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Preface

The number of deteriorating bridges is increasing worldwide. Costs of maintenance, repair and rehabilitation of
these bridges far exceed available budgets. Maintaining the safety and serviceability of existing bridges by making
better use of available resources is a major concern for bridge management. Internationally, the bridge engineering
profession continues to take positive steps towards developing more comprehensive bridge management systems.
It was therefore considered appropriate to keep the tradition of the IABMAS conferences and bring together all
of the very best work that has been done in the field of bridge maintenance, safety, management, resilience and
sustainability at the Sixth International Conference on Bridge Maintenance, Safety and Management (IABMAS
2012), held in Stresa, Lake Maggiore, Italy, from July 8 to 12, 2012 (http://www.iabmas2012.org).
The First (IABMAS’02), Second (IABMAS’04), Third (IABMAS’06), Fourth (IABMAS’08), and Fifth (IABMAS 2010) International Conference on Bridge Maintenance, Safety and Management were held in Barcelona,
Spain, July 14–17, 2002, Kyoto, Japan, October 18–22, 2004, Porto, Portugal, July 16–19, 2006, Seoul, Korea,
July 13–17, 2008, and Philadelphia, PA, USA, July 11–15, 2010, respectively.
IABMAS 2012 has been organized on behalf of the International Association for Bridge Maintenance and
Safety (IABMAS) under the auspices of Politecnico di Milano. IABMAS encompasses all aspects of bridge
maintenance, safety and management. Specifically, it deals with: health monitoring and inspection of bridges;
bridge repair and rehabilitation issues; bridge management systems; needs of bridge owners, financial planning,
whole life costing and investment for the future; bridge safety and risk related issues, including economic and
other implications. The objective of IABMAS is to promote international cooperation in the fields of bridge
maintenance, safety, management, life-cycle performance and cost for the purpose of enhancing the welfare of
society (http://www.iabmas.org).
The interest of the international bridge engineering community in the fields covered by IABMAS has been
confirmed by the significant response to the IABMAS 2012 call for papers. In fact, over 800 abstracts from about
50 countries were received by the Conference Secretariat, and approximately 70% of them were selected for
final publication as technical papers and presentation at the Conference within mini-symposia, special sessions,
and general sessions. Compared to IABMAS 2010 the number of papers scheduled for presentation at IABMAS
2012 has increased from 511 to 555.
Contributions presented at IABMAS 2012 deal with the state of the art as well as emerging concepts and
innovative applications related to all main aspects of bridge maintenance, safety, management, resilience and
sustainability. Major topics covered include: advanced materials, ageing of bridges, assessment and evaluation,
bridge codes, bridge diagnostics, bridge management systems, composites, damage identification, design for
durability, deterioration modeling, earthquake and accidental loadings, emerging technologies, fatigue, field
testing, financial planning, health monitoring, high performance materials, inspection, life-cycle performance
and cost, load models, maintenance strategies, non-destructive testing, optimization strategies, prediction of
future traffic demands, rehabilitation, reliability and risk management, repair, replacement, residual service life,
resilience, robustness, safety and serviceability, service life prediction, strengthening, structural integrity, and
sustainability, among others.
Bridge Maintenance, Safety, Management, Resilience and Sustainability contains the lectures and papers
presented at IABMAS 2012. It consists of a book of extended abstracts and a DVD of full papers of 555
contributions, including the T.Y. Lin Lecture, nine Keynote Lectures, and 545 technical papers from 40 countries.
This volume provides both and up-to-date overview of the field of bridge engineering and significant contributions to the process of making more rational decisions in bridge maintenance, safety, serviceability, resilience,
sustainability, monitoring, risk-based management, and life-cycle performance using traditional and emerging
technologies for the purpose of enhancing the welfare of society. The Editors hope that these Proceedings will
serve as a valuable reference to all concerned with bridge structure and infrastructure systems, including students,
researchers and engineers from all sections of bridge engineering.
Fabio Biondini and Dan M. Frangopol
Chairs, IABMAS 2012
Milan and Bethlehem, April 2012

XLV

Bridge Maintenance, Safety, Management, Resilience and Sustainability – Biondini & Frangopol (Eds)
© 2012 Taylor & Francis Group, London, ISBN 978-0-415-62124-3

