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Abstract. The objective of this work is an analysis of thee W high performance concrete and its
impact on the morphology and structure costs aedetivironment. The use of high performance concrete
(HPC) in the construction of buildings and civil @mgering works offers advantages in terms of diitgpi
ease of implementation, reduction of deformatiod sihrinkage, increase the resistance of reinfocoedrete
structures. The economic benefits of the use di pigrformance concrete, compared to conventionadrete
are illustrated by the reduction of the followingsts: the implementation of concrete, the geoms#tions of
bearing elements of the built space and the maamim of structures. The consequences of the ubalof
performance concrete on the urban and the natteenaasured in terms of impact on the EnvironmEot.
the same cement production, that is to say the gmoihation, the built surfaces in concrete are adagbly
larger. Potential disadvantages of these high pedace concretes, such as the reduction of dyctfiie
resistance, and increase of unit costs inducedimpaures, are much lower than the benefits. Theegdized
use of this type of concrete in many countries lesn stimulated by a politic founded on nationanpl
Keywords: High performance concrete, impact, molping costs, Environment.

1 Introduction [1]. In 1990, the Norwegian Code introduces thectete
with a characteristic 105 MPa [2] for lightweight

In recent years, the concrete material is used inaggregate structures in cantilever shape and therem
specific applications where its main characteristic with characteristic 55 to 70 MPa for structures enadth
mechanical compressive strength is not the matarin ordinary aggregate (densities of about 1900 tdlahH/
of choice. In the expression High performance cetecr m3) [2]. After 1988, the concrete must meet the
(HPC), the term performance applies, of courselier  requirements of high strength [2]. The term perfanae
compressive strength, but also to all other medahaind concrete (HPC) is not used in Denmark. The
physico-chemical properties of the material: tensil requirements may be high or low, but the perforreanc
strength, fatigue resistance, abrasion permeapidity or can be only "yes" or "no." However, the concretthas
high density, chemical resistance, etc... During pihst such requirements would be described as HPC in the
10 years, the use of HPC in bridges and othertstre®  terminology of the United States [3].
has been actively encouraged by the governments of The first use of high performance concrete (HPC) in
several countries. A classification of high-perfame France dates from 1983 with the construction afdwiat
concrete related to the resistance is showed béow Melun driven by the two public agency the LCPC &l
Table 1. SETRA (research agency) [4. Concretes with strength
characteristics in a range from 70 to 80 MPa are no
common in France, thanks to changes in codes and
standards on the use of HPC [4]. According Virlogeu

Table 1. Classification of high-performance concrete reldted
the resistance (source : American Concrete Insfitute

Compressive strength (Mpa) "The development of high-performance concrete & @i
50 | 75| 100| 125 15( the major trends in recent years for concrete cocison.

High Performance Class A concrete with good compactness allows long lde t
L jm jv_ v structures (sustainability) and this allows usdg that it

The use of high performance concrete in constroctio is a high performance concrete” [5].

is increasing in worldwide. These developments are In the.United States, the AASHTO, in 1987 launched
summarized in the "High Performance concrete" atest a strategic research program to encourage thefubese

of Art Report (1989-1994) [1] is a valuable summafy technologies (SHRP) [7] in collaboration with eight
the HPC technology. states. Their mission was to promote the implentiemta

of the BHP technology for use in roads and bridged
the Road !0 share knowledge, benefits, and challenges wtiiteS
and their customers (AASHTO, 1999). A study putdish
by the FHWA in March 2004 [8] reported that 44 bét
50 states had used HPC in the past 10 years andhba

In Norway, for example, in 1989,
Administration of Norway has imposed the obligation
use a concrete with a water / cement ratio less €h40
and the use of silica fume on all infrastructurej@cts
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big majority of these states made changes to theit
specifications regarding specifications the resistaof Historical evolution of the height of
concrete to allow an efficient use of HPC. In 198% buildings(m) in the time

National Council of Bridges (NCBC) and Admistration | 1000
of Roads (FHWA) have reached an agreement of

800

) . . 800 700
cooperation to develop and implement ways to im@rov
the using and quality of concrete and bridge syst&h 600
In Canada, extreme weather conditions and sustétyab 400 400

issues has led to the conclusion that the impéepitityeof 20022020594

concrete cover was of paramount importance, and the| 200 -
development of construction with HPC material deg 0 -
element to achieve this goal [3}. network of centers of
excellence in HP, funded by the federal government
"Centres of Excellence program," began in 1990.984,
the network has become known under name the cencret
in Canada, and in 2000, the network's researchers h
published more than 400 articles [9].

