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main objective

Formation of the strategy for rating the Design for Disassembly in unitized curtain wall
modules, with the focus on comparing 4 adaptive concepts for high-rise office buildings
on temperate climate conditions for 2 different materials used for mullions:
aluminum and timber.

12



main objective

Formation of the strategy for rating the Design for Disassembly in unitized curtain wall
modules, with the focus on comparing 4 adaptive concepts for high-rise office buildings
on temperate climate conditions for 2 different materials used for mullions:
aluminum and timber.

STRATEGY DESIGN FINAL COMPARISON
DFD RATING 4 ADAPTIVE CONCEPTS PERFORMANCE

° Rl i

13



main objective

Formation of the strategy for rating the Design for Disassembly in unitized curtain wall
modules, with the focus on comparing 4 adaptive concepts for high-rise office buildings
on temperate climate conditions for 2 different materials used for mullions:
aluminum and timber.

FACADE SYSTEM
UNITIZED CW

oo
o
aoon

CLIMATE
TEMPERATE

ab

777

BUILDING TYPE
OFFICE

MATERIALS
TIMBER/ALUMINUM

Tk,

4,

14



the DID strategy

the 4 adaptive

environmental impact

building envelopes

contents

HOOOOO

DfD strategy

the 4 adaptive building envelopes

environmentalimpact

rating the DfD criteria

rating the DfD criteria final comparison

final comparison

O000e

conclusions & recommendations

conclusions &
recommendations



the DID strategy

DfD strategy

16



the DID strategy

the 4 adaptive
building envelopes

the 4 adaptive building envelopes

B2

17



the DID strategy

the 4 adaptive
building envelopes

environmental impact

environmentalimpact

18



the DID strategy

the 4 adaptive
building envelopes

environmental impact rating the DfD criteria

rating the DfD criteria

B

19



the DID strategy

the 4 adaptive
building envelopes

environmental impact rating the DfD criteria

final comparison

final comparison

20



the DID strategy the 4 adaptive environmental impact rating the DfD criteria final comparison conclusions &
building envelopes recommendations

W

é conclusions & recommendations

21



the DfD strategy the 4 adaptive environmental impact rating the DfD criteria final comparison conclusions &
building envelopes recommendations

1. DESICGN FOR DISASSEMBLY:
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criterion:

O OVERALL IMPACT

cradle-to-gate
assessment

1. environmental impact
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criteria:

2. durability of the components
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criteria:

0 MAINTENANCE

2. durability of the components
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criteria:

2. durability of the components

O RESISTANCE TO WEAR
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criteria:

3. recycle/reuse potential

O END-OF-LIFE ACTIVITY
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criteria:

O SIDE EFFECTS WHEN
REUSED/RECYCLED

3. recycle/reuse potential
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4. reversibility of connections
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criteria:

5. ease of (dis)assembly
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criteria:

O ACCESSIBILITY OF
CONNECTIONS

5. ease of (dis)assembly
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criteria:

6. speed of (dis)assembly

O TOTAL AMOUNT OF CONNECTIONS
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6. speed of (dis)assembly
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other DfD guidelines that apply for unitized CW
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other DfD guidelines that apply for unitized CW

O PREFABRICATION OF
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other DfD guidelines that apply for unitized CW
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independent

O INDEPENDENCE OF
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other DfD guidelines that apply for unitized CW

O COMPATIBILITY OF
DIMENSIONING
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criteria weights