Conference organization

CONFERENCE CHAIRS
Fabio Biondini
Dan M. Frangopol

Politecnico di Milano, Milan, Italy
Lehigh University, Bethlehem, PA, USA

CONFERENCE HONORARY CHAIR
Pier Giorgio Malerba

Politecnico di Milano, Milan, Italy

INTERNATIONAL SCIENTIFIC COMMITTEE
Franco Bontempi (co-Chair)
Airong Chen (co-Chair)
Hyun-Moo Koh (co-Chair)
Richard Sause (co-Chair)
Alessandro Palermo (Secretary)
Bryan T. Adey
Anil K. Agrawal
Mitsuyoshi Akiyama
A. Emin Aktan
Haluk Aktan
Sreenivas Alampalli
Alfredo H.S. Ang
Giuliano Augusti
Konrad Bergmeister
Raimondo Betti
Jan Bien
Fabio Biondini
Túlio N. Bittencourt
Geoff Boully
Fernando Branco
James Brownjohn
Eugen Bruehwiler
Christian Bucher
Peter G. Buckland
Harald Budelmann
Joan R. Casas
Necati Catbas
Michael Chajes
Chin-Chen Chang
Kuo-Chun Chang
Steven Chase
Moe Cheung
Hyo-Nam Cho
Marios Chryssanthopoulos

Sapienza University of Rome, Rome, Italy
Tongji University, Shanghai, China
Seoul National University, Seoul, Korea
Lehigh University, Bethlehem, PA, USA
University of Canterbury, Christchurch, New Zealand
ETH Zürich, Zürich, Switzerland
The City College of New York, New York, NY, USA
Tohoku University, Sendai, Japan
Drexel University, Philadelphia, PA, USA
Western Michigan University, Kalamazoo, MI, USA
New York State Department of Transportation, Albany, NY, USA
University of California, Irvine, CA, USA
Sapienza University of Rome, Rome, Italy
University of Natural Resources & Applied Life Sciences, Vienna, Austria
Columbia University, New York, NY, USA
Wroclaw University of Technology, Wroclaw, Poland
Politecnico di Milano, Milan, Italy
University of São Paulo, São Paulo, Brazil
VIC Roads, Camberwell, Victoria, Australia
Technical University of Lisbon, Lisbon, Portugal
The University of Sheffield, Sheffield, UK
EPFL, Lausanne, Switzerland
Vienna University of Technology, Vienna, Austria
Buckland & Taylor Ltd., North Vancouver, BC, Canada
Technical University of Braunschweig, Braunschweig, Germany
Technical University of Catalonia, Bercelona, Spain
University of Central Florida, Orlando, FL, USA
University of Delaware, Newark, DE, USA
Hong Kong University of Science & Technology, Hong Kong, P.R.C.
National Taiwan University, Taipei, Taiwan, R.O.C.
University of Virginia, Charlottesville, VA, USA
The Hong Kong University of Science & Technology, Hong Kong, P.R.C.
Hanyang University, Ansan, Korea
University of Surrey, Guilford, Surrey, UK

XXXV

Marcello Ciampoli
Joel Conte
Ross Corotis
Christian Cremona
Paulo Cruz
David De Leon
Andrea Del Grosso
Alessandro De Stefano
George Deodatis
Sofia Diniz
Sheila Duwadi
Bruce Ellingwood
Reed Ellis
Ib Enevoldsen
Allen Estes
Glauco Feltrin
Maria Feng
João Almeida Fernandes
Joaquim Figuerias
John W. Fisher
Michael Forde
Dan M. Frangopol
Ian M. Friedland
Gongkang Fu
Hitoshi Furuta
James H. Garrett
Yaojun Ge
Hamid Ghasemi
Michel Ghosn
Nenad Gucunski
Tong Guo
Rade Hajdin
Michael C.H. Hui
Naeem Hussain
Daniele Inaudi
Tatjana Isakovic
Jens Sandager Jensen
Ho-Kyung Kim
Sang-Hyo Kim
Ahsan Kareem
Maria Kaszynska
Malcolm Kerley
Risto Kiviluoma
Leo Klatter
Jan-Ming Ko
C.G. Koh
Jung Sik Kong
Vladimir Kristek
Ulrike Kuhlmann
Chad Kusko
Hak Eun Lee
Hui Li
David S. Lowdermilk
Jerome Lynch
Myint Lwin
Ali Maher
Pier Giorgio Malerba
Ayaz Malik
Lance Manuel
René Maquoi
Antonio Marì

