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FOREWORD

This report is Final Report of "Low Energy Steel House for Cold Climate” carried out under
the Agreement number 7210/SA/902 - 95-F6.01 with Rautaruukki Oy. Project is part of
ECSC funded project "The Application of Steel in Urban Habitat”. The report was prepared
by Mr. P.Aromaa of Rautaruukki Oy, Mr. J.Nieminen and Mr. P.Salmi of the Technical
Research Centre of Finland (VTT, Building technology), Espoo. The following individuals
and companies have taken part of the project and provided additional information:

Mr Pertti Sandberg ~ Rautaruukki Oy
Mr Marko Moisio Rautaruukki Oy
Mr Pekka Aromaa Rautaruukki Oy
Mr Tarmo Mononen Rautaruukki Oy
Mr Petri Meller Rautaruukki Oy
Mrs Milla Hannonen Rautaruukki Oy

Mr Jyri Nieminen VTT, Building technology
Mr Mikko Nyman VTT, Building technology

Mr Mikko Saari VTT, Building technology
Mr Pekka Salmi VTT, Building technology
Mr Jouni Hieta VTT, Building technology
Dr Tarja Hiékkinen =~ VTT, Building technology
Mr Kai Tattari VTT, Building technology

Dr Juhani Parmanen  VTT, Building technology
Mr Reijo Heinonen ~ VTT, Building technology
Mr Pekka Ervamaa  VTT, Building technology

Demonstration buildings:

Owner: Ylojarven Kunta

Architect: Arkkitehtitoimisto Erkki Helamaa ja Keijo Heiskanen Oy
Structural engineer: ~ Finnmap Consulting Oy

Main Contractor: YIT-Yhtymi Oy

Light steel products: Mikeld Metals Oy and Rannila Steel Oy

Demonstration project was carried out under co-ordination of Rautaruukki Oy. The Technical
Research Centre Of Finland (VTT, Building technology), Espoo contributed their expertise
both in product development and building design by research work, evaluation and laboratory
testing of new building components, documentation of building process at site and on site
testing and monitoring work with completed buildings.

Ylgjarven Kunta owns demonstration houses and the apartments are part of their social
housing, YIT-Yhtym4 Oy as main contractor to the owner constructed buildings. Rautaruukki
Oy acted as supervisor in development of new steel structures and utilising steel concepts to
construction. Mékeld Metals Oy and Rannila Steel Oy, both subsidiaries to Rautaruukki Oy,
supplied light-steel components to main contractor.



1. INTRODUCTION

In Finland steel products, structures and constructions for house building have been developed
effectively during past 10 years The market share of steel buildings in area of apartment
houses and single family houses is still very low. The construction industry does not have a
tradition of using steel in their housing projects. Need for practical demonstrations of steel are
evident.

Rautaruukki aims at promoting the use of steel in the Finnish residential housing production
by implementation of the results of this study. Previously developed steel structures will be

demonstrated, and the performance of which will be tested by calculations, laboratory tests
and follow-up studies.

The objectives of the project is to demonstrate by experimental buildings, that steel
components are economically and technically suitable to be used in the structures of low-
energy buildings, an essential reduction of the costs of heating energy can be achieved in the
experimental houses compared to conventionally constructed houses, show that also the
environmental effects of steel structures are competitive to conventionally constructed houses
in Finland. The secondary aim is to show in practice the advantages of steel products and
concepts in different phases of building process for builders, construction companies and
building owners.

Figure 1.1 Two experimental steel houses, Ylgjdrvi, Finland. Low-Energy House (left), Reference House
(Right)



2. DESCRIPTION OF PROJECT ACTIVITIES

The objectives of this demonstration project are technical, economical and environmental. In
order to achieve the objectives, project was divided in three phases.

I

11

Design and execution of experimental houses

Design and construction of entire system (Building concept) for low-energy steel houses
for cold climate using system, which is based on cold formed sections as load bearing
members and using components already developed.

Design and execution (manufacturing and erection) of two experimental buildings,
where the suitability and constructability of the developed components and system were
tested in practice. The aim of the structural system was to improve the performance of
the entire building. Special attention was given to constructability, mechanical
connection methods and logistics of the entire execution process.

. Monitoring and follow up studies

Collection of short- and long term information of the thermal and moisture performance
of the envelope structures and energy consumption of houses. The short-term studies
concentrated on the monitoring and measurements during construction in areas as
measurements of hygrothermal behaviour of structures, moisture behaviour of structures
and moisture condensation, temperature distributions in structures, IR-thermography,
measurements of airtightness of structures and evaluation of technical condition of
structures.

The long-term monitoring gained information on the energy consumption of the houses
and performance of the structures. Monitored items were energy consumption (long
term monitoring for 2 years), heating, domestic hot water, lighting, household
electricity, fans and pumps (HVAC equipment)

Study environmental impact of building will be studied in this phase.

I11. Production of design and execution guide

Design and execution guidelines for architects, designers and constructors were
produced including e.g. architectural solutions, building components and structures,
HVAC-design, requirements of system unit contracting and considerations for customer
oriented design

2.1 Steel products

Research and development work during past 10 years has produced many steel products and
building systems for residential buildings.

Thermo-profile. Light gauge steel profile with slotted web acting as thermal break.
Profile is used as load bearing frame member. Profile is presented closely in chapter 3.

Pre-cut frame system for detached houses. The frame will be assembled at using
dimensionally accurately cut steel parts. Thermal insulation, vapour barriers and



boarding will assembled at site too. System is material efficient with minimum vaste.
Builders appreciate accuracy in dimensioning of components and savings also in
material. Traditional method for construction of single family houses. Most of builders
like to construct their own home by own hands and by this do it yoursell principle
quarantee the quality of work.

