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the benefits of 
aN INTERNaTIONaL 
SuppLIER

international suppliers offer? The answer is 
benefits that bring additional value to your 
business. 

i think there are at least three areas 
where benefits of international operations 
are visible. Firstly, being international 
means typically more volume of business  
and this means typically more resources 
allocated to R&D and product development. 
Peikko would never invest more than eur 5 
million on r&D if we would operate just in 
the small country of Finland. international 
companies are, in many cases, more able to 
bring new products to your processes.  

secondly, when we are more exposed to 
different building cultures, we are able to 
bring products and ideas from one market 
to another. The use of column shoes is a 

When discussing with potential clients, 
i sometimes hear their local supplier is 
“just fine”, and that they do not need any 
international companies in their list of 
suppliers. 

Whilst this makes sense in many cases, 
we at Peikko try to behave as a very local 
supplier in the 30 countries we operate in. if 
the preference is for a local company, then  
we are local. Our extensive network of 
factories and local warehouses can, in most 
cases, respond rapidly to all kinds of needs. 
We have local technical support teams, 
we maintain websites in more than 20 
languages, and our products have received 
local approvals. This is our take on being  
local and global at the same time. 

but what additional benefits can 

At your service,

Topi Paananen 
CeO, Peikko Group Corp. 
topi.paananen@peikko.com

perfect example of this – a product used  
more or less only in Finland in the 1980’s is 
now benefitting our customers globally. 

last but not least, an international 
supplier such as Peikko may have a cost 
advantage in production that local 
suppliers do not have. This could be related 
to economies of scale, e.g. higher volumes 
justifying automation, this could be related 
to better raw material prices, or in some 
cases also the benefit could come from the 
fact where Peikko has its factory, such as 
production in Asia.  All these facts bring  
cost benefit to our customers.   

Whether you prefer local or international  
suppliers, i hope Peikko can fulfill your  
needs.
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Argentina

uruguay

Paraguay
brazil

Punta Pereira

Peikko Group is participating in the 
construction of the world’s largest 
and most innovative pulp mill at Punta 
Pereira, in Colonia, Uruguay. The 
mill, which will have a manufacturing 
capacity of 1.3 million tons of pulp 
annually, is expected to become 
operational in 2013. The plant will 
consist of a 160-megawatt biomass-
based power generation unit, wood chip 
plant – process and non-processing 
buildings – barge terminals with yards 
for wood storage, offices, canteen and 
a deepwater port on the de la Plata 
River, which will receive large cargo 
ships to transport the pulp to North 
America, Europe and Asia.

Text: Reeta Paakkinen

Peikko ParticiPates in building    
ThE wORLd’S LaRGEST 
puLp mILL IN uRuGuay
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p eikko delivered to the site various 
types of precast connections, such 
as column shoes, anchor bolts, 

fastening plates and rebar coupling systems 
exceeding 300 tons. in uruguay, Peikko is  
co-operating with several european 
machinery and engineering companies, 
including Andritz and Pöyry, uruguyan 
engineering company Csi, construction 
companies such as Teyma, saceem and salfa, 
and precast companies schmidt of uruguay, 
and Astori of Argentina. 

hISTORICaL INvESTmENT 
fOR uRuGuay

The owner of the mill, Montes del Plata, 
is a forestry company founded in uruguay 
in 2009 by two major forestry companies, 
Arauco of Chile and stora enso of Finland. 
The facilities are being built in a free trade 
zone in Punta Pereira, 190 kilometers West 
of uruguay’s capital Montevideo, whilst the 
eucalyptus plantations that will feed the 
mill are located in various areas of uruguay. 
Total investment in the mill stands at ap-
proximately eur 1.5 billion, making it one 
of the biggest private sector-led industrial 
investments in uruguay’s history.

CaLCuLaTIONS, dESIGN 
aNd STEEL CONNECTIONS 
fROm pEIkkO
Peikko’s spanish subsidiary provided tech-
nical support for the design of structural 
connections, and produced and delivered 
Peikko’s products to the site. Most of the 
deliveries were made in containers by cargo 

ships from spain to uruguay, but in more ur-
gent cases they were dispatched to uruguay 
by plane. 

The engineering of the non-process 
buildings was done by the Finnish  
engineering firm Pöyry and the spanish 
heymo, Pöyry´s subsidiary in spain. 
Tommi Rissanen, Project Manager at Pöyry 
engineering, said cooperation with Peikko 
spain proceeded smoothly. “Peikko staff 
collaborated with us from the design phase 
on, solving the problems we identified. They 

coordinated and planned the deliveries 
from spain to uruguay and responded to 
issues promptly. They also visited the site 
in uruguay several times, which made work 
for precasters and construction companies  
much easier,” rissanen said.

Hector Scelza, engineering Project 
Coordinator at Csi, responsible for the 
engineering of the mill, said his firm had 
also been in a close cooperation with Peikko 
throughout the project. “Peikko’s technical 
department visited our headquarters in »
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Montevideo several times to make our work 
easier and supported us until the design of 
the mill was ready,” he said.

a vENTuRE TO NEw 
paSTuRES 

The cellulose pulp mill represents a venture 
to new pastures for Peikko, because it was 
the first time the firm delivered goods to 
south America. Topi Paananen, CeO of 
Peikko Group, noted the project paves way 
for Peikko’s expansion to south America in 
the future. “We are proud to be part of this 
large and demanding project. Peikko is not 
yet present with own operations in south 
America and the market is being developed 
by Peikko’s spanish organization. but this 
project, as well as coming years, will show 
when and where we will start our own  
operations in the region,” Paananen said.

STRuCTuRE Of ThE 
wORLd’S LaRGEST puLp 
mILL
The world’s largest cellulose pulp mill will 
consist of several industrial buildings where 
wood chips or other plant fiber sources are 
turned to thick fiber board. The structures 
of these buildings are made of precast  
concrete, in-situ concrete and steel. each 
stage of cellulose pulp manufacture is 
completed in a different industrial building. 

in the process buildings, Peikko 

supervised the design task and helped to 
standardize the connections between the 
hPKM Column shoes, with hPM Anchor 
bolts.  in some cases, for example in the 
pulp drying premises, it was necessary to 
use larger PeC Column shoes, because of the 
larger dimensions and capacity required for 
the columns section. 

in the premises housing the fiberline,  
the columns were connected to the 
foundation using the standard hPKM  
Column shoes. in addition, rigid beam-
column connections designed and supplied  
by Peikko were used. it was also useful to 
use MODiX rebar Coupling system, in order 
to connect the reinforcement of the in-situ 
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topping, which was 500 mm in depth, with  
the precast columns. 

some of the precast buildings where 
Peikko’s solutions were used, include the 
turbo generators and the pulp storage 
buildings. in the turbo generators building 
big PPM Anchor bolts were used with column 
shoes. in addition, hundreds of special big 
fastening plates in black steel, and hot Dip 
Galvanized (hDG) treatments were used. The 
PPM Anchor bolts were supplied with hDG 
treatment.

