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ENERGY AND BUILDINGS

Seminar on

building technologies

Slides made by

Prof. Umberto Turrini (Dip. ICEA – Unipd)

Technical system

What contains the building, creates architectural 
forms and allows living the spaces.

The definition of technical system in UNI 8290/81 
is subdivieded into 3 levels:
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Structure

Envelope

Internal partition

External partition

Architect

Atrchitect

Architect

Safety plant

Plants, buildings
services

Internal equipment

External equipment

HVAC/electric
al Engineer

HVAC/electric
al Engineer

Architect

Architect

Classes of technical unitsStructural
engineer

1 2 3
Classes of technical units Technical units Classes of technical 

elements
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Structures: fundations and structures in elevation

Frame structure
Load-bearing wall Arch

Truss

Slab

Beam

Wall

Pillar
Column

Foundation
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Foundations

1. STRUTTURA
PORTANTE

1.1. Struttura di
fondazione

1.1.1. Strutture di
fondazione dirette

1.1.2. Strutture di
fondazione indirette 

1.2. Struttura di
elevazione

1.2.1. Strutture di elevazione
verticali

1.2.2. Strutture di elevazione
orizzontali e inclinate

1.2.3. Strutture di elevazione
spaziali

1.3. Struttura di
contenimento

1.3.1. Strutture di
contenimento verticali

1.3.2. Strutture di
contenimento orizzontali

1. STRUCTURES

1.1. Foundations

1.1.1 Direct 
foundations

1.1.2 Indirect 
foundations

1.1. Elevation 
structures

1.1. Containment 
structures

1.2.1 Vertical 
structures

1.2.2 Horizontal and inclined 
structures

1.2.3 Spatial
structures

1.3.1 Vertical 
containment structures

1.3.2 Horizontal 
containment structures
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Their scope is to connect the building and the ground and to transmit
the loads, permanent and occasional

Foundations

CLASSIFICATION OF FOUNDATIONS AS A 
FUNCTION OF GROUND TYPOLOGY

Resistant 
grounds

grounds with 
scarse 

compactnes
s

Surface 
Foundations 

(direct)

Deep 
Foundation
s (indirect)

continuous

discontinuous

pillars

Piles

Horizontal slab

On piles

Plinths

Grade beam

Raft foundation

prefabricated

In situ
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FOUNDATION

The scope is to connect the building and the ground and to transmit the loads, permanent
and occasional.

NECESSARY DATA TO DESIGN THE FOUNDATIONS :

- Geological analysis to check ground characteristics

- Loads transmitted into the ground by the building

- The position of the vertical structures
-
- Depth of the basement

Load distribution from the top to the 
foundations The foundations and the elevation structures

provide a unique system.

TYPES OF CONTINUOUS FOUNDATIONS

Example of 
reinforcing steel 
structure

SUPERFICIAL OR LINEAR FOUNDATIONS

They are suitable for load-bearing walls, where the load is dinìstributed in a uniform way
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The coinstruction of the foundation needs the following preparatiory 
works: 

1. Excavation. Removal of the ground inside the defined area, down to the 
required level (required height to start raising the building) 

2. Works of foundations: support walls, bed etc.

Lean 
concrete

It is a concrete poor in cement with poor 
mechanical characteristics used as backfill of the 
sub-foundation
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Formworks and walls

Building Phases
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FOUNDATIONS STRUCTURE 

In a building with frame structures the loads on the ground
are transmitted by the pillars; hence, depending on the
ground resistance, the foundation may be done with
plinths.

PLINTHS

PrefabricatedOn site construction

Pliths are used in frame structures (beams-pillars); 

For frame structures in reinforced concrete foundations need 
structural continuity, i.e.: 

- Plinths have to be connected with beams and curbs so as to 
form a lattice

- Isolated plinths are not allowes in seismic regions

Isolated
plinths

Connected Plinths
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1

PLINTHS

2

PLINTHS
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2

PLINTHS

Also without formwork
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Attention to drain pipes, often they 
are located inside the pillars 
(condensation, damage, impossible 
to repair)

BASEMENTS

They are used when the ground has low bearing capacity and high
deformability. It is necessary to reduce the pressure induced on the
ground.
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The basement has one reinforcement on the bottom and one on the
top. The mesh spacing is greater inbetween pillars and denser close to
structural elements.