Sapienza University of Rome, Rome, Italy
University of California, San Diego, CA, USA
University of Colorado, Boulder, CO, USA
Laboratoire Central des Ponts et Chaussées, Paris, France
University of Minho, Guimaraes, Portugal
Autonomous University of Mexico State, Toluca, Mexico
University of Genoa, Genoa, Italy
Politecnico di Torino, Turin, Italy
Columbia University, New York, NY, USA
Federal University of Minas Gerais, Belo Horizonte, Minas Gerais, Brazil
Federal Highway Administration, McLean, VA, USA
Georgia Institute of Technology, Atlanta, GA, USA
Stantec Consulting Ltd., Edmonton, Alberta, Canada
RAMBØLL, Copenhagen, Denmark
California Polytechnic State University, San Luis Obispo, CA, USA
Swiss Federal Labs. for Materials Testing & Research, Dübendorf, Switzerland
University of California, Irvine, CA, USA
National Civil Engineering Laboratory, Lisbon, Portugal
University of Porto, Porto, Portugal
Lehigh University, Bethlehem, PA, USA
University of Edinburgh, Edinburgh, UK
Lehigh University, Bethlehem, PA, USA
Federal Highway Administration, McLean, VA, USA
Wayne State University, Detroit, MI, USA
Kansai University, Osaka, Japan
Carnegie Mellon University, Pittsburgh, PA, USA
Tongji University, Shanghai, China
Federal Highway Administration, McLean, VA, USA
The City College of New York, New York, NY, USA
Rutgers University, Piscataway, NJ, USA
Southeast University, Nanjing, Jiangsu, China
University of Belgrade, Belgrade, Serbia
Government of Hong Kong Special Administrative, Hong Kong, P.R.C.
ARUP, Hong Kong, P.R.C .
SMARTEC SA, Manno, Switzerland
University of Ljubljana, Ljubljana, Slovenia
COWI A/S, Lyngby, Denmark
Seoul National University, Seoul, Korea
Yonsei University, Seoul, Korea
University of Notre Dame, South Bend, IN, USA
Szczecin Technical University, Szczecin, Poland
Virginia Department of Transportation, Richmond, VA, USA
WSP Finland Ltd., Helsinki, Finland
Public Works & Water Management, Utrech, The Netherlands
The Hong Kong Polytechnic University, Hong Kong, P.R.C.
National University of Singapore, Singapore
Korea University, Seoul, Korea
Czech Technical University, Prague, Czech Republic
University of Stuttgart, Stuttgart, Germany
Lehigh University, Bethlehem, PA, USA
Korea University, Seoul, Korea
Harbin University of Technology, Harbin, China
Pennoni Associates Inc., Philadelphia, PA, USA
University of Michigan, Ann Arbor, MI, USA
Federal Highway Administration, Washington, DC, USA
Rutgers University, New Brunswick, NJ, USA
Politecnico di Milano, Milan, Italy
Rensselaer Polytechnic Institute, Troy, NY, USA
University of Texas at Austin, Austin, TX, USA
University of Liège, Liège, Belgium
Technical University of Catalonia, Barcelona, Spain

XXXVI

Barney Martin
Sami Masri
Dennis R. Mertz
Thomas Messervey
Ayaho Miyamoto
Claudio Modena
Gianni Moor
Aftab Mufti
Andrzej Nowak
Nader Okasha
Toula Onoufriou
André D. Orcesi
Shamim Pakzad
Livia Pardi
Udo Peil
Victor Popa
Mark Reno
James Ricles
Xin Ruan
Salvatore Russo
Mehdi Saiidi
Charles Seim
Xudong Shao
Dong-Ku Shin
Soobong Shin
Arunprakash M. Shirolè
Jongsung Sim
Bala Sivakumar
Marja-Kaarina Söderqvist
Bill Spencer
Uwe Starossek
Mark Stewart
Paul S. Sumitro
Robert Sweeney
Luc Taerwe
Man-Chung Tang
Palle Thoft-Christensen
Paul Thompson
Yiannis Tsompanakis
Pedro Vellasco
Thomas Vogel
Eiichi Watanabe
Zhishen Wu
You-Lin Xu
Bojidar Yanev
Chung-Bang Yun
Riccardo Zandonini
Yunfeng Zhang
Jinsong Zhu
Ales Znidaric