The pipe bridges building, on the other 
hand, is made of a steel structure, which was 
connected to the concrete foundation using 
almost one thousand of Peikko PPM Anchor 
bolts. Due to the geometry of the foundation 
it was adequate to use long anchor bolts. 

The engineering companies decided to 
use Peikko’s TerA Joint Floor Joints because 
of the heavy loads in the mill and technical 
requirements of the floor. Accordingly, 
Peikko designed a special height TerA Joint 
to fit the 300 mm deep floor, and according 
to the needs of the subcontractor, who 
will install the joints. Around 2. 600 m of  
specially designed joints were delivered to 
uruguay. 

SafER, COST EffECTIvE 
maTERIaLS

Enrique Hernandez, Managing Director at 
Peikko spain, said using Peikko’s connections 
instead of traditional socket foundations 
made the construction process of the pulp 

mill more efficient and cut down on overall 
costs. Peikko’s connections made the 
foundation of the premises also thinner  
than it would have been if built using 
traditional systems. “This saved time as well 
 as materials during the construction phase,” 
he said. 

Compared to traditional systems, 
Peikko’s solutions made the installation of 
the columns also safer. “The connection of 
the columns using the Peikko system is rigid 
immediately after tightening the nuts, so it  
is not needed to brace the structure during 
the assembly of the columns or during the 
process of grout mortar sets. No braces 
are needed and free access on the site is 
guaranteed. Faster assembly of precast 
structures also offers cost savings in 
cranes and employment costs,” hernandez 
concluded. 

        Peikko’s connections 
made the foundation of the 
premises also thinner than 
it would have been if built 
using traditional systems.

"
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Poland

belarus 

lithuania

Austria

hungary
romania

ukraineCzech republic budapest

The most environmentally-friendly 
development on the Hungarian 
office market, Skanska’s Green 
House in the heart of Budapest, 
will be complete in December 
2012. The country’s first LEED 
Platinum pre-certified building 
was constructed using Peikko’s 
connections and Deltabeams.

Text: Reeta Paakkinen

deltabeam holds uP  
ThE GREENEST buILdING 
IN huNGaRy

© skanska
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T he construction of Green house, the 
greenest commercial development 
project on the hungarian office 

market and the first one to pre-certify for 
leeD Platinum, will be finalized by the end 
of 2012. The category ‘A’, standalone office 
development will comprise approximately 
20,000 square meters gross built area above 
ground on seven levels, providing 17,800 
square meters gross leasable area and 270  
car parking spaces on three underground 
levels. The building’s architectural design 
was made by WhiTe Arkitekter Ab and DPi 
design Kft.

The underground levels were made in-
situ with Psb Punching reinforcement, and 
the levels above ground with two-storey  
high precast columns with Peikko 
connections, with Deltabeams as inner 
beams and precast beams on the edges 
of the building. hollow-core and filigran  
panels with topping concrete were used to 
form the slabs.  Almost one kilometre of 
Deltabeams were delivered to the site.

dELTabEam ENabLES 
buILdING adapTabLE, 
OpEN SpaCES TO aTTRaCT 
TENaNTS 
Gábor Pados, Project Manager at skanska 
Property hungary, said the use of 
Deltabeams and pre-stressed hollow-core 
slab panels enabled skanska to create office 
spaces attractive to potential tenants. ”An 
essential element of a successful real estate 
development is that it creates office spaces 
that meet current market requirements and 
can be easily adapted to different needs 
in the future. using Deltabeams and pre-
stressed hollow-core slab panels helped us  
to reach this goal. in Green house there are 

only thirteen columns on a 2,400 square 
meters general floor level. This is very  
attractive for our tenants,” he said.

Another reason why skanska decided 
to use a precast structure relates to work 
safety. “This technology reduces the need of 
human labour force at the construction site, 
and thus the risk of accidents,” Pados said. 

László Szántó and Bottyán Pataki, 
structural designers at eXON2000, the 
company delivering the structural design of 
Green house, said skanska’s requirements 
of maximal utilization of office space and 
minimum labour force on the construction 
site made it necessary to increase the 
grid distance of the vertical load bearing 
structure to exceed what is common in 
hungary, and make the horizontal load 
bearing structure - beam and floor - thickness 
as low as possible. “These requirements could 
be best fulfilled with a composite steel beam 
structure, supported on precast columns 

stiffened with in-situ cores. Peikko’s column 
connection solution and Deltabeam system 
generally resulting in flat bottom floor were 
ideal for this system,” szántó said.

The different solutions together formed 
a complex system during the design and 
construction of the building, he added. 
“Thanks to the Peikko Designer® design 
software developed by Peikko, and the 
perfect technical support, the work was 
efficient,” Pataki said. 

CENTRaL LOCaTION 
COmES wITh a LOGISTIC 
ChaLLENGE
Green house is located in the 13th district 
of budapest, parallel to the Váci road office 
corridor, bordered by Kassák lajos, Tüzér 
and lőportár streets and Kassák Park. The 
building can be easily reached by metro, 
bus, tram, trolley and car, but the area is »

© skanska

9CONCRETE CONNECTIONS 2/2012

REFERENCE STORIES



also served by multiple bicycle lanes. The 
neighboring premises offer a wide range 
of services, but skanska is planning for 
additional commercial units – restaurant, 
café and car wash – in the building to further 
contribute to an all-around green work 
experience.

The busy and central location of the 
premises in the heart of budapest, however, 
posed a challenge during the construction 
phase as deliveries had to be assembled 
promptly. The first Psb delivery from Peikko 
entered the site in september 2011 and the 
first Deltabeams in December 2011. 

“Peikko’s Deltabeams and column 
connections ensured fast and accurate 
assembly on site. With just in time delivery 
of the structural elements it was possible 
to minimize storing large volumes on site, 
which is essential on a scarce urban area,” 
Pados noted.

