and the distribution of the
entrained air in the concrete. 0

Foam formation [em]

* .
e
0 10 200 300

Slump [rmm]

The causes for the effects described above
could not vet be clearly identified and

further investigations will be necessary. Figure 3 - Foam formation in relation to stump.

Within these investigations attention should also be paid to the effects of the cement content in
the concrete mix and the content of fine materials {fine aggregate, fllers, elc.),

5 REFERENCE

l. Ramachandran, V.5., “Concrete Admixtures Handbook”, Second Edition, Noyes
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1. INTRODUCTION

The environmental issue has now become a most crucial and serious problem for the continued
existence of humankind. The carth’s resources and energy have been consumed in great
guantities by the rapid industrialization and population growth over a span of more than two
hundred years since the industrial revelution, resulting in global environment changes that
humankind have never experienced, Fortunately, the humankind has clearly recognized the
nature of the problem, creating a concept of “sustainable development.” which may be regarded
as an environmental revolution. This concepl means development that meets the needs of not
only the present but also future generations while radically renouncing the conventional
economic values—-mass production, mass consumption, and mass disposal. In the 21st Century,
incorporation of the concept of sustainability will be required for all social, economic, and
coltural activities. Concrete is used in abundance for buildings and civil structures. Among the
10 billion ton annual concrete production worldwide, the cement production accounts for 2
billion tons (this nmount is expected to be multiplied two to three times in the future). The
cement production generates massive amounts of COy generation. The massiveness of the
quantity of resources used for concrete is understood in consideration of the fact that the world's
current annial matenal flow is approximately 26 billion tons, The resulting massive stock is
ultimately demolished, and the disposal of the huge amount of concrete lumps places a heavy
burden on the environment.

Therefore, we need to find a way to reduce environmental burdens in concrete/construction
sector, One direction is (o develop an mlemational svstem for coping with such circumstances.
In this seminar, the existing 15O environmental standards and a new activity of ISO/TCT1/SCS
for developing ISO environmental standards for concrete and concrete structures are described.

2. EXISTING ISO ENVIRONMENTAL STANDARDS

IS0 has already published environmental standards, 180 14000 series, which provide general
rules related to methods of assessing environmental loads and the environmental declaration
based on such assessment. Since these 150 standards primarily cover industrial products and
services, 150 15686-6 and [SO 21930 were developed to cover buildings, which have strong
impacts on the environment. The former deals with the basic framework of the procedure for
considering the environmental aspects of buildings, whereas the latter deals with that for issuing



environmental declaration regarding building products. IS0 15686-6 and 150 21930 standards
can be regarded as a family of 150 14000 series but with special attention to buildings,

3. IS0 ENVIRONMENTAL STANDARDS FOR CONCRETE AND CONCRETE
STRUCTURES

It 15 obvious that there are no other materials than conerete as the substitutes. Therefore, there is
an urgent need to develop the system and technology for the reduction of environmental impacts
of the concrele and construction sector, Based on the background, in the 14ih ISO/TCTI
Plenary Meeting in Brazil, ISO/TCT] agreed to establish a new subcommittee ISO/TCT1/SC8
with the purpose to develop the standards on “Environmental Management for Concrete and
Concrete Structures.” The aim is 1o take the existing 150 framework environmental standards
and provide concrete specific standards and information. The consistence with the existing 1SO
environmental standards, such as 130 14000 family, 150 15686-6 and 1SO 21930 is thoroughly
kept in the same way that the standards developed in ISO/TCT1 aligned with those developed in
ISOVTCS9 and ISOTCY8. In other words, ISOTCTI/SCE will develop the standards from the
point of view on how the existing ISO environmental standards are specialized to concrete and
concrete structures, how to consider the concrete-related environmental aspects in selection of
raw materials, concrete production, execution, maintenance and demolition of concrete
structures, reuse and recycling of concrete and also how 1o incorporate the environmental design
into concrete industry.,

Currently, the following standards are considered to be developed in ISO/TCT1/SCS.
150 XX XXX Environmental management for concrete and concrete structures
Part | — General principles for environmental considerations
Part 2 — Preparation of inventory unit data and system boundaries
Part 3 — Materials and concrete production
Part 4 = Execution of concrete structures
Part 5 — Maintenance of concrete structures
Part 6 — Demolition and reuse of concrete structures
Part 7 — Recycling of conerete
Part & — Environmental labels and declarations of concrete and concrete structures
Part 9 — Environmental design of concrete structures

4. CONCLUDING REMARKS

The world's cement production will reach 4 to & hillion tons within the next few decades. It
means that 3.5 to 5.2 billion tons of COs will be generated in addition o OO0y and other
environmental impacts from construction activities. The GE Hokkaido Toyako Summit will he
held in Japan on July 7-9, 2008, in which the framework of global warming gases reduction
approaches after the Kyoto Protocol will be discussed. It is predicted that at this meeting,
numerical targets will be established for the reduction of COs. Concrete/construction sector will
not be exempted from the obligation. Therefore, it is very important and urgent to reduce
concrete/construction-related environmental impacts by developing appropriate standards under
the existing framework of SO Standards on the environment. The purpose of imitating work on
the development of [SO standards for the concrete indusiry is the “the promotion of
environment-conscious activities in concrete industry™ and this is likely to lead to all indusiries.
In order to initiate and accelerate sustninable development in the concrete/construction sector,
there is an urgent need to imitate this effort on a global platform such as ISO/TCT1/SCS,
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L. BACKGROUND AND SCOPE

In order to ensure a sustainable society we need 1o take care of and use our exisiting conerete
structures in the best possible way, This was the background to the initiation of a European
research project on sustainable railway bridges.

The Project has developed improved methods for computing the safe load-carrying capacity of
bridges and betier engineening solutions that can be used in upgrading bridges that are found to
be in need of attention. Other results will help to increase the remaining life of existing bridges
by recommending strengthening, monitoring and repair systems, see [1] - [7]. A consortium,
consisting of 32 partners drawn from railway bridge owners, consultanis, contmctors, research
institutes and universitics, has camed out the Project, which has a gross budget of more than 10
million Euros. The European Commission’s 6™ Framework Programme has provided substantial
funding, with the balancing funding coming from the Project partners. Skanska Sverige AB has
provided the overall co-ordination of the Project, whilst Luled Technical University has
undertaken the scientific leadership.

The overall goal of the Project was to facilitate the delivery of improved bridge capacity without
compromising the safety and economy of the working railway.

The main objectives of the Project were to

— Increase the load-carrying capacity of existing bridges to permit axle loads of up to 33 tonnes
for freight traffic at moderate speeds (say up to 100 km/hour),

— Increase the capacity for passenger traffic with low axle loads (up to about 17 tonnes) by
permitting the maximum speeds to be increased up 1o 350 km/hour,

~ Increase the residual lifetime of existing bridges by up 1o 25 %,

— Enhance strengthening and repair systems.
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Figure 1 — In order 1o increase the allowable train axle loads from 22,5 to 25 kN the Vinde!
Bridge has been assessed with methods developed in the Susiainable Bridges profect, The
bridge is situated along the Swedish main northern railway line and crosses the Vindel River
near Vindeln gome 60 km NW of Umea. It is a concrete arch bridege with a span aof 110 m and a
height of 22 m, which was constructed in 1952,
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1. INTRODUCTION

Infrastructures in Japan are ageing, for example 50% road bridges become more than 50 years
old in 2030's. The approach of the life cycle management that aims at making long-lived and
lowering the maintenance cost of ageing infrastructures has been started. The quality of the
management depends on long-term prediction technigue of the structural performance and it can
be discussed only after the prediction will be done in high accuracy. Therefore, the simulation
m¢thod for long-term behaviour of concrete structures should be developed. In this seminar, a
method to simulate the deterioration process induced by mass transfer is presented in which
structural analysis and mass transfer analysis are combined [1].

2. TIME-DEPENDENT STRUCTURAL ANALYSIS CONSIDERING MASS
TRANSFER

An important point to select the structural analysis method combining with mass transfer
analysis is larget scale. Mass transfer can be represented in various scales from micrometer scale
of pore structures to millimeter of cracks. On the other hand, the structures also have several
mechanical scales such as crack, specimen and member. In the analysis, the target scale is
sclected ot crack which is important route of mass transfer and mechanical feature of concrete
structures. Rigid-Body-Spring Networks (RBSN), which is one of discrete approaches, are used
as structural analysis, since it is easy to deal with crack  zero ares truss on
propagation of concrete directly. The method represents a I’Fﬁkh vekRARTy
continuum material as an assemblage of ngid particle
elements interconnected by zero-size springs along their
boundaries.

Moass transfer i1s continuous flow and it is vsually analyzed before cracking

by continuum model same as Finite Element approach, 0 node
which is represented by partial differential equation. RBSN, - mﬁdTn'
however, does nol require continuality condition. st dmside
Therefore, truss nerworks model is used for mass transfer of concrete
analysis to adjust the concept of structural analysis by using l\‘ J#rea depending on

afler crackimg

RBSN. Then, a simplified one dimensional diffusion ;
equation using truss element is employed to carry out mass Figure | = Truss networks.
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transfer. The truss networks set between rigid body nuclei and on boundaries as shown in Figure
1. The networks between rigid body nuclei represent the mass trunsfer within bulk concreie and
the networks on boundaries represent mass transfer through crack. Therefore, the mass transfer
through the crack can be considered in addition to through the bulk concrete, in which different
diffusion coefficient from concrete malerial is assumed.

3. AN EXAMPLE OF ANALYTICAL RESULT CRACK PROPAGATION
ANALYSIS DUE TO DRYING SHRINKAGE AND CORROSION

Remnforced concrete in which rebar of 1.0% is amanged at the center was simulated as an
example to confirm the effectiveness of the developed method. The moisture transfer and the
chloride ions penetration are considered in mass transfer analysis. Moreover, corrosion
expansion of re-bar is considered by the compelling displacement when the concentration of
chloride ion at the surfice of rebar exceeds a threshold valve. Figure 2 shows cracking
behaviors, the distributions of relative humidity and the concentration of chlonde jons at 50, 250
and 600 days oblained from the developed analysis method. At 50 days, many micro-cracks
oeeurred at the specimen surface due to the effect of drying shrinkage. The soluble chloride ions
gradually penetrated into the specimen via the boundary surface and the surface cracks. At 250
days, more shrinkage cracks occurred and major cracks reached the rebar, which led to diffusion
of moisture and chloride ions through the cracks, causing the corrosion of the rebar, At 600
days, mass transfer through cracks accelerated because of the increase in crack widths,
Moreover the cracks propagated along the rebar, since the specific concentration of chloride
ions at the surface of rebar exceeded the threshold value, The analysis simulated well structural

damages due to mass transfer, Unl 104g/mm?
of NS TR ¢ 0 IS
30 dayn

e .. L T A0 dayy 0 d.,*
T e ——
230 days 250 da *
I 'T T bt 4  pneiil 5

500 duyu = el &0 da
{alernck patterns (B)Relative humidity (e}Chloride jons

Figure 2 — Combined analvsis of drying shrinkage and corrosion.
4. CONCLUSION

The simulation method for long-term behaviour of concrete structures becomes important,
because the age is changing from construction to maintenance of infrastructures in Japan. In this
study, an analytical method combined with structural analysis and mass transfer analysis was
represented. Then, the deterioration process such as the cracking behavior under multi actions in
consideration of drying shrinkage and rebar corrosion expansion were simulated considering the
effect of mass transfer through cracks. The analysis was well simolated of the structural
damages with deterioration process due to mass transfer.
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L. INTRODUCTION

High performance fiber reinforced cement composites with multiple fine cracks (HPFRCC)
show remarkably high ductility under umiaxial tensile stress and excellent performance
distinguished from conventional cemeni-based maierials by multiple cracking and strain
hardeming behaviors. Charactenistics of HPFRCC include crack width controlling capability
keeping crack width in a permissible mnge. Appropnate use of the tensile performance can work
out a structural component excellent in both durability and mechanical performance. The Japan
Society of Civil Engineers (JSCE) has published the world's first design recommendations for
HPFRCC [1]. English version of the recommendations is going to be published soon. In this
seminar, apphications of HPFFRCC in Japan and the JSCE recommendations are introduced.,

2. JSCE RECOMMENDATIONS FOR HPFRCC

Contents of the recommendations are shown in Table 1. The recommendations specify that
structural performance, serviceability and resistance to the environmental actions have to be
verified on the basis of performance verification concept. Test methods for measuring tensile
strength, tensile strain capacity, and erack width are also specified because tensile performance
is one of the most important matenal properties in the design of HPFRCC. The test methods
enable us to define material properties regarding tensile yield strength, ultimate tensile strain
capacity, and maximum crack width for given HPFRCC, which are subjected to the design
verification. The recommendations allow cracks not only in ultimate limit state but also in
service condition of members. The serviceability limit state design is required to verify the
resistance to the environmental actions throughout the design life on the basis of the calculated
tensile strain or crack width nucleated in members subjected to service conditions.

The recommendations are provided for synthetic short fiber reinforced cement composites that
exhibit a pseudo strain-hardening behavior and form multiple fine cracks under uniaxial tensile
loading. More specifically, the targeted materials are those that exhibit mean ultimate tensile
strain capacity of more than 0.5 percent and mean crack width of less than 0.2 mm as
determined with test methods specified in the recommendations. Applicable range of the
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Table I - Contents of JSCE
Recommendations for HPFROC

| General

2 Design basis

3 Material properties for design

4 Load

5 Structural analysis

6 Safety verification of structurcs

7 Serviceability venfication of
structures

8 General structural details

9 Verification for resistance to
environmental actions

[0 Conerele work

11 Shoterete =
Testing and evaluation methods Txtigntion chantil
Appendix Figure | = Applications of HPFRCC,

recommendations includes steel reinforced HPFRCC members and existing reinforced concrele
structures covered with HPFRCC layer, but excludes monolithic use of HPFRCC in members.

3. APPLICATIONS OF HPFRCC IN JAPAN

The following applications of HPFRCC in Japan take advantage of the superior mechanical

pmper!tles and fine n:ra::l-:mg mode of such composites.
Bridge decks to improve fatigue resistance through the tensile force bearing capacity.

— Dampers in reinforced concrete buildings (o increase energy absorption and suppress
vibration during carthquakes.

— Swurface repair of dams and imgation channels (Figure 1) to improve shielding properties.

~ Surface repair of retaining walls deteriorated due to alkali silica reaction to improve aesthetic
appearance.

~ Swurface coating of railway viaducts for carbonation retardation.