Disassembly Criteria Scale of rating Weight
1. environmental impact
overallimpact (cradle-to-gate) | very high --- very low 1
2. durability of the components
life expectancy ly. -— 100y. 0.6
maintenance every ly. -—- never 0.2
resistance towear extremely fragile --- extremelyresistant 0.2
3. recycle/reuse potential
end-of-life activity landfill --- reuse 0.8
side effectswhenreused/recycled very toxic --- 100% safe 0.2
4. reversibility of connections
reversibility of connecTionsl more non-reversible --- all con. reversible 1
5. ease of (dis)assembly
complexity of the conn. techniques extremely complicated --- extremely simple 0.5
accessibility of connections| completely obscured --- completely accessible 0.5
6. speed of (dis)assembly
amount of connections 0 - 0.8
types of connections 1 — =5 0.2
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CONNECTIONS MATERIALS

weight factors for design guidelines

MATERIALS
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1
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recycle/reuse potential 3
reversibility 3

ease of (disjassembly 1
speed of (dis)assembly 1
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1: the assessed criterion is of less importance than the one compared to
2: the assessed criterion is of about equal importance to the one compared
3: the assessed criterion is of more importance than the one compared to
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classification of relevant physics

optical air-flow

electrical
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classification of relevant physics

optical air-flow

electrical
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energy consumption in a typical office

Others
(Ventilation, etc.)
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Heating + Cooling
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application

Facade Module
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curtain wall fixation

layout 1G layout 2G layout 1-0 layout 2-0
one level hanging two level hanging one level bearing two level bearing
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!' layout 1G layout 2G layout 1-0 layout 2-0
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MODULE R1 - Vertical Rotating Fins
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exterior aluminum frame
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MODULE F1 - Horizontally Folding Panels

SUMMER
save on cooling
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save on heating

vertical steel profile

split transom

supporting steel element

glass louvers

split mullion

exterior aluminum frame
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MODULE F2 - Vertically Folding Panels
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2 materials for mullions and fransoms




N

1 prefabricated S
2 bolts Ny
3 steel plate
4 bolts w
5 steel T or L profile

6 rubber profile

7 prefabricated frame 61

including the shading system
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prefabrication E E

1 prefabricated

2 bolts

3 steel plate S

4 bolts w

5 steel T or L profile

6 rubber profile

7 prefabricated frame 62
including the shading system
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1 prefabricated

2 bolts

3 steel plate

4 bolts

5 steel T or L profile

6 rubber profile

7 prefabricated frame
including the shading system

transportation

prefabrication E E
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prefabrication E E
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Ny, ‘ transportation on-site connection

1 prefabricated

2 bolts

3 steel plate

4 bolts

5 steel T or L profile

6 rubber profile

7 prefabricated frame 64
including the shading system
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2 bolts ~ H H
3 steel plate N Wl .
4 bolts | " s
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6 rubber profile .
7 prefabricated frame on-site Ossembly
including the shading system

65

.
....lllll“



\/;\— transom cap
transom

mullion
connector
thermal break
rubber gasket
{\
P =i cover cap
“~
N
32 Sey——— rubber gasket
&
—— |IGU
clamp bar profile
N
1 prefabricated S -
2 bolts e
3 steel plate
4 bolts w

5 steel T or L profile

6 rubber profile

7 prefabricated frame b6
including the shading system
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supporting
brackets
insulation

spandrel glass
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1 prefabricated S
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3 steel plate
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5 steel T or L profile

6 rubber profile

7 prefabricated frame 67

including the shading system




split mullion

split transom

N

1 prefabricated S
2 bolts Ny
3 steel plate
4 bolts w
5 steel T or L profile

6 rubber profile

7 prefabricated frame 68

including the shading system
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1 prefabricated S
2 bolts Ny
3 steel plate
4 bolts w

5 steel T or L profile

6 rubber profile

7 prefabricated frame
including the shading system



the DID strategy the 4 adaptive environmental impact rating the DfD criteria final comparison conclusions
building envelopes

3. ENVIRONMENTAL
IMPACT



The Life Cycle stages — EN standards
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cradle-to-gate
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elements for calculation

