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Abstract

Principal renovations for the Olympic Rowing Stadiin Helsinki were realized during the
years 1996 to 1998. The consulting engineering fKWREG was responsible for all
structural renovation design: structural studiesosrosion effects, carbonation and hardness
tests, strengthening and repairing plans of thectires. KAREG also supervised the work at
site.

Olympic Rowing Stadium

The Olympic Rowing Stadium of Helsinki was built daivallahti cape at the western side of
the city-center during the years 1939 - 1940. Thiédimg was designed by the architect
Hilding Ekelund (1893 - 1984) and structural engmnAlpo Lippa. It must be mentioned that
the project's structural drawings and calculationere produced under exceptional
circumstances, and with a fair degree of optimiéinthe time he was designing the project,
the engineer Mr. Lippa was stationed

at the eastern front, a few months pric

to the start of what would become
known as the Finnish Winter War. Thej e

Second World War had begun in 193¢
and the 1940 Helsinki Olympics were
cancelled. The facilities only welcomec
canoeing teams at the reschedule
Helsinki Olympic games of 1952. Built
to seat approximately 2000 spectator:
the features of interest of this elegar
work are its long spanning canopy
(overhanging roof) as well as the over-
all thin concrete structures. Photograph 1. Helsinki Olympic Rowing Stadium.

Initial steps

In 1996 the concrete testing department of the ilieah Research Center of Finland (VTT)
took 50 cylinder core samples throughout the rarbs. They made their condition analysis
according to the compressive strength of these scoBased on their findings two
recommendations were made; either the roof stre@sra whole be demolished for not being
safe enough according to today's code standardsrttber studies should be implemented on
how to upgrade it. Since this work of significamgtbrical importance was already protected,
the second recommendation was pursued.

After a call for biddings by the Sports Depantinef the City of Helsinki, KAREG was
successful in securing the work mandate for thectiral renovation design of the Stadium.
To begin with, we proceeded with a simple analisised on load history of the roof and on
bending deformities (according to the Anastylosiagple).

- The officially imposed snowload in the revised Hdiny code was now 50 %
higher than it was 1939 (from 1.20 kN/fr25Ib/ft’] to 1.80 kN/m? [ 38Ib/ft))



- From 1939 to 1995 the snowloading condition of kBOm?was met between
5 and 10 times

- It was verified that the overhangs of the singlarspeams had no plastic
deformation (no vertical deflection)

Scope of work

The principal repairs of the Rowing Stadium wergied out between 1996 and 1998. Our
assignment consisted in providing all structurglare design including structural studies of
corrosion effects, carbonation and hardness testsedl as all strengthening and repairing
plans of the structures. We also had the respditgibf supervising the work at site. The

most important and difficult work was to strengthtée roof overhangs. To this effect, the
roof beams, especially the overhangs had to beedhagainst deformation. New concrete
with reinforcement was poured on the old roofstatine with the beams underneath. To get
a good bond between the old and new concrete themicrete face was machine-grinded.
The whole roof was also insulated to prevent detexkmovements between the old and new
concrete structures. Below the stands many of thectsres were strengthened with

additional bars and shotcrete (gunite).
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Figure 1. First phase renovation stages.
Renovation

The renovation work was realized in two phasesfiteerenovation phase consisted in
strengthening the roof beams.

The principal steps of the first work phase weréé#ews (Figure. 1)

1-A temporary structure consisting of heavy timfleoring
and bracing was built (Figure 2)

2- The Strengthening of the beams proceeded asvsill
(Photographs 2, 3 and 4)

-Machine-grinding at a depth of 5 mm (3/16”) leétsurface of the roof slab,
in an area 500 mm wide (1'-7 ¥2") in line withe beams underneath
that are 160 mm wide (6 ¥4").

-Cleaning and preparing the bonding surface

- Reinforcement for the strengthening of the beé@hotograph 2)



- Height of Formwork 100 mm (4”) and width of 4&0n (1'-4 ¥2") narrowing to 240 mm
(9%2") at both ends (Photograph 3)
-Concrete pouring: The mix consisted of non-shnglkioncrete EMACO S88 + 20%
with natural gravel 5 to 10 mm (3/16” — 3/8”) @Rbgraph 4)

3- Canopy soffit

-Sand blasting

-Wet cleaning

-Shotcrete d =20 mm (3/4”) + mesh AISI 304 3.4 mm (1/8”) # 100 mm (4”) grid
-Repairing plaster max size 1.2 mm (3/64”), d = (1/4")

-Painting

4- Beams (same as in 3)
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Figure 2. Heavy timber shoring of

Photograph 2. Reinforcement ready for Photograph 4. Concrete pouring of the
the upper parts of the beams upper parts of the beams.
and part of winter hall.



