
2019. 11. 29. 

10. Economy, durability and 
environmental questions of 

structural design 

DESIGN OF STRUCTURES 2. 

Kitti Ajtayné Károlyfi 
Assistant lecturer 



 Aspects of structural design 

 Requirements of ultimate and serviceability limit 
states 

 Safety level 

 Economy 

 Durability 

 Sustainability 

Content 
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Structural design 
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 Client→ Design need→ Engineer 

 Requirements 
 functional 

 aesthetical 

 technical 

 economical 

 Choice of the type of the structure – conceptual 
plan: 
 The choice of the type of the structure depends on: 

 Dimensions and properties of the available site 

 The applicable construction technology 

 Construction and operation costs 

 Detailed plan – including disciplines 

 



Structural design 
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The result of the conceptual design: 

 Structural material 

 Geometry of the structure 

 Determination of the loads 

 Completion of static calculation: 
 Is the load-bearing capacity sufficient? 

 Do the structure fulfil the serviceability 
requriements?  

Checking 

 Examination its effect on 
conceptual and detailed design 



I. Structural requirements 

II. Safety requirements 

III. Serviceability requirements 

 

 

The structure fulfils the safety requirements, if the 
collapse or any significant damage has a sufficient low 
probability of occurence during its entire working life. 

 

Requirements 
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 A building should be desinged to avoid the collapse or any similuar 
forms of structural failure 

 Absolute safety does not exist: 

 Design errors 

 Higher than normal meteorological actions 

 Imprecision of construction 

 Material defects 

 Inbuilt materials with lower quality 

 Increasing safety → increasing costs 

 Furthermore, increasing the safety level of the structure is 
unnecessary beyond a given limit 

Safety level 
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 Who is responsible for determination of the safety level of buildings? 

 Standards: 

 MSZ 

 EC 

 Quantification of safety: 

 Safety factor 

 

Safety level 
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𝛾 =
𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑡ℎ𝑎𝑡 𝑐𝑎𝑢𝑠𝑒𝑠 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑙𝑜𝑎𝑑𝑖𝑛𝑔
 



Based on the Eurocode: 

 

 The working life of a residence is 50 years 

 The probability of significant damage during this 
working life is 10-4–10-5 , which means that failure can be 
occured in every 10000-100000 cases 

 The safety is taking into account by the standards at two 

levels: 
 In determination of the actions 

 In determination of the properties of materials 

 

Eurocode 
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The structure fulfils the serviceability requirements, if the 
limitation of the functioning of the structure has sufficient 
low probability of occurence during the entire working life 

 

Serviceability requirements 
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The verification of serviceability limit states should be 
based on criteria concerning the following aspects: 

 Deformations that affect 

 The appearance 

 The comfort of users 

 The functioning of the structure under normal use 
(including the functioning of machines or services) 

 Or that cause damage to finishes or non-structural members 

Examinations: 

 Deflections, deformations 

 Vibrations 

 Cracks 

The propability of limitation of functioning is 10-2–10-3 during 
the working life, which means that limitation in functioning 
can be occured in every 100-1000 cases. 

 

 

Serviceability requirements 
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 The building have to fulfill the structural, safety and 
serviceability requirements – structural designer is responsible 
for 

   

 Additional requirements: 
 Technical 

 Aesthetical 

 Economical 

 

Economy 
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 Optimization process - fulfilling the minimal technical requirements 
with low cost 

 The cost of the structure: 

 Construction cost 

 Construction time 

 Operation costs 

 Sometimes the safety level of the structure can be increased with 
minimal expense  

 For example: 

 Strengthening the sensitive joints 

 Increasing the reinforcement in the column-plate connections (punching 
analysis) 

Economy 
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Decreasing the costs of the structure: 

 If the form and material is given, the costs of the 
structure can be decreased with the precision of the 
calculation 

 The extent of decrease is about ~5-10% 

 Changing the design concept 

 Using three hinged arch or shell instead of the 
traditional column-beam structure 

