


1) Office building : typical office building of the French market

2) Residential building : CasaBuna dwelling in Romania

3) Industrial hall : Steel & concrete portal framing structure in Paris
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Office building : typical office building of the
French market
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Scope of the study

Objective: to compare the environmental quality
of the structure of an office building made with
different types of structures.
Three types of structural systems are analyzed:

— steel-concrete composite structure

— concrete structure

— optimized steel-concrete composite structure (this
optimization has been done on the basis of an
ECO-Design)
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Definition of the building
e Surface of the building plan: 42x24 m

e Number of levels in the superstructure (excluding ground floor):

8 levels
e Located in Paris
42m
m l Offices Nord
Offices West Morth - South facade Length | A2 4 | m
East - West facade length | 244 | m
Floor height | 1.4 | m
24m Floor height under ceiling 27 m
Mumber of intermediate floors 2

Area of intermediate floors 2276.48 m
Taotal area of building 8311 me

Structure anly Mo bl

m Offices South Building type | =

= > = >
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Envelope components

North/South West/East Sum

[m?] [m2] [m2]

Walls 908 523 1431
Glazing 389 224 613
Total areas 1297 747 4088

Direction MNorth East S West
Facade ares 12597 44 74664 1257 44 746,64 mé
Opening area 30 30 30 30 %

e Facade: light steel panels, insulated with 50mm of extruded
polystyrene (XPS)

 Windows: double glazing, parts with solar protection

e Roof: insulated with 18 cm of expanded polystyrene (EPS)
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Building Envelope Base Floor toof Skruckure oors Transport

Office buildi ng ‘ Heating set-paint temperature 20 °C
Cooling set-point ternperature 26 T
type lowte (st
Ajr-flow-rate [heating mode] 0.6 acth
Air-flove-rate [cooling mode] 1 acth

Building Envelope Base Floar toaf DCCUpancy Struckure oars Transpark

e Heating & cooling: split system

et
e Mechanical ventilation with a heat  ossente | Solt (reaing

o Colmsmen
recovery system

Cooling type system | Split {cooling)
e DHW system : electrical boiler o enoleossen
Heat recovery system | Yes
Heat recovery percentage | a0 |
DHW systemtype | Electric boiler
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Structural scenario

e Steel & concrete Composite structure

— Composite cellular beams in steel S355

— Steel Deck COFRA+60 with 15 cm of concrete
(C30/37)

ARV

7 , |
— Stabilisation by central concrete core (C30/37)

e (Concrete structure

— Steel reinforced concrete for the beams and
columns (C30/37)

— Prefabricated hollow core slab (C30/37)
— Stabilisation by central concrete core (C30/37)
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Structural scenario

e Eco-optimised Steel & concrete Composite structure

— Composite cellular beams in steel S460
— Steel Deck COFRA+60 with 15 cm of concrete (C30/37)
— Stabilisation by steel bracing core (steel S460)
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Superstructure of the office building

. . Variant 3
Structural Variant 1 Variant 2 .. .
i Eco-optimised Composite
component Composite structure Concrete structure
structure
Main elements 239.9 t of steel sections | 1199 t of concrete 197.1 t of steel sections
Steel plate connections 14.994 t / 11.827 t
Steel reinforcement / 59.1t /
Concrete C30/37 Concrete C30/37
Concrete core 1941 t 1941 t /
Steel rebars 44.16 t Steel rebars 44.16 t
Steel sections 75.46 t
Steel core / /

Steel plate connections 6.037 t

Steel elements
Beams (Hat rolled profiles) 23559 t
Columns [Hat rolled profiles) 0.0 t
Studs 0.0 t
Baolts 0.0 t
t e ——
10

Flate Connections 14.55
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Floor slab of the office building