Modjeski & Masters, Poughkeepsie, NY, USA
University of South California, Los Angeles, CA, USA
University of Delaware, Newark, DE, USA
D’Appolonia S.p.A, Genoa, Italy
Yamaguchi University, Ube, Japan
University of Padua, Padua, Italy
Mageba SA, Bülach, Switzerland
ISIS Canada Research Network, Winnipeg, Manitoba, Canada
University of Nebraska, Lincoln, NE, USA
University of Palestine, Gaza, Palestinian Authority
Cyprus University of Technology, Lemesos, Cyprus
Laboratoire Central des Ponts et Chaussées, Paris, France
Lehigh University, Bethlehem, PA, USA
Autostrade per l’Italia, Rome, Italy
Technical University of Braunschweig, Braunschweig, Germany
Search Corporation, Bucharest, Romania
Quincy Engineering Inc., Sacramento, CA, USA
Lehigh University, Bethlehem, PA, USA
Tongji University, Shanghai, China
University of Iuav of Venice, Venice, Italy
University of Nevada, Reno NV, USA
El Cerrito, CA, USA
Hunan University, Changsha, China
Myongji University, Yongin, Korea
Inha University, Incheon, Korea
Arora and Associates, P.C., Robbinsdale, MN, USA
Hanyang University, Ansan, Korea
HNTB Corporation, New York, NY, USA
Finnish Road Administration, Helsinki, Finland
University of Illinois, Urbana-Champaign, IL, USA
Hamburg University of Technology, Hamburg, Germany
University of Newcastle, Newcastle, Australia
Smart Structures, Rantoul, IL, USA
Consultant to Modjeski & Masters, Montreal, QC, Canada
University of Ghent, Ghent, Belgium
T.Y. Lin International, San Francisco, CA, USA
Aalborg University, Aalborg, Denmark
Castle Rock, CO, USA
National Technical University of Athens, Athens, Greece
State University of Rio de Janeiro, Rio de Janeiro, Brazil
ETH Zürich, Zürich, Switzerland
Kyoto University, Kyoto, Japan
Ibaraki University, Hitachi, Japan
Hong Kong Polytechnic University, Hong Kong, P.R.C.
New York City DOT, New York, NY, USA
Korea Advanced Institute of Science and Technology, Daejon, Korea
University of Trento, Trento, Italy
University of Maryland, College Park, Maryland, USA
Tianjin University, Tianjin, China
Slovenian National Building and Civil Engineering Institute, Ljubljana, Slovenia

XXXVII

Ankara-Istanbul Railway High-Speed Train Project, Construction of Viaduct V4 of 2400 Meters
Süleyman Uluöz, Selahattin Düzbasan & Mustafa Camcıoğlu
Ilgaz İnşaat Tic.Ltd.Şti. (Construction) Ankara, Turkey

Erol Yakıt
Railone Ilgaz Demiryolu Sis.Ürt.İth.İhr.Ltd.Şti.( Concrete sleeper )

Ankara, Turkey

ABSTRACT: Construction of Viaduct V4 of 2,400 meters, located on Ankara-Istanbul Railway High-Speed
Train Project and one of longest viaducts of Turkey, has been accomplished on 2007.
175.000 m³ of concrete in various classes and compatible with TS EN 206-1 standard criteria, 25.000 tons of
iron and 1.000 tons of pre-stressing steel cord have been used on viaduct construction.
1,100 ea bored piles, 67 ea foundation, 67 ea piers and 792 ea pre-stressed precast beams have been constructed and executed within the scope of project.
Sulfate resisting cement has been used for construction of bored piles and foundations, due presence of sulfate
risk on main soil on the construction site.
CEM I cement has been used for construction of piers, pre-stressed beams, floor concrete layers, protective
concrete layers, cable ducts and front elements, which do not have any risk to contact with main soil on the
construction site. Concrete designs in C 25/30, C 30/37 and C 40/50 classes and envisaged to be used in the
project were set out as the next step, after determination as primary step that;
· Aggregate used was compatible with TS 706 EN 12620
· Cement used was compatible with TS EN 197 – 1
· Concrete mixture water was compatible with TS EN 1008
· Concrete chemicals were compatible with TS EN 934–2 and ASTM C 494 standard criteria.
It was possible to cast concrete compatible with TS EN 206-1 standard criteria, even on a temperature of –
20°C, due measures taken by taking into account seasonal climatic changes occurred in Polatlı during the last
10 years.
Table 1. Characteristic properties of V4 viaduct.
1 INTRODUCTION
V4 Viaduct, which is within the scope of Ankaraİstanbul Railway High Speed Train Project; starts
from 14th kilometer after the exit of Polatlı and passes through the Sakarya river and is connected to the
main route of the railway.
Due to the precautions taken before the start of
the project, it has become possible to continue work
for 24 hours per day uninterruptedly even at the unfavorable weather conditions.
The characteristic properties of the project are given
at Table 1.

Length
Bored pile
Raft foundation
Prestressed beam
Concrete
Iron
Prestressed steel rope

(m)
(ea)
(ea)
(ea)
(m³)
(ton)
(ton)

2.400
1.100
67
792
175.000
25.000
1.000

2 SUBSTRUCTURE WORKS
2.1 Electricity and water depots
Electricity network at the construction site has been
supported by generators which are automatically engaged in any case of malfunction.