Before concrete 
pouring

Concrete pouring
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How detailed has to be the design?
Architecture and HVAC systems

It depends on the design phase
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PUBLIC BUILDINGS
The new Italian code (Nuovo codice appalti d.lgs 50/2016) has

3 levels of design:

– FEASIBILITY study’
– FINAL design

– CONSTRUCTION design

PRIVATE BUILDING

– PRELIMINARY design
– FINAL design
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With the new Law (BIM Law) we are obliged to ise BIM for public buildings
with an investment greater than 100 M€ from 2019 and from 2025 all

works will have to be designed by means of BIM

2019

2020

2021

2022

2023

2025

100 M€

50 M€

15 M€

5,2 M€

1 M€

All works

Mandatory use of  BIM

Feasibility study

Final design
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Let’s go back to our example on the 
basement
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Feasibility study/ 
rough design (mainly 
dimensions and 
required spaces)

Final design
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Mold simulator pro

Lean concrete sp.10

11

Lean concrete  the cement is not sufficient to bind completely the aggregate: usual density 150-200 kg/m3, 
Thermal conductivity around 1 W/(mK)

Structural concrete  the cement is sufficient to bind completely the aggregate: usual density 350-500 kg 
/m3, thermal conductivity about 1.4-1.6 W/(mK)

Concrete is a composite material composed of fine and coarse aggregate bonded together with a fluid 
cement (cement paste) that hardens (cures) over time. Concrete has usually an aggregate.



Facoltà di Ingegneria

20

Formworks

22

Reinforcing steel BC450

33
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First pouring

44

55
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Second pouring

66

Gravel with airing

77
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Third pouring

88

Insulated brick

Double bituminouse 
membrane

- Blocco forato «tradizionale»:
Conducibilità termica di 0,36-0,40 W/mK
- Blocco forato porotherm:
Conducibilità termica di 0,15-0,18 W/mK
- Porotherm BIO PLAN 38: (rettificato)
Conducibilità termica di 0,09 W/mK
Trasmittanza termica di 0,22 W/m2K
- Porotherm PLANA 38 (rettif.+perlite/lana roccia):
Conducibilità termica di 0,06 W/mK
Trasmittanza termica di 0,16 W/m2K

99
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Porotherm BIO EVOL 30
Conducibilità termica di 0,15 W/mK
Trasmittanza termica di 0,56 W/m2K
Porotherm PLANA 38
Conducibilità termica di 0,06 W/mK
Trasmittanza termica di 0,16 W/m2K

Load-bearing structure

Porotherm BIO PLAN 30 ETICS
Conducibilità termica di 0,14 W/mK
Trasmittanza termica di 0,43 W/m2K
Porotherm PLANA 38
Conducibilità termica di 0,06 W/mK
Trasmittanza termica di 0,16 W/m2K

Frame in-fill wall
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Porotherm BIO PLAN 38
Conducibilità termica di 0,09 W/mK
Trasmittanza termica di 0,22 W/m2K
Porotherm PLANA 38
Conducibilità termica di 0,06 W/mK
Trasmittanza termica di 0,16 W/m2K

Frame in-fill wall
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1010Bituminouse membrane

Bituminouse membrane
or elastomeric membrane

Bituminouse membrane
or elastomeric membrane
or expanded polyethylene

Plants layer
- MEP/H&C
- Material 1111

MEP/H&C
Mechanical Electrical 
Plumbing & Heating 
and Cooling
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1212

Screed
Traditional floor
Radiant floor

1313
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Piping in the 
plants layer

(lower layer)

Pipes in the 
screed (upper

layer)

Raw constructions not in 
level

Minimum level
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Inner level (including 
floor covering) ans 

and external 
pavement

Structures
Horizontal structures

Fundamentals:

Concrete horizontal systems

Mixed with bricks

Slab systems

Wooden constructions
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Concrete-brick combo system
Realized in situ (different solutions)

Hollow bricks
for lightening
the structure

Concrete 
pouring

CONCRETE-BRICK COMBO SYSTEM
Realizzati in operaSlab realized in situ by means of concrete pouring
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Concrete layer thickness s ≥ 4 cm