In Algeria, the exposure conditions of concreterare
so aggressive and use of high performance conisrets
a major constraint, except in the Sahara during the
summer period. There are three major climatic megjio
the Sahara with very high temperatures differences
between night and day and a very dry atmospheee, th
highlands characterized by very high temperatures i
summer and very cold in winter and finally coaségjion
with a mild climate. The history of the use of feited
concrete is linked to that of France. Regarding pihst
colonial period, it was not until the years 19702 %vith
the beginning of the second three-year plan for the
generalized use of concrete, that will must to supthe
national development policy. For example, the Campa
CEVICO specializing in the industrial prefabricated
construction (located in Arba Blida) product, sirealy
2007, the prestressed concrete bridges and industri
buildings with an average of 60 to70 Mpa resistdiég,
and the public company SAPTA specializing in the
construction of bridges made by prestressed cancret
beams uses a concrete with resistance of 50 td%& M

The objective of this paper is to illustrate the
problems of positive impacts of the generalized oke
high performance concretes on the urban environmen
and to identify the economic, architectural and
environmental. 3.1.2 Briges type
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Fig 1. The historical evolution of the height of buildings

The economic benefits of the use of high perforreanc
concrete in the columns of tall buildings have been
known from many years. The high strength concrste i
the most economical way to transmit a vertical laathe
foundations. The four main components of the cdst o
cubic meter reinforced concrete are the concrite,
rebars, formwork and the casting .

Two other performance criteria give weight to the
argument for the use of high strength concrete: the
vibrations of wind and traffic require that the mégs of
elasticity should be as high as possible to litmé& small
elastic displacements. In addition, the rapid cwcsion
requires early resistance from a young age, aredhat
can only be offered by the high strength concrétee
combined effect of these three requirements makes
economic and attractive the high strength concrete.
Several simulations realized by the Robot Millemniu
software on two types of buildings, one 6-storegl ane
14-storey have give significant differences in terof
volume of concrete compared to results obtained on
ordinary concrete. Figures 2, 3 and 4 below ilktstrithe
differences expressed as a percentage in terms of
guantities and costs between the high-strengthretac
tand ordinary concrete.

) In 1993, the Federal Highway Administration (FHWA)
2 Impacts of high performance concrete has launched a national program to spread the fusigto
o ) ) strength concrete in bridge construction. Applmasi

There is little published research on the various j,cjude bridge decks, beams and pillars. Nine fasdg

impacts of the use of high performance concrete. were made under the national program at the en@@s.
In addition, a number of other states have usedttime
2.1. On the structures of concrete funded by their own programs. The use o

prestressed concrete beams with high resistanmesatb
o obtain greater distances on the spaAs.number of
3.1.1 Building type studies on the economics of the use of prestressed

The development of high-rise construction has kn@awvn concrete precast beams for bridges with high cosspre

: . oo istance have been published in the United States
revolution. In fifty years, it increased by an aage of resis . . .
300 meters to 800 meters in height in architectureThese StUd'?s are agreed Oh the following con 10
domain. The historical evolution of the height of - Compressive Strength at time of transfer of théopie

buildings is shown in Figure 1.. The historical kexion tension is acceptable. _
of the height of buildings is shown in Figure 1. - For beam sections (according to AASHTO), the
maximum interval of spans have increased between 20

and 45 percent when the concrete strength incrdfesed
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41 to 96 MPa. Quantitative diff i Y [ fersame load and
. . . . uantitative differencesin concretesvolume fersame load an
- The We'th of the b”dge deck had little influeran the same safety factorbetween ordinary and high streagncrete.

maximum range of beams of high strength.

. e . 60
The availability of HPC allows longer spans, fewaes % R
of beams and shallow sections of beams . w0 A
%differences

30 == 24 floors
2.2 On the costs 20 8= 10flo0rs
The costs of high performance concrete are infladry 10 f
several. Therefore, developing a cost estimatiomleho 0 . " “ o 80”"’"""

requires a greater understanding of the relatignshi
between these factors. Traditional methods of cost
estimation are mainly based on spreadsheets, databa i Quantitative differences in concrete volumes fer same
management systems [19] and statistics [20], [Phgse load and same safety factor for columns betweemttinary
methods are not suitable for non-linear and multi- concrete and the high strenght concrete accordifRy(Mpa).
dimensional approach for the cost analysis. The
development of empirical or semi-empirical methods

made by simulations models (Singh, 1994, 1994), or 250 7

practice with database of statistics to estimagectbst of 200 -

building structures is extremely difficult becausé

interactions between the various parameters. Agiidic g 150 7 *ﬁ'gﬁzfeaftz':iﬁ;ete
of neural network is a relatively new approachhia tield S 100 - costs