1

As a precaution for concrete productions during
the cold weather, special heating systems have been
placed inside the water depots which are preserved
at closed area.
2.2 Site roads
In order that the works to be performed at construction site not to be hindered during rainy days, approximately 10 km length road has been constructed.
After 98 % compaction is provided at every layer of
the ground, approximately 100.000 ton basalt aggregate has been laid and compressed.

3 CONCRETE PLANT
Within the scope of the project, a fixed concrete
plant of 120 m³/h capacity and a mobile concrete
plant of 60 m³/h capacity have been established.
Regarding the malfunctions at concrete plants,
agreements have been made with 2 ready mixed
concrete facilities both of which are located in
Polatlı, certified by Turkish Standards Institution
and making concrete production in accordance with
TS EN 206-1.
3.1 Concrete components
Aggregate; at the productions of concrete within the
scope of the project, limestone aggregate at 4 different gradation all of which are in conformity with criteria of TS 706 EN 12620 standard have been used.
In order to cut the prestressed steel ropes which are
used at prestressed beam in a shorter period of time
and in order to prevent adverse effect of crystalline
calcite within limestone aggregate over concrete
quality, basalt aggregate has started to be used after
the production of 50 ea beam.
Cement; regarding the risk of availability of sulfate salts over the construction site ground, sulfate
resistant cement has been used at the manufacture of
bored pile and construction of foundation.
CEM I 42,5 cement has been used for production of
pier, capping beam, bearing and seismic block and
pre-stressed beams. 6 ea concrete hoppers with the
capacity to stock 550 ton cement have been placed
within concrete plants.
Concrete chemical; with respect to the concrete
production, high level of water reducing concrete
chemical which is in conformity with the characteristics of TS EN 934–2 and ASTM C 494 Type F, has
been used.
Concrete mixing water; with respect to the concrete production, water, which is in conformity with
TS EN 1008, has been used.

3.2 Concrete designing works
In order to prevent the ettringite and alkali - silica
reaction at concrete, it has been ensured that the cement to be in conformity with criteria of TS EN 1971 standard and also the amount of Na2O, K2O ( total
alkali ) and SO3 within the concrete have been continuously monitored. Samples taken from the concrete trail mixtures made in the laboratories have
been kept at various weather conditions and then
their pressure resistance and tensile strength at bending have been determined.
Concrete mixtures have been prepared again in
the presence of technical personnel of Spanish
Obrascon Huarte Lain S.A.(OHL) Company which
is the contractor of the project and then the concrete
mixtures to be used at the project have been determined.
4 PRECAUTIONS TAKEN FOR UNFAVORABLE WEATHER CONDITIONS
4.1 Cold weather conditions
· Regarding the changes in seasonal air conditions
at Polatlı for the last 10 years, the site working
plans and the precautions to be taken have been
determined.
· In the cold weathers, special care has been taken
to use aggregates which had been recently prepared at the stone crusher facility.
· Bunker, conveyor band, mixer of the concrete
plant has been covered by a special system to
prevent the concrete and the components from being affected from unfavorable weather conditions.
· The sections of the water network which are in
contact with external environment, concrete
chemical depots and water depots have been covered by isolation materials. Heating system has
been installed inside the depots.
· Lower section of the aggregate bunker has been
taken under protection by a closed system and
this section has been heated without giving any
harm to the mechanical parts.
· At cold weather conditions, mixture water has
been used by being heated up to 50°C.
· Increasing the mixing period of concrete plant
mixer, the heat caused by friction of aggregate
particles with each other has been utilized.
· Trans mixers have been kept at the closed area
and before starting the transportation of the concrete, hot water has been poured to boiler sections
and twirled for at least 10 minutes to increase the
temperature at the metal components.

2

As a result of taken precautions, works have been
continued in spite of the unfavorable winter conditions shown at Figure 1. (Uluöz et al.2007)

Figure 1. Winter condition at site.

4.2 Hot weather conditions
·
·
·
·
·
·

·
·

·

Since the temperature of concrete brought to
the site is about 80–85 °C, it has been used
after being rested at least for 24 hours.
At the concrete production, the aggregate
which was prepared recently by the stone
crusher has been used.
During the concrete production, the mixing
period of concrete plant mixer has been decreased.
At the concrete production, the retarder concrete chemical has been used.
Temperature of the fresh concrete has been
continuously monitored.
At the prestressed beam production, as a precaution against the ettrengite risk, after the
concrete, which has been placed in the beam
mold, has been rested for 3 hours; it has been
subjected to steam cure of which the temperature has been gradually increased and pulverize water has been supplied to steam cure
halls.
The boiler sections of the transmixers have
been wrapped by cotton cloth and it has been
kept humid all the time.
The transmixers have been kept at the closed
area and before starting the transportation of
the concrete, the cold water has been poured
to inner parts of the mixers and this cold water twirled for at least 10 minutes to decrease
the temperature of metal components.
In order to prevent the truck mixer operator
to add water to the concrete afterwards, the
water at trans mixer have been emptied and
when the consistency of concrete is not proper, redosing has been made.