LOw wEIGhT Of 
dELTabEam SImpLIfIES 
ThE CONSTRuCTION 
pROCESS
Norbert Makovínyi, Chief site Manager 
at Ferrobeton, agreed on the benefits of 
Deltabeam. Ferrobeton, a major hungarian 
precaster manufactured the precast  
columns, beams and floor panels of Green 
house and erected the structure. “The low 
weight of Deltabeams allows storing them 
in piles without overloading the slabs 
underneath. As Deltabeams can be lifted  
with standard crane hooks, no special 
equipment was needed,” Makovínyi said.

“The weight of Deltabeams to cover 
a given area is about 20–30 percent of 
the weight of concrete beams. This also 
means less transportation, which was 

especially important at Green house, where 
transportation had to be planned in detail 
because of the limited space available,” 
Makovínyi said and added he was also  
pleased with the pace of deliveries to the  
site from Peikko’s factory at Kralova nad 
Vahom, slovakia.

“Deliveries from Peikko always arrived 
on time. Quality and dimension accuracy of 
Deltabeams were always perfect. These were 
crucial conditions on this project as the  

tight schedule did not allow for any  
mistakes,” he said.

András Simon, site Manager at Narva, 
the general contractor of the project, 
commanded on the technical support the 
construction team got from Peikko: “We 
enjoyed maximal technical support from 
Peikko’s team already from the tendering 
phase on. Production and delivery of 
Deltabeams were always on time, overall  
the experience was very positive.” 
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Reaching a whopping 30 storeys, the Renaissance II condominium building in London, 
Ontario is among the tallest precast buildings in North-America. Using Deltabeams 
throughout its 26 residential floors, the skyscraper has become a beacon of 
performance and reliability for the Deltabeam solution. 

Text: Mark-Alexandre Johanson

dELTabEam makES 
RENaISSaNCE

usA

Canada

Ontario, london

R enaissance ii is a high-end con-
dominium project with 156 condo 
units, each overlooking beautiful 

sights of “Forest City”. Developed and built  
by the Tricar Group, the behemoth is seen 
as part of the precast revolution currently 
taking place in southwestern Ontario as an 
increasing number of developers choose 
to build with faster and more economical 
building material. Tricar is now working on 
a third project using the Deltabeam solution 
in Guelph, Ontario. 

»
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INNOvaTORS aT hGS LTd.
internationally renowned hGs ltd. were chosen for the structural design of the building. 
Medhat Ghabrial, Vice President of Ontario’s most prominent precast structural engineering 
firm, supported the Deltabeam solution which enabled a uniform floor thickness of 10-3/8’’ 
(26.4 cm). Dr. Ghabrial understood the reduction of floor depth and worked hand in hand with 
Peikko on the high magnitude project. 

The project as a whole consists of two twin 30 storey towers with a parking tower in-
between. The first skyscraper was done in 2003 with a cast-in-place frame and patented 
flooring system. Though there was no major problem using this system, it was labor extensive 
and created a low quality slab, not to mention the average floor thickness which toped a total 
18 inches (46 cm) per floor. 

The second skyscraper is being finished summer 2012, using Deltabeam and hollow core 
on most levels. This incredible solution creates a uniform 10-3/8’’ (26.4 cm) thick flat slab, 
enabling a 19 feet (5.5 m) increase of floor to ceiling space on a total of 26 floors. Further 
comparing both towers, numbers speak for themselves:

Renaissance i Renaissance ii 
(Deltabeam solution)

Average workforce involved 28 workers onsite 14 workers onsite

Total Duration of project 36 months 30 months

sound transmission - high level of sTC and iiC

Floor leveling Difficult simple

aN addEd vaLuE 
SOLuTION
The Tricar Group’s Chris Leigh saw the 
potential of using the Deltabeam combined 
with hollow core slabs, especially to avoid 
any headroom issues and increase of floor to 
ceiling height by 2 feet (60 cm) over a total 
of 5 storeys. “We had a precast concrete 
solution that would greatly increase our 
speed of construction and reduce our 
workforce onsite, but we needed a thinner 
total floor thickness” says leigh. “Keeping 
the same floor depth while having a 22  
foot (6.7 m) opening of unobstructed space 
initially seemed impossible”. That’s exactly 
what the Deltabeam made possible: six wide 
and clear openings per floor, giving upcoming 
residents huge flexibility to arrange their 
condos. 

This project is a good example of 
increased rOi thanks to the Deltabeam, 
as Tricar was able to sell several floors of 
high-end condominiums at a higher price 
thanks to their tall ceilings (11 feet, 3.4 m).  
Olimpio Couto, Precast Manager for the 
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renaissance ii, says working with Peikko 
was a charm. “Peikko always supplied the 
Deltabeams ahead of time. The beams were 
easy to install onto our parallel concrete 
walls and involved very little shoring 
compared to your typical cast-in-place 
structure.’’ explains Couto. ‘’The shore free 
space was especially good for other trades 
to come in early during the project, trades 
such as electricians, plumbers etc.’’ The 
Tricar Group is based out of london, ON, and 
specializes in the development of luxury 
condominiums for sale and apartments for 
rent in southwestern Ontario. Tricar acts 
both as a property development and property 
management company. 

kEy paRTNERS IN ThE 
pROjECT

The precaster chosen for the renaissance 
ii is stubbe’s Precast. Throughout the 
project, they were recognized for their 
professionalism and expertise with hollow-
core slabs, only equal to their impeccable 
support during project installation and 
beyond. located in a small town less than 
an hour away from london, stubbes supplied 
a turnkey solution including other precast 
elements such as precast cladding. 

dELTabEam GaINS 
pOpuLaRITy IN CaNada

The Deltabeam solution is becoming 
increasingly popular in Canada. The Tricar 
Group alone is working on yet another  
multi-storey project using Deltabeams,  
which will total three Deltabeam projects 
for the real estate company in less than two 
years: renaissance ii, renaissance Parkade 
and riverhouse Condominiums. Further 
more, two major multi-storey projects are  
well on their way in Winnipeg, Manitoba: 
Grand Airport hotel and Centerpoint 
residential-hotel-commercial-parkade 
project. Finally, several residential projects 
are also moving forward throughout the 
Quebec province: le Mesnil and Quartier 
urbain 395. 

        The beams were 
easy to install onto our 
parallel concrete walls and 
involved very little shoring 
compared to a typical  
cast-in-place structure.

