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Vision
®* Numerous of MFA Bottom up-studies with regard to built

environment in different regional context

®» Bottom up Principle:
Quantity of buildings x MCI = Total Material Mass

® Ideally each building cohort has its own MCI

® Daunting and lengthy process (extensive empirical studies)

->\Vision: ready to use cross context database
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.
Challenge

We have
- to discuss the permissibility of applying available MCI
- to understand potentials and limits of MCI- transferability

One way to do so:
- compare and explain the variance of existing ones

-> German-Japanese Comparison of MCI

E Leibniz Institute of NAGOYA UNIVERSITY
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Inhomogeneous in terms of:

type of
construction

Wooden  Timber or Steel Steel- Steel- Steel- Concrete  Shearing- Steel Reinforced Brick- Brickwork Brick-wood
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Inhomogeneity in
terms of

Reference Value

m?2 # m?

— Floor area
— Q@Gross floor
area

— Net floor area
— Usable area

— @Gross volume

Bergsdal, Bohne, and Brattebe (2008) kg/m?
Bergsdal, Brattebg, Bohne, and Miiller (2007)  kg/m?
Blengini (2009) kg/m?
Hong, Zhou, Fridley, Feng & Khanna (2014) kg/m?

Kartam, Al-Mutairi, Al-Ghusain, & Al-Humoud (2C kg/m?

Kleemann et al. (2014) kg/m*GV
Lichtensteiger and Baccini (2008) kg/building
Miiller (2006) kg/m?
Wittmer and Lichtensteiger (2007) kg/building
Wittmer, D. (2005, Dissertation) kg/building

Kleemann, Lederer, Rechberger, Fellner (2016) kg/m*GV

Wiedenhofer, Steinberger, Eisenmeger, Haas (20 kg/building

Ortlepp, Gruhler, Schiller (2016b) Ym?FS, Ym*GV
Ortlepp, Gruhler, Schiller (2016a) Ym?FS, Ym*GV
Schiller, Miiller, Ortlepp (2016) no MCI given

Hashimoto, Tanikawa, and Moriguchi (2009) no MCI given
Hashimoto, Tanikawa, and Moriguchi (2007) t/m?FS

Hu, van der Voet, and Huppes (2010) kg/m?
Tanikawa, Managi, and Lwin (2014) kg/m?
Tanikawa, Fishman, Okuoka, and Sugimoto (201 kg/m?

Wang, Miiller & Hashimoto (2015) kg/m?

Fatta et al. (2003) t/m?

Fishman, Schandl, Tanikawa, Walker, Krausmani t/m?



Inhomogeneity in terms of

Differentiation of Materials

Non Metallic Mineral

MFA Bottom up Studies

mineral materials
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. e
Method

® Comparing MCI taken from different contexts (GE & JP)
® Describe similarities and differences
® Focus on residential buildings

® Starting with available information taken from published
papers (Tanikawa et a. 2009, Ortlepp et al. 2018)

® Producing comparability by harmonizing the data
® Cross context comparison (descriptive)
use types / construction types

® Analyse, discuss and explain similarities and differences

Schiller et al.: Transferability of MClI, Tt g =
MINEA Workshob Odense, 28.11.2018 S GO IR L




Initial Data
Criteria to differentiate

material composition MClIs for Japanese buildings { Tanikawa

mdicators (MCls) and Hashimoto 2009) MCIs for German domestic buildings (Ortlepp et al. 2016)
Building typology Construction types Use types
- Traditional wooden house - Multifamily houses (MFHs) (Single-family houses
- 2 % 4 Wooden house [SFHs) are mentioned as additional category but MCls
- RC building (reinforced concrete) are only quantified for MFH)
- 5 (steel-based) factory Age cohorts
- MFH until 1918
- MFH 1919-1948

- MFH 1949-1978
- MFH 1979-1990
- MFH 1991-2010

Construction types

- MFH—brickwork
- MFH—reinforced concrete
Reference unit Net floor area (described as “floor space™) | Usable area
Material classification | 9 material groups 10 material groups
1. Agppregates 1. Plaster, screed, mortar
2. Cement concrete 2. Concrete
3. Mortar 3. Masonry
4, Wood 4, Building boards
5. Glass 5. Wood, engineered wood
6. Ceramic 6. Insulation materials
7. Steel 7. Roof covering
8. Aluminum 8. Floorings, damp-proofing
9. Others 9, Metals
10. Other materials, fills
_ Source: Data from Tanikawa and Hashimoto (2009) and Ortlepp and colleagues (2Z018). _

Schiller et al.: Transferability of MCI,
MINEA Workshob Odense, 28.11.2018
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Classification to define comparable
MCI for domestic buildings