Structural
component

Variant 1
Composite structure

Variant 2
Concrete structure

Variant 3

Eco-optimised Composite

structure

Steel elements Cofraplus 60 : 70.6 t / Cofraplus 60 : 70.6 t
240 mm + 70mm of
Total depth 150 mm 150 mm
screed
Concrete floor 2246 t 4688 t 2246 t
Steel rebars 16.56 t 16.56 t 16.56 t
Steel elements
Type of slab Composite slab |w EM“
Steel deck Caofraplus 60 e
Thickness of the deck 0.750 | mm
Mass of sheeting per m2 of floor 853 kgim?
Mass of sheeting for the building 70.6 t S
Minimum depth of the flocr 100 mm i .
Concrete elements e f*ﬁl‘ J
Total depth of the floor 1500 | mm i B 7
Concrete Type In-sitw/Poured II
Concrete Grade 30037 < -
Total mass of the floor concrete (incl. base floor) 2735 | t v, mr:?-;::;Hmmw-ﬂ w.s
Steel reinforcement 0.0 | t 7, sz il remiar ool grosad
22305
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Transport

e Transport of Steel :
— Total weight : 369.6 t
— Transport : 500 km by regular

e Transport of Concrete :
— Total weight : 4676 t
— Transport : 50km by mixer trucks
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trucks

Ocoupancy Syskems

Struckure

Transport parameters

Total steel transported
Yalues far the transport impacts

Mass transported by electric train

Distance

Mass transported by regular trucks

Distance

369.6

|t

Uzer values

0.0

t

0.0

km

t

km

Total concrete transported
Caoncrete produced on site
Distance by mixer trucks

Prefabricated concrete
Distance by regular trucks

4675 |t
4676 t
50.0 km
0.0 t
0.0 km




Global results of the office building (steel $355)

Global Warming Potential (tCO2eq)

e The use phase 16000
(module B) accounts oA
for about 90% of the

12000

global GWP impact,
for any type of
structure

6000

10000

I:I Concrete of floors
D Steel sheets

. Steel reinforcement
[[] steel beams

[] steel columns 2000
[[] steel studs and bolts
[ steel plates

|:| Transport

. Envelope

Bl Heating (use phase) -2000
D Cooling (use phase)

[] DHW (use phase) Module A Modde B Modide C Modude D Totl Al C Total Ao D

4000
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Results : steel S460 vs concrete structure GWP
iImpacts

1600

1400 /
1200

o +53%/ +82%/
800 /
600
400
200

. ——

S460 ‘ Concrete
Module D

-200

S460 ‘ Concrete
Total Ato D

S460 ‘ Concrete
Total Ato C

S460 ‘ Concrete
Module C

S460 ‘ Concrete
Module A

OBeams ®Columns  OPlates connections  OReinforcement ~ BFloor sheets B Concrete of structure B Concrete slabs OEnvelope  WTransport




Results : conclusions

12/11/2014

Exploitation and activity of buildings represent a large part
of the environmental footprint. So, effective facade
systems can strongly optimize the LCA of the building. But
this is independent of the structural system.

Composite Structures made of hot rolled sections are
more sustainable than concrete one, even without taking
into account the recycling. Thanks to the recycling of
material at the End of Life, the difference between steel
and concrete solution increases (about 82%)

Minimizing the use of material by using High Strength
Steel is beneficial for the environment.




Residential building : CasaBuna dwelling in
Romania
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Definition of the building

e 4 apartments of 55m? net floor
area, equally arranged over 2
floors.

12m
+— — >
Al A2
A3 A4

e Located in Timisoara
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9.2m

Project

Envelope

Base Floor

R

||:|F

Marth - South facade Length

East - West facade length
Floor height

Floor height under ceiling

Mumber of intermediate floors
Area of intermediate floors
Total area of bulding
Structure only

Building type

Country

Location

12

9.2

29

2.7

1

1104

2208

Mo

Fesidential

W

Romania

W

Timnigoara

Dizplay

2 =2 =2 =

3,

West

MNorth
East
South




Envelope components

North/South West/East Sum
[m?] [m?] [m?]
Walls 47 41 87
Glazing 22 12 34
Total areas 69 53 122

Definition of the building enveloppe

Direction North East South =
Facade area 656 5336 696 5336 me
Opening area 2 12 2 12 %

e Facade : light steel panels, insulated with 120mm of rockwool
e Windows : double glazing & Aluminium framing
e Roof : insulated with 18 cm of expanded polystyrene
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Occupancy & Systems

12/11/2014

Project Building Envelope Base Floor Roof

Skructure Floors Transpork

Occupancy related data

Heating zet-paint temperature

b u i I d i N g ty pe Cooling set-point temperature

Air-flow-rate [heating mode)

