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Building Systems and Materials

Building Systems and Materials

Site system
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Embodied Energy Breakdown of Building Systems

Embodied energy breakdown for an office building

construction
26%

Services
21%

Site work
5%

Structure
18%

Envlopes
24%

Oconstruction O Site work O Structure D Enviopes DO Services @Finishes

Ashby, Michael F. Materials and the environment: eco-informed material choice. Elsevier, 2021.



Building Systems: Sharing Layers of Change

site

Typical

Shearing layers Description lifespan/activity
Site Location and context | Permanent
Structure Framework 30-300 years

Skin Enclosures 20+ years
Services Lifeblood 7-20 years

Space plan Interior layout 3 years

Stuff Furniture/equipment | Under 3 years
Souls Daily

Brand,

Stewart. How buildings learn: What happens after they're built. Penguin, 1995.




Historical Evolution of Engineering Materials
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Materials: World Production
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Energy: World Production
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Eco-Properties



Eco-Properties from Building Life Cycle Perspective

Reduce.

Use of renewable

resources.

INPUTS

raw materials > ’

water >

energy >

Stage

Product
(A1-A3)

________________________

________________________

BUILDING LIFE CYCLE

PROCESS
Construction Use Stage End of Life
Stage (B1-B7) (C1-C4) i
(A4-A5)

__________________________________________________________________________

Sequester.
Recycle.
Reuse.
Regenerate.

OUTPUT

pollutants to Air,
Water, Soil

wastes
(Solids, Non-Solids)

Building LCA Framework from European Standard EN 15978:2011



Embodied Energy per kg
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Carbon footprint per kg
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Global Carbon Emissions
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Water Usage
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Recycle fraction in current supply (%)
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Carbon Tax Sensitivity
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CARBON CAPTURE



Embodied Energy/m2 of Alternative Building Structures
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© re]
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L

200
, 8 68 80
steel concrete steel concrete timber
Steel frame Reinforced concrete frame wood frame

m Material mass (kg/m2) = Embodied energy (GJ/m2)

Ashby, Michael F. Materials and the environment: eco-informed material choice. Elsevier, 2021.



Turning Point in Timber Construction, 2016 | U. Dangel




.- Forests as

&t carbon sink
’ Growth and harvest
i cycle

: / Timber products

as carbon sink
Increased storage capacity
over time

Turning Point in Timber Construction, 2016 | U. Dangel



B Tropical and subtropical forest
" Temperate forest
. Boreal forest

Forest of the world

Forest of the world
Turning Point in Timber Construction, 2016 | U. Dangel



Net Gain

I More than 500.000 ha
[ -100.000-500.000 ha
>10.000-100.000 ha

Net Loss

I More than 500.000 ha No change
I -100.000-500.000 ha
B -10.000-100.000 ha

Annual net forest gain and loss by country (1990-2015)
Turning Point in Timber Construction, 2016 | U. Dangel



Europe
incl. Russia

North and
Central America

Asia

Africa

South America

Oceania

D

| PEFC Certified Forest Area
- FSC Certified Forest Area

Non Certified Forest Area

Certified forest areas
Turning Point in Timber Construction, 2016 | U. Dangel



EFSC

D)
mEELC

Promoting Sustainable

SUSTAINABLE
FORESTRY
INITIATIVE

SFI-01669

)

PEFC/01-4-16

Canadian Sustainable
Forest Management

Supporting CSA Z809 -
Canada’s SFM Standard

Wood product certification
Turning Point in Timber Construction, 2016 | U. Dangel
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Building Systems and Materials

Site system Structure | Enclosures . Services Finishes
- Utilties | | Steel | | Metal | | Heating/Cooing | 7 Interior finishes |
NG " 1.260/m2 ;1 - Aluminum | { | /Ventilation .
__________________ i--1 - Steel 5
Pathways | R — , . | - Copper e ;
5 | amways | | | Concrete ' ! | - Bronze ; =+ Electrical system/IT
P - 0.9GUm2 | A — L
-+ Landscapes | S | | Ceramics ! -4 Lighting system !
oo P i 1 - Brick e
| gmeeeememseeseoooee s ; L Wood E t-- - Terracotta | P :
-+ Urban furniture ! O67GJ/m2 L1 - Glass i L-i Plumbing system 5
"""""""""""""""""" i | - Concrete
. Polymers ;- Life security system |
. 1 - PMMA R
; 1 - Polycarbonate ! '+ Transportation
| - GFRP A N '

___________________________

i Natural materials
{ - Bamboo

i - Hardwood

i - Softwood

. - Agro-waste

__________________________

Five Building Systems



Wood Structure

______________

Solid Saw

_________________________________

Composite lumber

Primary Frames |

|

Load bearing walls & floors

L I T LVL

https://doi.org/10.1016/j.buildenv.2022.109320
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pd

NN S i
NN Solid beam Built-up beam

Glue laminated beam Composite beam

lano and Allen. The architect's studio companion: rules of thumb for preliminary design. John Wiley & Sons, 2022.



3-layer 4” thick
5-layer 77 thick
7-layer 9” thick
9-layer 12” thick

lano and Allen. The architect's studio companion: rules of thumb for preliminary design. John Wiley & Sons, 2022.



ENGINEERED WOOD
BEAMS

48"
1219 mm

36#
914 mm

Depth

24”
610 mm

] 2#
305 mm

Structural Composite

0 20" 40’ 60’ 80"
6.1 m 122m 18.3m 24.4m
Span

lano and Allen. The architect's studio companion: rules of thumb for preliminary design. John Wiley & Sons, 2022.