Photograph 3. Formwork and rein- Figdw®artial roof plan with strengthened beams.
forcement of upper parts of beams. 1)idaistrengthened beams

Mr. Kokko of the contractor firm Kok-  2) Expaas joint

koma Ltd and the writer.

Quality control for the canopy structure

Before temporary supports of the canopy could loeoxeed, it was primordial to verify that
the old and new structures were working as a mtmdhor this purpose we proceeded with a
sufficient number of bond strength tests. Thesks t@sre carried out by drilling free cores in
the new concrete to a depth slightly exceedingstiméace of the old concrete. These cores
were then pulled-out and the strength measureayedisas the nature of the failure noted.
Totally 40 tests were done throughout the surfddbe canopy at points that the supervising
engineer determined. Precise measurements donierealfowed the boring to proceed
without any damage to the reinforcement bars (ledi)r The allowable strength of bonding
was determined to be 0.8 Mpa (0.116 kif)/iand the minimum acceptable value 0.5 Mpa
(0.0725 kip/iff). If the result of a test was less than the mimmacceptable, the contractor
proceeded with and additional tests at his own;dbst occurred only at three points. The
mean value (fctb) was 1.15 Mpa (0.167 kifyiand the standard deviation was +/- 0.26 Mpa
(0.0377 kip/irf) and the grading strength was 0.89 Mpa (0.129rip/
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Figure 4. Typical beam with strengthening.
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Figure 5. Detail sections of reinforcement.

Durability design for the canopy (carbonation estination for exposed concrete)

As mentioned, the Technical Research Center ofakthl(VTT) tested the strength of the
canopy’s concrete. The mean strength was 14.5 ®I{i® (ip/irf) and the carbonation depth
varied from 20 to 30 mm (3/4”to 1 1/8”) depending the strength of the old concrete.
According to structural drawings made by the engirdr. Lippa, the concrete mix was in
volumes 1: 2 % : 2 % = cement : sand : coarseegray that time nothing was noted about
the water / cement ratio.

Since the top part of the canopy was to be instilatel protected, only the exposed concrete
of the soffit had to be taken into account for éisémation of the carbonation process.

The well know formulas for carbonation estimatioa: a

where
x =kvt and X = carbonation depth
k = xAt k= coefficient of carbonation per year

t = (x/k)? t= time (a)



The mean strength of the VTT test cores was medsatr€ 14.5 Mpa ( 2.10 kipAp The
time t was[B0 years and the water / cement ratio measured Bt8%. Relative humidity
varied between RH5%...85%. Making estimations retrospectively, basedthe above
mentioned values, and using shotcrete (gunite) walegr smaller than 0.50 (the k coefficient
for shotcrete being about 2.5-3 mm, 1/8"per yearg, then obtain with 20 mm (3/4”)
shotcrete a carbonation time of approximately 4&rgyeTaking into account the repairing
plaster 1.2 mm [3/64”], d=5 mm [3/16"]) which had accorditg the manufacturer the k-
value of 1.2 mm (3/64”) per year we get a carbamatime of about 15 years. Shotcrete and
repairing plaster together give carbonation tinfemare than 60 years.

Photograph 5. Rand beam of the roof. Old bars eisib

Concrete repair

After sandblasting and in some cases mechanicairegimg, the reinforcement bars of the
beams became visible. The bars were first treatédspecial rust control mortar and then

with extra shotcrete (20 mm-30 mm [3/47-1 1/8"])dbtain a suitable surface for standard
shotcrete and repairing plaster (Photograph 5).

Conclusion

KAREG Consulting Engineers completed its mandatetli@ renovation of the Helsinki
Olympic Rowing Stadium in 1998. The contractor, Koika Ltd, who was responsible for
this project was one of a few finnish special Brable to realize this demanding work.

This project offered a number of challenges whigre met successfully. The Stadium's
canopy now meets today’s more stringent code reménts in terms of load bearing and
extended serviceability and therefore was savenh frdemolition. Generally, interventions
were realized in the spirit of the original buildirwith use of matching materials and
techniques. The visual integrity of the Stadiunmgsidn was preserved.