"
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2012 has been a breakthrough year for the Peikko’s wind turbine tower foundation technology. Following an 
extensive and successful R&D effort, the foundation solution is now ready to be implemented. One of the 
latest references of this innovative solution is the delivery to the new Tervola wind park in Finnish Lapland.

Text: Vesa Tompuri

© WinWind

Peikko’s wind turbine tower 
foundation solution
haS bECOmE a hIT

T he construction of new wind parks 
is expected to increase significantly 
in europe during the course of 

the current decade, as a result of energy 
policy decisions at national level and  
technological developments that are  
making wind energy a more competitive 
alternative. Many companies have already 
decided on new investments in the field. 
One of the most important of these in 
Finland has been that by TuuliWatti, 
owned by st1 and s-Voima, to spend 
around eur 400 million on new wind 
power capacity between now and 2015.  
When Tuuliwatti’s programme is complete, 
the company is expected to account for 
around a fifth of Finland’s entire wind  
power capacity.

“This year, we will complete wind parks 
in Tervola and ii,” says Antti Kettunen, 
TuuliWatti’s Wind Power Manager, “and 
wind parks are scheduled for Tornio and 
Pori next year. Our plan is to build around 
90 land-based turbines, mostly inland, 
with some in coastal locations as well. We 
will be partnering with YiT rakennus as our 
contractor for the foundation work for all  
of these sites.”

The majority of the turbines will be 3 MW 
units, but this will rise in the future, as 4.5 
MW units are now available for land-based 
sites. The typical height of a turbine tower, 
from the ground to the rotor hub, is currently 
120-140 metres, but this could well increase 
as well in the future, according to Kettunen.

yIT SELECTEd pEIkkO
A total of 10 turbines are due to be  
completed at the Tervola site this year. 
engineering design work on all 10 towers 
was completed in good time. The tight 
construction schedule made the new 
innovative foundation solution developed  
by Peikko a very attractive one for YiT 
rakennus.

“We decided to select Peikko’s solution 
for five of the towers,” explains YiT  
rakennus’ Project Manager Mika Terhelä. 
“The tight timetable was one factor, but the 
innovative nature of Peikko’s concept and 
its technical aspects also impressed us. Our 
experience at the Tervola site has shown  
that we made a good choice.”
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Finland russia

sweden

estonia

Tervola

When Peikko received the Tervola order 
there was only around a month to the start  
of construction. Peikko was able to keep to 
the tight timetable, however, both in terms 
of material deliveries and installation. 

“based on the prototype work we’ve 
done, we now have a fully optimized  
product,” says Kari Tuominen, Technology 
Director of Peikko’s Wind energy sector. 
“We’ve been able to achieve excellent 
installation times, for example, because the 
arrangement of the reinforcement enables  
a group of rebar teams to work alongside  
each other simultaneously.”

Tuominen emphasises the importance 
of optimizing the reinforcement used. Given  
the massive loads imposed on the  
foundations of a 140-metre wind turbine 
tower, the rebar used in its foundation 
also need to be pretty massive and placed 
very closely together. The largest forces 
are exerted on the centre of the 22-metre 
circular foundation slab, directly under the 
base of the tower, and that is why the 32  
mm rebar used there is placed as closely 
together as possible, at 3 cm intervals.

“The rebar used around the outer edge  
of the foundation is much less close  
together,” explains Tuominen. “in addition 
to standard corrugated bar, our solution 
also features shear reinforcement and a Psb 
central anchor. The latter is a particularly 
important component in terms of the overall 
design.”

A central anchor is needed because it 
enables the asymmetric loads typical of  
large wind turbines to be managed  
effectively.

“Depending on the ground at a site, 
the centre of the load imposed on the 
foundations can be 0.5-1 metre away from 
the centre of the slab. by anchoring the  
tower to the slab very securely, we can  
control even high asymmetrical dynamic 
forces very effectively,” continues  
Tuominen.

high levels of dimensional accuracy  
are essential here. YiT’s Mika Terhelä sees 
this as one of the key strengths of Peikko’s 
solution. it also minimises excess work 
on site and ensures that installation goes 
smoothly and without the need to repeat or 
rework anything.

EuROpEaN maRkETS IN 
SIGhTS
Peikko’s wind turbine tower foundations are 
currently being produced at the company’s 
plants in Finland, Germany and slovakia;  
and Peikko’s technology will be delivered 

to tens of foundations this year, says Kari 
Tuominen.

“Next year, we’re very likely to triple 
the output. The current references will be 
an excellent springboard for new projects  
in europe.”

A number of new projects have already 
been agreed in many locations in europe, 
says Tuominen, and he expects further good 
news to follow – not least because of the 
positive experience at Tervola. The value 
of the latter, together with the framework 
agreement between Peikko and YiT  
rakennus, is underlined by the fact that the 
turbine supplier at Tervola is Vestas, the 
number-one company in the wind power 
industry.

“Tervola is also a valuable reference for 
us, as it’s Finland’s first major wind power 
investment away from the coast, some 50 
kilometres inland,” says Mikko Niininen, 
Director of Peikko’s of Wind energy sector. 

Peikko’s foundation solution met all the customer’s expectations at the site in Tervola.
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PLASTIC BOLTS RAILS

HEADED STUDS

DOWEL

a) b)

PLASTIC SLEEVE

JOINT OPENING

PLASTIC BOLTS 
BROKEN

TERa jOINT dEvELOpmENT

INTROduCTION

higher and heavier racking and storage 
equipment, together with the internal 
transport by means of counter-balance pal-
let trucks cause greater demands on concrete 
industrial floors. requests for higher load 
transfer through joints while keeping the 
smallest possible relative vertical move-
ment, belongs to the most sensitive issues 
of the design.

stakeholders are seeking for the 
best value for money when deciding on 
construction technology. The best value for 
money does not mean necessarily to choose 
the cheapest solution during construction 
but rather to choose a solution that offers the 

lowest life cycle costs. Concerning this task 
the design plays the most important role. 
Design of concrete floors is a very complex 
task and it is to some extent covered by the 
publication [1].