— Surface coating of tunnel lining made with SFR shoterete (Figure 1),

4. CONCLUDING REMARKES

Applications of HPFRCC are still in incunabula and associated with problems to be solved,
while HPFRCC posseses a unique feature that has never been presented by the existing cement-
based materials. Worldwide active rescarch and development of HPFRCC imply a possibility 1o
realize concrete structures with excellent safety, serviceability and durability performance.

REFERENCE
l.  “Recommendations for Design and Construction of High Performance Fiber Reinforced

Cement Composite with Multiple Fine Cracks (Draft)", Concrete Library 127, Japan
Society of Civil Engineers, 2007.3.
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; I8 INTRODUCTION
1.1 General

The use of concrete has been widely spread over the world as it is one of the most important
construchion materials, and a majonty of our structures are built in reinforced concrete. A large
amount of the existing structures were built just after the Second World War and are now
reaching the end of their planned service life. In addition to this, increased loads, traffic flows,
reuse and ongoing deterioration, often steel corrosion, even affect structures that are less than 20
years old. To replace the existing structure with a new one should in many situations solve the
problems. However, this can very seldom be economically motivated. It is therefore important
to develop new cost effective upgrading methods that can be used to prolong the service life and
to increase the safety of the structure. Conseguently, there is an increasing need to restore or
strengthen civil engineering structures worldwide, in particular related to transportation because
of ageing, deterioration, misuse of facilities, lack of regular maintenance and repair, use of
inappropriate materials, construction techniques or both. Increased or changing loads may also
lead to a need of strengthening. There exist several repair- and strengthening methods that are
applied on existing concrete structures for this purpose, such as increase of the cross section of
critical elements, span shortening with additional supports, external/internal post lensioning or
fibre reinforced polymer composites. Externally bonded FRP (Fibre Reinforced Polymer)
systems have been proven to be an effective sirengthening method in repairing or strengthening
structures. Since the end of the 1980s, the use of FRP is being researched and applied
increasingly for the retrofitting of existing concrete structures. Typical applications are column
wrapping, under seismic nisk or for strengthening bridge miles. FRP composite materials have a
number of advantages when compared to traditional construction materials such as steel, wood
and concrete. FRPs offer excellent corrosion resistance (o environmental agents as well as high
tensile strength, light weight, and high modulus of elasticity. The use of FRP strengthening
systems for rehabilitation of concrete structures has been considered successful, In this short
paper two FRP strengthen systems partly invented and developed in Scandinavia will be
presented. The systems are NSMR (Near Surface Mounted Reinforcement) and MBC (Mineral
Based Composites).



r FRP STRENGTHENING SYSTEMS
2.1 Near Surface Mounted Reinforcement (NSMR)

Bonding NSMR in the concrete cover in sawn up slois have now become a quite common
strengthening method worldwide, However, the first known application was camied oul in
Sweden in 1997 and before then the systems were researched ai Luled University of
Technology. In brief the strengthening is carried out by first sawing or cutting a groove in the
concrete cover, The size of the groove depends on the dimensions of the NSMR bar and the
thickness of the concrete cover. The groove is cleaned very carefully, first with pressurised
water, then with compressed air. Adhesive is placed in the groove and the rod 1s mounted. The
system may be prestressed or non-prestressed. The foree transfer between the concrete and the
rod is excellent and is superior to external surface bonded FRP strengthening. or the more
traditional laminate or sheet systems used. In Figure | a photo of the strengthening for full scale
test of a railway bridge is shown. The strengthening was carried out due to a need of increased
flexural capacity - in the test, the shear failure was of primary interest. In this particular test an
approximately 30 % sirengthening effect was obtained.

Figure | — NSMR strengthening of a railway bridge.  Figure 2 = Carbon fibre grid.
1.3 Mineral Based Composites (MBC)

Epoxy bonded systems exhibit some disadvantages, such as the diffusion closeness, poor
thermal compatibility with base concrete, sensitive o moisture on the adherents ol time for
bonding, hazardous working environment for the manual worker and the problem of minimum
temperature of assemble in cold climate regions. It is therefore of interest to replace the epoxy
adhesive with a mineral based bonding agent, for example a polymer modified mortar, with
similar properties to those of the base concrete applicable in a more environmentally friendly
wiay. In a recently developed innovative strengthening system, the traditional epoxy bonding
agent is being replaced by cementitious matrices to bond the FRP material to the concrete
surface. The strengthening is relatively straight forward, first the concrete surface is sandblasted
and a thin layer of polymer mortar is applied, either by hand lay-up or by spraying. In the wet
mortar a carbon fibre grid is placed and another layer of mortar finish of the strengthening. In
Figure 2 a typical carbon fibre grid used is presented. Tests, see [1] show that correspondingly
strengthening effect as for FRF epoxy bonded systems can be obtained. The strengthen system
has been applied in several field projects with promising result,

REFERENCE
1. Blanksviird, T.; “Strengthening of Concrete Structures by the Use of Mincral Based

Composites . Licentiate thesis 2007:15, Luled University of Technology, Division of
Structural Engincering, Luled, Sweden, ISBN:978-91-85685-07-3, 2007.
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1. INTRODUCTION

Despite of the great aesthetic potential, concrete is rarely chosen as a visible construction
material for its aesthetic qualities. Whilst physical durability has been investigated for years,
acsthetic durability has been more or less overlooked. The project “*The Visible Concrele
Surface™ has in the period 2005-2007 explored the potential of improving the aesthetic
appearance of visible concrete in construction.

2. RESEARCH SIGNIFICANCE

The man research has mvolved explonng the architectural potential of concrete and the visual
ageing of concrete. This has led to a number of tools intended for all parties involved in the
building process.

The tools include reference projects to continuously gather knowledge from previous and future
projects, check lists for each building phase, catalogue for determination of the visual uniformity
of concrete facades, guides for predicting the ageing of concrete, etc. The developed tools are
brought together with basic knowledge of visible concrete on the knowledge portal
www.synligheton.dk which was launched in October 2007,

3. METHOD

In order to achieve references showing the possibilities with concrete, a selection of good
concrele architecture in Denmark has been made. These projecis have been analyzed in three
categories related to the conerete; Shape, Detail and Texture. Architectonic design has also been
explored at the Schoal of Architecture in Aarhus, Here students have created a number of
interesting concrete units that exploit the big design possibilities with concrete. Also the
interaction between architectonic design and texture of the concrete has been explored.
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In order to predict how the weathering will effect the visual expression concrete surfaces, tests
have been made on a climate machine developed at Aalborg Portland to accelerate the ageing,

4. RESULTS

The main result from the project is a dynamic knowledge portal called Synligheton.dk that
gathers the activities and experience from the project. The portal is devided into 3 categories:

4.1  Inspiration

Through works of architecture, architectonic experiments and number of different surface
examples, the portal inspires to exploit the aesthetic potential of conerete. A part of the
presented architecture is described detailed together with information about the concrete used.
4.2  Dialog

One of the big challenges in construction is 1o ensure a good dialog between the parties
involved. To ease this dialog 4 check lists have been made for each building phase: skeiching,
planning, construction and maintenance. These check lists can be downloaded at the portal.

4.3  Teals

To this category several tools have been made. One of them is a guidance that deals with
weathering of concrete. Another one is a catalogue for visual homogeneity, which is a tool to
measure the visual homogeneity of a concrete facade.

5. CONCLUSIONS

The portal is a valuable tool for the parties involved in construction and a good starting point in
the effort to accept concrete as an aesthetic construction material, The portal will be extended
the following years.

f. FINANCIAL SUPFORT

The project is financed by the participants in the project: Danish Technological Institute,
Aalborg Portland, Lundgaard og Tranberg, Aarhus School of Architecture, Betonelemeni-
Foreningen, Dalton Betonelementer, Betonelement, MT Hajgaard a's and Bascon. The project is
also granted finoncial support of 1.6 million DKK from the Realdama Foundation.

7. PROJECT DATA

Name: The visible concrete surface.
Duration: 3 years {2005-2007).
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1. INTRODUCTION

Concrete is publicly perceived as solid, an unchanging, maintenance-free entity. In reality
concrete is constantly responding to its surroundings and ageing due to the same processes that
affect natural rock; Erosion, seiling and growth alter the visual appearance of the surface, in
addition to the normally recognized physical and chemical degradation mechanisms,

It is common knowledge to concrete practitioners that a concrete quality suitable for the
environment to which it is subjected must be used, specified by the environmental class.
Similarly, the surface quality should be selected according to the ageing environment, sinee in
many cases the visual expression is of equal importance 1o the perception and maintenance cost
of a building. In addition to concrete quality, shape, design and surface texture of a concrete
structure significantly influence the ageing response to the environmental conditions. The
present study focuses on the effect of different initial surface properties on aesthetic ageing rate.

2. METHOD

As part of a larger rescarch effont, six different concrete surfaces with different initial properties
have been subjected to accelerated aesthetic ageing in an instrument specifically designed for
evaluation of concrete facades. The ageing rate was evaluated using colour measurements.
Concrete surfaces with different degree of residual cement skin covering and texture were
investigated in comparison to a siloxane coated surface, Two different but very similar white
cement based concrete recipes were used.

3. RESULTS

The result of the test is shown in Figure | -Hunter L is reflectance (100 % is pure white, (0 % is
black). dHunter L is the change in Hunter L relative to initial value (before ageing), inverted.
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Figure | — Ageing of surfaces with different initial degree of cement paste covering compared to
it siloxane coated surface. Colours (Black or grev) indicate surfaces based on the
same concrefe composition.

The results clearly indicate a relation between surface ageing rate and initial cement skin
covering: The more cement skin that initially covers the surface, the brighter it generally
appears (with the exception of rough-textured surfaces), but the faster it also ages visibly. The
weakened cement skin of the surface cast against raw wooden boards ages faster than the
smooth surface, and the protected surface (siloxane coated) ages even slower, as one would
expect. More results using the same method are available in [1,2].

4. CONCLUSIONS

Surfaces with the cement skin intact are generally brighter than acid etched or polished surfaces,
but quickly age -the less visible paste on the surface, the less likely the surface is to age visibly.
Parallel 1o the environmental classes traditionally used to select concrete quality, this should be
used to select surfaces for building surface qualities suitable for providing the desired visual
expression. Otherwise corrective actions like those used for inferior traditional physical quality
may be required: Constant, cleaning, repairs and preventive maintenance.

REFERENCES

. Hansen, T.B., “Ageing of Visible Concrete Surfaces™ (In Danish), Free download at
www.synligheton.dk, Danish innovation consortium the visible concrete surface, September
2007. 7 pages.

2. Aalborg Portland ASS, "Acsthetic Durability of White Concrete Structures”, Aalborg White
Report September 2004, 37 pp. Free download at www.aalborgwhite.com.
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| INTRODUCTION

This literature study is a shortened version of a State of the art report written for COINs
(Concrete Innovation Centre) surface quality project. COIN's main viston is “Attractive
concrete surfaces”. An overview of parameters which influence quality and aesthetical
impression of the conerete surface has been made in connection to COIN's surface projects, The
main focus has been on evenness of colour, occurrence of voids and pores and cracking due to
drying shrinkage. Factors influencing the concrete surface such as material parameters, chemical
admixtures, mix design, formwork, form releasing agents and production techniques are
discussed. The characteristics of self compacting concrete are compared with ordinary vibrated
concrete.

2 RESEARCH SIGNIFICANCE

The information gained from the literature study will determine further work within the projects.

3 RESULTS AND CONCLUSIONS

The appearance of the concrete will largely be determined by the formwork skin and the
arrangement of the form and ties. Evenness of colour is for instance influenced by the
homogeneity of the binder and the absorption properties of the mould.

Formwork can be grouped as absorbing and non-absorbing. Absorbing formwork materials like
timber seem to absorb air bubbles near the surface and render pood surface qualities. Non-
absorbing formwork materials can result in extremely smooth and light coloured surfices, but
may have a greater tendency for producing air bubbles than absorbing surfaces.

Several types of form releasing agents exist in the market. These might be grouped in two
groups, namely chemically reactive or barrier type. Chemically active release agents are most
common for architectural concrete surfaces. It is not much published literature about the
influence of form oil types on surface quality. Some reports do, moreover, not separate between
barrier and reactive types of form releasing agents.
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Form oils should be applied in accordance to the formwork material and in a thin layer, Excess
form releaser might bead up against the fresh cement paste and increase the chances for staining
and blowholes. Reactive form release agents might also retard the hydration of the cement close
to the form. Retarded hydration might resull in surface voids on the hardened concrete surface
due to the formation of bleed water.

EfMlorescence originating from lime precipitation can be avoided by use of cements with
granulated blast fumace slag, fly ash or another pozzolanic material, use of tight formwork and
protection of the concrete from transport of water or humidity which might wash lime out of the
structure,

Cracking caused by drying shrinkage is influenced by watler-cement ratio, cement type and
fineness as well as admixtures and supplementary cementing materials which affect pore size
distnbution in the hardened paste. Type and amount of aggregates, drying and curing conditions
and the type and shape of the specimen are also of importance. Conflicting results are reported
for the influence of superplasticizers on drying shrinkage and effect of supplementary
cementitious materials. These effects are possibly muled by dosage and way of addition.
Appropriate reinforcement and moist curing are well known countermeasures for dryving
shrinkage. Efforts have been made intemationally to develop shnnkage compensating cements
which contain expansive agents and shrinkage reducing admixiures which reduce the surface
tension in the poré water.

SCC seems 1o be more sensitive than vibrated concrete with regard 1o surface finishing, due to
the way it is cast, the nature of the formwork, the type and thickness of applied release agent,
temperature of the formwork and weather conditions. However, SCC shows greal potential 1o
obtain good surfaces, in a way which 15 hard to get with vibrated concrete.

4 FPROJECT DATA AND FINANCIAL SUFPORT

COIN - Concrele Innovation Centre - is one of 14 Norwegian Centres for Research based
Innovation (CRI), which is an initiative by the Research Council of Norway, The main objective
for the CRIs 18 to enhance the capability of the business sector to innovate by focusing on long-
term research based on forging close alliances between research-intensive enterprises and
prominent research groups.

About 25 researchers from SINTEF (host), the Norwegian University of Science and
Technology (NTNU) and industry partners work in the COIN projects (presently 5 projects).
COIN involves moreover |5 - 20 PhD-students, 10 - 200 M.Sci-students and international guest
researchers, The research covers a wide range of topics wherein concrete surface quality and
acsthetics is one of them.