 Optimization between the function and the 
structure (column over column) 

 Example: Sydney opera house 

 Usually the correct choose of the structure is 
more important than the precision of the 
calculation 

Economy 
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 Lifetime of our buildings: 50 years 

Durability 
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 Beside the comformity under ultimate and serviceability 
limit states the durability design is important as well 

 The durability design means mostly the use of construction 
rules and the correct choice of material properties 



Design aspects: 

 Condition of use 

 Expected environmental conditions 

 The ingreditens, the properties and performance of the different 
materials 

 The soil properties 

 The structural system 

 The form of the structural elements and structural details 

 The quality of construction and the level of control 

 The used protection measures 

 The operation during the lifetime 

 

Durability 
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 The extent of the lifetime 

 Environmental effects 

 Material properties 

 Quality of the construction 

 Change in the function 

 Change in the structural system 

 Protection of the structural elements (covering, painting, etc.) 

 

Factors affecting durability 

16 



In the case of steel   the corrosion protection 
is very important 

Coating is the most common used method 

 Metallic coatings (zinc, aluminium, tin etc.) 

 Paintings 

 Its lifetime depends on the thickness of the layer 

 Combined coatings 

 Galvanic protection + painting 

 Stainless steel 

 

 

 

Corrosion protection of steel 
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The quality of the coating should be chosen based on the 
environmental effects 

 

 

 

Corrosion protection of steel 
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Structural design aspect related to corrosion protection 

 Every part of the structure should be reachable (maintainance) 

 Hollow sections should be closed hermetically 

 In the case of thin and utilized cross section the corrosion protection 
is more significant 

 Use of cross sections with few corners is favourable 

 Do not use discontionous welded joints on outdoor structures 

 Take care about the connection between steel and concrete 

 Take care about the protection of joints, bolts, etc. 

 

 

Corrosion protection of steel 
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Reinforced concrete:         Construction rules based on the exposure 
classes 

 Every class defines 

 The minimal concrete covering (cmin) 

 The maximal water-to-cement ratio (v) 

 The minimal compressive strength (fck) 

 The minimal cement content 

Durability of concrete structures 

20 

The exposure classes are defined in EN206-1:2000 
The main classes are: 
XO – no risk of corrosion or attack 
XC – risk of carbonation induced corrosion 
XD – risk of chloride-induced corrosion (other than sea water) 
XS – risk of chloride induced corrosion (sea water) 
XF – risk of freeze thaw attack 
XA – chemical attack 



Durability of concrete structures 
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Durability of concrete structures 
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Durability of concrete structures 
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Determination of cover thickness 
based on the structural class and the 
exposure class: 



 Physical protection 

 Technical solutions (restraining water, ventilation, etc.) 

 Chemical protection 

 Treatment against fungal and insect attack 

 Fire protection 

 Use of the preservatives: 

 Coating 

 Dipping 

 Pressure treatment 

 The durability depends also on the quality of the connecting elements and 
glue  

 

Durability of wood structures 
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 The protection requirements are determined based on exposure classes 

Durability of wood structures 
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 The type of the brick 
and mortar is choosen 
based on the exposure 
classes 

 

Durability of masonry structures 
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Example: 

 MX3.1: exposed to wetting 
and freeze 

 

Durability of masonry structures 

Type of the brick: S1 or S2, where 
S1 and S2 is related to the soluble 
salt content 

 



Why is it important? 

Sustainability 
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Ecological footprint: 
The ecological footprint measures human 
demand on nature - the quantity of nature it 
takes to support people or an economy 
The accounts contrast the biologically 
productive area people use for their 
consumption to the biologically productive 
area available within a region or the world 
(biocapacity, the productive area that can 
regenerate what people demand from 
nature) 
Carbon footprint: 
A carbon footprint is defined as the total 
emissions caused by an individual, event, 
organization, or product, expressed as 
carbon dioxide equivalent. 
 