ALUMINUM CW

TIMBER CW

concept part of the element material amount area height/length volume density weight concept part of the element material amount area height/length volume density weight
module name name nr. mm2 mm m3 kg/m3 kg module name name nr. mm2 mm m3 kg/m3 kg
mullion (1) aluminum 1 1625 3750 0.00609375 2700 [ 16.453125 mullion (1) timber 1 8125 3750 0.03046875 380 11.578125
CW-A transom (2) 4 6500 1250 0.008125 2700 21.9375 ow-T transom (2) timber 4 32500 1250 0.0406825 380 15.4375
split mullion (3) aluminum 2 2100 3750 0.007875 2700 21.2625 split mullion (3) timber 2 7000 3750 0.02625 380 9575
R1-A split transom (4) aluminum 2 2100 2500 0.00525 2700 14.175 R1-T split transom (4) timber 2 7000 2500 0.0175 380 6.65
exterior mullion (5) aluminum 1 1800 3750 0.00675 2700 18.225 exterior mullion (5) aluminum 1 1800 3750 0.00675 2700 18.225
SHADING | exterior split mullion (6) | aluminum 2 3600 3750 0.0135 2700 36.45 SHADING | exterior split mullion (6) | aluminum 2 3600 3750 0.0135 2700 36.45
exterior split transom (7) | aluminum 2 3600 2500 0.009 2700 24.3 exterior split transom (7) | aluminum 2 3600 2500 0.009 2700 24.3
mullion (1) aluminum 1 1625 3750 0.00609375 | 2700 | 16.453125 mullion (1) timber 1 8125 3750 0.03046875 380 11.578125
CW-A transom (2) aluminum 4 6500 1250 0.008125 2700 21.9375 CW-T transom (2) timber 4 32500 1250 0.040625 380 15.4375
split mullion (3) aluminum 2 2100 3750 0.007875 2700 21.2625 split mullion (3) timber 2 7000 3750 0.02625 380 9.975
R2-A split transom (4) aluminum 2 2100 2500 0.00525 2700 14.175 R2-T split transom (4) timber 2 7000 2500 0.0175 380 6.65
exterior mullion (5) aluminum 1 1800 3750 0.00675 2700 18.225 exterior mullion (5) aluminum 1 1800 3750 0.00675 2700 18.225
SHADING | exterior split mullion (6) | aluminum 2 3600 3750 0.0135 2700 36.45 SHADING | exterior split mullion (6) | aluminum 2 3600 3750 0.0135 2700 36.45
exterior split transom (7) | aluminum 2 3600 2500 0.009 2700 24.3 exterior split transom (7} | aluminum 2 3600 2500 0.008 2700 24.3
mullion (1) aluminum 1 1625 3750 0.00609375 | 2700 | 16.453125 mullion (1) timber 1 8125 3750 0.03046875 | 380 | 11.578125
o0 transom (2) aluminum| 4 6500 1250 0.008125 | 2700 | 21.9375 CW-T transom (2) timber 4 | 32500 1250 0.040625 380 15.4375
split mullion (3} aluminum | 2 2100 3750 0.007875 | 2700 | 21.2625 split mullion (3} timber 2 7000 3750 0.02625 380 9.975
F1-A split transom (4) aluminum 2 2100 2500 0.00525 2700 14.175 F1-T split transom (4) timber 2 7000 2500 0.0175 380 6.65
exterior mullion (5) | aluminum | 1 720 3750 0.0027 2700 7.29 exterior mullion (5) | aluminum | 1 720 3750 0.0027 2700 7.29
SHADING | exterior split mullion (6) | aluminum 2 960 3750 0.0036 2700 9.72 SHADING | exterior split mullion (6) | aluminum 2 960 3750 0.0036 2700 9.72
exterior split transom (7) | aluminum| 2 960 2500 0.0024 2700 6.48 exterior split transom (7} | aluminum | 2 960 2500 0.0024 2700 6.48
mullion (1) aluminum 1 1625 3750 0.00609375 | 2700 | 16.453125 mullion (1) timber 1 8125 3750 0.03046875 380 11.578125
CW-A transom (2) aluminum 4 6500 1250 0.008125 2700 21.9375 CW-T transom (2] timber 4 32500 1250 0.040625 380 15.4375
split mullion (3) aluminum 2 2100 3750 0.007875 2700 21.2625 split mullion (3) timber 2 7000 3750 0.02625 380 9.975
F2-A split transom (4) aluminum 2 2100 2500 0.00525 2700 14.175 F2-T split transom (4) timber 2 7000 2500 0.0175 380 6.65
exterior mullion (5) aluminum 1 720 3750 0.0027 2700 7.29 exterior mullion (5) aluminum 1 720 3750 0.0027 2700 7.29
SHADING | exterior split mullion (6) | aluminum 2 960 3750 0.0036 2700 9.72 SHADING | exterior split mullion (6) | aluminum 2 960 3750 0.0036 2700 9.72
exterior split transom (7) | aluminum 2 960 2500 0.0024 2700 6.48 exterior split transom (7) | aluminum 2 960 2500 0.0024 2700 6.48