Construction-based classification

Use-based

classification Japanese context German context
Single-family 2 x 4 timber frame | Masonry bricks,
houses with one to wooden frame
two floors

Small multifamily | Steel frame Masonry bricks

houses with three
to four floors

Big multifamily Reinforced Reinforced
houses with five or | concrete concrete, masonry
more floors bricks

Schiller et al.: Transferability of MClI, T ‘-.!l R
MINEA Workshob Odense, 28.11.2018 S NGO INERELLY Ecological Urban and

Regional Development




Reference value

a) Components of the gross floor area b! Area ratios

total/gross floor area = net floor area + construction area Domestic Non-domestic
P—

net floor area = useable area + services area + circulation area Composition of the total/gross floor area

useable area services area

net floor area

living area, living area,
e.g. living room e.g. kitchen Composition of the net floor area

I h.
T a%
living area, case
e.g. bedroom : s

More detailed composition of the total/gross floor
area

circulation area

[0 netfloorarea [ useablearea [0 circulation area
[ servicesarea [ construction area

Figure | (a) Components of the gross floor area according to ISO 9836:2017-09; and (b) area ratios based on data provided by Gruhler
and colleagues (201 1) and IOER Information Portal (2017).

Schiller et al.: Transferability of MCI, ——— ‘-.!l T
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Material Groups

Main material groups

Assigned materials

Aggregates Sand, gravel, grit, aggregates coalesced
into concrete
Cement Cement coalesced into concrete

Bricks, mortar

Clay and other bricks, mortar and plaster

Wood Wood and engineered wood
Metals Steel, aluminum, and other metals
Others Glass, ceramics, and other materials

Schiller et al.: Transferability of MClI,
MINEA Workshob Odense, 28.11.2018
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Type Type of construction Materials [kg/m*nfa]
of use
0 500 1000 150 three times 2500
- 2x4 Wooden ;
o higher
- Wooden
i
s a
Masonry bricks
- Steel frame
- o
= 4 Masonry bricks
& Reinforced concrete
b
I Masonry bricks
E w
Z n
Reinforced concrete
Type Type of construction Material [%]
of use
0% 20% 40% B0% B0% 100%
& 2x4 Wooden
o
; Wooden
b
Masonry bricks
I 5 Steel frame
i
= K Masonry bricks
& Reinforced concrete
&
I © Masonry bricks
= w

a
Schiller et al.: Transferability of MCI, Reinforced concrete N S
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Type of construction Materials [kg/m*nfa]

Type
R of use
e S u I tS 0 200 1000 1500 2000 2500

B 2x4 Wonden (o)
-
- Wooden 5|
E Eid
" o
Masonry bricks
- Steel frame
i
= Masonry bricks
& Reinforced concrete
b
I Masonry bricks
E w
Z n
Reinforced concrete
Type Type of construction Material [%]
of use
0% 20% 40% 60% 80% 100%
& 2x4 Wooden
o
; Wooden
b
Masonry bricks
I 5 Steel frame
i
= K Masonry bricks
& Reinforced concrete
&
I © Masonry bricks
= w

a
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Type of construction Materials [kg/m*nfa]

Type
R of use
e S u I tS 0 200 1000 1500 2000 2500

B 2x4 Wouoden +63%
El‘ /
E - Wooden =
" o
Masonry bricks
- Steel frame
T
= 4 Masonry bricks
& Reinforced concrete
3
I Masonry bricks
E w
Z n
Reinforced concrete .
Non metallic
[} 0 H
JP: 82%  minerals
Type Type of construction Matenan |7
of
use 0% 20% 40% 60% B0% 100%
- 2x4 Wooden
o
; Wooden
L i
7 e |
Masonry bricks D E : 7 5 o /0
I 5 Steel frame
T
= K Masonry bricks
& Reinforced concrete
b
I e
= w

a
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Type of construction Materials [kg/m*nfa]

Type
R of use
e S u I tS 0 200 1000 1500 2000 2500

o 2x4 Wooden M +63%
&
E (18] Wooden i ’/
]
Masonry bricks
- Steel frame
=
= 4 Masonry bricks
& Reinforced concrete
B3
= Masonry bricks
= 2
Reinf d rete .
i Non metallic
JP: 82%  minerals
Type  Type of construction Mate ~ament
of use 0% 20% 4[}:% a g g re g a t - 1% 100%
B 2x4 Wooden
e
; Wooden
% a |
Masonry bricks D E . 7 5 o /0
35 Steel frame cement
’
T
= u Masonry bricks aggrega tes ,
& Reinforced concrete bricks ,
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I Masonry bricks
= w

a
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Type of construction Materials [kg/m*nfa]

