Large Valorisation on
Sustainability of Steel
Structures
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| 1) Kripwo ypagelav: Tumkd xtipro ypapelav oty I'aAdia

2) Kripw katowkiag: Katowkia CasaBuna oty Poupavia |

3) Bwounxavixn aitBovoa: Kataokeur oto Ilaplovw and xadvBa &
oKupodepna
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O Xtoxoc Tne napouvoac peAetncg eival va
OUYKpPpLvVEL TV IHepLfallovTiKkn mototnta
£VOC KTLPLOU YPAPELOV HE OLA@OPLTIKOUC
TUIIOoUC dounonc.

Tpelg TUoOl OOPIK®WV OUOTNHATOV AVOAUONnKaVv:
— LUPHKTI KATAOKEUL XAAUBA-0KUPOOEIATOC
— Kataoxeurn pe oxkupooepa

— BeAtiotormownpuevn ouvOetn doprn xaAuba-
oKupooepatog (autn 1 BeAtiotomoinon £xel
yivel pe Baon to ECO-design)
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- Emgavela tou ktiplou: 42x24 m
« Ap1Opog emmedmv 0to ermolkodounpa (€Ktog 100ye1ou): 8
eIIIIeoa
* TomoBeoia: Ilapiot
m l Offices Nord
Offices West
North - South facade Length | 424 'm
oam East - \west facade length | 24 4 | m
Floor height | 34 'm
Floor height under ceiling 27 m
Mumber of intermediate floors B
Ares of intermediate floors 3276.48 m
] Total area of building 9311 m*
" Offices South Structure only Mo "
= S Buildingtype | Office
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Building Envelope sase Floor toof Skruckure oors Transpart

K"E'LPLO ‘ Heating zet-point temperature 20 T
' Cooling set-point termperature 26 o
Pp Cl(pSLG)V Air-flow-rate [heating mode) 06 acth
Air-flow-rate [cooling mode] 1 acth

Project Building Envelope Base Floor Foof QCCUpancy Skruckure Floors Transpork

* O¢ppavon & Wuén: split
system Heatingsystem ype. | Splt reing
* Mnxavikog agplopog pe rre— S
oUOoTNHA AVAKTNONG
OeppoTnTaC S = -
« YUotnua ZNX: nAekTplrog
AeBnTag

DHW systemtype | Electric boiler
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« YUppKTH doun
— IIpo@iA xaAuBa S355
— XaAuBoivo 6arredo COFRA+60 pe 15 cm
oxupooepna(C30/37)

— Xtabeporolnon pe KevtpuLko mupnva
oxupoodepatog (C30/37)

* Kataokeun okupodepatog
— IIpoxkataokevaopevn mAaka (C30/37)

— OmAwopevo okupOOepa yia tig 00KoUg Kat
vnootulopata (C30/37)

— Xtabeporolnon pe KevipuLko mupnva
oxupodepartog (C30/37)




* Eco-optimised cuppiktn doun
— IIpo@iA xaAuBa S460
— XaAuBoivo 6arredo COFRA+60 pe 15 cm
oxupodena (C30/37)
— XtaBepomoinon pe steel bracing (S460)
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acier + flocage LRG0 +2BA 13 IPE 400 ou dim. selon caloul
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Variant 1 . Variant 3
Structural . Variant 2 .
Composite Eco-optimised
component Concrete structure .
structure Composite structure
Steel sections 2399 t 1199 ¢ 197.1¢
Steel plat
el prare 14.994 t 59.1 11.827 t
connections