5 PRECAUTIONS TAKEN TO COMPLETE THE PROJECT ON PLANNED PERIOD

The following precautions have been taken in order
the project to be completed on planned period.
· Trainings have been given to the employees regarding the problems they may meet during the
works.
· Solution teams have been set up about problems
which will delay works at the job site and problems have been solved by brain storming studies.
· Engineers and foremen who are in charge at projects of Ilgaz Construction located at Kazakhstan
and Turkmenistan have been held in charge of the
project for some periods of time.
· Reinforcements to be used at the construction of
bored pile; have been made by machines which
have been equipped by robot technologies and the
spiral steps and reinforcement diameters work at
the millimeter precision.
· Among viaduct line, subcontractors at different
branches have been employed.
· In order the power failures not to delay works;
generators with sufficient capacities have been
made available at concrete plant, precast production area, different sections of viaduct construction routes and social facilities.
· In order to meet water required for concrete production and water cure, water depots having internal heating systems have been supplied.
· As a precaution against malfunctions at concrete
factories to delays of concrete productions, 6 ea
cement silo having the capacity of 550 ton have
been placed at fixed and mobile concrete plant
and also connections with alternative cement factories have been established.
· In order to prevent delay of precast beam production due to a possible malfunction at steam generator, 1 ea steam boiler has been waited as backup.
· 1 ea concrete pump has been waited as backup in
order to be used when concrete pump which is
used for concrete productions is broken.
· In order to prevent trans mixer operators to add
water afterwards, water at trans mixer have been
emptied and when the consistency of concrete is
not proper, redosing has been made.
6 LABORATORY WORKS
Samples taken continuously from the iron and concrete used within the scope of project were tested in
· Construction inspection authority’s laboratory.
· Company’s construction site’s laboratory.
· Witness laboratories holding TS EN ISO/IEC
17025 Certificate, in terms of compatibility of
fabrication quality with standards and contract’s
technical specifications.
3

Solution teams established during execution of the
project, within the scope of the company’s ISO EN
9001:2000 Quality Management System, to solve
problems occurred and to prevent repetition of same
incidents and carry out studies within this frame,
have performed brain storm studiers.
7 PRESTRESSED PRECAST BEAM PRODUCTION
A fixed facility has been established for the manufacture of 792 ea I 195 type prestressed precast beam
to be used within the scope of the project. At the facility, 2 production halls which are able to produce 4
ea beams simultaneously have been constructed and
hydraulically foldaway molds have been used in the
production. Prestressed beam production has been
realized in 3 phases.
At the 1st phase; After the reinforcement is placed to
the molds which are prepared for production in accordance with the project, pre-stress process over
pre-stressed steel ropes placed to the sections specified within the project has been applied.
At the 2nd phase; While the concrete is gradually
filled inside the mold, 12 ea surface vibrators over
the beam mold have been operated to ensure the
placement of the concrete inside the mold.
At the 3rd phase; Steam cure has been gradually applied over the concrete inside the mold for 12 hours
in accordance with TS 3648 standard. After it has
been determined that the pressure over concrete
samples placed at steam halls is 37,5 N/mm2, the
prestressed steel ropes have been cut off.
The beams taken out of mold have been transported to the preliminary stock area and subjected to
water cure. At Figures 2,3 and 4 the production
phase are shown.

resistances. During production of prestressed beams,
9700 ea concrete cube samples have been taken and
their pressure resistances have been determined.
At the evaluation of test results, it has been determined that pressure resistance of concrete which
has been used at beam construction was 23,8 %
more than the resistance of the project. Pressure resistance results taken from samples produced during
February 2007 have been given at Table 2.
Table 2. Pressure resistances of concrete.
Age of
concrete
sample

Amount
of
sample

Mathematical
average
N/mm²

Standard
deviation
N/mm²

End of the
steam cure
7 days
28 days

243
243
243

39,9
50,8
61,9

1,1
1,2
0,9

7.2 Loading test for prestressed beams
Pre-stressed beams loading test was performed in 2
phases.
At the 1st phase; after the test load had been applied
over 1/3 and 2/3 sections of the prestressed beams as
shown in Figures 5,6 and 7 the deflection measurement had been performed after waiting for 5
minutes.
At the 2nd phase; after the loads over beams had
been removed gradually, the current deflection had
been measured.
At the measurements performed, it had been determined that more than 95 % of the deflection had
been recovered. (Uluöz et al. 2008)

Figures 5,6,7. Loading test for pre-stressed beams.
Figures 2,3,4. Pre-stressed precast beam production.