of construction, decision-making and construction —m— Classe concrete
estimate costs [22] and [23]. Table 2 shows an gk&am >0 7 H..\. Profit costs on
of high performance concrete composition and Costs 0 ; . volum
materials used in Algeria. Figure 2 shows the qtative 0 50 100 150 R(MPa)

differences in concrete volume for same load andesa
safety factor for colunms between the ordinary cetsc
and the high concrete according to strenght R (Mpa) Fig. 3. Evolution of manufacturing costs of the M3 conerahd
example, simulations calculation made on five aent t Profit on volume according to resistance ($ US j M3
story buildings on behalf of the company CIVECO gav

the results shown in figures 3, 4 and 5. Figureh@ws
. . X 150
differences inmanufacturing costs of the M3 concrete %
according to resistance, and figure 4 shows tHereifice /’
between the costs of the square meter floor bailt i 100 /'
ordinary concrete and high strength concrete. Tdard
5 illustrates percent profit obtained on the fleorface >0 //
accorging to the compressive strenght (R in MaP).
ging p ght ( ) . 4/
Table 2. Exemple of high performance concrete composition 0 20 40 60 80 100
and Costs of materials used in Algeria (year 2012). R (MPa)
Material unit cost| Composition | Average
($US/ by cubic costs cost Fig. 4. Differences in manufacturing costs of the M3 ceter
ton) meter ($US) according to resistance.
concrete
Ciment C 52.5 100 480 - 520 kg 50
Silica fumes 400 25 kg 10 % 15,0
super placticizers 1200 10 kg 12 °
water 20 130 kg 3 10,0 — == Solid
Sand 15 750 - 800 kg 11 floor
Gravel 15 950-1000 kg 15
Average : 2300-2400 kg| 101 $US 5,0 "‘ﬁ&prty
0,0
0 50 100 R (MPa)

Fig. 5.% profit obtained on the floor surface accorgiogte
compressive strenght.
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2.3 0On the Environment

concrete with high performance, was been made in
collaboration with many partners. For example, rene

The use of high performance concrete is an economicyg case studies carried out by a French consyltanc

action to reduce costs and achieve highly benéficia
impact on the sustainability of infrastructure, ipquent,
preservation of land and finally the stabilizatiofi the
amount of pollution obtained for producing one i
cement. Figure 5 shows the energy needed to protuce
ml column of reinforced concrete to withstand adla
1,000 tones and Table 6 gives the energy to praduci
one tone of material for construction (MJ / Ton&hese
estimates are derived from the results given byeRAdl
[24]. Le table 3 shows the Energy cost to produang
tone of material (($ US).

400

350

300

250

200

150

100

Litres of fuel per Colomn meter

50

Concrete

Brick Steel

Fig 6. Energy in MJ/Tone to producing one tone of matdon
construction (source: [25]).

Table 3: Energy cost ($ US) to producing one tone of materi
(source: [25]).

Concrete 600-800
Cut Wood 500
Multilayers board 4000
Class 15700
Steel 21000
Recycled Steel 11000
Aluminium 164000
Recycled Aluminium 18000
Plastics 81000

With same pollution quantity necessary to produne o
ton of ordinary cement, it is possible to incredleer
area greater than 30% to 40% of that obtained by
ordinary concrete. This is an incitation to veitica
evolution of building permitting to preserve theban
land. Thus, for the same amount of concrete, the floor

surface increases, which helps to compose and raanag

urban densities with sustainable development visidre
impact is twofold: increasing urban densities teserve
green space, and stabilization of the pollutionegated
by the cement industry material.

3 Discussion

In the light of this analysis, it is possible to keahe
following deductions: the main property for high-
performance concrete is still its high strengthheot
properties are specific to the environmental caolé of
the site and to the future function of structuiéhe
difference between the total gross floor area bdiigding
is reduced significantly. A study was carried oyt b
CEVICO company for the feasibility of producing
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company for CEVICO compagny in Algeria, about an
office building with round columns placed in a frarof
7.20 mx 7.20 m. A comparative study between a heigh
of 10 floors and a height of 24 floors was madegisi
different concrete compositions according formolasi
gone by Aitcin [25]. Depending on the quality of
concrete (strength), economy of volumes on therooki

of the ground floor are presented. Table 4 showes th
cases corresponding to 10 floors and 24 floors.fithee

7 shows the Costs of manufactured concrete cubterme
according to classe of concrete.

Table 4. Economy on columns volumes according to classe of
concrete R for the case corresponding to 10 floors.