Concrete C30/37
1941 t Concrete C30/37

Concrete core 1941 ¢ /
1 44.1
Stee rellars 6 Steel rebars 44.16 t

Steel sections 75.46 t
Steel core / / Steel plate
connections 6.037 t
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Variant 1 . Variant 3
Structural . Variant 2 ..
Composite Eco-optimised
component Concrete structure .
structure Composite structure
Cofraplus 60 :
Steel elements / Cofraplus 60 : 70.6 t
70.6 t
240 mm + 70mm of
Total depth 150 mm 150 mm
screed
Concrete floor 2246 t 4688 t 2246 t
lr r 1 1 16.56 t
Type of slab Composite slab ~
Steel deck Cofraplus 60 |+ M
Thickness of the deck 0750 ol ul m
Mass of sheeting per m2 of floor 853 kgim?
Mass of sheeting for the building 70.6 t
Minimum depth of the floor 100 mm o
Total depth of the floor | 150.0 | mm | e 1
Concrete Type | In-sitwPoured S - /,3;;]
Concrete Grade | C3037 1;
Total mass of the floor concrete (incl. base floar) | 2735 | t T"‘"‘mu
Steel reinforcement | [1]1] | t b baighi o Paor racs et cadaiss §osd e
[ Towlmessofthefioorsiabs 2805 | e ——
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* Metagopa xaAuBa:
— XUVoAKO Bapog: 369.6 t

— Metagopd : 500 km ye
ouvinOwopeva @optnya

Qccupancy Syskems Skruckure

Transport parameters

* Metagopa oxupodenaTog :
— XUVOAKO Bapog : 4676 t

Total steel transported | 3656 | t
v, ]
— Mertagopa : 50km aro Values forthe transportimpacts | User values
pHSTOVLépSg Mass transported by electric train 0.0 t
Distance 00 km
Mass transported by regular trucks 3656 t
Distance 500 km

Total concrete transported | 4576 | t

Concrete produced on site 4676 t
Distance by mixer trucks 50.0 km

Prefabricated concrete 0.0 t
Distance by regular trucks 00 km
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* H ¢aon xpnong
(mOdU.le B) Global Warming Potential (tCO2eq)

' 16000 — —
AVTUIPOOMIIEUELL e
nmeptmou 91% tne ™ (=
ouvoAlknNg GWP
EITLIITROONG, Yld .

KaOe eldooug

' 2000

6000
4000

|:| Concrete of floors

|:| Steel sheets

. Steel reinforcement 2000

|:| Steel beams

|:| Steel columns

[] Steel studs and balts a

[ steel plates

|:| Transport

- Envelope -2000

- Heating (use phase)

|:| Cooling (use phase)
[] DHw (use phase) Module A Module B Modide C Modide [} Toal Ao C Toal A
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GWP emmtwooseig

Global Warming Potential (t CO, eq)
1600
1400
1200
+82%
1000
800
600
400
200
: -— [ =
'200 T T T T T T T T T
Module A Module A Module C Module C Module D Module D Total Ato C Total Ato C Total Ato D Total Ato D
Steel S460 Concrete Steel S460 Concrete Steel S460 Concrete Steel S460 Concrete Steel S460 Concrete
OBeams  BColumns  OPlates connections  OReinforcement ~ BFloor sheets OConcrete of structure B Concrete slabs OEnvelope  MTransport




« XapnAn emitdopaon Tou OOPLKOU OUOTIATOS Y1 TS
IIAYKOOPleg IEPLBAAAOVTIKEG EITUITTWOELS TOU
KTLPLOU, 0€ OUYKPLON L€ TNV €KPUETAAAEUOT KAl TN
0PAO0TNPLOTITA TOV KTLPLOV

* ITAeoverTtnpata otov topeda Tou IeplBAAAOVTIKOU
AIIOTUII®IATOE PE T XPNON OUPHLKTOU XaAuBa xat
OKUPOOEATOC

* ITvo Biwolpeg Kataokeueg XApn 0TV AVOKUKA®OT]
TOV UALK®V 0TO TeAog tne {wng (aVOKUKA®OI] TOU
xaAuBa xat tTne adlomoinong Tou OpuppaTtiopevou
towpevrou) = Module D

* EAaxiotomoinon tmng Xpnong VALK®V e Tn Xpnon
xaAuBa vwnAng avroxng.



