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Highrise

Height: ~ 400m
Size: 48m

N. Floor: 92 floors

Basic wind speed
48.50 m/s
At 10m
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Highrise

Height:  400m
Size: 48m
N. Floor: 92 floors

Basic wind speed
48.50 m/s
At 10m

Windload + Height
High bending moment
High bending stress
Require big structure

M__=12711600 kN.m




Highrise

Height:  400m
Size: 48m

N. Floor: 92 floors

Basic wind speed
48.50 m/s
At 10m

28.10m

Windload + Height
High bending moment
High bending stress
Require big structure

Core Size Required for Windload

@(out) =14.05m
@(in) =13.05m
Cross-section area =85.17 m"2

Core Size Required for Normal load

48.00m



To solve a problem, do it at the cause, not at the end-result.
For the problems that are caused by the wind, the solution is at the wind

Create the building that less resistance to the wind
With

Adaptive Facade



In what extend that adaptive building envelope can reduce wind loads in a high-
rise with highest efficiency in reduction of structure material?



Wind force reduction
Object shape

I . ‘ Bullet
Cd:1.14 Cd: 0.07-0.50
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L, Flat Plate
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EVOLO Tower

Cd: 0.295

Object surface

Flow line Smooth :

surface
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surface
ball

Separation area
Pull-back force
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Basic wind effect to cylinder object

Wind Force
Along-wind direction
°Form drag

*Friction drag
Cross-wind direction
*Vortex shedding

Surface friction (Friction drag)
Separation flow

Pull force (Form drag)
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Turbulent wake

or
Separation area




Design Objective

Reducing Wind Force
*Reduce friction drag
*Delay separation flow > smaller separation area > reduce pull-force

Location of separation flow

*Time since the flow start Reducing friction drag
*Wind velocity Delaying separation flow
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Possible Design Choices
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Selected Design Investigation £

Design 00

Wind Velocity

(m/s)

Performance in different velocities

Wind speed: 10m/s — 70m/s

a

2000 4 —-

Suy yoeg :s92uaJtayig

suy |ejuoud :Ajejiwi

[ 1] [
= =

12

Velocity range



Selected Design Investigation 2
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Performance in different velocities

Wind speed: 10m/s — 70m/s




Relation to Height

Different in wind profile & sets of movement

T At basic wind speed = 43.3m/s T At basic wind speed = 43.3m/s
L.} 70=1 at 400m altitude ...l 70=3 at 400m altitude
~+= Wind velocity = 61m/s M w1 Wind velocity = 54m/s e
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3 input data

Wind direction
Wind speed
Time



Selected Design Investigation

Front horizontal riblets facade
Friction drag reduction
Preventing cross wind turbulence
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Performance : N
*Ratio of height/space between riblets M ——
h/s=1 "
*Ratio of riblets width/building width : - -
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Selected Design Investigation

Back vertical riblets facade
Delay the separation flow
Smaller the turbulent wake
And reduce pull-force
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Selected Design Investigation

Back vertical riblets facade : Wind tunnel test
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Design Direction

Original basic and adapted position

Original
Horizontal riblets

The frontal horizontal fins

Adaptive

Horizontal riblets at the back are

reduce friction drag

I

h/s ratio define the effective
of the fins (h/s =1)
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changed to vertical riblets.

Fins change the position

BUILDING

alone the location
of separation flow

Back and side vertical fins
create eddies tp delay

\separation flow




Designing
of

Wind Adaptive Facade
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Design Direction

Transformation of horizontal - vertical riblets
Rotatable Fins Vertical positioned fins

Rotating componets

Horizontal positioned fins

Pros

*Set control system

*Simple mechanism g

«Adjusting of h/s ratio without
effect to floor height

Cons
eLack of structure integrated
*Visual disturbance




Design Direction

Transformation of horizontal - vertical riblets
Origami foldable fins Vertical positioned fins

with Rhombus frame Adaptinging componets

Horizontal positioned fins

Pros

*Possibly both set and
individual control system

*Structure integrated

*Attractive

Cons

*Possible complicate
mechanism

°The size relate to
floor height

*Visual disturbance




Design Direction

Transformation of horizontal - vertical riblets

Origami foldable fins Vertical positioned fins
. Adaptinging componets
Wlth Hexagonal frame Horizontal positioned fins