COIN has a bodget of NOK 200 milllON over 8 years (from 2007), and is financed by the
Research Council of Norway (approx. 40 %), industrial pariners {(approx 45 %) and by SINTEF
Building and Infrastructure and, NTNU (in all approx 15 %), The present COIN pariners are the
Research Council of Norway, SINTEF, NTNU, Nercem, Unicon, Maxit Group, Borregaard,
Spenncon, Rescon Mapei, The Norwegian Public Roads Administration, Veidekke and Aker
Kvzmer.

For more information, log on to www sintefno/coin



15¢

A European Assessment of the Environmental Benefits of Cement and
Concrete

Jesper Sand Damioft

Viee President R&D

Group Research and Development Centre, Aalborg Poriland A/S
Salystvej 18, P.O. Box 165, DK-9100 Aalborg

E-mail: jsdiaalborg-portland. dk

Key words: CO,, energy advantage of concrete, thermal mass, life eyele.

1. INTRODUCTION

The increased focus on the sustainability of construction materials and construction solutions
provides an opportunity and a threat to the European cement and concrete industry. An
opportunity to promote concrete as the sostainable constraction material of choice - due (o jts
inherent construction qualitics e.g. durability, fire resistance and thermal performance. And a
threat — due to perceived issues of high energy consumption, raw materials use and CO»
production related to the cement making process.

A task force with representatives from the European Concerete Platform, a cooperation between
the European cement and concrete organisations (CEMBUREALU, ERMCO, BIBM, EFCA,
UEPG) is conducting a survey aimed at illustrating the benefits of thermal mass of conerete
buildings in the context of Climate Change and enhance the contribulion of concrele structures
to a low carbon economy,

r B METHOD

A number of analyses have been carried out using different computer models to establish the
effect of concrete on minimising energy consumption whilst stabilising the indoor climate [1,2].
The aim has been to investigate the energy balance in residential and office buildings in various
European climates (from Sweden to Portugal), for both heavyweight and lightweight options. A
simple, two-storey model building was designed for the caleulations, being suitable for both
residential and office use. Two different configurations were used: the heavyweight option
in¢luded concrete floors, intemnal and external walls, whereas the lightweight option used typical
timber or light steel frame components throughout except for a concrete ground floor slab.
However, in both instances the thermal insulation used was identical, so that the influence of
thermal mass could be examined sccurately.



3 RESULTS

The results confirmed that concrete buildings can be more energy-cfficient than lightweight
structures. For residential buildings savings of 2-9% were found. The results were even more
impressive for office buildings, where the thermal mass of concrete reduces the need for air
conditioning. Savings of 7-15% were found.

Caleulations of real buildings in UK/Ireland, Sweden, Germany and Portugal were used to
validate these results. Good agreement with the theoretical building cases was found.

The results have been published in a brochure aimed at designers, specifiers, regulators and
building owners and users [3].

4. ONGOING WORK

The thermal mass can be utilised further to produce low-energy houses, passive houses and
zero-energy houses. This requires that concrete is used in an intelligent combination of heating,
ventilation, solar shading, building structure and night cooling.

The task force is presently collecting a data base of best practise examples of the use of concrete
to obtain houses with very low or no energy consumption and good thermal comfort. The aim is
to provide a summary of the key design measures and issues that should be considered when
exploiting thermal mass in residential and non-residential buildings. This will cover the
following topics: building form, use of materials {concrete), building control, lighting/acoustics
and project planning. These guidelines will be made available as inspiration for architects,
producers and specifiers.

Use of concrete to save energy, COs and natural resources in infrastructural works will also be
examined. Best practise guidelines will also be set up to provide a summary of the key design
measures and issues that should be considered to obtain the lowest possible CO; emission from
construction, maintenance and use of infrastructural works. This shall take into account the full
life cycle of the conerete structure.

REFERENCES

I. Johannesson, G., Lieblang, P. and Oberg, M.: “Holistic Building Design for Better Energy
Performance and Thermal Comfort - Opportunities with the Energy Performance of
Buildings Directive.” Submitted in April 2006 to the Intemational Journal of Low Energy
and Sustainable Buildings, Div. of Building Technology, Dept. of Civil and Architectural
Engineering, Royal Institute of Technology, Stockholm, Sweden,

2. Oberg. M. and Damtofi, 1.5.: “Concrete Buildings in View of the EC Energy Performance of
Buildings Directive™, Submitted to the proceedings of the conference: Concrete — construc-
tion's sustainable option, Dundee, July 2008.

3. "Concrete for Energy-efficient Buildings. The Benefits of Thermal Mass™. European Con-
crete Platform, 2007, 18 p. May be downloaded from: http://'www. curopeanconcrete.eu.
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1. INTRODUCTION

Leaching characterisation is the relevant way to evaluate the environmental properties of
different materials. This is also well recognised in the ongoing development of the framework of
eriteria and methods in relation to the evaluation of the health, hygiene and environmental
requirements for construction products mandated in M366 issued by the European Commission.
The response from the European standardisation organisation (CEN) to the Commission
mandate M366 is carried out in CEN/TC 351 [1]. In relation to the environmental issues for
construction products, the ongoing Nordic project “General puidelines for environmental
assessment related to CE-marking of construction products — test methods and regional
requirements” was initiated in 2006 and will continue to the end of 2008 [2]. This project is
financed by the Nordic Innovation Centre. The starting point in the Nordic project is the
situation where testing is required and there may be a potential for a release (o soil and water
during the intended use of the product. The status of the Nordic project will be discussed in this

paper.

1,  RESEARCH SIGNIFICANCE

To ensure satisfying environmental properties of construction products when properly installed
m the work, is an important and sometimes difficult task for the manufacture due to the
complexity of the release scenario, For cement and concrete products, the release (o soil, surface
and ground water must be in an acceptable quantity and a variety of field parameters (e.g. min
fall, temperature, humidity, soil quality etc.) will influence the leaching rate. To ensure
satisfying leaching properties for cement and concrete products is being increasingly important



in the product development of new blended cements and new concrete mix designs were cement
and aggregale are parily substituted by alternative materials (fly ash, slag, sludge eic.). In order
to have a sound but realistic system for testing these leaching properties, standardisation is
important in order to ensure the level playing field for construction products in Europe.
However, field conditions are different from region to region and it is therefore decisive to
identify the regional conditions (use of de-icing salts, freezing and thawing etc.) that will affect
the leaching properties in the Nordic Countries. The findings of the Nordic project will therefore
support the ongoing developments of horizontal test methods for leaching in CEN/TC 351,

3.  RESULTS AND CONCLUSIONS

The project will cover the following:

e To evaluate appropriate CEN-test methods for the determination of release from
construction products,

+ 1o build up knowledge on testing results in relation to Nordic/European testing and
scenario conditions,

* (o give examples on how construction products used in regional areas can be classified
according to relevant release scenarios,
to develop an approach for interpretation of test resuls,
o support CEN/TC 351 standardisation work with facts and knowledge on general and
specific Nordic conditions and construction products.

Regional aspects need to be taken into account in assessment of environmental impacts and in
development of national criteria (e.g. attention needs 1o be paid to sensitivity of the
environment, exposure routes, e.g. surface water). Furthermore, there are only limited needs for
development of special test procedures due 1o regional conditions. The following regional
features may need to be considered and discussed:
e Freezing and thawing (e.g. resistance to weathering, water contact, influence of snow
and ice}),
use of winter tyres that grninds/erodes the road surface (mechanical impact),
atmospheric corrosion polential (e.g. presence of atmospheric pollutants or particulates),
s0il properties (e.g. high DOC, low bufTer capacity, redox sensitive sulphuric soils),
surface and groundwater properties {e.g. high DOC, salt content, low temperature and
low buffer capacity),
the use of de-icing agents (sodium/calcium chloride) on roads in winter maintenance,
« the properties of construction products (e.g. the use of special additives in cement,
preservation agents, biocides, “material processability™).

" B = ®
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I. INTRODUCTION

A new method for testing emissions from floor constructions called Passive Flux Sampling —
PFS - is being developed mt Cementa Research AB, The method aims at detecting emissions
from alkali attack on adhesives and floor coverings in a simple and cost effective way and 1o
create a reliable tool for field use in order to make it possible to verify the function of so called
selfdrying levelling products. The same tool can also be used when there are suspicions of
emissions in fimished buildings.

2. METHOD

The passive flux sampler, PFS, is a cup with an inner diameter of 38 mm and an inner depth of
15 mm. The bottom of the cup is filled with Tenax that is covered with a mesh and a spring 1o
hold the Tenax in place. When taking the sample from a surface, the cup is placeD upside
down for a certain time, and the emissions coming from the surface are absorbed by the Tenux
and can then be analyzed in conventional manner by GC-FID or GC-MS. In the laboratory
where most of the tests in this project have been done, the application of the cup on the surface
is done directly after the preparation of the cup.

In a field test, the prepared cup has (o be transported fo the site and back again after the sample
has been taken. In order 1o avoid uptake of emissions during transport, a screw cap is put on
the cup and then the cup is placed in an outer container, also with a screw cap. In this outer
confainer Tenax is placed in the bottom to catch any emissions leaking in from the environ-
ment duning transport.

In the first part of the project, measurements were done after taking up a circular hole in the
flooring, as this is a technigue that has been used before with the FLEC method. The emissions
under the flooring are much higher than those coming through the flooring, and it is of course
of great importance how long the time delay is between opening the hole and taking the sample
of emission (the so called conditioning time). For vanious reasons, the method of measuring
emissions under the flooring was abandoned in the project, and presently all measurements are
done on top of the flooring.

3.  RESULTS AND CONCLUSIONS

Table 1 shows a comparison between measuring under the flooring after different conditioning
times and measuring on top of flooning. Two different products are compared.
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Table 1. Emissions of 2-ethyl-1-hexanal, ,.lll,'r'ﬂ:_-’!rf_mh'ﬂ_‘

Sampling Selfdrying product  Normsal dryving E_‘H_.I_u-cl_
Hale 16 minuies conditioning 820 B0

Haole 4 hours conditioming 70 400

Hole 8 howrs conditioning il 440

Hole 24 hours conditioning 0 o0

U top of flooring 3 3

The results show that the rate of decline of emission upon conditioning is quite different for the
two products, in spite of the fact that the starting point is about the same and the emission on
top of the flooring is also the same. These results are one of the reasons why the project went
on with measuring only on top of the floorng.

In erder to test the reproducibility of the method, a test series was carried out where 4 meas-
urements in different positions on the same specimen on top of the flooring were carried out 4
days in a row, 1.e totally 16 measurements, Specimen diameter was 380 mm.

Table 2. Emissions of 2-ethvl-1-hexanol, ug/m® « hour fram a concrete specimen,

Mean of 4 meas. St devintion Mean of 4 meas.  Sw deviation
Fos A 44 54 Ty | 35 149
Fos B 64 45 Dray 2 59 .3
Pos C 47 6.5 Day 3 55 138
Pox I BhE 49 Doy 4 56 1.7
Average 56 53 Avemge 56 124
St. dev. 11,7 0.9 81 dev L9 X ]

As can be seen from the results, the average standard deviation when measuring 4 times in the
same position 15 less than half of what is obtained when measuring in different positions (5.3
vz, 12.4). Consequently the standard deviation of the over all average is much lower if you take
the mean of 4 different positions each time as compared 10 when you take the mean of each
position (1.9 vs. 11.7). The conclusion from these tests is that the reproducibility of the PFS
method is good, and that the different emissions found in the different positions {A-D) on the
same specimen are real, and not an indication of vaniations in the test method per se,

Comparing the absolute values of emissions in Table 1 and 2, one can see that the emission
from the concrete Snmglc is almost 20 times higher than from the samples with levelling com-
pounds (56 vs 3 pg/m” . hour). This result is in line with other results in the project and also
with earlier research in this field.

The conclusion is that the PFS method seems to be a reliable and simple ool for measuring
emissions from floorings and can be used in practice to verify the function of selfdrying level-
ling compounds. Further validation of the methed is going on.

4. FINANCIAL SUPPORT

The project is financed by Maxit Group AB. The laborstory work has been carried out by per-
sonnel at Cementa Resenrch AB.

5. REFERENCE

Alexanderson, 1.; Secondary Emissions from Alkali Attack on Adhesives and PVC Floorings,
Report TVBM-3115, Lund Institute of Technology.Lund, Sweden 2004,
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1. INTRODUCTION
1.1 General

The impact of CO; on the climate is of growing importance both technically and politically. At
the production of cement clinker, limestone is heated and about 0.5 kg CO; is released per | kg
of clinker. This is called calcination. At the production of concrete the clinker minerals will
react with water and form cement hydrates. These minerals are not stable in contact with COs
(air) and moisture but will be transformed through what we call carbonation into stable calcium
carbonate, which is the mineral constituting limestone, This means that there is a cycle. From a
geological perspective all CO; released at the caleination will be taken up.

A recent Nordic introductory study show however that a substantial part is taken up already
during normal lifetime (100 years) of concrete structures and most of it in a few years if used
concrete is crushed and stored in contact with air.

1.2 Nordic study: CO; uptake during the concrete life eyele

The Nordic study was conducted 2003-2005 with funding from Nordic Innovation Centre and
with participants from Denmark, lceland, Norway and Sweden. The objective was to provide
documentation of concrete carbonation during service life and secondary use. The project has
been documented in five reports. Three reports cover background data and two reports include
the results. See the reference list. One general result is that the study implies that about 20 % of
the total (release from limestone and from fuel) amount of CO; emitted in the production of the
Portland cement utilized in Nordic concrete construction will be reabsorbed in 100 years. It is
however stated that the study is based on a number of assumptions and uncertainties and that
there is a need for further work in the field.

2 PRESENT STUDY

The present study is concentrated to the Swedish market and can be divided into two
subprojects:
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1.1 Carbon dioxide uptake in concrete by carbonation
This subproject consists of four different wsks:

A. Models for and measurements of COg-uptake in cement based products.

B. CO-uptake after demolishing and crushing.

C. Investigation of the distribution of exposed concrete surfaces in the building stock.
D. Concrete with enhanced CO-uptake ability.

The task A is divided into several subtasks, for instance (1) state of the art, including a critical
review of the Nordic Project, (2) development of a method to measure carbonation degree, (3)
measurements on carbonation depth, carbonation degree and hydration degree and (4) models
fior correct description of the carbonation process.

The project is mainly conducted by CBI and LTH in cooperation. Task C is done by Cementa.

2.2 Climate gas strategies for cement containing products

This subproject 15 conducted by Swedish Environmental Research Institute — IVL. The objective
15 to, based on the results from subproject 2.1, analyze strategies and study technical,
economical and legal aspects of the COy-cyele in cement and concrete and how it should be
handled in reports, models and standards for life eyele environmental assessment of buildings.
The reporting shall provide the cement and concrete industry with an enlarged decision basis
for future COy-policy.