Rib thickness n ≥ 8 cm

Blocks

Spacoing between ribs  i ≤ 15 s (slab with 
concrete layer)

n

i

Slab with alternatiuve blocks
BAUSTA

Solaio in latero-cemento (Gruppo Vela: a travetti  Monotral) 
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Prefabricated pre-cpmpressed joists

Con travetti prefabbricati precompressi
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SLAB SYSTEM
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Non 
structural 
part

Structural 
part

Support of joists on walls

Concrete-brick combo system
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Thermal bridge in 
the intermediate 
slab

Ponti termici 
Solaio intermedio

105

T aria 
esterna = 0 °C

5
/
4
/
2
0
1
7

T sup max = 0.42 °C

T aria interna = 20 °C

T sup max = 19.91 °C

T sup min = 17.72 °C

Thermal bridge in 
the intermediate slab
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7

Heat break of a terrace

Schock - Isokorb 

Upper reinforcement

Lower reinforcement 

Upper reinforcement

Lower reinforcement 

Planck

Planck

7
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7

7
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7

Wooden structures

Wooden beams inserted in a reinforced concrete curb. The head of the wooden 
beam has to be protected by a sheet. 

Beam
(bxh,i)

boards

Curb
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Wooden beams

Solid wood

Composite elements:

Duolame;

Trilame;

Gluelame beams;

Hybird steel-wooden beams;

Solid wood
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Le travi uso Trieste sono caratterizzate da squadratura continua dalla base fino alla 
punta, con smusso per tutta la lunghezza. La squadratura intacca solo 
superficialmente le fibre, determinando una più elevata resistenza meccanica. Viene 
utilizzato solamente legno resinoso di conifera, abete rosso e bianco, con conicità 
non accentuata, 5-6 mm/mtl., le travi sono disponibili per una lunghezza da 3 a 8 mtl. 
La sezione seguendo la rastremazione naturale del tronco tende a ridursi, le 
dimensioni disponibili partono da basi 8x8 cm fino a 25x25 cm 

Le travature uso Fiume, hanno un procedimento di lavorazione simile a quello di uso 
Trieste; squadrate e con smusso fino alla punta, si distinguono da queste per la sezione 
costante, rilevata dalla base fino alla punta.Anche su questo tipo di travatura, la maggior 
parte delle fibre legnose rimane intatta, conferendole ottime caratteristiche meccaniche e di 
elasticità, che la fanno preferire allo spigolato. 



Facoltà di Ingegneria

41

Hybrid steel-wooden beamsARMALAM ®  

membrature in 
legno lamellare 
armato

da: www.armalam.it

Glue-lame 
beams

Hybrid steel-
wooden
beams
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Spacing between pillars [m]



Facoltà di Ingegneria

42

Wooden-base slabs

They are used to build up 
modern slabs or traditional   
slab (wood and hollow tiles)

Walls
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Classification of bricks
Solid brick

Partially hollow brick

Hollow brick

8

Single-layer and Multi-layer walls

Brick walls are usually coupled with an insulation layer:
1. External insulation
2. Internal insulation
3. Two layers of bricks («muro a cassetta»), rubble-filled wall

+glassfiber net
+first rough covering
+second final covering

internal

external

Fonte: http://biblus.acca.it/isolamento-edilizio-esterno-e-interno/

Plasterboard 
walls linings

rubble-
filled wall
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Single layer walls

Strehgths

Weaknesses

Applications

Durability
Thermal inertia
Mechanical resistance
Good ratio cost/performance
Abscence of interstiutial condensation

Thermal bridges management
High thickness

Domestic
Schools 
Offices

External insulation

Strehgths

Weaknesses

Applications

Good ratio cost/performance
No interstitial condensation
Thermal bridges easy to handle
Moderate thickness

Durability
External mechanical resistance
Thermal inertia

Domestic
Offices
Multi-family
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Plasterboard wall linings

Strehgths

Weaknesses

Applications

Good ratio cost/performance
External mechanical resistance
Moderate thickness

Durability
Interstitial condensation
Thermal bridges
Thermal inertia

offices
Hotels
Second house in cold climate
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9

Rubble filled walls

Strehgths

Weaknesses

Applications

Durability
External mechanical resistance
Thermal bridges easy to handle
Thermal inertia