Kripio katowkiag : Owkia CasaBuna -
Pounavia
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12m
N
Al A2
w © 9.2m
A3 A4 roject Envelope Base Floor
8

Morth - South facade Length | 1z | T MNorth
East - West facade length | 97 | m West East
Floor height | 29 m South
Flaor height under ceiling 2.7 m
MNumber of intermediate floors 1
tea of intermediate floors 110.4 e
Total area of building 2208 e
Structure only Mo [

4 Svapeplopata 55m? s [ o8
kKaBapn emepavela,

Katavepnueva og 2
' e
0pOPOUS. —

Lacatian Tiriznara

TomoBeoia: Tvpiooapa E——




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
Facade
Direction North East South West
Facade area 635 5336 635 5336 e
Opening area ) 12 2 12 %
« IIpocown: ITaveX xaAuBa, pe poveon 120mm :
retpoBapBara 5

* ITapaBupa: double glazing & okeletog
aloupiviou

e e




Project Building Envelope Jase \oo Cccupancy Systems Structure

* Yrnepuwopevo wooyetlo, maxoug 0.2m
aro evioxupevo okupooepa (0.7t
paBool evioxuong) ]
% - 7

Project Building Envelope  Base Floor Roof Occupancy  Systems [ SmickIre™ Floors Transport

Steel elements

° MSTGA}XLKI!]_ KGTGOKSUI']_ Beams [Hot ralled profiles) 0 t
' Colurmng [Hot rolled profiles) 0 t
ouprnepltAapBavetar oe Studs 00 t
rpoocowelg & ororxela o 2 :

OPOPIIS | | _ Tolmass o suctue 2 v
) = XEPLE eIuIAéov

petaAA1Ka otovxela




Project Building Envelope Base Floor Rioof
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Skruckure Floors Transpork

Occupancy related data

(]
KTLpLO ‘ Heating zet-point termperature

KG_TOLKtag Cooling zet-point temperature

Air-flow-rate [heating mode]

Air-flove-rate [cooling mode)

« Yuotnua Beppavong : pe
ae£pLo KaUOLlHO0

« Xwplg ouotnpa Pulng

* X@PIl¢ PNXAVIKO 0ePLONO

« Yuotnua ZNX: nAektpirog
AeBnTag

26 C
0E ac‘h
1 ac'h

Prioject Building Envelope Base Floor Roof Occupancy Structure Floors Transpork

Description of building systems

Heating spztem tppe | Gas fuel heater |

Coaling type spstem | Mo cooling |

Heat recovery syztem | o~ |

DHW spztem tupe | Electric boiler |
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* Metagopa xaAuBa:
— XUVOALKO Bapog: 1.583t
(paBbol ommAlopov) 0 coww  Semn | GG

~ Meragopa: Meon

Evpomoaikn tipn

METOQOPAS XANUBO YU i
1t oe péon Eu p(ol'ICl'iKl"l Tatal steel transported | 1,583 Lt

AII00TA0T) Values for the bansport impacts | Aversge values v |

* Metagopa

'
OKUPOOENATOC:
— XUVOALKO Bapog : 52.11t
(Iooyero) T ———
Tatal concrete transparted | 5211 | k
— MS’EG(pOp(l: 30km ar11Io Concrete produced on site 5211 i
pHSTOVLépSQ Diztance by miker trucks 0.0 km
Prefabricated concrete 0.0 k
Diztance by regular frucks 0.0 kmn




* To otaowo Xpnong
(module B)
AVTUIPOORKIIEUEL TO
99% 1EPLIIOU TOV
OUVOALK®V
emrtwoev GWP
yia KaBe tumo
KATAOKEUNC

|:| Concrete of floors
[] steel sheets

. Steel reinforcement
[] steel beams

D Steel columns

[] Steel studs and balts
[] steel plates

|:| Transport

- Envelope

- Heating (use phase)
|:| Cooling (use phase)
[] DHw (use phase)