13 Project data

The project is financed by the Swedish Consortium for Financing Basic Research in the
Conerete Field, by the Swedish Environmental Research Institute — IVL and by Cementa AB.

It started in November 2007 and will be finished at the end of 20009,

REFERENCES

The following reports are from the Nordic project “The CO; Balance of Concrete in a Life
Cycle Perspective.

I.  Lagerblad, B. Carbon Dioxide Uptake During Concrete Life Cycle, State of the Ari
Swedish Cement and Concrete Research Institute, CBIL
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1. INTRODUCTION
1.1 General

The Consolis SAS Group is the largest manufacturer of precast concrete in Europe. It
manufactures a wide range of prefabricated concrete products, such as floor slabs, beams,
columns, walls and a large vanety of complicated special elements, Consolis also makes
producis for infrastructure, such as pipes, railway sleepers and structures for bridges and
tunnels and pavement blocks, The company has about 140 factories and operates in 21
countries. In 2007, Consolis had net sales of 1, 7 billion euros and employed of 10,000

employees,

Currently self-compacting concrete (SCC) is in regular use in most Consolis countries and
its volumes are rapidly increasing. The annual use of SCC in 2007 exceeded 350 000 m’
and made up about 35% of all concrete production in Consolis with flowable concrete
(hollow- core slabs excluded). The list of products made with SCC is long: walls, beams,
TT-slabs, columns, balconies, storage tanks, railway sleepers, bridge beams, sheet piles,
cable culvert elements, safety barriers, septic tanks, manholes, even funeral coffins, and in
addition, different kind of special elements.

The next step will be a factory designed only for SCC-use and it will look quite different
from the current ones.



1. NEED FOR FUTURE DEVELOPMENT
2.1 Problems in present production

The production of SCC has increased significanily during the last years both globally and
at Consolis Group factories. There have been many good experiences, but still some
factories have difficulties o control workability and to achieve good concrete surfaces
without porosity or cracks when SCC was used,

As well, some SCC-mixes are still too expensive due to the high amount of cement
required. There may be several reasons: quality of materials, sceuracy of equipment and
methods for casting, finishing, and curing. Although there are manuals and guidelines that
offer advice on producing proper SCC, it seems that factories will need even more precise
recommendations to mprove and keep constant the quality of SCC.

2.2 5CC plant in future

SCC is currently being produced using conventional production facilitics and equipment.
Only few real developments have been made in precasting production processes in
considening the use of S3CC, While this remains like this, part of the potential benefits of
SCC can not completely be exploited.

One example about the future SCC-plant is 10 use a carrousel-type of production method. Ii
means that the moulds are moving around the factory hall from fixed working place to
another. For example, in the casting place the concrete can be floated directly from mixer
to the mould under it. It means a much shorter period from mixing to casting and fast
stiffening of SCC is now rather a benefit. The total production process can be studied and
simulated by using a computer model. The use of this simulation model has proved that it
is able to increase the production volume and effectiveness and reduce production cost 20-
30%. The pay-back time for invesiments which are needed, will be 3-5 years,

3. CONCLUSIONS

We are now at the forefront of a new level of concrete technology. There are few maitters
which give s0 many technical, cconomical and environmental benefits. Probably all
vibrated concrete will not be completely replaced, but SCC already is a dominant mode of
manufacture.

There is still a lot of work to be done to optimise the SCC-mixes for each factory and cach
product. Also, production methods can be developed: maybe the concrete could be
transporied and cast by pumping or maybe the elemenis could be cured by using
microwaves. There are several new possibilities!

We now have SCC — the old times will never be back!
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1. INTRODUCTION

The European standard EN 13892-7 describes a test for determining the resistance to rolling
wheel of sereed material with floor covering. This property is very essential for the function
of a screed material depending on where it is used. It is included in the so called P-marking
system for levelling compounds in Sweden. The test method is optional in the harmonized
standard EN 13813,

2. RESEARCH SIGNIFICANCE

The rolling wheel test according to EN 13892-7 is based on an old Swedish standard and
dates back long ago. On the material that is to be tested, a homogencous PYC flooring is
glued with a water based adhesive. This specimen is put into a rather advanced testing equip-
ment where a swivel castor is running back and forth in two directions, toally 10 D00 eycles.
The load on the castor can be varied, and the result of the test is the load that three specimens
can withstand without debonding of the flooning,

When the test was introduced in the European standardisation work, there was some doubt
whether it 1s reproducible, since it mvolves many different steps from the specimen prepara-
tion to the actual loading and the final determination of if there is debonding after the loading.
Also, since the equipment is rather advanced — it is not a commodity — equipments in different
laboratories might perform differently. Against this background, it was felt important to estab-
lish the validity of the test by making a round robin test with laboratories from different coun-
tries taking part.

3.  METHOD

A round robin test has been performed with 7 participating laboratories from 4 different coun-
tries, The test has been performed with one levelling compound from Maxit AB. In one part
of the project all specimens were prepared by the Maxit laboratory and senl to the different
laboratonies for testing, in order to find out whether different test equipment gives different
results. In another part of the project most of the laboratories produced their own specimens
from material sent out by Maxit, whereby the influence of the whole test procedure is in-
cluded.
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In shon, the material that is to be tested is applied on a concrete substrate. Afier an initial dry-
ing period, a 1,5 mm homogencous PVC flooring is glued with a water based flooring adhe-
sive. Then the rolling wheel test is camied out 28 days after casting the specimen. A steel
wheel is loaded with a predetermined load (150, 250, 350, 450 or 550 N). The wheel travels
back and forth in two perpendicular directions 10 000 cycles. This procedure takes about §
hours. Then a drilling through the PVC flooring is done in six positions to determine if there
has been any debonding caused by the loading. The result of the individual specimen is puss
or fail for that particular load on the wheel. According to the standard three specimens have (o
pass in order for the material to fulfil the criteria for a particular load, designated RWFC fol-
lowed by the load, e.g. RWFC 450.

For an unknown matenal, five specimens are needed to determine the RWFC value. The first
specimen is tested with 350 N load and the next is tested on either 450 or 250 N depending on
whether the 350 N test passed or failed. Likewise the following specimens are tesied with a
load that depends on the outcome of the preceeding test.

The results of the round robin test are encouraging. In the first part of the project all laborato-
ries but one found results that were in good accordance, The results are shown in the Table 1.

Table | - Specimens made in the same laboratory.

Lobomtory Test] Test2 Test] Testd Test5 RWFC
S0P 450F S550P S550F  550P

350F 450F 450F S550F  S50P
3S0P 450P S50P SSOP SSOP
350F 450F S50 450P 450P
350 4s0p ssof 4sof 3soff
350P 450P S550P 550P S50P
350P 430P ssoP ssop sso)

g8 z8eg

- R T

P= Specimen passed the indicaied koad
[ = Specimen failed the indicaied load

As can be seen from the table, all laboratories but number 5, found that the RWFC was either
450 or 550. From the statistical point of view, it is a question of chance whether the result is
450 or 550. Laboratory 2, e.g., made a mistake in test 3 when they did not raise the load o
550 N. Laboratory 5 had misunderstood the principle for the test and they also noted that the
drill that was used to determine whether a specimen had debonded or not, was out of align-
ment. This eould explain that they got failures at 350 N,

The results from the tests where the laboratories had produced the specimens themselves,
showed similar results as in Table 1. All but one laboratory got RWFC 450 or 550. The one
deviating (number T) got RWFC 350. It could possibly be explained by the fact that it was
found out that the load was 20 N higher than it should be.

4. CONCLUSIONS

The investigation shows that the standard EN 13892-7 is quite reliable and can give repro-
ducible results in spite of the rather sophisticated specimen preparation and testing procedure
involved.

5. REFERENCE

Alexanderson, J. Resistance of floor screeds with floor coverings to the action of rolling
wheels. Concrete Jan 2001,
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1. INDUSTRIALISATION OF READY MIXED CAST CONCRETE

The implementation of SCC in addition to new reinforcement and form work techniques make it
possible to increase the degree of industrialisation at construction sites markedly [1]. In a PhD
research project full scale studies have been performed, “the Industrialized Concrete Bridges”,
and it was found that significant manpower reductions, improved working environment and
higher quality of final result were facilitated by increasing the degree of industrialisation. The
success was among other things dependent on how criteria of SCC were defined and how the
concrete properties - and their varation - fulfilled the criteria.

2. FULL SCALE STUDIES

A key for the positive results of the full scale studies was that the owner, contractor, material
supplier and designer cooperated during the complete project. Already during the design phase
decisions were made in understanding between the partners that SCC and prefabricated
reinforcement (e. g. carpet reinforcement) for the foundations and for some of the superstructure
should be used and that so called Lean Construction principles should be utilized duning both
design and construction phases.

By using prefabricated reinforcement, the actual on-site production time at one of the bridges
studied was reduced to 6 hours from a planned on sile fixing time of traditional reinforcement of
six days. Thus, the foundation could be cast on the afiernoon the very same day i.c. at a time
when the concrete plant normally has a low production engagement.

The average fixing time for carpet reinforcement in the bridge deck was 50 min/ton, which
should be compared with at least 4 hours per ton for traditional net reinforcement. In total it was
found that some 75 % of the on site assembling time for the superstructure reinforcement could
be saved. The price for the material went up with roughly 50 % however, but since the cost for
the assembling decreased by almost 90 % the overall economy was positively affected.
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3. CRITERA FOR SCC AT AN INDUSTRIAL PROCESS - OPTIMIZATION

Using SCC saved approximately 65% of the casting time on one of the bridges as the number of
workers involved was reduced. Crucial for the success of SCC is to define the performance of
the produet, which ean, according to the Growth project Testing-SCC [2], [3] be discerned into
three main parameters: |) Filling ability 2) Passing ability and 3) Segregation proneness. For
these parameters, criteria should be established to be met by a proper mix design depending on
geometry of structure o be cast, reinforcement, form work type and, last but not least, method
and local tradition on how to pour the concrete. Figure la shows possible target values and
allowed vanations of the filling ability (slump flow and T50) for horizontal and vertical bridge
structures used at some occasions in Sweden. Example of result from SCC testing on site
meeting the critenia 15 shown in Figure 1b. Criteria on passing abifity and segregation proneness
can, of course, be treated in a similar way.

The variation of SCC properties when delivered on site depends on a large number of factors
such as fluctuations of properties of the concrete constituents, mixing procedure and transport
conditions. In order to meet the criteria on site a robust concrete mix must be able 1o maintain its
intended properties even though such parameters vary. To develop such a robust concrete mix is
as importanl for a successful result as it is complex to accomplish. It is strongly believed that
both theoretical analysis (by e. g. packing theories) and laboratory tesis on cement paste, mortar
andior concrete are required in order to develop robust mixes,
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Figure | a) Schematic workability diagram ($lump flow vz T50) with examples of criteria for
SCC for wall and slab, where the areas represent the tolerances.
b} Slump flow and T30 at the bridge deck casting of the full scale test.
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1. INTRODUCTION

Traditional planning methods used in the building industry based on eritical path methods do not
fully consider the vanability in construction activities or the availability of scarce resources
needed by an activity at a specific point of time [1). Simulation has been suggested as an
alternative method to support decision making, planning and scheduling of construction
processes [ 1]. This research aims al studying the process associated with the erection of in-situ
cast concrete frameworks in multifamily buildings in order to identify possible improvements in
terms of higher productivity, lower cost and higher resource utilization. The objective is w
develop a model for simulation of different production strategies in order to identify ways to
improve construction performance in terms of time and cost.

2. METHOD

In the research, simulation technique is used in order to analyze on site activities involved in the
construction of in-situ concrete frameworks. A model for simulation of construction process has
been developed based on knowledge denved from on site observations and data collection in
four ongoing projects. The development process involved identifying construction activities
(process mapping) and resource usage typically used in the construction of in-situ cast concrete
frameworks. The model has been developed in Extend™ which is a general-purpose simulation
system [2]. The simulation model is based on a discrete-event approach [3] which is suitable for
describing construction activities and involved resources [4].

The model has been validated in a project involving the construction of two six storey buildings.
In order to demonstraie the use of the simulation model, altemative ways of allocating resources
to activities were simulated. Two alternative resource strategies, P1 and P2, were simulated and
compared to the strategy actually wsed (P0). Table | shows the activities included in the
simulation together with the different strategies for resource allocation according to PO, P and
P2. P represents the construction strategy used in the observed project. The slab on each floor
was poured as one single unit and each floor was divided into six wall ¢ycles. P1 represents a
theoretic production strategy where additional resources were added to wall activities and the
number of wall cycles per floor was reduced to four. In P2, further resources were added 1o
same of the slab activities. Bold characters indicate a change in resource allocation compared to
the reference, PO. Additional information required by the simulation model was total available
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resources during the framework erection, work Joad and unit time defined per activity and cost
information for workers, material and equipment.

Table | — List of activitfes subjected to different setups of work crew allocation (PO, PI and P2),

Activity/sub-process POPLPY  Crane Activity/sub-process POPLP?  Crane
1. Formwork strip & cleaning ZABASA X 13 Jointsealing and stopends  TASIB/IA+ -
1B1A+IB
1. Erect wall formwork (1" side)  2AZABA X 14 Insiall prefabricated columns 1IVIDAD X
3. Fix reinforcement 1BIEIB x 15, Insnll staprs IR2BRAR x
4. Install electric syslems ICAGIC = 16, Insaall ventilation systems IENENE -
5. Erect wall formwork (Ind side)  2ABA3A X 17. Install pipes 2F/2F/AF
fi. Pour concrete walls IB2R2IR X 18 Insinll electric sysiems 1cncc -
T. Curing of concrete walls - = 19, Place top reinforcement IRARAR 5
B, Propping of floor slab ZAIAA x 20, Shuttering (zhafi & staircase]l  1AJLASLA X
9. Propping of balcony slabs IMDATN x 2. Pour concreie slab floor IREAR .
10. Place lattice girder elements JBIBRAR X 22, Cuning of concrele slab floor - -
11, Install balcony slabs 2B2B2H X 21 Props remsval and reshore IATAS A L1

12, Place baiiom remnforcement JBR2RAR x

A= Carpenters, B=Concreters, C=Electrician, D=Sub-coniracior {sicel), E=Ventilation conractor, F=Plumber, X=
Crane used during whale activity, x=Crane used partially during activity, ®=concrete punip

RESULTS

The simulation experiments show that P1 result in a 3.6% shorter construction time and 6.5%
higher construction cost compared to PO, P2 results in a 14% reduction of total construction time
but a 6.8% increase of construction cost compared to PO,

4. CONCLUSIONS

Simulation could be a complement to traditional planning methods enabling to consider the
availability of resources but also the uncertainty and stochastic characteristics of a construction
project. The simulation could support site managers in the decision of suitable method based on
project specific objectives and prevailing conditions. Simulation of altemative construction
methods and the influence of external disturbances on construction performance are examples of
interesting areas for further research.
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. INTRODUCTION

The contractors in Sweden were among the first to use SCC. Despite this fact, the share of SCC
in on-site casting is today only 5-10 %5, The share in the precast industry is substantially higher.
A few known factors may explain the low share. One of these known factors affecting the use of
SCC is the formwaork technique. The technique developed for conventional, vibrated concrete is
not optimal for SCC. The special attributes of SCC, e.g. fast conerete filling, bottom to top form
filling, casting against an overhead form, are not considered. The formwork design is highly
dependent on form pressure and the movement of conerete in the formwork.