WOOD COLUMNS—
5000 f#, NORMAL HEIGHT

465 m?
4000 f:
372 m’
©
© 3000 f¥
S 279 m?
o e,
= 0 S
Q B
5 8 -
., T
B 2000 f =g ¢
o =S58 3
& 186 m? oL 2
SIS
oD
@ oM
8
1000 £ S
93 ny? <
Light loads
Medium loads
0 E Heavy loads
6'” 8” IO” ]2” ]4” J6ﬂ

140 mm 191 mm 241 mm 292 mm 343 mm 394 mm
Nominal square column size

lano and Allen. The architect's studio companion: rules of thumb for preliminary design. John Wiley & Sons, 2022.



WOOD COLUMNS—
TALL

40’
12.2m
§ 32"
S 98m
3
5
O}
<
i 24
8 7.8m
5
S
16
4.9m
Total tributary area—average strength woods
g 275 ¢ 550 1t 1100 f¢ 2200 f¢
24 m 25 m’ 50’ 100 m 200 m’
' 0 1000 f¥ 2000 f¢ 3000 ft 4000 f¢
95 ¥ 190 ¥ 285 m? 380 nmr

Total tributary area—strong or engineered woods

lano, J., & Allen, E. (2022). The architect's studio companion: rules of thumb for preliminary design.



]2!]

305 mm

9”

229 mm
=
&
Q

6”

152 mm

3#

76 mm

0

CLT FLOOR AND ROOF PANELS

Shaded bands indicate
commonly available
panel depths.

»
IIIIIIIIIIIIIIIIIIIIIIIIII“

3-layer

& 16’ 24" 32
24 m 4.9m 7.3m 9.8m
Span

lano and Allen. The architect's studio companion: rules of thumb for preliminary design. John Wiley & Sons, 2022.
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e R e e

/,

e

vertical section
through roof and facade
scale 1:20

1 roof waterproofing:
PVC membrane

160 mm thermal 2

insulation: vanour

i
e
il

barrier

22 mm veneered
plywood board
170/70 mm rafters
25 mm wood wool
acoustic panel
200/450 mm trussed

airder ton chord

3

170/70 mm trans-
verse timber beam
180 mm glulam truss
diagonal

2x 90/720 mm
trussed girder bottom
chord

i,

63 mm Douglas fir

19 mm 3-ply plywood
27/38 mm horizontal
laths; 38/38 mm
vertical laths
membrane; 35 mm
wood wool lightweight

huildinn haned

360/140 mm

cross beams, between
them 360 mm straw
bale thermal
insulation in timber
framing

vapour barrier

120 mm vertical laths
19 mm 3-ply spruce
plywood

7 160 mm PU thermal

insulation
waterproofing
layer; 360 mm
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Grandview Heights Aquatic Centre, BC | HCMA









Schonbuch Tower, Germany | schlaich bergermann partner
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Schonbuch Tower, Germany | schlaich bergermann partner






Wood Facades



Building Systems and Materials

| | |

Site system Structure | Enclosures . Services Finishes
i Utiliies | | | Steel | . | Metal | | Heating/Cooing | '} Interior finishes |
S 1 1.260/m2 | ;1 - Aluminum | . | /Ventilation
__________________ i--1 - Steel
Pathways | R — , . | - Copper oo ;
Dol ' i 1 Concrete | ! | _ Bronze i~ Electrical system/IT
..................... | | 09GJm2 | A — I
1 Landscapes | | | Ceramics -4 Lighting system !
| ey . |- Brick | e
oo ! L Wood E - - Terracotta | Py ,
4 Urban furniture ! 067GJ/m2 L1 - Glass i l-i Plumbing system !
"""""""""""""""""" i | - Concrete
. Polymers .y Life security system |
' 1 - PMMA . e
; 1 - Polycarbonate ! ‘-4 Transportation |
| - GFRP | LT '

___________________________

i Natural materials
. - Bamboo

i - Hardwood

i - Softwood

. - Agro-wastes

__________________________

Five Building Systems



Functions Of Sustainable BUIldlng Envelopes* *Sustainable Fagades lecture slide is available here
Protect-Promote-Re/Generate

Protect Promote, Re/Generate
/Structural performance \ Gﬂoor Environment Quality\
a. Strength - Glare control
b. Serviceability - View-out/daylight illumination
Energy requirement - good air quality
- Heat Transmission Biophilic quality
- Solar Heat Gain Renewable energy generation
- Daylighting illumination Carbon Sequestration
- Air Infiltration User experience
Water proofing Aesthetics
Durability
Life safety
Impact resistance
OSHA requirements
Condensation resistance
Acoustic protection (OITC)
Bird anti-collision
Sea turtle protection
Blast resistance

DN /




Bath House, Austria



Opaque Envelopes

a. Mass

b. Metal

c. Steel framed wall

d. Wood framed wall
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* Circularity lecture slide is available here
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GR Green Slate, GR Green Bacteria-based Self-healing Agrofiber
Cedar Tiles concrete biocomposites
Waterproofing Tiles. Waterproofing sealing Waterproofing tile.
Discarded milk bottles, plastic material. University of Stuttgart

bags, limestone waste. Microlab, The Netherlands.
GR Green Building Products,

Canada

Mycotecture Seaweed Insulation ECOCOC‘_’" Par.1els

Insulation Bricks. Insulation Infill. Insulating Infill. Wood framed wall
Mycelium, sawdust Eradicated seaweed, ib Straw wast(_e. _

MycoWorks, CA, USA. Ungermand, Denmark. Ecococon Ltd., Lithania.
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Hebel, Wisniewska, & Heisel. Building from waste: recovered materials in architecture and construction. Birkhauser, 2014.
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