Global Warming Potential (tCO2eq)
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Use phase heating
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q-ﬁ.‘ANElq,‘,
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Energy for space heating
Heat transfer by transmission
Walls Glazing Ext Floor Roof Ground Total
kWhiyear | kWhiyear | kWhiyear | KWhiyear | kWhi/year | kWhiyear
48451 5968.3 0.0 3328.8 3008.7 16882.1
Heat Transfer by ventilation Heat gains
Wentilation Glazed Opaque Internal
k\Whiyear KWhiyear | kWhiyear | kKWhiyear
8963.6 14064 .4 783.0 10757.0
Energy need for heating
Qh,nd JAN FEB MAR APR MAY JUN JUL AUG SEP OoCcT NOW DEC
kWh 911.2 606 .4 4351 129.2 0.0 0.0 0.0 0.0 0.0 100.9 454 8 816.6
kWh/m?® 41 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 KWhiyear
15.6 kWh/m?*year
Delivered energy 39704 KWhiyear
COP: 0.87 18.0 kEWh/m?year
Frimary 341.5 kgoelyear
feonv - 0.086 1.5 kgoe/m®year
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* Ta vAka Tou
KeAu@poug
AVTLIIPOO®IIEUOUV
0 79% tng
OUVOALKI]C
erirtoong GWP
TV IPOLOVTHV &
0TaOl0U
APAYWOYNS
(module A)

Global Warming Potential (tCO2eq)

50

4451

-7

-10

ModiuieA Mookde C Mookde [}




Burounxavikn aitbouoca: Kataokeur oto
Ilapiov amo xaduBa & oxkupodena




2 UYKpLon TV anotedeopatov AKZ evog <
Bropnxavikou KTiplou, mou Baoiletal oe
2 01a@OPETIKA OOPLKA OUOTHATA:

* ITAalovo mou amoteAetital
aro Beppng eAaong
IIPOPLA

* Kappopeveg 60kol mou
AII0TEAOUVTAL AIIO
KOA®VEC 11€ OIIALOUEVO
OKUPOOELIA KAl OOKOUG
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Envelope Base Floar Roaf Cccupancy Systems Structure

Definition of the building

Morth - South facade Length | m
E aszt - wWest facade length | 15 | m West ~<\/>\_/ East
Floor height | 5 | m South
Floor height under ceiling 5 m
Murnber of intermediate floors n
Area of intermediate floors 0 ia
Tatal area of building a0o0.0 I
Structure only Mo .""_-,
Building type Indusztnal .""_..

* 900m? Bropnxavikn
atbouoa e

Coavimkry France w

* TommoBOeota : ITapion

[ Dizplay ]
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* IIpocown: 80mm PUR sandwich panels
Evepysiaxn mapaldlayn : 200mm PUR sandwich panels
. Hapa@upa double glazmg & EKe}xetog aAoupLViou

Struckure

Euilding

Wall type Sandwich panel [PLUR 80 mm]

U-value for walls 0.3 WA K
Opening type Double glazing W

IJ-value for openings 23 k)
Shading device twpe Mo zhading device W
Shutter type Mo shutter b

] ] ] 1]
* Opopn: AdvaBpoxeg pepbBpaveg pe poveon 140mm
retpoBapBaxa
R
Roof type " aterproof membrane v

U-vwalue for the roof [fat part] 0.3 A K
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Structural Variant 1 Variant 2 Variant 3
component Steel frame S235 | Steel frame S460 Concrete frame
Concrete : 425.7 kg

Rebars:14.4 t

Base floor

Project Building Envelope ase Floor \oo Cccupancy Systems Structure Floors Transport Results

[J-value for the base floor 044 Wilm? K) //\\
Base floor type Slabon Ground Floor

Thickness of concret base floor 02 m
Mass of reinforcing steel 14.4 t
Internal heat capacity of ground 74612 Jim2.K) f1
Internal heat capacity of intermediate floor 0 JiimeE. J
Internal heat capacity of internal wall 0 JImEK) v

o i
1 Bl
e

= We ol T A

Figur 1 — Behamatis disgrin of slab-ongetind Rasr
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Building Envelope Base Floor