 

Terms 
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Sustainable architecture is architecture that seeks to minimize the negative 
environmental impact of buildings by efficiency and moderation in the use 
of materials, energy, and development space and the ecosystem at large. 
Sustainable architecture uses a conscious approach to energy and ecological 
conservation in the design of the built environment. 

Sustainable architecture 
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The decrease of CO2 emission  can be reached with three methods: 

1. Sparing consumption inside the range of ecological footprint 

2. Increasing the energy efficiency 

3. Conversion to renewable energy resources 

 

Sustainable architecture includes: 

 Energy-efficient buildings operated by renewable energy resources 

 Low in-built energy content and carbon footprint 

 Proper heating and passive cooling system 

 Large extent of green area 

 Protection of the soil 

 Sustainable water usage, water saving solutions 

Sustainable architecture 
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Sustainability requirements of the building materials: 

 Optimization of energy usage 

 Near zero CO2-emission during the production and application of the 
material 

 Long lifetime, advantageous operation and renewable construction 

 Construction and function safety, health maintanance, well-being 

 Preferring local and renewable materials 

 Avoiding hardly degradable materials 

 Reuse of building materials 

 Recycle construction waste 

 Clarifying the requirements, decreasing the needs 

Sustainable architecture 
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 In-built energy content (not renewable), and carbon footprint 

 Energy need for operation during the lifetime 

 CO2emission during production and transport 

 Building physical properties – heat and sound insulation, heat storage, etc. 

 Recycling possibilites 

 CO2 emission during and after demolishing 

Evaluation of building materials 

33 



 Very low   0 – 100 kWh/m3 

 Low    100 – 400 kWh/m3 
 Medium   400 – 1000 kWh/m3 
 High    1000 – 10 000 kWh/m3 
 Very high   10 000 – 200 000 kWh/m3 

 
Examples 
Aluminium: 100 000 – 200 000 kWh/m3 

Reinforcement: 20 000 kWh/m3 

Polyurethane: 18 000 kWh/m3 
Clay block: 600 kWh/m3 
Aerated concrete blocks: 300-400 kWh/m3 
Mineral wool: 100-400 kWh/m3  
Polystirene foam: 500-1000 kWh/m3 

Energy demand classes 
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 The purpose of an LCCA is to estimate the overall costs of project 
alternatives and to select the design that ensures the facility will 
provide the lowest overall cost of ownership consistent with its 
quality and function. 

  The LCCA should be performed early in the design process while there is 
still a chance to refine the design to ensure a reduction in life-cycle costs 
(LCC) 

 The first and most challenging task of an LCCA, or any economic evaluation 
method, is to determine the economic effects of alternative designs of 
buildings and building systems and to quantify these effects and express 
them in dollar amounts. 

Life-cycle Cost Analysis (LCCA) 
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 There are numerous costs associated with acquiring, operating, maintaining, and 
disposing of a building or building system. Building-related costs usually fall into the 
following categories: 

 

 Initial Costs—Purchase, Construction Costs 

 Fuel Costs 

 Operation, Maintenance, and Repair Costs 

 Replacement Costs 

 Residual Values—Resale or Salvage Values or Disposal Costs 

 Finance Charges—Loan Interest Payments 

 Non-Monetary Benefits or Costs 

 

 Only those costs within each category that are relevant to the decision and 
significant in amount are needed to make a valid investment decision. Costs are 
relevant when they are different for one alternative compared with another; costs 
are significant when they are large enough to make a credible difference in the LCC 
of a project alternative 

Life-cycle Cost Analysis (LCCA) 
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 2012/27/EU Directive on energy efficiency of the buildings 

 Energy Roadmap 2050: The EU has set itself a long-term goal of reducing 
greenhouse gas emissions by 80-95%, when compared to 1990 levels, by 
2050. 

Rules and standards 
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Thank you for your attention! 
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