Pros

*Possibly both set and
individual control system

*Structure integrated

*Attractive

Cons

*Possible complicate
mechanism

*Optimization involve with
building floor height

eLow drag reduction




Origami Foldable Fins

Morphing sequence
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*Following the location of separation flow which reach the widest point in 32 second
Start from the back of the building: depend on wind direction

*The movement of one fin also move the fins next to it

25



Selected System : Origami Foldable Fins

Mock-up test




Moving Mechanism

27



Origami Foldable Fins

Operating system : Schematic 1
Cable

Pros
*One motor control multiple units
*Possible lower budget option

Cons

*Require big and powerful motor

*High risk when one set fail

*High friction to the movement when
the cable contain high tension

Controlling pattern
Connect to a set of motor

2 Connection points move
in opposite direction

28



Origami Foldable Fins + Pneumatic Drive

Combination to Building System

_____ _Moving piston
and fin support connection

:
|

|
i = _Pneumatic tube DGO :
' |

Z

—| Flexlble tube

[ — _Moving piston

- _Pneumatic tube DGO

!

and fin support conne:

Pressure tank

Valve_. __ . __. 1
Pressure sensor_ -

i |
Fl | |
'OOI’ ﬁ\le ;
1

Qe

I mFoor level
A 4

2l

! L .| _ Pressurized tube
Ay | _ Pneumatic switch

ction

Il

Pressurized tube

Pt

Floor level
h

Poar
| i
I

terior

Adaptive facade | goerrr\l"(iicgr | !: In
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Origami Foldable Fins

Operating system : Schematic 2
Pressurized air : Pneumatic

Pros

*Possible lower maintenance
requirement

°Individual operated less effect when
one system fail

*Require less energy when operating

eLess complex mechanism

Cons
*High cost
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/

i
L
U

DGO-25-..[ T

[
4

1
1
1

0.1

(072

0.4 06

1

2

/i
m [kg]

6 810

20

40 60 100

—

—

30

FESTO: Pneumatic rodless cylinder drive



Origami Foldable Fins + Pneumatic Drive

Combination to Building System

.__Pressurized tube
.____Direction valve
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Origami Foldable Fins + Pneumatic Drive

Combination to Building System

i_._._._._._._._._._._Flexible tube
! R Y VT S S, Moving piston
| _________________________ Pressurized tube
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Details and Assembling
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Origami Foldable Fins + Pneumatic Drive

Geometry Study : Define the critical angles

Hinge type H1
Two axis rotatable joint
Hinge type H2

Two axis rotatable joint
Hinge type H1
Hinge type H2

- ———

Mirror

Basic Position Adapting Position

34



Origami Foldable Fins + Pneumatic Drive

Geometry Study : Critical angles solutions
Center of rotation

H1 Hinge

H1 Hinge H1 Hinge

35



Origami Foldable Fins + Pneumatic Drive

Center of rotation

Polycarbonate sheet

T —

Detailing:
H1 hinge detail
and assembling

7.5m

Polycarbonate sheet

Panel structure : Aluminum profile

Gap closer cap

H1 Hinge profile




Origami Foldable Fins + Pneumatic Drive

Gap closer cap

Detailing:
H2 hinge detail
and assembling

Polycarbonate sheet

o=
=
<
Q
3
=
.é 2
= o=
< 2
.- Q_
: g
g £
£ cim
2 o~
N 281.70° . I T
. Center of rotation %
N\ a

Polycarbonate sheet

127.68°



Origami Foldable Fins + Pneumatic Drive

Detailing: Pneumatic tube connection

. Completed fin

Ball joint

|‘(
/' Polycarbonate sheet

______ A

H1 Hinge

H2 Hinge
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Origami Foldable Fins + Pneumatic Drive

Detailing:

Two axis
rotatable joint
schematic 1

Circular beam
@ which is H2 hinge

(2) Two axis rotation joint

@ Moving piston
@ Pneumatic tube
@ Facade frame

(6) Extra structure beam

@ Sliding component

39



Origami Foldable Fins + Pneumatic Drive

Detailing:

Two axis
rotatable joint
schematic 1

Circular beam
@ which is H2 hinge

(2) Ball joint

(3) Moving piston
@ Pneumatic tube
@ Facade frame

@ Extra structure beam

@ Sliding component

40



Origami Foldable Fins + Pneumatic Drive

Detailing:
Facade frame
and pneumatic
tube =

H beam
Stainless steel

Pneumatic tube

Facade frame.