2. RESEARCH SIGNIFICANCE

Concrete construction and reinforcing works have traditionally been laborious and time
consuming. Self Compacting Concrete (SCC) now offers an improved working environment and
increased degree of mechanisation. This ongoing research project aims at investigating,
analysing, and further developing the technology for SCC in civil engineering construction.

3 METHOD

The research method consists of the following elements:

(1) An inventory and investigation of intemational design methods for vertical formwork
through interviews and literature search.

(2) An investigation of existing Swedish and intermational methods for formworks and SCC
castings through site visits and an interview survey.

{3} ldentification of future construction technology for SCC.

(4) Development of a proposal sbout new or improved design method for SCC and conventional
concrete formwork.

{3) Proposal about new or improved formwork and construction technology.
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4. RESULTS

The main objective of the research project is to substantially improve the working environment
and the construction technology in civil enginecring by increasing the share of SCC. The
advantages of SCC - excellent material properties and optimized casting - enable the share of
SCC to reach much higher levels. Duning the first parts of the project, one can expect 10 see
clear and distinet proofs of the shortcoming in curremt formwork technology (including
formwork design) and casting technique.

The first element of the rescarch project, an inventory and investigation of intermational design
methods for vertical formwork, resulted in a research paper [1]. One important conelusion in the
paper is that current versions of codes for design of formwork for conerete have to be adjusted
for SCC in order to enable this technique to be fully utilized. Presently, they are only covering
conventional concrete. A comparison between five intemational codes shows both similarities
and differences. It is possible to find practical examples for which the formwork pressure is very
similar, but the differences increase if the parameter values deviate from the most common
casting situations. For high casting rates and high slump valucs most codes approach hydraulic
pressure. This might, however, be too conservative for SCC since measurements show pressure
values substantially lower. Consequently, the existing codes cannot simply be extrapolated to
SCC. Some general rescarch areas are suggested: SCC robustness, accuracy of scales, mixing
process, transportation and test methods for thixotropy al site. In the laboratory, tools for
characterisation of SCC properties have been developed and a more complete study of
parameters (constituents, temperature eic.) has 1o be conducted to enable the development of
reliable design methods for vertical formwork. Yet another research area is the development of
formwork systems., It is possible to instrument the formwork with pressure sensors or load cells
in order to monitor the pressure development on-line as input for casting rate control. Other
crucial parameters are form characteristics, reinforcement configuration and how vibrations
from machines at the site will influence the thixetropic structure al rest.

5. FINANCIAL SUPPORT

Financial support from the Swedish Road Administration is gratefully acknowledged.
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1. INTRODUCTION

In December 2006, the INDUCO project was launched, with the purpose of developing
technologies for monitoring and controlling concrete production. A prerequisite for
developing and implementing these technologies is a thorough analysis and mapping of the
concreting process. This will help us to identify the needs and potential usefulness of new
technology and facilitate a quick assimilation once it becomes available. We have been
working together with the industry in making an accurate description of the concreting
process and identifying which properties that needs to be followed. This mapping covers
the process from the assembling of raw materials until 28 days after mixing. It also
incorporates a mapping of the prefabrication concreting process. Interviews, workshops
and visits form the foundation for our mapping. We have chosen to use the functional
modeling language IDEFD in producing the process charts. Future work aim towards
improved control and efficiency of the processes,

2.  RESEARCH SIGNIFICANCE

Working towards a mapping and subsequent understanding of the process of concrete
production will generate substantial benefits. We will identify the needs of the industry, as
well as potential uses for new technology, We will also identify new potential markets for
the concrete manufacturer, with the possibility of taking on new tasks and responsibilities.
Lastly, a thorough mapping of the various processes will identify possibilities for improved
efhiciency of the various sub processes,

3. METHOD

Workshops, interviews and study visits form the foundation of this work. The author has
chosen to work with the functional modeling language IDEF0 in producing process charts,
Initial charis form the basis for discussions at workshops, where they are improved upon
and where ideas for improvements in the processes are aired. This facilitates in choosing
arcas to focus on in later pilot projects within the INDUCO project.



4. RESULTS

Working towards an accurate description of the concrete production process has helped in
identifying the needs of the industry. It has yielded an understanding of how the various
sub processes are connected and their significance for the main process of concrete
manufacturing. The end result is suggested arcas for improvement and applications for new
technology such as isothermal calorimetry and wireless sensors. Isothermal calorimetry
may be used for monitoring property development in concrete, It could also find potential
use as control of cement quality at delivery, indicating vanations in different batches,
Potential uses of new technology will be tested through pilot projects within INDUCO.

5.  FINANCIAL SUPPORT

This project is funded by Vinnova, Cementa AB, Sydsten and Lund University.

6. PROJECT DATA

The work of mapping the concrete production processes has generated ideas for arcas of
improvement. The suggestions form the basis for pre studies, which will be performed
during spring of 2008. Some of these studies will be chosen for pilot testing, w be
performed in the fall of 2008. At lease one of these pilot tests will concern new test
methods.
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. INTRODUCTION

Self-compacting conerete (SCC) i8 an important possibility for the industrialization of
construction as it can, it managed properly, decrease the number of workers needed during
casting and become economically profitable as well, Experience has shown that SCC not alone
sutomatically gives a clear improvement of productivity. Therefore, within this research project,
feasibility studies were carried out to grade various measures for industrialization of bridge
construction. Thus, ten already constructed concrete bridges were followed up regarding unit
times and costs for reinforcement, formwork and concrete and it was identified where major
advancements in production can be achieved, Figure |. A large man power reduction was
achieved with a more effective handling of reinforcement - a well known circumstance,
Different solutions for effective reinforcement fixing can thus be applied at various parts of
bridges and as large as 80% of the reinforcement fixing time at the production site can be saved.
Also if the formwork can be designed (o be permanent on the construction, savings of 10 -15%
on working hours can be achieved. SCC comprises many advaniages compared with traditional
concrete (i.e. faster casting, better working environment, productivity enhancement etc) that can
result in a decrease of man hours with up to 75%, Figure 1,

Tostesl ryoem loim

Figure | - Possible reduction of man power vequirements i industrial methods are applied to
concrete bridge construction,

2.  INDUSTRIALIZATION

Industrialization is often mentioned as the measure to be taken and its definition iz often debated
in recent literature. It is thus stated that, to reach an industrial process, focus cannot only be on
the production apparatus. The whole process from project idea to completed project needs to be
controlled. Other important issues that must be addressed in an industnalised process are



logistics, collaboration between partners, standardized solutions and design concepty, pre-
manufactured highly processed components and information technology as well as Lean
Construction philosophies.

2.1 Lean Construction

An important component of industrialization is to change the organisation at the site and the
attitude of the personnel. Philosophies of Lean Construction can thus be a useful tool. In Lean
Construction waste (in Japanese: minda) plays a ceniral role, whose definition is any human
activity that absorbs resources without ereating any value [1].

2.2  Industrialization in production and the working environment

According to a study at the Danish Technological University [2] some 26 % of 8 worker's
average day consists of conerete casting and reinforcement fixing (approximately 10 % and 16
%o respectively). This work is often done in awkward postures with heavy equipment such as the
poker vibrators for the traditional concrete or with heavy material when placing the
reinforcement piece by piece. Probably the largest benefit with using SCC and prefabricated
reinforcement is, as mentioned earlier, the improvement in working environment. By using a
program called ErgoSAM a comparison between different working methods can be performed.
This model observes the risk of acquiring Work-related Muscular Skeletal Disarders (WMSDs)
on combinations of the variables; work posture, force and repetition.

3.  FULL SCALE PROJECTS

Two full scale projects have been studied with the concern of SCC and reinforcement. The first
full scale project comprised SCC and “new” reinforcement solutions such as reinforcement
cages for the fnundatinn:sl and rchar carpets for the supersiructure, In iotal, the bridge consisted

of approximately 280 m SCC cast at four occasions. To facilitate the introduction of the new
working methods, the design and production planning of the bridge were camied out according
to Lean Construction philosophy [3]. The second project consisted of two identical bridges nexi
to each other. At these bridges the focus was on the implementation of SCC. The total amount
of SCC for both bridges was approximately 550 m’,

4. CONCLUSIONS

The largest economic benefit from introducing SCC 1o a contractor in civil engineering projects
is probably on the superstructure. This since the largest number of workers is needed during
casting of traditional vibrated concrete for the structure and therefore is associated with large
casting costs. The number of workers needed can be markedly reduced if SCC is introduced and
proper planning has been carmed out before casting.
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1. INTRODUCTION

Concrete with low porosity/permeability is one of the activities within project 1 *Advanced
cementing materials and admixtures™ in the Norwegian centre for research driven innovation
COIN {Concrete Innovation). The objective is to make concrete with low porosity and
permeability, but focused on matrix.

Two state-of-the-art reports (STARs) were scheduled for 2007 on different approaches to
achieve the objective; 1) “Low porosity through particle packing” dealing with obvious
systems like adding fine particles (e.g. silica fume) to more advanced systems focusing on
avoidance of initial ettnngite formation functioning as spacers hampering packing of cement
grains in the fresh state and 2) “Low permeability through hydrophobicity” dealing with
hydrophobizing agents intermixed in the concrete and not applied on the surface of hardened
concrete, However, only the second report is finalized at present and reviewed in the next
section.

2. LOW PERMEABILITY THROUGH HYDROPHICITY

The durability and aesthetic appearance of concrete may be improved by the addition of
hydrophobizing agents as a consequence of reduced water permeability,

Hydrophobizing agents lead to less water absorption at the same time as they let water vapour
out. This may lead to a dryer interior over time and thereby reduced rate of detrimental
reactions needing liquid water as reaction medium, The ingress of waler bomn aggressives like
chlorides will be reduced (in particular in marine splash zones), but also corrosion rates may be
decreased. Carbonation rates may, however, be somewhal increased.

Vegetable oils seem to be the most cost-effective hydrophobizing agents as good effects may
be achieved by additions of only 0.5 % of the cement mass. Furthermore, the cheapest and
most available vepetable oil based on rapeseed is among the most effective tested as
examplified by capillary suction in Fig. 1 [1, 2].

It is recommended 1o continue research on the effect of rapeseed oil as a concrete admixiure,
also at dosages above 1.5 %. The research should focus on rapeseed oil as hydrophobizing
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agent, but also on its effect on other interesting concrete properties for COIN: like hardening
retarder, *.hnnl-:ag: n:dumng agents, electrical resistivity and pH reduction.

4 Sawn mortar discs with vegetable oils
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Figure | — Water absorption of sawn movtar dises with 0.0, 0.5, 1,00 and 1.5 % rapeseed oil
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3.  PROJECT DATA

COIN - Concrete Innovation Centre - is one of 14 Norwegian Centres for Research based
Innovation (CRI), which 18 an initiative by the Research Council of Norway, The main
objective for the CRIs is 1o enhance the capability of the business sector to innovate by
focusing on long-term research based on forging close alliances between research-intensive
enterprses and prominent research groups.

About 25 researchers from SINTEF (host), the Norwegian University of Science and
Technology (NTNU) and industry partners work in the COIN projects (presently 5 projects).
COIN involves moreover 15 - 20 PhD-students, 10 - 20 M.Sc.-students and interational guest
researchers. The research covers a wide range of research topics.

COIN has a budget of NOK 200 milllON over 8 years (from 2007), and is financed by the
Research Council of Norway (- 40 %8), industrial partners (7 45 %) and by SINTEF Building
and Infrastructure and, NTNU (in all approx 15 %). The present COIN partners are the
Research Council of Norway, SINTEF, NTNU, Norcem, Unicon, Maxit Group,

Spenncon, Rescon Mapei, The Norwegian Public Roads Administration, Veidekke and ﬁker
Kverner.

For more information, log on to www.sintefno/coin
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. INTRODUCTION

In 2007, 3 state-of-the-art reparts (5 TARs) within COIN = the Concrete Innovation centre -
were made on different approaches to achieve concrete with less cmcking; 1) “Reduced
cracking by admixtures and additives” [1] covering shrinkage reducing admixtures (SRAs) and
expansive agents, 2) “Reduced cracking by fibers™ [2] encompassing the use of fibers to reduce
crack width and 3) “Reduced cracking by internal curing” [3] dealing with mitigation of
shrinkage cracks caused by for instance self-desiccation using internol water reservoirs like
saturated fine light weight aggregate (LWA) or cellulose fibers. This paper summarizes the
findings from these 3 STARs and directions for research within this activity for coming vears.