The use of a reasonable approach of 
the whole process leads to appropriate 
durability of floors. uncracked surfaces are 
important not only from aesthetics point 
of view, but influence the stability of the 
long term functionality as well. Concrete 
floors are exposed to volume changes due 
to concrete shrinkage and moisture and 
temperature changes [2] that are restrained 
by friction between the concrete floor slab 
and its subgrade. To avoid crack formation it 
is necessary to design joints at appropriate 

distances. Joints should provide free 
movement of slab edges but restricting 
relative vertical movements. There are 
different methods how to create joints, but 
from the durability point of view it is very 
useful to make armoured joints providing 
steel protection of joint arrises. Practical and 
maintenance-free solutions for construction 
practice of ground floor joints is offered by 
Peikko product called TerA Joint.

Peikko Group pays great attention to 
research and technical development of the 
product. This paper is briefly describing TerA 
Joint construction, some load tests carried 
out by university of Greenwich at Medway and 
associated non-linear finite element analysis 
performed by sTu-K, Prague.

Figure 1 Cross section of TERA Joint: a) assembly stage; b) functioning joint

Text: Dr. Václav Vimmr

CONCRETE CONNECTIONS 2/201216

TE
CH

NI
CA

L 
AR

TI
CL

ES



»

TERa jOINT 
CONSTRuCTION

The Peikko TerA Joint in principle is a 
leave-in-place formwork system for casting 
industrial concrete floor slabs. When 
accurately positioned it defines both the 
perimeter of the slab section and its level 
as well. The formwork system consists of 
two horizontal high precision cold-drawn 
steel rails with sharp edges provisionally 

connected by low tension capacity plastic 
bolts. headed studs are welded on external 
parts of rails according to Fig. 1. A steel 
sheet interconnected to one of the rails 
corresponds to the depth of the concrete 
slab. Very important parts of the formwork 
system are circular plate dowels equipped 
with plastic sleeves (see Fig 2). Material 
properties and more detailed information 
on the system can be found in [3] that can 
be downloaded from Peikko web pages.

Figure 2 TERA Joint photo

Typical TerA Joint sections are 3 m 
long and manufactured to extremely close 
straightness tolerance to be able to define  
the most accurate surface level. Joints 
can freely open while the both parts are  
connected to corresponding slab sections  
by headed studs. however, to prevent 
different free movement of adjacent parts  
of slab sections in vertical direction and 
secure shear forces transfer through the 
joint, de-bonded dowels located across the 
joint are installed. On the contrary TerA 
Joint allows free movement in horizontal 
plane of a slab, thanks to circular shape of 
plate dowels.

LabORaTORy TESTS
The university of Greenwich school of Civil 
engineering undertook a series of tests in 
the Civil engineering laboratory on TerA 
Joints. The test arrangement was based on 
two supporting slabs placed on rigid tables 
that were supporting mid slabs by means 
of circular dowels. supporting slabs of the 
same thickness as mid slabs were firmly 
fixed to tables while mid slabs were loaded 
in their centre. Vertical displacements 
were measured along the slabs perimeter. 
loading of mid slabs continued in  
incremental steps up to joint failure. The 
first series of tests comprised 24 samples 
for studying few relevant parameters. For 
example different depth of slabs ranging 
from 100 mm to 250 mm, different width of 
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Figure 4 Post-failure stress-strain curve

Figure 3 Typical mode of failure

slabs in plan (500 mm and 650 mm), two 
joint openings (10 mm and 20 mm) and two 
nominal strenght classes of concrete C32/40 
and C25/30 were tested. Cube strengths  
were tested separately for each sample and  
the number of cube results per test was 
variable. Where more than one cube 
was tested the average value was taken 
into consideration. As far as dowels are 
concerned, mainly circular dowels with 
150 mm of diameter, thickness of 6 mm 
and double 6 mm dowels were employed. 
The next series of tests is including also so  
called heavy duty dowels. 

Concrete failure was experienced in all 
tested cases. The mode of failure is more 
complicated in comparison to punching 
failure of floor slabs when supported by 
columns (Fig. 3). Columns supporting floor 
slabs are very stiff in vertical direction  
while plate dowels are fairly flexible. 
This is the reason why formulas from [2] 
are difficult to apply. Thus it is not too  
surprising that the test results were 
inconclusive with regard to any correlation 
with the design procedure set out in [1]. it 
has been found that capacities according 
to tests were significantly lower than  
punching values obtained from calculation 
according to [1] adopting equations that  
are not based on extensive test programme.

fINITE ELEmENT aNaLySIS
A finite element model (FeM) has been 
developed with the aim to study additional 
parameters to test cases of TerA Joint 
failures. This included concrete failure 
models under tensile loading. in principle 
two different models were tested. The first 
was concrete damage plasticity model and the 
second brittle cracking damage model. After  
testing both methods the brittle cracking 
damage model was adopted since it  
produced results that were closer to test 
results. This is due to the fact that material 
parameters necessary for this model were 
easier to obtain or estimate from the limited 
specific concrete properties available from 
tests.

brittle cracking model of concrete is featured 
by the following properties:

•	 is designed for applications in which 
the behaviour is dominated by tensile 
cracking;

•	 assumes that the compressive 
behaviour is always linear elastic;

•	 allows removal of elements based on a 
brittle failure criterion

The post-failure behaviour can be 
specified by means of the post-failure stress 
as a function of strain across the crack, as 
shown in Figure 4. The brittle failure criteria 
is such that when one, two, or all three 
local direct cracking strain components at 
a material point reach the value defined as 
the failure strain, the material point fails and 
all the stress components are set to zero. if 
all of the material points in an element fail, 
the element is removed from the mesh. in 
this model the element removal criteria is 
such that as soon as one crack appears at a 
material point, it is considered to have failed.

An important feature of the cracking 
model is that, whereas crack initiation is 
based on Mode i fracture only, post-cracked 
behaviour includes Mode ii as well as Mode 
i. The Mode ii shear behaviour is based on 

the common observation that the shear 
behaviour depends on the amount of cracks 
and the crack opening. More specifically, the 
cracked shear modulus is reduced as the crack 
opens. Therefore, a shear retention model 
in which the post-cracked shear stiffness is 
defined as a function of the opening strain 
across the crack; the shear retention model 
must be defined in the cracking model, and 
zero shear retention should not be used. 
The dependence is defined by expressing 
the post-cracking shear modulus cG , as a 
fraction of the uncracked shear modulus:

 ( ) ,c ckG Gρ ε=
Where G is the shear modulus of the uncracked 
material and the shear retention factor 
( )ckρ ε , depends on the crack opening 

strain ckε .
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DiamonD Dowel ciRculaR Dowel

Figure 5 Crack development according to FEM

To obtain these values to input into the 
concrete damage model one experiment, a 
uniaxial tension test, is required to calibrate 
the simplest version of the brittle cracking 
model. Other experiments may be required 
to gain accuracy in post-failure behaviour.  
A reference case has been modelled in the 
first step and the influence of material 
parameters are then studied and compared 
to this reference case.