elements for calculation

ALUMINUM CW

TIMBER CW

concept part of the element material amount area height/length volume weight concept part of the element material amount area height/length volume weight
module name name nr. mm2 mm m3 kg module name name nr. mm2 mm m3
mullion (1) aluminum 1 1625 3750 0.00609375 16.453125 mullion (1) timber 1 8125 3750 0.03046875
CW-A transom (2) 4 6500 1250 0.008125 21.9375 transom (2) timber 4 32500 1250 0.0406825
split mullion (3) aluminum 2 2100 3750 0.007875 21.2625 split mullion (3) timber 2 7000 3750 0.02625
R1-A split transom (4) aluminum 2 2100 2500 0.00525 14.175 split transom (4) timber 2 7000 2500 0.0175
exterior mullion (5) aluminum 1 1800 3750 0.00675 18.225 exterior mullion (5) aluminum 1 1800 3750 0.00675
SHADING | exterior split mullion (6) | aluminum 2 3600 3750 0.0135 36.45 SHADING | exterior split mullion (6) | aluminum 2 3600 3750 0.0135
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mullion (1) aluminum 1 1625 3750 0.00609375 16.453125 mullion (1) timber 1 8125 3750 0.03046875
) transom (2) aluminum 4 6500 1250 0.008125 21.9375 transom (2) timber 4 32500 1250 0.040625
split mullion (3) aluminum 2 2100 3750 0.007875 21.2625 split mullion (3) timber 2 7000 3750 0.02625
R2-A split transom (4) aluminum 2 2100 2500 0.00525 14.175 split transom (4) timber 2 7000 2500 0.0175
exterior mullion (5) aluminum 1 1800 3750 0.00675 18.225 exterior mullion (5) aluminum 1 1800 3750 0.00675
SHADING | exterior split mullion (6) | aluminum 2 3600 3750 0.0135 36.45 SHADING | exterior split mullion (6) | aluminum 2 3600 3750 0.0135
exterior split transom (7) | aluminum 2 3600 2500 0.009 24.3 exterior split transom (7) | aluminum 2 3600 2500 0.009
mullion (1) aluminum| 1 1625 3750 0.00609375 16.453125 mullion (1) timber 1 8125 3750 0.03046875
o transom (2) aluminum | 4 6500 1250 0.008125 21.9375 transom (2) timber 4 | 32500 1250 0.040625
split mullion (3} aluminum | 2 2100 3750 0.007875 21.2625 split mullion (3} timber 2 7000 3750 0.02625
F1-A split transom (4) aluminum 2 2100 2500 0.00525 14.175 split transom (4) timber 2 7000 2500 0.0175
exterior mullion (5) | aluminum | 1 720 3750 0.0027 7.29 exterior mullion (5) | aluminum | 1 720 3750 0.0027
SHADING | exterior split mullion (6) | aluminum 2 960 3750 0.0036 9.72 SHADING | exterior split mullion (6) | aluminum 2 960 3750 0.0036
exterior split transom (7) | aluminum 2 960 2500 0.0024 6.48 exterior split transom (7) | aluminum 2 960 2500 0.0024
mullion (1) aluminum 1 1625 3750 0.00609375 16.453125 mullion (1) timber 1 3750 0.03046875
W-A transom (2) aluminum 4 6500 1250 0.008125 21.9375 transom (2] timber 4 1250 0.040625
split mullion (3) aluminum 2 2100 3750 0.007875 21.2625 split mullion (3) timber 2 3750 0.02625
F2-A split transom (4) aluminum 2 2100 2500 0.00525 14.175 split transom (4) timber 2 2500 0.0175
exterior mullion (5) aluminum 1 720 3750 0.0027 7.29 exterior mullion (5) aluminum 1 3750 0.0027
SHADING | exterior split mullion (6) | aluminum 2 960 3750 0.0036 9.72 SHADING | exterior split mullion (6) | aluminum 2 3750 0.0036
exterior split transom (7) | aluminum 2 960 2500 0.0024 6.48 exterior spli aluminum 2 2500 0.0024
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shadow cost