2.  LITERATURE STUDY AND CONCLUSIONS

The 1" STAR [1] presents a literature review on mitigation of autogenous and drying shrinkage
cracking by shrinkage reducing agents (SRAs) as well as expansive additives. The SRAs are
often propvlene glveol derivatives believed to fonction by lowering the surface tension of
water and thereby the tensile stresses, but the mechanism is disputed. Expansive agents arc
usually formulations that produce ettringite, but reports are also found on hydroxide forming
compound like lime (Cal)) and periclase (MgO). There seems to be an interesting synergy in
combinations of glycol based SRA and CaO expanding agent, which should be further
mvestigated for practical applications within COIN. A third class of expanding additives is gas
forming admixtures, in particular aluminium powder generating hydrogen gas. However, these
additives seem more difficult to control in terms of timing and expansion,

The 2™ STAR [2] showed that non-metallic fibers added to comcrete in general have
considerably reducing effect on the carly-age cracking. When the effect of non-metallic fiber is
compared with erdinary mesh reinforcement, the fiber reinforcement shows the best results. It
is also found that longer fibers have better effect than shorter fibers, probably due 10 better
bond strength between concrete and fiber. The optimum fiber length is found to be somewhat
larger than the maximum aggregate size. Non-metallic fiber added to conerete at fiber dosages
of 0.5vol% can eliminate the problem with plastic shrinkage cracking, without reducing the
workability considerably.
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The 3™ STAR [3] on mitigation of autogenous shrinkage cracking by intemal curing (i.c.
internal supply of water NOT belonging to the mix water) of concrete revealed that the use of
saturated, surface dry (S5D) lightweight aggregate (LWA) is proven to work as internal curing
agent relieving stresses in concrete. It is now also used in practice in USA to combat shrinkage
cracking in pavemenis and slabs, There seems (o be a size effect, so SSD LWA as internal
cunng agent functions better in practice with large objects than in laboratory investigations on
small specimens. However, the potential of saturating the LWA with solutions of admixtures
(e.g. shrinkage reducing admixture) that otherwise would interfere with the initial setting and
hardening has not yet been fully exploited and is recommended for pursuit in COIN, Very
limited investigations have been performed on water saturated derivatives of wood; from wood
powder, through cellulose fibres to cellulose derivatives, as agents for internal curing. Further
research may be focused on water saturated cellulose fibers in order to elucidate the potential
combination of internal cuning and fiber reinforcement to mitigate shrinkage cracking.

3. FPROJECT DATA

COIN - Concrete lnnovation Centre - is one of 14 Norwegian Centres for Research based
Innovation (CRI), which is an initiative by the Research Council of Norway. The main
obhjective for the CRIs is to enhance the capability of the business sector to innovate by
focusing on long-term research based on forging close alliances between research-inlensive
enterprises and prominent research groups.

About 25 researchers from SINTEF (host), the Norwegian University of Science and
Technology (NTNU) and industry partners work in the COIN projects (presently 5 projects).
COIN involves moreover 15 - 20 Phd-students, 10 - 20 M.Sc.-studenis and intemational guest
researchers. The research covers a wide range of research topics.

COIN has a budget of NOK 200 million over & years (from 2007), and is financed by the
Research Council of Norway (O 40 %), industrial partners © 45 %) and by SINTEF Building
and Infrastructure and, NTNLU (in all approx 15 %), The present COIN pariners are the
Research Council of Norway, SINTEF, NTNL, Norcem, Unicon, Maxit Group, Borregaard,
Spenncon, Rescon Mapei, The Norwegian Public Roads Administration, Veidekke and Aker

Kvierner.
For more information, log on to www sintef.no/coin
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1. INTRODUCTION

The aim of the project was to study the effect of different accelerators on the early cement
hydration and to better understand the mechanism of the sceeleration period, which means
what hinders the reactions to start immediately and what get them to start. Thereby you can
better control the hydration and early strength development.

Nanosilica is a rather new material for conerete and has shown to give an accelerating effect on
hydration of Portland cement. Nanosilica is colloidal Si0; with particle sizes between | and
S0 nm. The particles consist of an amorphous shell with a hydroxylated surface.

Nanosilica with smaller medium size of the particles is more effective than nanosilica with
coarser size. The accelerating effect can be increased by addition of alkali hydroxides or Ca-
based accelerators. Experiments have been made with different types of nanosilica and
Portland cements, mainly by using an isotherm calorimeter. The optimum amount of nanosilica
regarding the heat evolved dunng the first five hours is different for different cements. The
amount ranges from about 0,5-2,0 % as dry content of nanosilica of the cement weight

depending on the cement type.

Also concretes with nanosilica were cast and the early strength at six hours was markedly
increased for the concrete with high cement content.

This paper summanses the part of the study on the accelerating effect of different types of
nanosilica with different Portland cements. The research project was one of the long-term
programs at CBl, where the effect of accelerators on the early hydration was studied,

2, EXPERIMENTS

An isotherm calorimeter was used for measuring the heat development for the different cement
pastes. Also some XRD-, SEM- and pore solution analysis were made. The effect on the
compressive strength was measured on concrete.



Cements used were the Swedish low heat cement CEM | 42,5 N, a rapid hardening cement
CEM 1 52,5 R and cement based at the same clinker as the Swedish ordinary cement CEM
IVA-LL 42,5 R, but without limestone filler, here called laboratory cement.

510} content and mean particle diameter tor different types of nanosilica are given in table 1.

Table 1. Dry content of 5i0; and mean particle diameter for different types of nanosilica,

Munosilica A Manosilica B Mancsilicn C
Hiy % 50 15 15
Mean particle diameter, nm 35 5 16

k1 RESULTS

The nanosilica with the smallest particle size gives the highest acceleration effect with the
lowest amount, Figure 1.
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Figure 1. The effect of different amounts and tvpes of nanosilica in rapid hardening cement.

4, CONCLUSIONS

The smaller the size of the nanosilica particles the less is the amount needed to get a certain
acceleration effect. The effect is still accelerated with alkali hydroxides or Ca-bearing
compounds. With high enough amounts of alkali hydroxides even ordinary silica fume
becomes an accelerator. The accelerating effect seems to be a result of the solubility of the
silica. For low heat cement the content of nanosilica should be increased to gel a higher
accelerating effect compared to ordinary and rapid hardening cement. For concretes with high
amounts of rapid hardening cement the compressive strength at six hours increased from 3,6
MPa without nanosilica to 33,1 MPa with 1,5 % nanosilika as dry content of the cement
weight. For concretes with lower cement contents of ordinary Portland cement the increase in
compressive strength with nanosilica was only a few MPa.
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1 INTRODUCTION

Retarding admixtures are used to produce a controlled delay of the setting of cement. Hence, a
retarder is added 1o & concrete mix in order to prelong setting time and workability time. Once
the setting has occurred, the rate of hardening is normally not affected. Many organic and
norganic admixtures have proved successful for this purpose in concrete. Consequently, very
few research efforts on the development of new sct retarders are seen, However, there is a need
for retarders that are capable of decreasing the rate of cement hydration after setting has
occurred. Today, only sefting retarders are commercially available, while hardening retarders
are not promoted in the market.

In the Norwegian COIN project (see Section 4) one goal is to develop hardening retarders for
concrete. Accordingly, a state-of-the-art-report [1] has been written providing a historical and
technical overview of retarders in general, their mode of actions, the characleristics of today's
commercial retarders, and attempts ol developing hardening retarders. This report is a shon
presentation of the COIN State-of-the-art-report.

2 RESEARCH SIGNIFICANCE

It is quite easy to retard setting of cement by chemical admixtures. Several well known st
retarding admixtures are on the market. Even though a considerable amount of work has been
carried out to explain the mechanisms of action of these retarders, there are still some
divergences.

It is much more difficult to retard hardening of concrete by admixtures. There are no hardening
retarders on the market. For some concreting operations it is considered important to lower the
rate of heat evolution during the hydration of the cement, e.g. in massive concrete structures to
minimize the risk of thermal cracks.

3 RESULTS AND CONCLUSIONS

Set retarding admixtures are mainly found among organic compounds, but inorganic chemicals
may also act as retarders?]
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Lignosulphonates, hvdroxycarboxylic acid and their salts, phosphonates, and sugars

[norganic chemicals
Phosphatex

Sodium gluconate (hydroxycarboxylic salt) and phosphate are the most common ingredients in
today’s commercial retarders.

The mechanisms of action of retarders may differ and are divided into four types of interaction:
Adsorption, precipitation, complexation and nucleation.

Retarders to decrease the rate of hardening are not commercially available, but some research
activities are reported. Research and development along this line will continue in the COIN
project. The research should aim at investigating the capability of chemicals to slow down the
temperature rise of cement hydration to produce *low heat concrete’

4 PROJECT DATA AND FINANCIAL SUPPORT

COIN — Concrete Innovation Centre — is on¢ of 14 Norwegian Centres for Research based
Innovation (CRI), which is an initiative by the Research Council of Norway. The main objective
for the CRIs is to enhance the capability of the business sector to innovate by focusing on long-
term research based on forging close alliances between research-intensive enterprises and

prominent research groups.

About 25 researchers from SINTEF (host), the Norwegian University of Science and
Technology (NTNL) and industry partners work in the COIN projects (presently 5 projects).
COIN involves moreover 15 - 20 PhD-students, 10 - 20 M.Sci-students and international guesi
rescarchers. The research covers a wide range of topics wherein Advanced cementing materials
and admixiures 15 one of them.

COIN has presently a budget of NOK 200 million over 8 years (from 2007), and is financed by
the Research Council of Norway (approx. 40 %), industrial partners (approx 45 %) and by
SINTEF Building and Infrastructure and NTNU (in all approx 15 %). The present industrial
partners are:

Aker Kvierner Engineering and Technology, Borregaard LignoTech, Maxit Group, Norcem A.S,
Norwegian Public Roads Administration, Rescon Mapei AS, Spenncon AS, Unicon AS and
Veidekke ASA.

For more information, see www.sintelno/coin
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1. INTRODUCTION

In Denmark, sea dredged gravel is the material most frequently use das coarse aggregate in
concrete, including in self compacting concrete (SCC). However, when the concrete is to be
exposed o severely aggressive environments the current standards exclusively allow crushed
granite (o be used [1]. The main reason for this is that even a small proportion of lighter and
porous gravel particles can be suspected to adversely affeet the durability of the conerete in
terms of frost damage or alkali silica reaction. In addition, the mechanical properties of the
concrefe may be affected by the characteristics of the coarse aggregate. The two types of
agpregale  differwidely as regards the shape of the particles. The sea gravel consists
predominantly of rounded and smooth particles, where as the crushed granite particles are
angular and have a rough surface. It has been investigated whether it is possible to use sea
dredged gravel instead of crushed granite to a greater extend than previously assumed.

2.  RESEARCH SIGNIFICANCE

Danish concrete suppliers would benefit from avoiding the handling and storage of crushed
granite coarse aggregate which is presently used for severely aggressive environments only.
Thereby they would be able to use domestic aggregate materials for the majority of the projects.

3. METHOD

The basis of the mix designs chosen in the project was to fulfil the code reguirements [1] of
aeoncrete (o serve in “ageressive” (Class A) and in “extra aggressive” (Class E) environment,
and in addition it was chosen o include a high performance conerete{HPC) having a still higher
strength and durability level. Thus, three pairs of concrete mixes were prepared (Water to binder
ratios (.40, 0.36 and 0.28), cach pair constituting one concrete with sea gravel and one with
crushed granite coarse aggregate. All mixes where designed to have a slump flow of about 600
mm and an air content of about § %. The binder composition was the same in all mixes: 80 %
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cement, 15 % fly ash and 5 % microsilica. The following propertics were measured:
Compressive strength, flexural strength, tensile splitting strength, modulus of elasticity, freeze-
thaw scaling resistance of concrete specimens and frecze-thaw resistance of the coarse aggregate
itself.

4. RESULTS AND CONCLUSIONS

At equal flow properties SCC with sea gravel had an aggregate content of 67 % by volume as
compared to 64% with crushed granite. This contributed to the modulus of elasticity of the
coneretes being systematically 20-30 % higher with the higher content of sea gravel aggregate.

Tensile splitting strength, flexural strength, and compressive strength all showed the same
pattern: At the highest wib (0.40) the SCC with sea gravel exhibited significantly lower values
than the SCC with crushed granite, where as the opposite was the case at the lowest w/b (0.28).
This is believed to be dee to the characteristics of the interfacial zone between the hardened
paste and the aggregate particle surfaces: At high w/b the paste phase is more porous and the
undulations of the rough granite surface acts as shear keys resisting propagation of cracks along
the aggregate surface, much more so than is the case for the smoother sea gravel particles. At
low w/b, however, the interfacial zone is denser and has a finer microstructure which is able to
provide a strong connection 1o the surface of the smooth sea gravel particles which in tum
arestronger than the crushed granite panticles.

The resistance against frecze-thaw scaling in the presence of deicing agents was best with
crushed pramite coarse aggregate. It was found that porphyry and iron-bearing sandstonc
particles in the sca gravel caused pop-outs in the surface and were prone to disintegration during
freezing and thawing. This occurred to such an extent that the sea gravel concretes for
aggressive and extra aggressive environments failed to meet the requirements of the standard.
Porous flint present in the sea gravel, however, which was initially suspected 1o be
problematic.did not seem to adversely affect the freeze-thaw scaling resistance of the concrete.

5. PROJECT DATA AND FINANCIAL SUPPORT

The present paper is based on a Master Thesis from Aalborg University [2]. The Thesis work
lasted one year and was completed in June 2006, Materials for the experimental work was
kindly sponsored by cement supplier Aalborg Portland A/S, concrete supplier Unicon A/S and
apgregate supplier Krohgs AGS

REFERENCES

1. DS 2426:2004, “Concrete — Materials — Rules for Application of EN 206-1 in
Denmark™, Danish Standards, 2004, 1. edition.

2. Knstensen, L.F., Skilason, M., “Sesten versus knust granit i selvkompakierende betoner |
aggressive miljo-er”, Master Thesis, Aalborg University, 2006,



192

Geological Properties Controlling the Production of Concrete with
Manufactured Sand

Urban Akesson, PhD

Swedish Cement and Concrete Research Institute
Box 857, SE-501 15 Bords

E-mail: urban.akessonisp.se

1. INTRODUCTION

Crushed rock becomes more and more common as aggregate in concrete, due to the restriction
to use natural gravel. Today, crushed rock is commonly used from the size of 8 mm and
upwards. Sand and gravel is still the main source for the finer grading. The problem with
using crushed aggregate for the finer fractions is the often too flaky and elongated shape of
the particles, especially in the 0-2 mm fraction, but also the grading curve is different with a
higher content of fines compared to natural sand. This leads 10 a more low viscous fresh
concrete which means that more cement and water must be added to the mix, This paper gives
a short description of the geological properties thal control these parameters, and how it is
possible to improve the material characteristics in the crushing process,

1.2  Grain shape

The shape of the particles is probably the most important aggregate parameter for the
rheology of the conerete. The main parameters that influence the shape of the crushed
particles are the mineralogy together with the size and shape of the minerals in the rock, A
rock with high mica content should be avoided since mica is the mineral which creates most
flak icles (Figure 1).

Figure | — Microphatograph of a manufectured sand of the 0.25-0.5 mm fraction, produced
Srom a granite with approximately 20 % mica. This material have a Fmin/Fmax of (.46,
The image size is 2.8x2.1 mm.