Numerical models enable to study 
the influence of individual parameters  
separately to an extent that hardly can be 
reached in laboratory tests. Proceeding 
in the FeM analysis with the concrete 
cracking damage model, a parametric study 
was carried out to find out the influence 
of different factors on the failure load. 
Amongst these factors, the ones that had 
noticeable influence on the failure load 
were: geometry of concrete slab, size effect 
of samples, geometry of dowels, bending 
stiffness of dowels, joint openings between 
mid slabs and supporting slabs, material 
properties of concrete or sensitivity of test 
models to possible eccentricity of loading. 
Figure 5 shows crack propagation analyzed 
by numerical model for two different shapes 
of dowels. Maximal principal stresses are 
expressed by colours according to the scale 
shown on figures.

CONCLuSIONS
Peikko TerA Joint system offers solid 
armoured solution for maintenance-free 
joints of industrial floors. Peikko TerA Joint 
represents life cycle cost effective solution. 
however, Peikko is permanently seeking for 
improvements of their products by taking 
care of research and further development.

extensive test programme on Peikko  
TerA Joint brought a large number of 
important observations. it demonstrated 
that there is an urgent need for the 
amendment of existing design methods. 
FeM analysis proved to be an effective tool to 
verify test results and particularly to clarify 
the influence of individual parameters that 
would be extremely costly and difficult to 
obtain just by testing.

aCkNOwLEdGEmENT
The author would like to express his thanks 
for the opportunity to visit university of 
Greenwich at Medway to witness some tests 
and for the access to a report on load testing 
by Visiting Professor Derrick beckett. The 
section on FeM is based on an internal sTu-K 
report for Peikko drafted in co-operation  
with Dr. Zahra sharif.
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ExCELLENT pERfORmaNCE 
Of pCs CORbELS 

INTROduCTION
PCs Corbel has been developed by Peikko 
Group in the mid 90’s and designed to 
support Deltabeams in buildings; for 
the case of fire situation, the corbel was  
designed to be applied in buildings with 
exposure class r60 and r90. PCs Corbel 
is nowadays approved by authorities in 
several european countries and has been 
applied in hundreds of projects mainly in 
scandinavian countries up to now. At the 
same time, it is becoming increasingly 
popular among the customers of Peikko 
worldwide. The growing demand for this 
system often means that customers wish 
to use it for applications that are well  
beyond design situations that were assumed 
to be satisfactory at the time when the 
product has been developed.  

One of the main issues that up to now 
limited the application of PCs Corbel was 
the missing knowledge concerning the 
behavior of the system in buildings with 
fire exposure class higher than r90. To 
improve this knowledge and thus enlarge 

the field of application of PCs Corbel, Peikko 
Group initiated an r&D project focused on 
complex thermal analysis of the PCs Corbel 
system exposed to fire. The project has been 
performed during the first half of 2012 in 
cooperation with the Centre Technique et 
industriel de la Construction Metallique 
(CTiCM) in Paris, France, one of europe’s 
leading institutions in the field of fire  
analysis of steel and composite structures.

The project consisted of two principal 
stages: 
•	 Three dimensional finite element 

analysis of all existing models of PCs 
and PCs uP supporting Deltabeams  
that demonstrated the temperatures 
of the system at exposure classes r60, 
r90, r120 and r180. 

•	 static calculation of the PCs Corbel 
focused on determining the resistances 
of the system taking into account 
the temperatures of its components 
and reduced material properties in 
accordance with the eurocodes eN 
1992-1-2 and eN 1993-1-2. 

fE aNaLySIS 
The thermal analysis was performed as a 
three-dimensional FeM calculation of the PCs 
Corbel system using ANsYs software at the 
CTiCM institute in Paris. The analyses were 
provided for all standard resistance models 
of PCs and PCs uP Corbels. The corbels were 
modeled inside of columns with minimum 
dimensions in accordance with the technical 
manuals of the PCs Corbel and supporting 
Deltabeams with hollow-core slabs. The 
following assumptions were taken into 
account for the thermal analysis:

 – PCs Corbels were exposed to action of 
fire determined according to isO 834 
standard fire

 – Thermal material properties of steel 
and concrete were in accordance with 
eN 1992-1-2, eN 1993-1-2 and eN 
1994-1-2

 – Non-linearity due to the temperature 
dependency of material properties and 
boundary conditions was taken into 
account.

Figure 1 FE model of PCs Corbel system for thermal analysis

Deltabeam

Concrete slab
Column plate

Corbel plate

Washer plate

Lower bolt

Stud

Hanging bar
Upper bolt

Corbel joint Concrete column

Text: Jan Bujnak, R&D Manager, Peikko Group
        Slavomir Matiasko, R&D Engineer, Peikko Group

exPosed to fire demonstrated  
by fe analysis
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several possible configurations allowed 
by the mounting tolerances of the PCs 
Corbel and Deltabeam were tested in order 
to determine the position of the corbel 
plate which leads to maximum temperatures 
in components of PCs Corbel. The most 
unfavourable position was determined as 
the one where the corbel plate is in the 
uppermost position with regards to the 
column plate (Figure 2) while the bottom 
side of the corbel plate is aligned with the 
bottom flange of the Deltabeam.

An example of temperature profiles of  
PCs and PCs uP corbels determined by Fe 
analysis is shown on Figure 3.

  
Figure 2 Uppermost position of corbel plate as 
the most unfavourable for thermal analysis

STaTIC CaLCuLaTION 
The temperatures determined by Fe analysis have been used to determine the reduced mate-
rial properties of the different components of the PCs Corbel. The load bearing capacity of 
every component of the PCs Corbel has been verified by: 

 efi,d ≤ rfi,d     (1)
where
ed,fi is the design effect of action induced by maximum loads during exposure to fire  
 in accordance with (Table 1a and Table 1b)
rd,fi is the resistance of the component determined using reduced material   
 properties in accordance with eN 1993-1-2. 