7.1 Concrete quality at the prestressed precast beam
Concrete Quality; at beam production, C 40/50 class
concrete has been used. During production, 12 ea
cube samples having 15 cm diameters have been
taken and 6 of these samples have been subjected
against steam curing in order to determine transfer
resistance. Other samples have been excluded in order to determine their 7 days and 28 days pressure

8 WORKS WHICH HAD BEEN PERFORMED
AT THE VIADUCT SİTE AREA
Within the scope of the project; approximately
175.000 m³ concrete had been used at different classes; 25.000 m³ of which has been used for prestressed beam production and 150.000 m³ of which
has been used for other structures.

4

8.1 Bored pile
Within the scope of the project, in total, 1100 ea
bored piles had been manufactured as 16 ea for each
raft foundations. In order that the bored piles, of
which the construction phases are given in Figures 8,
9 and 10 to be constructed within the scheduled period, 7 subcontractors had made a continuous work
for 24 hours per day by using 10 ea bored pile machinery.

Figures 8,9,10. Images from bored pile work.

8.1.1 Concrete quality at the bored pile

At the construction of bored pile, C25/30 class concrete has been produced by using cement resistant
against sulfate. At table 3, pressure resistances of
concrete which is used for the construction of number 1, 2 and 3 bored piles. At the evaluation of test
results, it has been determined that pressure resistance of concrete which has been used at bored
pile construction was 25,0 % more than the resistance of the project.
Table 3. Pressure resistances of concrete.
Cement class
Bored
pile
no
1
2
3

Concrete
class
C 25/30

Sulphate resistant cement
Pressure resistance
N/mm²
7 Days
28 Days
28,6
37,5
25,0
34,7
27,9
36,5

8.1.2 Bored piles quality

Quality tests of bored piles have been checked by
performing integrity test and bored pile loading test.
Integrity test as shown on Figures 11,12 and 13,
bored pile loading test as shown on Figures 14, 15
on bored pile constructions.

Figures 11,12,13. Bored pile integrity test.

Figures 14,15. Static loading test on bored pile.

8.2 Foundation
At the construction of viaduct, 67 ea foundations of
which volumes were in between 400 – 650 m³ had
been made in 4 phases.
1st phase; in order foundations to be excavated 4 excavators and 20 dump trucks had continuously operated for 24 hours per day.
Special attention has been given for capping concretes of bored piles not to be broken during excavation of foundation.
2nd phase; capping concretes of bored piles have
been broken and reinforcements have been cleaned
by pressurized air and water.
Besides, underground water at the foundation has
been discharged by motor pumps.
3rd phase at the preparation of foundation reinforcements, 4 iron contractors and 170 iron masters
have worked in shift for 24 hours and approximately
110 ton iron has been used for each foundation.
4th phase; after necessary cleaning operations have
been made by pressurized air at inner sections of the
foundation which is ready for concrete pouring, concrete pouring has been realized.
During concrete pouring, 2 ea concrete pumps, 10
ea transmixers have been used and vibration has
been applied at 3 different sections of foundation.
During concrete pouring, necessary precautions have
been taken in order to discharge water which is present at the foundation and in order to prevent cold
joint at concrete.
8.2.1 Concrete quality at the foundations

At the construction of the foundations, C 25/30 class
concrete has been produced by using sulphate resistant cement. Special attention has been given the
consistency of the concrete to be 10-15 cm and at
the cases when concrete consistency is low, the consistency has been adjusted by redosing. 1 set of
sample has been taken from the 50 m³ concrete produced and their concrete resistances for 7 days and
28 days have been determined.
At the Table 4, the pressure resistances of the
concrete used at different levels of foundation which
was constructed at 10.11.2006 are given. Construc-
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tion phases of foundation have been given at Figures
16, 17 and 18.
Table 4. Pressure resistances of concrete.
Concrete class
Super plasticizer
Retarder
Cement class
Pressure
7 days
resistance
28 days
N/mm²

C 25/30
% 0,7
% 0,3
Sulphate resistant cement
27,5 28,5
25,6 30,8
33,6

34,6

33,5

36,7

Table 5. Pressure resistances of concrete.
Concrete class
Date of taking the
concrete sample
and its age
Date of receiving
Pressure
7 days
resistance
28 days
N/mm²

C 25/30
Grade of the pier
1.
2
Left
Right
Left
Righ
t
14.11.2006
25.11.2006
25,1
27,1
32,9
34,5
34,0

38,6

38,7

40,6

8.4 Capping beam, bearing and seismic block

Figures 16, 17, 18. Construction phases of foundation.