The reason why the size of the minerals in the rock is important is that when the rock material
is crushed it breaks in the weakest planes, which are along straight planes inside the mineral
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resulting in flaky particles. This means that a fine grained rock has better conditions to form a
more rounded material. To characterise the geometry image analysis on microscopic images is
a suitable tool. The parameter that is measured is the length to breadth, expressed as the ratio
FminFmax [1]. Natural sand has normally a ratio around 0.6-0.65, whereas manufactured
sand has a greater range, from 0,435 o 0.6. Crushed sand should at least have grain shape with
median values around 0.55 to make a good concrete.

1.2  Grain size distribution

Natural sand and gravel have a very suitable size distribution for concrete. Today, a (V8 mm
grading can be used without doing any improvements of the sieving curve, This is noi
possible with manufactured sand. The proportion of the different fraction is very different
compared to natural sand, especially in the filler fraction (< 0.063 mm). In order to proportion
a curve similar to natural gravel, aggregate must be sieved in more narrowed fractions.

1.3 Optimisation of size and shape parameters

It is very important to choose the nght rock material. However, a rock material with good
properties can be useless if the procedure in the crushing plant is unsuitable. Cone crushers
are most frequently used in the aggregate industry. A disadvantage with the cone crusher is
that it is produce aggregate with poor shape in most size fractions. It is possible to improve
the particle shape by using a vertical shafi impact crusher (VSI) in the last stage of the
crushing plant. A VSl can produce more cubic particles at least down to the mineral size of
the rock (Figure 2). Bengtsson [2] showed that the rotation speed of the V81 is very important
for the shape of the material. A disadvaniage with the V51 is the tendency to produce more
fines and also that the shape of the particles < 0,063 mm could be more flaky compared to a
cone crusher, The optimal procedure is to combine the V51 with wind sieve that takes away
the fines and also provides the possibility to separate flaky minerals such as mica.

Figure 2 = Microphotographs of manufaciured sand in the 0,.3-1 mm fraction, The image
show the dil'ﬂi:r‘wh.'r between cone crished (1 ::.I'I ) and VST crished fright) manufactured sand
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1. INTRODUCTION

To minimise cement consumption in concrete, aggregates should be packed themselves leaving
the smallest volume of voids. Voidage can be reduced by simply mixing particles of two or
more different sizes in suitable amounts, This work focusses on minimising the voidage in
compacted mixtures of aggregates of three sizes. The technical raw materials exhibit variable
particle size distributions and particle shapes. The attempt to predict mix behavior by simple
charactenization of the individual components is thus very difficult. The packing properties of a
single component can be measured easily, but the interaction with other componenis are
significant, and cannot be predicted well based entirely on  separate packing of each component,
Therefore, a method for combining a reasonable number of accurate volume measurements with
a suitable mathematical model has been developed.

2z, NONLINEAR MODELLING

Nonlinear modelling has been around for more than fifteen years. It has been successfully
utilised by various industries for a variety of purposes from process development, product
development to software sensors and fault detection.

MNonlinear modelling can roughly be defined as empirical or semi-empirical modelling which
takes at least some nonlinearities into account. Nonlinear modelling can be performed in many
ways, The simpler ways include polynomial regression and linear regression with nonlinear
terms. One can also use basis functions and splines, and in cases where the form of the
nonlinearities is known, nonlinear regression can also be used. New techniques of nonlinear
modelling are based on free-form nonlinearities and do not require the knowledge of the form of
nonlinearities in advance.
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3. EXPERIMENTAL DATA

A total of 13 experiments were carried out on 11 January 2008 with different amounts of fine,
medium and coarse aggregates. The aggregates had a fair variation in the particle sizes, and their
shapes were far from spherical. The required amounts for each experiment were weighed and
then manually mixed in a plastic bag before loading into an 1C tester, The IC tester was run for a
certain compaction effort for a fixed number of cycles and with a fixed pressure. Voidage in the
experiments varied from 0.215 to 0389,

4. RESULTS

A nonlinear model for predicting voidage with ten parameters was developed from the
experimental data. The rms error (roughly the standard deviation of the prediction errors) was
0.0025448, which amounts to a correlation coefficient of 99.80%%. The largest error was
0.0065567. Figure | shows the contours of voidage on a triangular plot.
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Figure | — Contours of voidage calculaied from the nonlinear model.

5. CONCLUSIONS

Development of sufficiently accurate mathematical models of voidage or relative volume has
been considered difficult, This work demonstrates that nonlinear modelling is not only highly
effective but it does not require a large number of experiments either, Nonlinear models were
developed from a senes of 13 experiments on mixes of aggregates of three sizes. The model
shows a correlation coefficient of 99.8%.
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1. INTRODUCTION AND RESEARCH SIGNIFICANCE

The enhanced energy absorption characteristics of steel-fibre reinforced concrete, compared 1o
plain concrete, motivates its increased usage in protective structures. However, the structural
behaviours of concrete elements subjected to impact are complicated and it is not completely
understood how the impact resistance is influenced if steel-fibres are added into the concrete
mix. In order to improve this understanding numerical studies of projectile penctration into plain
and steel-fibre reinforced concrete have been conducted.

2. METHOD

The hydrocode AUTODYN 2D [1] was used to simulate the projectile penetration into plain and
steel-fibre reinforced concrete, where the effect of fibres in the concrete was limited to an
improved post-cracking behaviour in the numerical model, i.e. increased fracture energies, Gp.
However, the results were believed to give the overall behaviour of projectile impact on fibre-
reinforced concrete compared to plain concrete. Three different mixes of fibre-reinforced
concrete, four different target lengths and two different projectiles with differing striking
velocities were used.

3. RESULTS

In Figure 1 the results from simulations, where flal-nosed projectiles strikes three different
concrete cylinders with velocities of 650 m/s, are shown. These results, and the conclusions
drawn from them, are in many ways representative for most results within the study. The depth
of penetration 15 negligbly affected by the addition of steel-fibres in the concrete, but a small
reduction can be seen. Both the front- and rear-face crater sizes are reduced and the rear-face
crater in the case shown in Figure 1, is even prevented when fibres are added into the concrete.



The decrease of the front-face crater is less considerable than the decrease of the rear-face
erater. In the simulations where an ogive-nosed projectile was used the formation of a rear-face
crater could not be differentiated from penctration of the concrete target.

R

L

Figure [ - Simulation results for plain and steel-fibre reinforced concrete,

4. CONCLUSIONS

The addition of moderate dosages (<1%) of steel fibres into plain concrete gives:

= A negligible decrease of projectile-penetration depth compared to plain concrete.

* Reduced front- and rear-face crater diameters, but where the effect on the rear face crater

is larger than on the front face.

+  More localized damage, i.e. reduced crack propagation beyond the crater region.
The results also indicate that the rear-face crater may be prevented by use of steel fibres if it is
due 1o the reflected stress wave caused by the impact alone and not in combination with the
shear-plugging effects from the projectile.

5. FINANCIAL SUPPORT

The project is financially supported by the Swedish Rescue Services Agency.

. PROJECT DATA

This is a substudy within a project whose long-term aim is to study and increase the knowledge
ol blast and fragment impacts on reinforced concrete. The research project is a collaboration of
muany years' duration between Chalmers University of Technology and the Swedish Rescue
Services Agency. In earlier studies within the framework of this project, the effect of blast
waves in reinforced concrete structures, fragment impacts on plain concrete and reinforced
conerete subjected to projectile impacts were studied.,
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1 INTRODUCTION

Fibre-reinforced concrete (FRC) is a cement-based composite material reinforced with discrete,
usually randomly distributed, fibres. For most structural purposes steel fibres are the most used
ones. Fibre reinforcement mainly enhances the posi-cracking properties of concrete and leads
Lo a more ductile material behaviour. The increased ductility is due to the ability of the fibres to
transfer tensile stresses across a cracked section; potentially leading to a reduction in crack
widths.

2  RESEARCH SIGNIFICANCE

The number of practical applications of fibre-reinforced concrete (FRC) is increasing as FRC
offers a possibility to greatly simplify in-situ cast concrete construction. However, general
design guidelines which take into account the material properties characteristic of FRC are
needed. The currently available design methods are based on rather rough simplifications
regarding the stress-strain relationships (e.g. [1]); thus they are probably better suited for
calculations in the ultimate limit state, The present work has been focused on the small cracks
occurring in the serviceability limit state (SLS), taking the tensile material characteristics of the
used FRC into consideration, [2].

3 METHOD

The work has been focused on strain-softening FRC and interrelationship between material
propertics and structural behaviour, The purpose of the present study was to investigate, by
means of experiments and non-linear fracture mechanics analyses, the flexural behaviour of
reinforced FRC beams made of self-<compacting FRC, reinforced with a combination of steel
fibres and conventional bar reinforcement. A systematic approach for material testing and
structural analysis, based on fracture mechanics, has been used. A comparizon between bi-
linear and mulii-linear stress-crack opening (o~w) relationship was done in order 1o investigate
wich one that is better suited for studying of the cracking process.
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4  RESULTS AND CONCLUSIONS

Load-deflection curves from analyses using o bi-linear s-w relationship show the same
agreement with experimental curves as the results from using a multi-linear one. From the
obtained crack pattems though, the indication is that using a multi-linear o=w relationship
yields a more distinet erack pattern with somewhat better agreement with experiments. Figure
| shows load-deflection curve up to peak load, Figure 2 shows crack pattern (a) for bi-linear,
and (b} for mult-linear s-w relationship. (Results from beam with fibre content by volume V=
0.5% and three rebars of dinmeter 6 mm.)
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Figure | — A bi-lincar o-w relationship is fully sufficlent for focuxs on load-bearing capacity.
For focus on crack widths in the S5LS, a multi-linear ow relationship appears to betier
dexcribe the cracking procedure, To conclude this, further research is needed (lefi).

Fligure 2 — To be able 1o predict erack widths in SLS, il is necessary lo increase knowledge of
bond-slip behaviour of FRC and also to gain better undersianding of how to accurately
estimate the characteristic length (right).

5 PROJECT DATA AND FINANCIAL SUPPORT
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1. INTRODUCTION

Shear type failure in concrete is often complicated 1o calculate due to its brittle nature, The
strongly non-linear behaviour resulis in a significant drop in load carrying capacity which
usually leads to numerical convergence difficulties. There are several different constitutive
models developed to describe the behaviour of concrete. A realistic model of the concrete
behaviour enables accurate simulation of actual structural behaviour in service and in ultimate
limit state. In this paper non-linear finite element (FE) analyses of concrete beams subjected 1o
in-plane forces resulting in a shear type failure are performed with different continuum based
concrete models,

2. RESEARCH SIGNIFICANCE

The work aims at describing shear type crack initiation and propagation in concrete with finite
element analyses.

3. METHOD

To study the capability to model the behaviour al shear failure with different FE packages,
analyses were performed based on experimentally tested deep beams [1]. All the beams had the
same geometry and consisted of an 1-shaped cross-section, but differed in the amount of web
reinforcement. The material models used for analyses treat cracked concrete as a continuum
where the cracks are distributed over the element. The elements describe both the elastic part of
the uncracked concrete and the inelastic deformation due to cracking. In the models made with
Atena 20 the material definition SRETA was used, with either a fixed or a rotated crack
direction. In Response a rotated crack model was used. The Abagus models were made with the
material definition concrete damaged plasticity where the element 15 damaged in either tension
or compression. The damage is isotropic, meaning that the “cracks™ may be assumed to follow
the principal strain direction.
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4. RESULTS

In Figure 1 a), the deviations of the predicted ultimate load and deflection obtained with the
three programs compared to the tests are illustrated. The fixed and the rotated model in Arena,
and the Response models give oo stiff estimations of the behaviour. In the Abaguy models the
predicted stiffness corresponds well with the experimental one. All analyses had similar mean
accuracy in the prediction of the ultimate load. The analyses showed that, the material models in
Response and Afena based on 8 rotating crack approach resulted in much smaller erack widths
than experimentally obtained. The damaged plasticity model and the fixed crack approach gave
crack width predictions that were much more accurate [2), see Figure | h).
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Figure | — Numerical analyses compared 1o experiments. a) Deviations in load and deflection,
b) Load and crack width (COD) af a beam without web reinforcement.

5. CONCLUSIONS

The analyses with the different numerical programs showed good agreement with the measured
ultimate load. The exception was the unreinforced beams that could not be predicted accurately
with Response. The fixed and the rotated models in Areng and the Respornse model gave
deflections that were smaller than the experimentally obtained ones. Crack widths can be
calculated with reasonable accuracy with the plasticity model in Abagus and the fixed crack
model in Afena, The crack pattern obtained with all fimite element models comresponded well
with the pattern from the experiments.

b. PROJECT DATA

This work was performed in 2007 and is part of a doctoral project, financially supporied by
FORMAS.
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1. GENERAL DESCRIPTION

Concrete subjected to cyclic loading has a strongly non-linear response that gives characteristic
unloading and reloading paths seen in fatigue experiments [1], This difference in loading paths is
called hysteresis loops. The non-linear response stems from fracture of the weak interfacial zones
between mortar and aggregates and localisation of deformations in the moriar matrix,

The combination of the theory of plasticity and damage mechanics can describe permanent
deformations and the reduction of stiffess observed in experiments [2,3.4). This combination is
often used for macroscopic phenomenological models for concrele subjecied to cyelic loading,
which can reproduce the experimental results for specific load cases, but cannot model the
underlying mechanics which are the cause for the experimental observed hysteresis loops.

In this study the non-linear response is described by modelling of mortar and interfacial transition
zones between monar and aggregates. The constitutive law based on a combination of damage and
plasticity describes the loss of stiffness and irreversible strains. The unloading-reloading path is the
same on the constitutive level and the hysteresis loops are described by the mechanical
interpretation of the different phases. A phenomenological softening stress-strainrelationship is
used for the mortar and interfacial zone. The purpose of this study is to investigate parameters
infuencing the size and shape of the hysteresis loops and energy dissipation, such as aggrepate size,
aggregate density and the parameter that controls the unloading stiffness.

Five different material parameters are considered in three different parts of the parametric study.
The first part considers aggregate size and density, which are material parameters that define the
distribution of phases in the structure, The second part considers the hardening parameter of mortar
and inter facial transition zone (ITZ), which is a material parameter that influences the unloading
stiffness according to]5,6). The final parnt considers the ratio of ITZ/mortar strength which effect the
material sirengih and the unloading stiffness.