When the corbel is aligned with the bottom flange of the Deltabeam and un-protected 
against the action of fire, the most heated components of PCs are generally the bottom parts 
of the corbel plate and column plate. At the same time, these components have a relatively 
small usage ratio in terms of stresses induced by the external loads. The fact that they are 
heated thus has only a very limited effect on the overall load bearing capacity of the PCs  
Corbel system at exposure classes r60 and r90. in higher exposure classes (r120 and  
r180) other components (e.g. bolts) of PCs Corbel are heated to a point that the 
loss of their material resistance impacts on the overall resistance of the PCs Corbel  
(Table 1a and Table 1b).

Table 1a Resistances of PCs Corbels exposed to fire in accordance with recommended values of EN 
Eurocodes (without horizontal force HEd)

load unit PCs 2 PCs 3 PCs 5 PCs 7 PCs 10 PCs 15

r60
Vertical load Ved kN 230 355 575 785 1010 1500

horizontal load hed kN 0 0 0 0 0 0

r90
Vertical load Ved kN 230 355 575 785 1010 1500

horizontal load hed kN 0 0 0 0 0 0

r120
Vertical load Ved kN 145 220 410 775 710 1490

horizontal load hed kN 0 0 0 0 0 0

r180
Vertical load Ved kN 40 95 160 205 240 950

horizontal load hed kN 0 0 0 0 0 0

Table 1b Resistances of PCs Corbels exposed to fire in accordance with recommended values of EN 
Eurocodes (with horizontal force HEd = 0.20 x PEd)

load unit PCs 2 PCs 3 PCs 5 PCs 7 PCs 10 PCs 15

r60
Vertical load Ved kN 230 355 520 710 960 1500

horizontal load hed kN 46 71 104 142 192 300

r90
Vertical load Ved kN 230 355 520 710 805 1500

horizontal load hed kN 46 71 104 142 161 300

r120
Vertical load Ved kN 95 220 410 520 540 1490

horizontal load hed kN 19 44 82 104 108 298

r180
Vertical load Ved kN 40 95 160 175 180 950

horizontal load hed kN 8 19 32 35 36 190

 1
2 

   
Figure 3 Temperature profiles in three-
dimensional models of PCs and PCs UP

»

21CONCRETE CONNECTIONS 2/2012

TECHNICAL ARTICLES



it is only rarely that resistances of  
corbels with values corresponding 
to the design values of resistances 
at normal use situation are required 
for exposure classes r120 or r180. 
Anyway, in the case such requirements 
exists, one possible solution to achieve  
higher resistances of corbels at r120 and  
r180 is to integrate the PCs Corbel deeper 

inside of the Deltabeam and thus cover the 
bottom side of the corbel with grouting 
(Figure 4).  A separate study performed 
on all PCs and PCs uP Corbels allowed to 
demonstrate that this requirement may 
be fulfilled in case the corbel has a bottom 
cover of ∆=20 mm for exposure class r120. 
With fire exposure class r180, resistances 
corresponding to design value of resistance 

at normal use situation may be achieved  
with bottom cover ∆=50 mm, but only for 
models PCs 5 to PCs 15. For smaller corbels 
(PCs 2 and PCs 3), the resistance that may 
be achieved by integrating the corbel in 
the Deltabeam with bottom cover ∆=50 mm 
is 70% of the design value of resistance at 
normal use situation.  

 

 
*1 reduced resistance for PCs 10 (see Table 1b)    *2 reduced resistance for PCs 2 and PCs 3

Figure 4 Influence of the vertical position of corbel plate on the resistance of PCs Corbel exposed to fire

∆=0 mm (r60)

      (r90)*1

∆=20 mm (r120)
∆=50 mm (r180)

      (r90)*2

∆

CONCLuSIONS
The r&D project that is shortly summarized 
in this paper, enabled to demonstrate the 
excellent performances of the PCs Corbel 
even in the situation when it is exposed to 
fire for up to 180 minutes. Peikko's Technical 
Manuals and National Approvals of the PCs 
Corbel will be updated taking account of 
this new knowledge during the second half 
of 2012. 

H3min
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user satisfaction surVey of  
pEIkkO dESIGNER®

Since its establishing in 1965 innovativeness has been a strength of Peikko. New market-
driven innovations are also in the future Peikko’s success factors. Structural designers are one 
of Peikko’s most important interest groups. To make designing easier and faster a lot of effort 
has been put into developing different kinds of tools. The most important tool is Peikko’s own 
design software  Peikko Designer®.

Peikko Designer® is so far the most significant single r&D investment in Peikko’s history.  in June-August 2012 we asked the users of the 
software if it has been received in the same way as it was planned. The survey was made by innolink Oy and it was realized as an internet  
survey sent out by email. The survey was sent to 766 european active Peikko Designer® users of which 121 took part.

CuSTOmERS REady TO RECOmmENd
51 percent of the respondents have already recommended Peikko 
Designer® software to their colleagues. Furthermore, altogether 
32 percent of the respondents would recommend Peikko Designer® 
warmly or with certain reservations.

The positive experiences of co-operation are also reflected in the 
recommending of Peikko Group’s products – altogether 95 percent 
of the respondents have already recommended or could recommend 
Peikko Group’s products if necessary.

Yes, and I already have 51,3 % (61)

Yes, I would warmly recommend them 31,9 % (38)

Yes, I would, with certain reservations 6,8 % (20)

0% 100%50%
Calculation results are reliable (119)

It is easy to understand the design results (118)

Peikko Designer® saves my time (118)

Texts and tables are dear (119)

Logical Structure of Peikko Designer® helps finalize 
my design task (120)

4.7

4.5

4.4

4.3

4.3

1 5

RELIabILITy – ThE mOST ImpORTaNT faCTOR 
(1 - 5)

According to respondents, the most important factors regarding 
features of designer software are: reliability of calculation results, 
easiness to understand the design results, and Peikko Designer® as 
a time saving software.

Latest program version is always in use/available (121)

3D views make designing more visual (119)

Calculation results are reliable (118)

Peikko Designer® enables fast design calculation (121)

It is easy to learn use Peikko Designer® (120)

4.2

4.2

4.2 

4.2 

4.1

1 5

EvaLuaTION Of pEIkkO dESIGNER® (1-5)
users were also asked to evaluate the success of Peikko Designer® 
software. According to users, the most successful factors are: latest 
program version is always in use/available, 3D views make designing 
more visual, and reliability of calculation results.

Due to the valuable mainly very positive feedback, Peikko Group 
has gained a better understanding of user expectations and will  
be better positioned to align resources to deliver improved results 
in the areas identified as less satisfactory. Thank you for your help 
in developing Peikko Designer® ! 