Residential —>

Air-flove-rate [cooling mode)

Heating system : a gas fuel heater
No cooling system

No mechanical ventilation

DHW system : electrical boiler

% c
0.6 acth
1 ac‘h

Project Building Envelope Base Floor Roof DCcupancy Skruckure Floors Transpork

Description of building systems

Heating spstem twpe | [Gaz fuel heater |
Cooling type system | Mo cooling |

Heat recovery syztem | |

DHWw spstem type | Electric boiler ,|
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e Suspended base floor, of 0.2m thick made
of reinforced concrete (0.7t of rebars)

7

Project Building Envelope  Base Floor Roof Occupancy  Systems ruckur Floors
S - e — — - = Eeeee————

Transport

e Light steel framingincluded in = seans ot oledpsties

Colummnsg [Hot rolled profiles)
the facade & roof component e

= no additional steel Boks

Plate Connections
structural elements
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Transport

OCcupancy Systems Structure

e Transport of Steel :
— Total weight : 1.6 tons

(Rebars)
— Transport : Average o steddkmems
. Total steel transported | 1,683 | k
European transportation | _
Walues for the transport impacts | Awverage values .*""',|

for steel, for 1 t on
average European
distance

e Transport of Concrete :
— Total weight : 52 tons

Total concrete transported | 5211 | k

( Base ﬂoor) Concrete produced on zite 5211 k
T 30k b Distance by miser trucks a0.0 kmn

- ra nsport ' m y Prefabricated concrete 0.0 k
mixer trUCkS Distance by regular trucks 0.0 ko
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Global results of the CasaBuna dwelling

The use phase (module B)
accounts for about 99% of
the global GWP impact

EI Concrete of floors
Steel sheets

I Steel reinforcement
] steel beams

D Steel columns

[[] Steel studs and bolts
[ steel piates

D Transport

& Envelope

- Heating (use phase)
D Cooling (use phasa)
[[] DHwW (use phase)

Global Warming Potential (tCO2eq)

3500

3000

2500

2000

1500

1000

500

-500




Heating consumptions

Use phase heating

Energy for space heating

Heat transfer by transmission

Walls Glazing Ext Floor Roof Ground Total
kWhiyear | kWhiyear | kKWhiyear | kWhiyvear | kWhiyear | kWhiyear
484351 5968.3 0.0 3328.8 3008.7 166821
Heat Transfer by ventilation Heat gains
Wentilation Glazed Opaque Internal
kWhiyear kKWhiyear | kWhiyear | kWhiyear
6963.6 14064 .4 783.0 10757.0
Energy need for heating
Qh,nd JAN FEB MAR APR MAY JUM JuL AUG SEP OCcT NOW DEC
kWh 911.2 6064 | 4351 129.2 0.0 0.0 0.0 0.0 0.0 1009 | 4548 816.6
kWh/m? 4.1 27 2.0 0.6 0.0 0.0 0.0 0.0 0.0 0.5 21 3.7
Energy Breakdowns
Building totals for heating
Energy need 3454 2 kK\Whiyear
15.6 kWhim*year
Delivered energy 3970.4 kWhiyear
COP: 087 18.0 kWh/m*year
Primary 3415 kgoelyear
fconv @ 0.086 15 kgoe/m®lyear
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Results : materials impacts

The envelope
materials accounts
for 79% of the total
GWP impact of the
product & process
stage (module A)

D Concrete of floors
Steel sheets

. Steel reinforcement
Steel beams

D Steel columns

] Steel studs and bolts
[ steel plates

[ Transport

. Envelope

- Heatng {use phase)
I:I Cooling (use phase)
[ ] DHW (use phase)
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50

-10

Global Warming Potential (tCO2eq)

4,76

Modkke C
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Results : conclusions

e Use phase (Module B) of residential buildings represents
nearly all the environmental footprint.