- Large panel frame system for detached houses. Partly pre-fabricated building system
for both private and professional builders who consider the speed of construction as one
way of saving money. In this system all external walls are delivered to the site as
assembled panels consisting frame, thermal insulation and boarding. Even the windows
can be assembled at the factory. Outer cladding of the walls will be assembled at site.

- Floor panels, where load bearing beams are made of light-gauge steel profiles. Panels
are applicable for ventilated floors, intermediate slabs and in ceilings.

- Pre-fabricated room module system, where frame is made of steel profiles and walls
are made of steel cassettes. Modules are internally fully completed for designed
purposes, such as bathrooms, saunas, kitchen etc. Most of work is done at the factory,
which speed up work at site.

- Roof trusses and purlins. Light gauge steel profiles can be a load bearing members of
roof structures. Steel offers a non-combustible solution for roof structures of steel-
framed house.

- New roofing system. Plane steel roof with high visible seams is traditional solution, but
expensive to assemble. New product has traditional look, but can be assembled like
formed roofing sheets.

All products are new in residential housing. The planned development of entire light frame
system for housing and large scale use needed further development with testing and
evaluation of components and construction work in practice. Therefore they were selected to
this demonstration project as basis element of prototype system.

2.2 Research and testing programme

The purpose of the research work was to recognise and solve both critical mechanisms and
problems arising during the design of the new frame system for "Low-Energy Steel House”
housing concept and verify the performance of the design using computer simulations,
laboratory tests, follow-up studies, measurements at site and monitoring of the houses.

The research activities divided into three main areas: basic studies, construction and follow-up
studies and monitoring. The basic studies include laboratory testing and calculation work
needed for verification of reliability and durability of structures thus providing input data for
concept design and construction of the houses.

Short and long term information of the thermal and moisture performance of the structures
and energy consumption of the houses were collected. The short-term studies concentrated on
the follow-up measurements during construction. The long term monitoring gained
information of the performance of the building envelope structures and energy consumption
of the houses. The logistics of the entire design and construction process were documented



carefully, and the information was exploited in compiling of the design guidelines and design
systems for steel houses. An overview of the research activities is shown in table 2.1.

Activity

Expected results

Laboratory testing with full scale
specimens and computer
simulations for prefabricated units
and site-built system

Computer calculations 2) and
laboratory tests of thermal
performance of structures

Acoustical analyse using
calculations and laboratory tests

Health issues
Evaluation of external wall
structure and intermediate floor-

wall connection

Computer simulations for energy
consumption of buildings

Performance criteria for strength and
stiffness. Verification of structural
capacity in ultimate limit state and
serviceability limit state 1)

U-values including thermal bridges
Acoustical properties of structures
Good and safe indoor air quality
Classification of structures

Safety

Estimation of energy consumption

IR-thermography and blower
door tests

Environmental impact analyses

Video recording and
photography

Assessment of technical condition of the
thermal envelope and air leakage rates of
structures

Environmental profiles for construction
and use of buildings

Video and information packages for
technical presentations and commercial
purposes

Main area Technical area

Basic studies |Structural mechanics
Building physics
Fire technology
Energy technology

Construction (Building physics
Environmental
technology
Documentation

Monitoring  |Building physics

and follow-up

studies
Energy technology
Design systems

Temperature and moisture
measurements

Regular field surveys

Monitoring

- heating

- DHW use and circulation losses
- household electricity

- ventilation

- sauna

Documentation of all experiences
and technical data
Development of design methods

Design guide

Feed back information of thermal and
hygro-thermal performance of steel
components

Assessment of physical condition of
structures

Energy consumption of buildings during
two year’s monitoring period

Design aid for designers and architects

1) Eurocode 3 part 1.1, 2) 3-D simulation tool for steel constructions

Table 2.1. Research programme.




2.3 Ylgjirvi Steel Houses

The Annual Fair for Habitation in Finland 1996 took place at Ylojérvi. Rautaruukki decided
to take part of the fair with four experimental steel framed houses, demonstrating newest steel
products and steel intensive construction methods, specially suitable for small house
construction and low energy construction too. Different materials like wood, brick, plaster,
were combined with steel successfully in these houses.

Design and construction of the demonstration houses was very short. Architect for the project
was chosen through a contest in September 1995. The winner started design work in the
beginning of October 1995. Project continued with very rapid period of research work,
product development, enabling tests, evaluation of frame components and production of steel
components. Construction work at site started in the beginning of February 1996 and
demonstration buildings were completed in the end of June 1996. In spite of totally new
products, new building methods and concepts, construction time was very short, only 5
months, showing clearly advantages of steel products and structures: high quality, accuracy,
pre-fabrication and component construction.

Figure 2.3 Low energy Steel House, winter 1997

Low-Energy steel house

Load-bearing frame-structure were assembled at site using pre-cut profiles. Modular bath
rooms. In order to obtain better energy efficiency, enhanced thermal insulation in floor, walls
and roof, special windows and special floor heating system and heat recovery system in
ventilation were applied. The extra cost for these special arrangements were estimated in

advance to be economical in comparison between the advantages reached in savings in the
heating energy costs.

Reference house
The "Normal” house constructed according to Finnish building code for thermal insulation

regulations. Technically there are normal thermal insulation in floor, walls and roof, normal
windows and normal heating radiator equipment and ventilation systems. Frame of this house
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