Interstitial condensation
Good ratio cost/performance
Relevant thickness

Residential
Schools
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9

= 0,36 W/(m K) : usual hollow bricks
= 0,071÷0,05 W/mK for composed coupled bricks

Compoised coupled blocks

EPS/XPS = 0,035 W/mK
Aerogel    = 0,014 W/mK

Modular block with rectified system

Modular block
Incidence of the 
mortar joints on the U-
value about 20% 
increase

Modular block with 
slots
Incidence of the 
mortar joints on the U-
value about 11% 
increase

Rectified block
Incidence of the 
mortar joints on the U-
value negligible

With rectified block
Increase in the thermal performance yb 
30% and reduce the use of mortar by 90%
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Performance comparison
Duration of works
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Performance comparison
Thermal conductivity
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Performance comparison
Thermal conductivity

Thockness of the wall
Aeral mass
U-value
Time delay

Operations
Rectified system – mortar preparation

Mixture has to be plastic and homogeneous

For the mixing:

• Usual drilling mascine with mixer

• Mixer
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Operations
Rectified system – first row

The plane has to be wet and a 
layer of ca. 2 cm of traditional 
mortar has to be arranged

To prevent rising damp you have 
to lay down a bituminous 
membrane below the traditional 
mortar.

Operations
Rectified system – dry installation of the first row

5
/
4
/
2
0
1
7
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Operations
Rectified system – installation of the first row on wet traditional mortar

5
/
4
/
2
0
1
7

Operations
Rectified system – additional rows

-> The mounting of the other blocks is quite 
simple

-> it is recommended to check the horizontal 
level and the vertical levels of the corners
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Operations
Rectified system – additional rows

Mortar application

Roller to lay down the mortar 
(the bowl is filled by the mortar which is laid 
down uniformly)

Immersing few millimeters of blosk in the ortar)

Not necessary

• work as usual with the trowel

• space saving due to silos and and cement 
mixers

Il cantiere è più pulito

Operations
Rectified system

5
/
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/
2
0
1
7

50
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Operations
Rectified system

It is an ideal surface to lay down the plaster: the wall is homogeneous, without 
couplings – the shape of the blocks allows a good coupling of the plaster

Operations
Rectified system - precision
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Operations
Rectified system - precision

5
/
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/
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Operations
Rectified system – thermal bridges solutions
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Operations
Rectified system

5
/
4
/
2
0
1
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Rectified system
Velocity of installation
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Annex 1 – Building 2226

Beyond nZEB
«2226» Baumsclager Eberle – Lustenau (A)

6 storey 
4,20 m height ground 
floor, 3,35 m  the other 
ones

Walls: brick load-bearing 
walls
2 layers of 38 cm 
thickness 
U = 0,14 W/m2K

High performance 
windows
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Beyond nZEB
«2226» Baumsclager Eberle – Lustenau (A)

Use of the building:

Ground floor 
restaurant
+
Exibition hall

Other floors
Offices
+
(Eberle office)

Beyond nZEB
«2226» Baumsclager Eberle – Lustenau (A)

Software VS
Hardware

No HVAC

No heating
No cooling
No mechanical 
ventilation



Facoltà di Ingegneria

59

Beyond nZEB
«2226» Baumsclager Eberle – Lustenau (A)

Heat gains from solar radiation, minimum 
crowd, electrical lighting, computers etc…
+
Software monitoring of temperaturev, CO2

concentration,  relative humidity (IEQ 
parameters)
+
Software control of opening/closing of natural 
ventilation

Beyond nZEB
«2226» Baumsclager Eberle – Lustenau (A)

Indoor temperature 
between 22°C and 
26°C
All year round
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Beyond nZEB
«2226» Baumsclager Eberle – Lustenau (A)

Costs
=
950 €/m2 net
No costs for the land, no 
costs for the furniture 

Life cycle
> 200 years

Low mantainance costs

Beyond nZEB
«2226» Baumsclager Eberle – Lustenau (A)
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1
2
0
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Beyond nZEB
«2226» Baumsclager Eberle – Lustenau (A)

5
/
4
/
2
0
1
7

1
2
1

Annex 2 – Tables with characteristics of usual 
insulants
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1

INSULANT

1

INSULANT
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1

INSULANT