results

Impact categories

ER1-A
EmR2-A
OF1-A
OF2-A
OR1-T
ER2-T
EF1-T
mF2-T
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shadow cost
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the DID strategy the 4 adaptive environmental impact rating the DfD criteria final comparison conclusions &
building envelopes recommendations

4. RATINGS FOR
THE DFD CRITERIA



LIFE EXPECTANCY

100y. ¢

T5y.

50y.

25y.

10y.

1y. 4

OVERALL IMPACT

very low 4

very high 4

MAINTENANCE

never 4

every 50y.

every 25y.

every 15y.

every 5y.

every 1y. 4

RESISTANCE TO WEAR
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very resistant

END-OF-LIFE ACTIVITY SIDE EFFECTS
4 100% safe 4 KA
reuse | 5 Y fa-A
sufficiently safe fen
remanufacture | 4
F1a not safe enough
recydle | 3 —
o dangerous
recover | 2
toxic
landfill §1

4

very toxic 4

REVERSIBILTY

4
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2 non-reversible

3 to 5 non-reversible

more non-reversible

4

COMPLEXITY
extremely 4
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very simple
simple
complicated

very complicated

extremely 4
complicated

AMOUNT OF CONNECTIONS

o$
10
20

30

ACCESSIBILITY

completely L 2
accessible
very accessible
accessible

obscured

very obscured

completely ’s
obscured

TYPES OF CONNECTIONS
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5. FINAL
COMPARISON
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4.
1. . . !
im::‘é' 2. durability of the components 3 'Q:Z;:':;T”‘e 5. ease of (di 6. speed of disassembly
y of con.
END-OF-
OVERALL LIFE MAINTE- RES.TO LIFE SIDE REVERSI- COMPLEXI ACCESSI- AMOUNT TYPES
IMPACT EXPECT. NANCE WEAR EFFECTS BILITY Y BILITY OF CON. OF CON
ACTIVITY
RI-A 1 4 5 2 3 5 5 5 3 4 5
R2-A 1 4 5 2 3 5 5 5 3 1 5
F1-A 3 4 4 4 3 5 5 4 2 2 4
F2-A 3 4 4 4 3 5 5 3 2 3 4
RIT 3 3 3 2 5 3 5 5 3 4 5
R2-T 3 3 3 1 5 3 5 5 3 1 5
F-T 5 3 2 3 5 3 5 4 3 2 4
F-T 5 3 2 3 5 3 5 3 3 3 4
2. durability of 3. -
. ty 4. reversibility 5. ease of 6. speed of
1. env. impact the recycle/reuse . .
) of con. (dis)assembly disassembly
components potential
RI-A 1 38 3.4 5 4 42
R2-A 1 38 34 5 4 18
Fl-A 3 4 34 5 3 24
F2-A 3 4 3.4 5 25 32
RI1-T 3 28 46 5 4 42
R2-T 3 2.6 46 5 4 18
F1-T 5 28 4.6 5 35 24
F2-T 5 28 4.6 5 3 32
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the DID strategy the 4 adaptive environmental impact rating the DfD criteria final comparison conclusions &
building envelopes recommendations