20¢

2. CONCLUSIONS

In the present study it is found that decreased ageregate density increases the ultimate strength and
decreases the fracture energy of the matenial, because of the decreasing amount of interfacial-zones.
However, a decreasing amount of interfacial-zones results in an increased unloading stiffness. It is
also observed that an increase of the ITZ-hardening parameter results in larger sized hysteresis
loops, but an increase of the mortar-hardening parnmeter results in less unloading stiffness.
Increasing the ITZ strength increases the unloading stiffness and the ultimate sirength. The ultimate
strength is also increased with increased aggregate-size range, because of an increased interaction
between aggregates. It is believed that the proposed modelling has better predictive qualities
compared to macroscopic phenomenological moedels, since the properties of the different phases arc
given as input and the influences of geometry and distribution of aggregates are considered.
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1. INTRODUCTION

Cyelie loading of concrete results in a strongly nonlinear response represented by hysteresis loops,
[1.2]. During the last decades there has been done research to develop phenomenological models
that can describe the hysteresis loops and fatigue strength observed in experiments. The majority
of these models are based on the concept of bounding surface[3], while others are based on special
combinations of plasticity and damage, [4]. Recently, the fatigue phenomenon was investigated on
the meso-scale level, [5], Presented here is a new approach for describing fatigue of concrete: a
dual-model that is based on the meso-scale investigations. The dual-model is represented by a
plasticity-sub model and a damage-sub model and is therefore categorised as a model based on a
special combination of plasticity and damage. Though, the novelty is found in the coupling
between the damage-sub model and the plashcity-sub model by the stiffness ratio parameter and
the hardening flexibility of the unloading-yield surfaces. In addition, the present dual-model
predict the energy dissipation due o hysteresis loops, which are on the contrary to earlier models,

1.  CONSTITUTIVE EQUATION AND RESPONSE

As mentioned the dual-model is represented by two sub-models: a plasticity-sub model and a
damage-sub model. The sub-models use the same strain ¢ when evaluating their contribution to the
total stress state. The individual contribution to the total-nominal stress s of the dual-model is
controlled by a stiffness ratio parameter ag, which has two extremes: for ag = 0 the dual-model acts
as an isotropic-damage model, while for ag =1 the response of the dual model is plastic with
plastic softening. The damage evolution of the damage-sub model is for compression and tension
given by a scalar damage evolution parameter @, thus the damage-sub model is an isotropic-
damage model. The stress-strain relationship then becomes

s =(1- ag)(l- w)Det apDde- &) (1)



where [ is the elastic-stiffness matrix and ¢, is the plastic strain of the plastic-sub model.

Yielding in the plastic-sub model is defined by three yield surfaces, as the model considers loading
and unloading, as well as compression and tension. The loading-vield surface is chosen according
to Ottosen’s yield surface [6], while the unloading yield surfaces are separated for compression
and tension and are chosen to be stress-volumetric dependent.

A main complexity when dealing with evelic loading in 3D that allemnates between compression
and tension is to define which loading state that governs there sponse and when an alternation
between loading states occurs, In the presentdual-model the governing loading state and lond
alternation is defined by the volumetric-strain e, . The volumetric strain is convenient, because it is
# known scalar at the beginning of the stress-return iteration and is stress-volumetric dependent,

The present model gives a new view of the complexity of the fatigue phenomenon and adds to the
understanding of the mechanisms involved in eyelic loading.
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1. INTRODUCTION

Today, many existing prestressed concrete bridges are replaced or strengthened because their
rcliability cannot be proved based on the conventional structural assessments made. By using
non-linear FE analysis for structural assessment, the load carrying capacity can be shown to be
satisfactory, without costly investments. The resistance with respect to shear and torsion are in
many cases limiting the load carrying capacity. In several research projects, failures due to shear
and torsion have been successfully simulated. However, the method needed to be further
verified in order to be practically applicable for bridge assessment.

3. ASSESSMENT OF THE KALLOSUND BRIDGE AS A CASE STUDY

The aim of this study was to present an analysis method for evaluation of the Iumi—carmug
capacity of prestressed concrete bridges, when failure due to shear and torsion 15 the main
problem. The modelling method used was first worked out and venfied for shear-type cracking
and shear failure [1]. Here, shell elements with embedded reinforcement were used together
with non-linear material models, taking into account the fracture energy of cracking plain
concrete and the reduction of the concrete compression strength due to lateral tensile strain,
Analyses with the method proposed have shown to predict the shear response and the shear
capacity of tested specimens conservatively, The load-carrying capacity of a box-girder bridge,
the K&llGsund Bridge, was thereafler evalunted as a case study [2], The whole bridge was
madelled, but only the part that was most critical to shear and torsion was modelled in detail
according to the method previously worked out and was combined with beam elements for the
rest of the bridge.

The Killdsund Bridge, used for the case study, has previously been evaluated both with
conventional methods and with non-linear FE analysis [3]. The evaluation presented here was,
compared to the previous one, improved in several respects. For instance, the modelling method



used was verified, the final loading was made in a displacement-controlled process, effects of
creep and reinforcement hardening were included, and safety formats suitable for non-linear
analysis according to [4] were adopted. Here, two semi-probabilistic formats; the so-called
ECOV method and the method presented in EN1992-2 [5] were used and compared with the
deterministic format using partial safety factors.

Even if the shear resistance limited the load-carrying capacity in the previously performed
assessment, the failure obtained in these FE analyses was due to bending. However, shear cracks
developed in large regions of the webs; thus a shear response was observed and it could be
concluded that the shear capacity of this part of the bridge, for this load combination, is higher
than the load-carrying capacity determined. The FE analysis performed in this study revealed a
load-carrying capacity corresponding to about §0% higher bogie load than in the previously
made FE analysis, and over 100% higher than in a conventionally made assessment, see Table 1.
The higher load-carrying capacity in the non-linear FE analysis, compared to conventional
methods, is mainly governed by the location and inclination of the main shear crack. Most of the
imcreased capacity compared with the previous FE analyses is probably due to the use of a more
stable material model for cracked concrete and to the displacement-controlled loading. The
analysis made with design values (partial safety factors) for all material properties gave a very
conservative estimation of the load-carrying capacity.

Table I — Design resistance for combined shear and torsion, expressed as a bogie load.

Previously made assessment Assessment made in this study
Conventional FEA FSF EN ECOV
By [kN] =210 250 182 307 454

3. CONCLUSIONS

This study presents and demonstrates a verified modelling method that can be uwsed for
evaluation of the load-carrying capacity of prestressed concrete bridges when failure due o
combined shear and torsion is the main problem; shell elements for the critical pan of the bridge
is combined with beam elements for the rest of the bridge. For the bridge studied, a substantially
higher load-carrying capacity was shown compared with the previously made evaluations.
Furthermore, it was shown that the safety format using partial safety factors gave unrealistically
conservative results; it is more correct to use the semi-probabilistic formats for non-linear FE
analysis,
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1. INTRODUCTION

Concrete exhibits strongly nonlinear and complex mechanical behaviour and is increasingly used in
complex structures such as containment vessels, floating and submerged structures, and offshore
structures. Hence, concrete structures are nowadays often analyzed by means of general finite-
element programs. The finite-element method requires a good understanding of the actual material
behaviour under different load combinations to yield accurate and realistic resulis. Investigations on
concrete strength and deformations under multiaxial states of stress are therefore needed in order to
establish the concrete strength criteria and realistic triaxial constitutive relations.

1. RESEARCH SIGNIFICANCE

In this study emphasis is placed on testing of the strength of lightweight aggregale concrete
(LWAC), with varying density, under triaxial compressive loading. Even though LWAC has found
a vast field of application in many types of structure and is subjected to multiaxial stress conditions,
investigations of its failure characteristics under these conditions are very scarce. More
expenmental results are therefore needed to provide information for the development and validation
of constitutive models. In addition, useful information about how the interplay between aggregaie
strength, mortar strength, and bond strength affects the behaviour of concrele can be obtained.
Lightweight aggregates usually possess higher bond with cement mortar but lower intrinsic strength
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than nomal weight aggregates. These factors play an important role in many theories of concrele
strength. The failure envelopes for LWAC tends towards an intersection with the hydrostatic axis,
in contrast to normal aggregaie concrete (NAC) where they are open ended, this indicates that
LWAC may fail in some manner fundamentally different from NAC.

3 METHOD

For the measured values to be considered as unique and fundamental properties of the concrete,
they must be obtained from tests which have produced the required stress conditions in the
specimens, independent of any machine or testing effects. In this work a fluid cushion loading
system is used. Three independently controlled principal compressive stresses are applied along
orthogonal directions to a 100 mm cubical specimen. Loading by hydraulic fluid subjects the
specimen 1o clearly defined uniform stress with no restraints imposed onto the specimen. The
measured values can therefore be regarded as true matenial properties for the concrete.

4, RESULTS

So far, some data for NAC hasvebeen collected to verify the validity of the test method. More tests

are required to draw conclusions, but the test rig seems o give reliable results. Failure envelopes for

LWAC under tniaxial compression will be reported later.
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1. INTRODUCTION

Al the Norwegian University of Science and Technology (NTNU) hybrid conerete beams have
been tested (1), The beams consist of a top layer of lightweight concrete with a cylindrical
compressive strength of 38 MPa, and a 50 mm bottom layer of fibre-reinforced concrete. The
beams are analyzed numerically by using the finite element code Diana [2].

2. RESEARCH SIGNIFICANCE

There is a continuous demand for improvement of structures due to economic considerations,
better working conditions and environmental issues. Hence, it is imporiant to develop new types
of structures which optimize and utilize the properties of different materials. The presented
hybrid structure has a low sclf-weight and the fibre-reinforcement contributes to a dense
concrete,

3. METHOD

The experimental program comprehends six small beams (600x150x150 mm) and four larger
beams (J000x250x 150 mm). The large beams have 208 bar reinforcement between the concrete
layers. Two series of beams are investigated with either 3% synthetic macro fibres or 2%
Dramix steel fibres. The beams were exposed to a four-point bending test where deflections and
strains were measured.

In the numencal analyses a smeared rotating crack approach was employed. Based on the
experiments, stress-strain relationships are calculated and used in the analyses.
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4. RESULTS

The small beams developed one dominant crack at the beam's midpoint, while the large beams
developed many cracks distributed along the mid-span. One large beam failed due to flexural
behaviour, and three large beams expenrienced shear-failure.

The numencal analyses are capable of finding the maximum load levels and ultimate capacitics,
sec Table |. However, the corresponding deflections show greater variation compared with the
experiments. Deformations are strongly influenced by the stress-strain relationship which in a
smeared crack approach depends among other things on fracture encergy and clement size.

Table | — Resulty from four point bending tests.

Beam Small beams Large beams
Fibsre-reinforcement Symhetic Steel Symihetic Steel
Exp.  Amalysis Exp. Amlysis  Exp. Amalysis  Exp.  Analysis
Maximum load [kN] 3139 353 5350 858 273315 26 6 3
DeNection [mm] 0,815 1.2 0.4-0,7 0LE 156405 13 13,7 1,5

5. CONCLUSIONS

Experiments have been carmied out on hybrid concrete beams with a layer of lightweight
concrete and a layer of fibre-reinforced concrete. The response was dominated by one large
crack and moment failures for the small beams. The large beams showed a distributed erack
pattern and the ultimate capacity 15 governed by shear failures. Numerical analyses give results
which are in accordance with the experiments.

. FINANCIAL SUPPORT
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1. INTRODUCTION

FE structural analysis can rationalise and improve bridge assessment and design, in particular
for complicated geometries where modelling in three dimensions is required. Due to moving
loads and the large amount of different load cases, linear analysis is normally used for bridges.
Linear analysis often leads to high stress concentrations, e.g. at point supports or slab-column
connections. These are often expressed as concentrated cross-sectional moments and shear
forees.

However, the stress concentrations obtained through linear analyses of concrete bridges do
seldom exist in reality. This is due to the cracking of the concrete, often already for service
loads, and the yielding of the reinforcement in the ultimate limit state, leading to even larger re-
distribution of moments and shear forces. Another reason for unrealistic siress concentrations in
linear analysis can be due to idealisations of the geometry when structural elements like slabs
and beams are used to model the bridge.

The objective of this part of the project was to develop general recommendations for how
concentrations of cross-sectional moments and shear forces, obtained by linear FE analysis, can
be redisiributed when designing or sssessing concrete bridges in ultimate and service limit
gtates, The study focused on slab bridges and on the moments and shear forces at concentrated
supports. A state-of-the-art investigation was made and different recommendations regarding
distribution of reinforcement in slabs were studied. A typical slab bridge was analysed using
non-linear FE analysis and the structural responses with different reinforcement designs were
compared.

1. RESULTS

It was found that unrealistic moment and shear force concentrations emanating from different
sources need to be treated differently. Concentrations due to geometrical idealisations can be
overcome by using sufficiently dense FE mesh and by using the cross-sectional forces and
moments in critical cross-sections. The cross-sectional moments and shear forces in a slab will
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tend to go to infinity, when the element mesh is being refined, if it is supported in a single point.
However, in reality, the largest stresses are obtained in the critical cross-sections around the
support or slab-column connection. Moments and shear forces in the critical cross-sections were
found to be unaffected by the geometrical simplification if the FE mesh is dense enough. At
least two first-order (or one second-order) shell elements are needed between the suppornt or
connection point and the eritical cross-section. The peak values inside the eritical cross-sections
do not have any meaningful physical interpretation and can be ignored.

Concentrations of cross-sectional moments and shear forces due to material simplifications, i.e.
from the assumption of lincar response, need to be redistributed. In particular, the reinforcement
moments need to be redistributed in the direction perpendicular to the bars, so that the
reinforcement can be arranged in strips with equal bar spacing. What limits a proper strip width
is the capacity for plastic rotations in the slab under loading up to failure, However, in the non-
linear FE analyses made, no clear relation was found between strip widths and the plastic
rotations required. Both the distibution between support and span moments and the overall
lateral distribution across the whole slab width had a larger influence than the strip widths. In
fact, the design that gave the widest strips resulted in the smallest plastic rotations, For service
loads, no difference in crack widths was found between the different reinforcement designs.

When designing a slab bridge, it is recommended to armange the reinforcement in “column™ and
“mid™ strips, with widths chosen according to recommendations in handbooks. The recommend-
dations given in Vigverket [3] regarding strip widths are likely to be conservative. When
assessing an existing slab bridge, redistributions of the reinforcement moments within the slab
cross-sections are necessary 1o avoid excessive under-estimation of the load-carrying capacity.
Here, the moment should be redistributed so that the moment distribution corresponds to the
available reinforcement in the bridge. The handbook recommendations would here he oo
rigorous, and should not limit the redistributions. Both in design and assessment, it is important
that the cross-sections have sufficient duetility, e.g. according to Eurocode 2 [2]).

3. PROJECT INFORMATION

This study was performed as a part of the Sustainable Bridges project. The work was financed
by Viigverket and Chalmers.
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