Heating set-point temperature 18 T
1
KTLpLO ‘ Codling set-paint temperature 26 T
' — .
BLO}J.IlXOlVLKOU .éu.r flow-rate [heatfng mode] 0E acth
' Air-flaw-rate [cooling mode) i acih
TUIIOU

Prioject Building Envelope Base Floor Roof Occupancy Structure Floors Transpork
TnSpess RS = Se=T e At —" . -

Description of building systems

* Xuotnpa Oeppavong : Pe aeplo T e

Heating system wpe | Faz fuel heater |

_
) X(l)p‘l‘g ()'U OTI]_IJG. ‘L]:IU grlg Cooling type system | MNa cooling R |

* XPlg PNXAVIKO agplopo Heatecoven syson NS |

* Xwpig ovotnua yua ZNX o oweam

DHW spstem type | Mo DHW v |

KAUOLJ0
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Structural Variant 1 Variant 2 Variant 3
component Steel frame S235 | Steel frame S460 Concrete frame

Precast concrete unit T80
(34.19 t)
Reinforcement BSt500
202.5 kg/m? (2.93 t)

Girder IPE 450 (6.88t) IPE 330 (4.33 t)

Pri :
rimary Primary : IPE400 Concrete section 0.4x0.4m

IPE400
Columns Secondary : C30/37 (30.12 t)
Secondary : )
HEA480 HEA480 Reinforcement BSt500
417t 108.1 kg/m?® (1.38 t
417 t) ( ) gm? ( )
Bolts 43 kg /
Plate connections 336 kg Steel elements
Beams [Hot rolled profiles) l4.230 t
Colurmnz [Hot ralled profiles) 4170 t
Occupancy Systems Structure Floors: Transport Studs 0.0 t
Boltz 0.043 {
Flate Connections 0336 t

8.879
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* Metagopa xaAuBa:
— XUVOAIKO Bapog : 25.83t

AOKO]Z-'— KOA(})VSS + Z"EOLXS]:(]_ uoof ccupancy Syskems Structure
ouvOeong

— Memacpopa* Meon Evpwnaikn E—
il ReTagopds XARUBA YLt &

oe peon Evpwmnalkn amootaon Total steel transported
Walues for the transport impacts Lyerage values -
* Metagpopd CKUPOOENATOC:
— XUVoAlLKO Bapog : 424.8t
Aoxol + KoAoveg
— Metagopd: 30km amd S Comrdedemens
' Total concrete transported 4243 t
pHSTOVLSpSS Concrete produced on site 4248 t
Distance by mixer trucks 300 km
Prefabricated concrete 0.0 t
Distance by regular trucks 0.0 km




* To otaodLo Xpnong
(module B)
AVTUIPOORIIEUEL TO
99% 1EPlIIOU TOV
OUVOALK®V
emtooev GWP
yla XaBe tuIo
KATAOKEUNC

|:| Concrete of floors
[] steel sheets

. Steel reinforcement
[] steel beams

D Steel columns

[] Steel studs and balts
[] steel plates

|:| Transport

- Envelope

- Heating (use phase)
|:| Cooling (use phase)
[] DHw (use phase)

Touuu

&000

G000

4000

2000

-2000
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200
180
160

e =
A O 00 O N b
o O o o o o

GWP impacts (tCO2-eq)
S

-20
-40

Comparison of the GWP impacts of the steel

structural system with S235 vs S460

Ta uAika Tou KeAugoug
AVTLIIPOO®IIEUOUV TO [
56% TOV CUVOALKQV

emIrtwocov GWP tou
otadlou mapaymyne&
eelepyaotag (module

A)

Steel S235

Steel S460

Steel S235

Steel S460

St 35

St 60

Module A

Module A

Module C

Module C

Module D

Module D

m Envelope

M Transport

B Concrete floors

M Rebars

M Steel elements
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Comparison of the GWP impacts of the steel
structural system with S235 vs S460
200