The structural system is nearly neglectable. So, effective
facade systems can strongly optimize the Life cycle
assessment of the building

12/11/2014
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Industrial hall : Steel & concrete portal framing
structure in Paris




Scope of the study

Compare the LCA of an industrial building,
based on 2 different structural systems:

e Pinned-base portal frame, composed
of hot rolled profiles

e Rigid-base columns, pinned girder,
composed of reinforced concrete
columns & girder
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Definition of the building

Praject Envelope Base Floor

- R
Morth - South facade Lenath
E azt - wWest facade length

5m _

Floor height
Floor height under ceiling
60 m Murnber of intermediate loors
15m Area of intermediate floors

e 900m? industrial hall
e Located in Paris

12/11/2014

Roof Qccupancy Systems Skruckure

Definition of the building

Total area of building
Structure only

Euilding type

300.0

Mo

Industrial

Cortry

Location

France

[ Dizplay
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Envelope components

e Facade : 80mm PUR sandwich panels

Energetic variant : 200mm PUR sandwich panels

e Windows : double glazing & Aluminium framing

Project Building

e Roof : Waterproof membranes insulation with 140mm of

Syskems Skructure

Wiall bype

|J-walue for walls

Opening tupe

|J-alue for openings

Shading device type

Shutter type

Sandwich panel (PR 80 mm]
03 WiAlme. K
Double glazing w
29 WiAlme. K
Mo zhading device w
Moo shutter w

mineral wool
R
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R oof type

[J-value for the roof [flat part]

W aterproof membrane

[

0,31

WK
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Base floor industrial hall

Structural

Variant 1

Variant 2

Variant 3

component

Base floor

Steel frame S235

Steel frame S460

Concrete frame

Concrete : 425.7 kg
Rebars:14.4 t

Project Building Envelope

Occupancy

Systems

Structure Floors Transport Results

12/11/2014

U-value for the base floor
Base floor type

Thickness of concret base floor

Mass of reinforcing steel

Internal heat capacity of ground

Internal heat capacity of intermediate floor
Internal heat capacity of internal wall

044

Slab on Ground Floar

-

0.2

144

74612

0

0

JI[m? K}
JIm? K}
e K}

L
I
i

1
/

/
e ot
_-"l .
g .
Bt i
e

= Berbime o e

Figars | — Scfmillc dagram of alab-on-griursd fase

30



Occupancy & Systems

Project Building Envelope Base Floor

Fllllr

Skruckure Floors Transport

Heating zet-point temperaturne

Industrial
building type

—

Air-Flowe-rate [cooling mode)

Project Euilding Envelope Base Floor

e Heating system : a gas fuel heater

e No cooling system
e No mechanical ventilation
e No DHW system
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Coaling zet-point temperature
Air-flow-rate [heating mode)

Roof

26 r
0E acth
1 acth

CiCCUpancy

Skruckture Floors Transpark

Description of building systems

[Fas fuel heater |

Heating zystem type |

Cooling type system |

Mo conling |

Heatecovery sysen | [

DHW spstem type | Mo DHW .VJ|
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Structure industrial hall

Structural

Variant 1

Variant 2

Variant 3

component Steel frame S235 Steel frame S460 Concrete frame
Precast concrete unit T80
34.19t
Girder IPE 450 (6.88t) IPE 330 (4.33 t) . ( )
Reinforcement BSt500
202.5 kg/m?3 (2.93 t)
. . Concrete section 0.4x0.4m C30/37
Primary : IPE400 Primary : IPE400
Columns (30.12 t)
Secondary : HEA480 | Secondary : HEA480 .
Reinforcement BSt500
(4.17 1) (4.17 t)
108.1 kg/m3 (1.38 t)
Bolts 43 kg /
Plate connections 336 kg /
Steel elements
Beams [Hot rolled profiles] l4.230 t
Colurns [Hot rolled profiles) 4170 t
Occupancy Systems — '- !. Transport Studs 0.0 t
Bolts 0.043 t
Flate Connections 0.336 t
2,879

12/11/2014
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Transport

OCcupancy Systems Structure

e Transport of Steel :

— Total We|ght : 26 tons of Transport parameters
Beams + Columns + Connections e
elements Total steel transported

— Transport : Average European Values for the transport impacts ~ Average values

transportation for steel, for 1t on
average European distance

e Transport of Concrete :

— Total weight : 425 tons of Totel concrete ransporied
Beams + CO|UmnS Concrete produced on site 424 8 t
Distance by mixer trucks 30.0 km
— Transport : 30 km by mixer trucks Prefabricated concrete 00 t
Distance by regular trucks 0.0 km
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Global results of the industrial hall