8.3 Pier
2 ea elevations as right and left for 67 ea foundations have been made for the project. Piers have
been performed as 4 meter grades and approximately
10 ton iron has been used for each grade. At the production of piers, 2nd concrete pump had been waited
as spare. Construction phases of pier have been given at Figure 19.

At the project it is requested the capping beam and
seismic block to be at C 25/30 class, the bearing to
be at C 30/37 class.
· Due to the adverse weather conditions,
· In order the beams to be assembled on time by
shortening the period of mold opening,
· In order to complete the project on time, C 30/37
concrete has been used.
At some sections of capping beam project, since
the reinforcements were so close, concretes at different gradations have been used.
8.4.1 Concrete quality at the capping beam, bearing
and seismic block
Since adverse weather conditions were taken into
consideration, samples taken from the capping
beam, bearing and seismic block concretes have
been waited for 24 hours at site conditions and then
their 7 days and 28 days concrete pressure resistances have been determined. At Table 6 pressure resistances over samples received from capping beam
and bearing at different dates are shown. At Figures
20, 21 and 22 the production stages are shown.
Table 6. Pressure resistances of concrete.

Figure19. Construction pier.

8.3.1 Concrete quality at the pier

At the construction of the pier, C 25/30 class concrete has been produced by using CEM I cement.
Special attention has been given the consistency of
the concrete to be 10-15 cm and at the cases when
concrete consistency is low, the consistency has
been adjusted by redosing. 1 set of sample has been
taken from the 50 m³ concrete produced and their
concrete resistances for 7 days and 28 days have
been determined.
At the table 5, the pressure resistances of the concrete used at different levels of pier which was constructed at 14.11.2006 and 25/11/2006 are given.

Place where the
concrete was used
Capping beam-19
Capping beam- 14
Bearing - 8
Baring - 47

Concrete
class
C 25/30
C 30/37

Pressure resistance
N/mm²
7 days 28 days
31,4
41,4
35,2
50,3
34,6
53,2
39,4
52,2

Figures 20, 21, 22. Works capping beam.
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8.5 Installation of prestressed beams
Before starting to the construction of the project, it
had been planned to use launching girders which
were already available at our construction machine
fleet. However later it has been decided to use
cranes for productions regarding geometric shapes
of end frames and land conditions. After sliding and
fixed supports are installed over support concrete
bases, installations of beams have been performed
by using 250 ton capacity crawler crane with cage
boom and a 400 ton capacity telescopic mobile
crane.
At Figures 23 and 24 installations performed by
crane are shown.

Figures 23, 24. Pre-stressed beam installation.

9 SUPERSTRUCTURE WORKS
Laid concrete; regarding unfavorable weather conditions, C30/37 concrete had been used instead of C
25/30 class which had been mentioned in the project
and after the concrete layer was covered by a special
system, inside of it has been heated by a special
method.
Cable channels and eaves; Cable channels and eaves
have been manufactured at Yenice and Pozantı Precast Facilities within the body of Ilgaz Construction
Company.
Isolation; after the concrete for pedestrian walk way
were poured over V4 viaduct, isolation had been
made over 25.000 m² area by using insulating material.
Protective concrete; After the steel mesh is placed
over insulating material, a protective concrete of
C30/37 class at 5 cm thickness has been laid and
ballast.
Sleeper; 680.000 ea B 70 type traverse which are required in the project and which are proper for UIC
60 rails and approximately 7.200 ea traverse which
are required for V4 viaduct have been supplied from
the facilities of RAIL. ONE GmbH that are located
at Germany, Hungary and Romania. (Uluöz et al.
2008) At Figures 25, 26, 27 are showing the works
in this phase.

Figures 25,26,27. Superstructure works.

10 CONCLUSION
Since Top management of Ilgaz Construction;
· Had continuously monitored all phases of the project and had solved all bottlenecks on time.
· The mobilization had been completed before the
scheduled date.
· Spares of equipments which have a direct affect
over the production had been made available all
the time.
· A high level of coordination had been established
in between Project management and employees.
· Information transmission had been made on time.
· All personnel had worked in a devoted manner.
The project had been completed in a very short period of time as 7 months despite of adverse winter
conditions.
At 26.04.2007, test drives had been started over Ankara-İstanbul High Speed Train Project V4 Viaduct.
At Figures 28, 29 the opening ceremony performed
after the completion of the project has been shown.
At Figure 30 general view of the viaduct has been
shown.

Figures 28,29. The opening ceremony.

Figure 30. General view.
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