183.2 180.8
180 -

160 1 2 UVOALKI] pelworn

Bapoug xkata 2.33t tov
XaAUBOWVGOV oToLXelOV

Kau 22% tCO2-eq yva
to module A

D
o
|

m Envelope

[ = S
o N
o o

| |

M Transport

M Concrete floors

GWP impacts (tCO2-eq)
o0
o

60 - M Rebars
40 - M Steel elements
20 -
. - .
50 Steel S235 | Steel S460 | Steel S235 | Steel S460 | St 35 | St 60
40 Module A | Module A | Module C | Module C | Module D | Module D
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* Ta opeAn mepa aro ta opla
tou cuotnpatog (module D)
g Ooung Tou XaAuba S460
£X€1L OUVOALKO OVTIKTUIIO -

GWP -27.60 t CO2-eq.

* Tovidovtal Ta o@eAN TRV
AVAKURAQUEVROV UALKQV
Peoa 0Ta 0ToLXEela TOU
KeAU@POUC: KUPLKC OTOoLXEld
ITAAL0L®ONE Ao eAa@pu
XaAuBa otnv mpocown Kat To
(@UAAO XOAuBa otnv opon).

Global Warming Potential (tCO2eq)

-25

|:| Concrete of floors |:| Steel columns - Envelope
[] steel sheets [] steel studs and bolts [ Heating (use phase)

. Steel reinforcement . Steel plates |:| Cooling (use phase)

. Steel beams D Transport |:| DHW (use phase) -30




* To module A exel
OUVOALKO OVTLKTUIIO

GWP 182.70t CO,-eq

Ol ouvoAlkeg
emntooelg GWP tne
KATAOKEUIE elval
toeg pe 79.94 t CO,-
eq, To 40% opeileTal
OTNV IAAKA
OKUPO0OE11ATOC TOU
1L00YE10U

|:| Concrete of floors
|:| Steel sheets

. Steel reinforcement - Envelope

[ steel beams B Heating (use phase)

I:l Cooling {use phase)

|:| Steel columns
[] oHw (use phase)

[] steel studs and bolts
|:| Steel plates
D Transport

Global Warming Potential (tCO2eq)

]

00

150—

100—

50—

18270

13.07

-50
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Emnotoosig GWP

Comparison of the GWP impacts of the structural system with S460 vs
concrete

100

90

80

+ 1% = guelntéo

60 -

B Transport

50 - m Concrete floors

40 - m Concrete elements

30 - B Rebars

GWP impacts (tCO2-eq)

20 - H Steel elements

10 -
o | I

Steel |Concrete| Steel |Concrete| Steel |Concrete| Steel |Concrete| Steel |Concrete
5460 5460 5460 5460 5460

-10

Module AModule AlModule C/Module qModuIe DModule DTot A to C[Tot A to C[Tot Ato DTot A to D




Ta mepiBaldovTira o@eAn Aoywm tng auénong
TOU IIOXOUC NOVROIC

=
=
80 mm » 200 mm

=,
=

* Euxkolog vmmodoyiopog pe to AMECO3

+ Xrtaowo xpnoneg (module B): xaBapn efortkovounon
888 tCO2-eq

« Xtaowo mapaywyne& eneéepyaotag (module A) : avénon
13.12 t CO,-eq, (A0OY® peyaAuTtepng moooTnTag PHOVOONg)

» ApeAntea pelmon Kataval®ong evepyelag, Tovidel To
evOLa@PEPOV Yid T1] BEATIOON TN £VeEPYELAKNE AII0000NC
TOU KT1plOU.



FEuvyapioto yia tyv mpoooyn oag!

Mapravva Lrauatiadov
PhD Mny.Mnyavikog

HMCS %1
Epyactiplo =
Etepoyevwv Metypatwv
&

Tvotnuatwv Kavong

hmes.mech.ntua.gr o 0
w204 Hpepisa “Buwowsu Mevausov Kavaoxeuov=AKZ L 39