Global Warming Potential (tCO2eq)

e Use phase (Module B)
accounts for about 99% of
the global GWP impact,
for any type of structure
industrial hall

D Concrete of floors
D Steel sheets

. Steel reinforcement
I:I Steel beams

D Steel columns

[ ] Steel studs and bolts
|:| Steel plates

D Transport

l Envelope

Bl Heating (use phase)
D Cooling (use phase)
[] DHW {use phase)

12/11/2014

TU0uUD

&000

G000

4000

2000

18378

-2000

34



Results : steel structures

Comparison of the GWP impacts of the steel structural
system with S235 vs S460

200

180

160
— 140 _ -
= The envelope materials
& 120 accounts for 56% of the ~ WEnvelope
2 100 total GWP impact of the — W Transport
*é 80 product & process stage — M Concrete floors
g' 60 (module A) — M Rebars
é 40 M Steel elements
O 20

; - .
g | Steel 5235 | Steel S460 | Steel S235 | Steel 460 | St 35 | St 60
Module A | Module A | Module C | Module C | Module D
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Results : steel structures
GWP impacts of the steel structural system with $235 vs S460

14 +

= =
o o N
1 l l

GWP impacts (tCO2-eq)
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13.6 tCO,eq
-22%
10.7 tCO,eq

Increasing the steel grade
allows a total weight
reduction of 2.3 tons of steel
structural elements and
reducing 22% of tCO,eq for
the module A of structural
system

S235 S460 S235 ‘ S460 S235 ‘ S460 S235 ‘ S460 S235 S460

Module A Module C Module D TotAto C TotAtoD

M Steel elements
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Results : Module D of steel S460 structure @

e Module D (Benefits and loads beyond the
system boundary) of the S460 case study
has a total GWP impact of:

-27.6 1 CO,eq

e Highlight of the benefits of the recycled
materials within the envelope elements:

— light steel framing elements in facade
components and

— steel sheet in the roof /

m Concrete of floors D Steel columns . Envelope

[] steel sheets [] steelstuds and bolts [} Heating (use phase)
. Steel reinforcement E Steel plates EI Coaoling (use phasa)
Steel beams D Transport D DHW (use phase}
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-15

-20

Global Warming Potential (tCO2eq)
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Results : concrete structure sopatvamingpotonsa ooy DD

e Module A: total GWP 200
impact = 183 tCO,eq

18270

e Total GWP impacts due to
the structural system =
80 tCO,eq, with 40% due
to the floor concrete. 100

150 —

50

D Concrete offioors || Steel columns

[[] steel sheets [[] steel studs and bolts
. Steel reinforcement D Steel plates
] steel beams D Transport 0

. Envelope

. Heating (use phase)

D Cooling (use phase) =0
D DHW (use phase)
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Results : steel vs concrete structure GWP impacts Q

16 -

14 -

[ [
o N

GWP impacts (tCO2-eq)
(o]

=

olo
P )
b 4
Concrete solution: increasing
of 47% of GWP in tCO,eq from
modules A to D
. — .
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S460 Concrete S460 ‘Concrete S460 ‘Concrete S460 Concrete S460 Concrete
Module A Module C Module D TotAtoC TotAtoD

Transport B Concrete elements I Rebars elements M Steel elements



Environmental benefits due to increase of the @
insulation thickness

=

80 mm j » 200 mm

e Easy with AMECO3 : user-friendly software

e Use phase (module B): net saving of 888 tCO,-eq

e Product & process stage (module A) : increase of 13 tCO,eq,
due to the extra amount of insulation

» Compared to the energy consumption reduction, this is
negligible, highlighting the interest of improving the energy
efficiency of a building.
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Results : conclusions

12/11/2014

Exploitation and activity of buildings represent a large
part of the environmental footprint. So, effective facade
systems can strongly optimize the LCA of the building

Steel Structures made of hot rolled sections are more
sustainable than concrete one, even without taking into
account the recycling. Thanks to the recycling of materials
at the End of Life (infinite recycling of steel and
valorization of crushed concrete), the difference between
steel and concrete solution increases

Minimizing the use of material by using High Strength
Steel is beneficial for the environment.
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