6. CONCLUSIONS
RECOMMENDATIONS



+ astrategy was formed to aid DfD in unitized systems
,--------------‘
Qi - 1
¢ | prefabrication of components | 2
21 15 DD strategy
8_ | independence of components : E for Untiizac] CW
£1 -
8 : compatibility of dimensioning | > weighted  des. guid weighted
2 \- O N NN NS BN B N B e rafing SPe.cific rating rating weight defZiignugld.
O ’--------------§ OVerO”impGCf X] welgh'r Y1 Z] I'uc:)rs W]
n | / ] \ >
5 o | environmental impact I life expectancy  x2 04 v2 ] 10
' 2
I .
(2) .g : . T G : maintenance x3 0. y3 +F z2 w2
O -.Q_J I uraplility o e components . - \7107/
O ol | 1 resistance to wear x4 0 y4
. i ' T
€ : recycle/reuse potential end-of-life activity x5 y5
\ I 08 +t 3 w3
N BN BN BN BN BN B B SideeffeCTS X6 00 y6 \]3/ +_ ﬁnql rqﬁng
’--------------\ " - - ]
c { reversibility of connections ___=_ reversibiity R ! 4 14\ )4
:fi_’ : | complexity x8 05 y8 15
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« astrategy was formed to aid DfD in unitized systems

+ weight factors were applied according to
importance

MATERIALS ~ CONNECTIONS
I

o] = 3 £
a 2 E 0
E § 3 g 2
5 % 0 g 2
5 £ 3 » 3 2
E Z = E — %5
c = o 9 5
O @ © © k)
58 5 2 o8 g
& 8 © © § 2
E environmental impocf- 2 1 1 3 3
o durability/lifespan 2 1 1 3 3
e
= N recycle/reuse potential 3 3 1 3 3
£ reversibility 3 3 3 3 3
g ease of (dis)jassembly 1 1 1 1 - 3
8 speed of (dis)assembly 1 1 1 1 1 -

1: the assessed criterion is of less importance than the one compared to
2: the assessed criterion is of about equal importance to the one compared
3: the assessed criterion is of more importance than the one compared to
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a strategy was formed to aid DfD in unitized systems

weight factors were applied according to
importance

demountable design for unitized & adaptive CW

&z




a strategy was formed to aid DfD in unitized systems N\ 2162
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weight factors were applied according to
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a strategy was formed to aid DfD in unitized systems

weight factors were applied according to
importance

demountable design for unitized & adaptive CW
timber-framed modules perform better for DfD

top performing modules
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a strategy was formed to aid DfD in unitized systems

weight factors were applied according to
importance

demountable design for unitized & adaptive CW
timber-framed modules perform better for DfD

top performing modules
) (F

other considerations which are also very crucial
during the design phase, such as:

@ energy performance
G2 life cycle costs
user comfort

aesthetics

- R O

maintfenance

11T 216.2 o
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+ development of a DfD strategy for the stick system
in curtain walls

usually used in smaller projects
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« development of a DfD strategy for the stick system
in curtain walls

usually used in smaller projects

« simulations for energy performance
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development of a DfD strategy for the stick system
in curtain walls

usually used in smaller projects

simulations for energy performance

application on other adaptive concepts or static

thermal

optical air-flow

thermal, optical
& electrical adaptation

electrical



development of a DfD strategy for the stick system
in curtain walls

usually used in smaller projects

simulations for energy performance

application on other adaptive concepts or static

steel mullions and transoms

heavy profiles 2 not used in high-rise buildings




development of a DfD strategy for the stick system
in curtain walls

usually used in smaller projects

simulations for energy performance

application on other adaptive concepts or static

steel mullions and transoms

heavy profiles 2 not used in high-rise buildings

customized profiles

source: www.tgpamerica.com




development of a DfD strategy for the stick system
in curtain walls

usually used in smaller projects

simulations for energy performance

application on other adaptive concepts or static

steel mullions and transoms

heavy profiles 2 not used in high-rise buildings

infegration of costs
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