Download PEIKKO DESIGNER®
www.peikko.com

Text: Molli Nyman

A prize draw was made among the 
respondants and Kestas balciunas 
from lithuania is the winner of an 
iPad 4 tablet. Congratulations!
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Column connections are an essential part of 
Peikko’s product portfolio. The continuous 
development of the product category is 
naturally very important from both the 
manufacturer as the end user point of  
view. Peikko’s production is most modern in 
the field and the production process of the 
hPKM Column shoes has been renewed and  
a new production method has been taken 
into use. The impacts on the end users are 
minor, but positive. 

•	 better dimensional accuracy thanks 
to new production technology

•	 New markings on the product make 
identification easier

•	 Available with integrated recess 
pocket or separate recess  
former with fixing mechanism

renewed PVl connecting looP

Peikko’s PVl Connecting loops are single 
wire loops for connecting precast wall pan-
els to each other, or to a column. The PVl 
Connecting loop has now been significantly 
improved. The box of the new model is firmer 
due to thicker steel sheet. The box is closed  
in a way that hinders the concrete of flowing 
into the box during casting. Thanks to the 
steps in the sides of the box it anchors bet-
ter into the concrete. The most remarkable 
change is in the Peikko patented sWC wire 
with a solid core wire.  

How to install the new PVL
As an improvement to the prior version, the 
new PVl Connecting loop’s anchoring part 
can either be straightened or placed in the 
position required by the reinforcement, it 
will no longer bounce into wrong position. 
Also when opening the loop it will stay in the 
required position.

The hPKM-X Column shoes produced with 
the new production method are dimensioned 
according to eurocodes and their resistances 
correspond to resistances of the eTA approved 
hPM Anchor bolts. The change doesn’t have 
any price effect. Column shoes produced with 
the new method will come to the markets  
in late 2012 in the first stage to the Nordic 
and baltic markets.

Available loop lengths
The PVl Connecting loop is available in 
lengths of 60 mm, 80 mm, 100 mm and 
120 mm. later also a larger 140 mm loop 
will be available. benefits will be equal 
to the smaller PVl.

new features in  
the hPkm column shoes 
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deltabeam to receiVe ce marking 
as steel construction for the 
euroPean market
european union’s construction product 
regulation takes effect in full on 1 July 
2013 and accordingly Ce marking will 
become mandatory for steel constructions 
as of 1 July 2014. Manufacturers may use Ce  
marking to declare that their construction 
products meet harmonized european 
standards or have been granted european 
Technical Approval. These documents define 
the properties products must have in order  
to be granted the right to use Ce marking,  
and also describe how the manufacture of 
these products is supervised and tested.

Deltabeams are manufactured for the 
european markets in Peikko’s production 
units in Finland and slovakia. inspecta 
sertifiointi Oy has granted Peikko’s lahti 
production unit and slV hannover Peikko’s 
slovakian production unit the third party 

Investment in new production premises in 
Lithuania
Peikko lietuva uAb has bought a large 
industrial complex of 8 670 m² situated in 
the industrial area of Kaunas. Peikko has 
been on the lithuanian market with own 
production since 2006. Peikko lietuva has 
currently premises of 3 000 m² in Kaunas and 
it employs 75 persons. The new production 

certificate of factory production control 
according to standard eN 1090-2:2008.

Deltabeam is Peikko’s composite slim-
floor system for multi-storey buildings of  
any kind. it allows flexibility for layout 
changes throughout the service life 
of the building and enables easy hVAC  
installations. With the use of Deltabeam 
the depth of the whole structure can 
be reduced, which means savings in 
construction time and costs as well as in 
heating and cooling costs. Deltabeam 

Peikko inVests in comPosite 
structure Production in euroPe

also enables different kinds of cantilevers  
and architecturally challenging façade 
solutions without the use of in-situ casting.

”We are very pleased that Ce marking 
has been granted to our Deltabeams. Peikko 
wants to be among the first companies to 
realize the requirements of the european 
union’s construction product regulation.” 
comments Topi Paananen, CeO of Peikko 
Group Corporation.

premises will be double in size compared to 
the current and enable a significant growth 
in production. Peikko lietuva focuses on 
producing composite steel structures, e.g. 
composite columns, for the Nordic and  
baltic markets. The investment supports 
Peikko’s growth targets and will also result 
in long-term volume increase of the Finnish 
and slovakian Deltabeam plants. 

Investments to increase Deltabeam  
production capacity in Finland
Peikko increases Deltabeam production 
capacity in Finland. The target is to increase 
the capacity by almost 30 percent at the  
lahti plant. The investment comprises many 
new machines and equipment, as well as 
general layout improvements at the plant. 
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pEIkkO pROjECTS fROm 
aROuNd ThE wORLd

Peikko has received a substantial 
composite structure order to the 
expansion of Malmö university in 
sweden. 4.5 kilometres of Deltabeams 
and 2.3 kilometres of composite 
columns will be delivered to the site 
during spring 2013. 

Peikko’s Deltabeams were chosen to a 
shopping mall project which is part of 
a large regional Šantovka development 
project in Olomouc, eastern Czech 
republic. The deliveries consist of 1.2 
kilometres of Deltabeams to a shopping 
mall which will be finished by the end 
of 2012. 

© Galerie Šantovka

© lundgaard & Tranberg Arkitekter
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Peikko has received a substantial order for Deltabeams and 
other Peikko connections to an office building project in 
Kaunas, lithuania. The deliveries consist of 1.1 kilometers 
of Deltabeams, column shoes and anchor bolts.

A new office building in a prime location of Töölönlahti, 
an area actively developed in the heart of Finland’s 
capital helsinki, is built with Peikko’s composite structure 
solution. Peikko’s delivery consists of 1.8 kilometres of 
Deltabeams and 180 tons of other steel structures, mainly 
composite columns.

Peikko delivered PCs Corbels and PC beam shoes to a 170 
meter high 40 storey skyscraper office building Taunus 
Turm in Frankfurt am Main, Germany. 

Peikko’s wind tower foundation solution will be applied in 
the new Muukko wind park in lappeenranta, Finland. it is 
an inland wind park of seven pcs of 3 MW wind turbines by 
Alstom. The turbines will be installed in the beginning of 
2013 and the wind park will be operational in June 2013. 

© Tishman speyer
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