Type
R of use
e S u I tS 0 200 1000 1500 2000 2500

B 2x4 Wooden +63%
::] /
=l Wooden SN i
@
Masonry bricks
- Steel frame
T
= 4 Masonry bricks
& Reinforced concrete
b
I Masonry bricks
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Z n
Reinforced concrete
Wood
Type Type of construction Material [%]
of
use 0% 20% 40% 60% B0% 100%
e 2x4 Wooden |
o
; Wooden
L i
w o
Masonry bricks DE ( 1 40 o) :
0):
I 5 Steel frame 429,
T
= 4 Masonry bricks more wood
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a
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Type of construction Materials [kg/m*nfa]

Type
R of use
e S u I tS 0 200 1000 1500 2000 2500

B 2x4 Wooden M o
- Wooden ; |
E Bid A
" o
Masonry bricks
- Steel frame
T
= 4 Masonry bricks
& Reinforced concrete
b
I Masonry bricks
E w
Z n
Reinforced concrete
Metals
Type Type of construction Material [%]
of use
0% 20% 40% 60% 80% 100%
& 2x4 Wooden
o
; Wooden
L g I vV 1
Masonry bricks d
DE doubles
I 5 Steel frame P
i
= K Masonry bricks
& Reinforced concrete
&
I Masonry bricks
= w

a
Schiller et al.: Transferability of MCI, Reinforced concrete N S

MINEA Workshob Odense, 28.11.20:

mAggregates ®Cement  ®Bricks/Mortar ®Wood = Metals " Other materials



Type of construction Materials [kg/m*nfa]

Type
R of use
e S u I tS 0 200 1000 1500 2000 2500

B 2x4 Wooden o
- Wooden =
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a
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Type Type of construction Materials [kg/m*nfa]
of use
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B 2x4 Wooden
o
- Wooden
i
s a
Masonry bricks
- Steel frame
- o
= 4 Masonry bricks
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Type Type of construction Material [%]
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Discussion:
Why different SFH construction types

JP: built for one generation, no second hand house market
average lifespan: 15-25 years
more cost-effective, effective earth quake protection
GE: longevity; average lifespan: 80 years (and much more)

low seismic risk; fire protection a serious issue

-> first of all socio economic reasons
combined with technical arguments

Schiller et al.: Transferability of MClI, A C—
MINEA Workshob Odense, 28.11.2018 SN B DU




Discussion:

Why MCI of wooden SFH are significantly
different?

Type Type of construction Materials [kg/m*nfa]

0 500 1000 1500 2000 2500

o % 2x4 Wooden |
i
» & Wooden (no basement) [

JP: basement was forbidden by law (1950-1988)

GE: basement is ubiquitous

remaining differences: different floor plans and different
construction methods

-> first of all socio economic reasons



Discussion:

Why are there
different construction
types for small MFH?

-=

first of all

geophysical condition

reasons
(earth quake risk)

Schiller et al.: Transferability of MClI,
MINEA Workshob Odense, 28.11.2018
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Discussion:
Why MClIs of reinforced concrete MFHs are

significantly different?

Type Type of construction Materials [kg/m?nfa]

0 500 1000 1500 2000 2500

& a RC-surface |
T

TR

= '-'DJ RC-surface (min-steel)

-> more massive foundations are needed in Japan for
earthquake protection

-> |ower load-bearing capacity of average Japanese terrain

-> first geophysical-condition reasons

-> different accounting methods (metals)



Conclusion: Prerequisite

% Basic prerequisite for cross context comparability and
transferability of MCI:

Systematic and harmonized description of the key
features of building typologies

construction method, underground / above ground
use type of buildings
Reference value (considering ISO framework)

Coherent definition of material groups

Schiller et al.: Transferability of MCI,

MINEA Workshob Odense, 28.11.2018 51 NacovA UNIVERSITY




Conclusion: Uncertainties

® Uncertainties can be narrowed down significantly
(with regard to the total mass )

analyzed case study (GE/JP):
- SFH : 195 % to 35%
- MFH: 37% to 5%

® Uncertainties of the MCI itself has to be acknowledged
-> high transferability potential

Schiller et al.: Transferability of MClI,  ——
MINEA Workshob Odense, 28.11.2018 — AR




Conclusion Hypothesis on key points
towards a comprehensive MCI database

® Construction techniques for large domestic buildings tend to
be similar (in similar geophysical-condition)
-> high transferability potential

® Serious transferability limitations with regard to SFH
(significant affected by social/cultural impacts)
-> has to be acknowledged adequately

-> systematically discussion is needed
to develop a standardized approach towards a
significantly broader and
contextually transferable database

Schiller et al.: Transferability of MClI, Tt g =
MINEA Workshob Odense, 28.11.2018 S GO IR L
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