Pneumatic sliding component
(Piston)

-%n\m

41



Origami Foldable Fins + Pneumatic Drive

Detailing:
Pneumatic tube
extra support
beams

Facade frame

Pneumatic sliding
component

H beam extra support__
Stainless steel

Fin support
connection
(Assembled
at site)

200mm

Movement according
to displacemen

. 200mm ; Spaces for
[ j| beam displacement

Pneumatic tube
42




Origami Foldable Fins + Pneumatic Drive

Construction: Manufacture and transportation

Facade frame

LTV

Manufacturing

|
|
|

Construction Si

S

\ 4

Manufacture

Transport

\ 4

Assembling
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Origami Foldable Fins + Pneumatic Drive

Construction:
Facade frame - floor plate assembling
Option 1

Upper floor pla

Pressurized tube

Pneumatic switch

Facade frame

Facade frame-frame
steel connection

Facade frame-floor plate
steel connection

Floor plate




Origami Foldable Fins + Pneumatic Drive

Construction:
Facade frame - floor plate assembling
Option 2

Upper floor plate

Pressurized tube

Pneumatic switch

Facade frame x2

Facade frame-floor plate
steel connection

Floor plate




Origami Foldable Fins + Pneumatic Drive

Detailing :
Fin assembling to facade frame

Fin

Ball joint

777777 % &
U shape steel plate

lide unit (piston)

Extra structure beam

Pneumatic tube

Facade frame

46
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Construction and Maintenance
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Construction

Building construction sequence

eStructure construction

*Facade+fins installation (Non-adaptable)
Structure and non-adaptable fagade finish
*Activate wind adaptive facade

*Cladding & glazing
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Maintenance and Safety

*Facade maintenance : BMU at every technical floor
*Safety in case of system fails : All facade change to horizontal position

Technical floor

Building maintenance
unit (BMU)

Working platform

BMU stablize beam







Conclusion
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Drag Reduction

Experiment with final detail models

*Smooth surface building

*Building with only horizontal fins

*Building with horizontal and vertical (optimized) fins

Fw Fw
(b)
Drag force (kN) Drag force per area Drag reduction (%)
(kN/mA2)

Smooth model 3941.84 3.91 -
Horizontal fins model 2326.35 2.31 40.92
Horizontal + vertical fins 2063.37 2.05 47.57
model
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Original Building

Positive
*Drag reduction:

eStructure material reduction:
eIncrease rentable area from
to

28.10m
48.00m

Building with Wind Adaptive Facade

40% by horizontal fin position
47% by adaptable fins
38.75% by adaptable fins
1012.97 m”2 per floor

1389.84 m”2 per floor

137% by adaptable fins

|

17.60m

59
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Feasibility

Cost calculation

30 millions

20 millions

10 millions

0 million __

Extra investment
-- 1’3‘4-0- --

Building with adaptive face

Original Building

Costruction cost old vs new
- Adaptive facade cost
- Core material cost

- Other construction cost

pem— )
s = = = = Differences (Extra investment)
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Feasibility

Cost calculation

30 millions

20 millions

10 millions

0 million __|

I'E 1
LT ]
|§ "
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S
1S | =g
£l
T ' 3 millions
. . 2 millions
4]
o
i
w T
s 1 millions
s
<
an
£ ®
=) =
5 =
@ =
[ g
= 2
= S
(@] [ 0 million

Costruction cost old vs new
L Adaptive facade cost

- Core material cost

- Other construction cost

==
s = = = = Differences (Extra investment)

rgy usage for adaptive facade

Rental income per month (from extra area)
e

B3 00: |

Income vs Expenses
- Energy usage for adaptive facade per month

The rantal income per month only at
the increased area according
to adaptive facaade

ree-

# = = = =1 J0tal income per month
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Feasibility

Cost calculation
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Conclusion

Recommended development

*Wind analysis by CFD and wind tunnel with higher accuracy
°The number of adapted vertical fins in each wind speed
*Vortex shedding should be taken into consideration.
eSafety factor, system energy supply

eAlternate function such as sun shading etc.

Possible suggestion

*Horizontal non-adaptive fins would be efficient enough for windload reduction.
Only 7% of drag reduction different from the adaptive one.
Require no energy and no mechanism.
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