Quality of concrete | % Profit | % Profit
according to résistance  on on
classe (Mpa) concrete | concrete
volume | volume

C 30/37
C 40/50 24 19
C 60/75 49 36
C 80/95 59 51
C 95/105 68 64

Classe concrete/Costs of concrete cubic meter

140
120
100
80
60
40
20

Costs

20 40 60 80 100 120

R (MPa)

Fig 7. Costs ($ US) of manufactured concrete cubic meter
according to classe of concrete R (Mpa).

The profit on the concrete volume cost is of 306®
percent of manufacturing cost. The overcost (Addai
cost) generated by the in place of a high strenght
concrete, in workability term, is estimated to l&rqent
and the overcost of its manufacturing is evaluate@5

to 60 percent, according to the ordinary concrest.c

In term of cost, the difference between use ofttlgh
strenght concrete and ordinary concrete is neddigibhe
profit reposes in durability of structures, redantiof
urban land use and reduction of polution producgd b
ciment industry.

The additional costs (Additional costs) generdigdhe
good quality materials and chemical admixtures are
largely offset by gains on the realized cubic meter
concrete and the final built area.

The table 5 illustrates the overcosts (Additionabts)
and profits in the use of the concrete in consipuact
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Table 5. Economy on columns volumes according to classe of [6] Beacham MW,High Performance concrete State

concrete R for the case corresponding to 24 floors. Activities: Overview, High Performance Concrete,
(%) Overcosts (%) Profits Research to PracticéACl SP-189, (1999).
Concrete | @ [7] Federal Highway Administration, Bridge Views
according| 'S © o " _ Newsletter, Manualn ° 2, Charges according to
to classe | G 3 2 5 z AASHTO, (march / april 1999).
(Mpa) E = 2 5 = [8] Federal Highway Administration, Bridge Views
rzrs S > o > Newsletter, Manuah ° 32, State of implementation
of high performance concrete and Guide of
C30/37 - - - - - specification in HPC for briges, (mars / avril 2004
C 40/50 50 15 20 20 5 [9] Federal Highway Administration, Bridge Views
C 60/75 40 20 20 30 +10 Newsletter, Manualn ° 1, january / february 1999,
C 80/95 60 20 50 35 +5 « Implementation of high performance concrete ".
C 95/105 30 25 65 40 0 [10] AS 5100-2004,Australian Bridge StandardSAl
Global, Sydney, (2004).
. [11]Bruce Gibbens, Peter Selby Smith, Joynson Graeme,
Conclusion Channel Bridge Causeway Sorell, Tasmania
. . . Conference on Australian Bridges and Roads, (may
The combinaison of this three factors: rapid growafth 2004).

the concrete strength during the first age, ragidecof 1151 Aystroads  AP-T28/2003,Guidelines to ensure
formwork and stripping, and durability, gives, thist quality performance specified in the bridge

improvegl concrete material, the denpmination construction Austroads, Sydney, (2003).
"mnovatlon" in the technology of construction. The. [13]TD Ngo, PA Mendis, D. Teo, G. KusumBgehavior
widespread use of high performance concrete is of culumns in high strength concret@onference on
dependent on the law of market costs, but also of a concrete, CIA, (2003).

sustainable development strategy. The manufactéire 0[14]F. Papworth, G. Hasti®roduction and application

high performance concretﬁ _ relquwes a jlimflcant of silica fume and Geosilica Conference on
investment, a competent technical support and &ehar concrete, CIA 2003,

It is precisely in the field of technical specifims that 15153 FosterDesign of concrete columns with AS 3600-
the government intervenes to support and oversee th 2001: strength and ductibility Conference on
construction industry. Thanks to the prescriptions concr.ete CIA, (2001)

stipulated in the s_pecifications book, standardd an [16] A. Wheeler; Pont RQDesign of concrete columns
awareness campaign, the.gqvernment can to proinete t with AS 3600-20Q1Conference on concrete, CIA
widespread use of building materials adapted to (2003). '

recommendations Of, sustainaplg developmet.few [17]AS 3600-2001,Structures in concreteStandart in
decades ago, the height for buildings and largessfar Australia, Sydney, (2001).

bridges was the monopoly of s.teel material. Todby, [18]CEVICO, Batiments industriels et commerciaux en
new performances of concrete, in terms of resistam charpente, en béton armé et béton précontraint

durability, are so high that the high performancaaete Catalogue commercial, (2011).

Is required. [19]Bett, M, A Co-ordinated System of fommaion
Retrieval for Building Contractor’'s Tendering in
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