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For a renovation project, what's the meaning of lightness?

- Sense of lightness in visual
- Intervene lightly in the original building

- Reduce building's energy consumption



After the two world wars, the development of
functionalism, mega-architecture thoughts, and
brutalism has led to the emergence of more and
more concrete buildings.
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Function
The largest and national
archive of Netherlands

LOCATION

In the center of the Hague

LIFETIME
Has been used for more than
40 years

Value
Store many documents and has
a very high historical value

EHHHHE

HHH

g



— ﬁ
T
;' f T T
e RS = Gl allas e RISt
: flaceNE =T 0 ° [ U1° ° P U i =
= It — R 0 i
NIl — - =
NN It S [ 17
Ot ﬂ}\““,",‘-* g &S 1\
; ;:II [}? SNe—— TN g
D B | B G — ~ =t
UK e ]
RIS = |
ﬂ\agggﬂ.\ﬁ Structure 1
N : =R g-_,—g-,,ggl\
RS =l
Al T ‘!\‘ ﬁ =
‘nﬁﬂk—_ﬂ\@%i\ _ T
—_— e Eeea= |\ A N — S
IR _-\":E\—\E-‘-\a_ =) e e
%ﬁlﬁ"“ ; — = B Y N | il 1 —
e == REEE NSl —
SR e SISIS IR =
'\ﬁﬁi[;—_i.ﬁ! !ﬂﬂ];%ﬂmﬁ-m%”“ == .'[\_il |

N s o “Iﬂ;i
= e

===l

7 —

7N,
NG
A

= = e
— @mﬁﬂl-m-w% ?:\\_ﬁ,,\'I\\

T

i LI T[]
e it

Zas
\AE

Vv = \7‘\

=

Structure 2
Structure System



Problem Statement
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1. Energy Waste

Environmental Impact of Wood, Steel and Concrete If concrete was a country it would be the third largest carbon emitter in
0 B the world
= .
QJ 5 B Wood Percentage of global carbon emissions
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S 4 M Concrete Ll
g us
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Fossii Resource GWP Acidification Eutrophi- Ozone Smog Aviation
Energy Use cation Depletion Potential UK

Guardian graphic | Source: UM environment, Chatham House

Each square meter of building area supported by a steel beam requires up to 40 kg of carbon dioxide emissions and 516 megajoules of
energy. For concrete, its carbon dioxide emissions are 27 kg and energy consumption is 290 megajoules. Only 4 kilograms of carbon dioxide
and 80 megajoules of energy are required to build each square meter of building area supported by wooden beams.

The life-cycle emissions of wooden houses are 74% lower than steel-structure houses and 69% lower than concrete houses.
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2. Society Need

What does history mean for a city?
What function should be included in an archive building?e
What kind of space should archive building provide for a city?

Storagy/Exhibition/Library/Communication/Monument/Media Center...

.........
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3. Flexible for Future

What should an archive building be in the digital future?

The question of the archive is nof, | repeat, a question of the past...but rather a question of the future, the very question of
the future, question of a response, of a promise and of a responsibility for tomorrow. The archive: if we want to know what
this will have meant, we will only know tomorrow.

—Jacques Derrida
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Design Question
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1. Use wood as main
structure

2. Create large
public space above
the original volume

Research question

How to use timber strcuture to
create large-span architetcture
space?

Problem

>| Analysis

>| Solution

_______________________________________

__________________________

___________________________________________________

1. Concrete building is not
ienvironmental-friendly

_______________________________________

_______________________________________

__________________________

__________________________

___________________________________________

3. Building space is noft flexible N
u’ro meet future needs .

___________________________________________

>i2. Redefine the |
func’rlon |

__________________________

13. Create large & /

__________________________

flexible space :

> 1. Environmentally friendly

' Lightweight materials

EffICIeﬂT construction methods

In conftrast with the original bU|Id|ng

___________________________________________________

___________________________________________________

2. Interact with the city
: Create more open & public space |

___________________________________________________

___________________________________________________

N\ 3. Large space without columns to |
i be flexible for future needs ;
i Multiple activities in one big space

___________________________________________________

———————————————————————————————————————————————————

14, From aesthetic perspective

\; Create a sense of light and floating
i The sense of reducing the weight of!
' the structure

___________________________________________________

> | Question

Design question

How to use lightweight structure
renovate an old massive con-
crete building into an efficient
and flexible building in order to
meet new requirements in the
futuree

15




Design Objective

- Creat more public space to attract more users
- Use wood as main structure to creat the sense of lightnss to form a contrast with the original building

- Solve the energy problems to make the original building more sustainable

16



Research
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— 1. MATERIAL

—2. TYPOLOGY

— 3. CONSTRUCTION

RESEARCH QUESTION:

HOW TO USE TIMBER STRUCTURES TO CREATE LARGE SPACE®?

—= 4. JOINT

—— 5. SUSTAINABILITY

Properties
Type of timber

Characteristics

Classification
Applicable span
Applicable Condition

Construction method

——

Matc

—== Baesd on force

h construction methods

different structure systems

Classification

Connection of hybrid structure

Match jonts with differen

sfructure systems

Connectin of concrete structure and timber structure

Sustainability of timber structure

Building envelopes in large public space
- Glass curtain wall, roof, equipment

.I.

Decide suitable
tfimber structure
system

i

#

Solutions can be
used in design



Material Properties

BLACK WALNUT

Porous

Low thermal conductivity,
mechanical elasticity,
buoyancy; high porosity,
large amount of stored
air, easy to breed rotting
bacteria; suitable for
antisepfic.

RED OAK

Anisotropic

The tensile strength of
wood along the grain is 40
times that of the horizontal
grain; the compressive
strength of the wood
along the grainis 5-10
times that of the horizontal
grain.

Good tensile strength
Wood has a good
strength-to-weight ratio,
and its strength-to-
weight ratio is 3 times
that of concrete and

3-4 times that of steel. In
addition, wood has good
tensile and compressive
properties and weak shear
resistance.

.

i

‘ 3_

SOUTHERN YELLOW PINE

»
.

N
|

4

Light-weight

As a building material,
wood is lighter in quality
than other materials.
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Structure System

Schematic Load Structure Construction Applicable Applicable Rise-Span Main Pros and
Diagram Condition Member Method Joints Span Ratio Features Cons
Wooden Suspension Tensile stress Wooden diagonal Lifting Hinged 50 - 200m 1/20-1/10 Steel-wood com- -Large span
Structure brace, Steel-wood construction connection bination, Hybrid -Single form
hybrid roof/Steel cable
Cable Composite Tensile stress Wooden column and Lifting Hinged 30-150m 1/20-1/8 Thin roof, Mem- -Light-weight
Structure arch, Steel cable construction connection brane, Hybrid -Few connected
joints
Arch Structure Compressive Wooden column, Jacking . : 18 - 200m 1/8-2 Small bending -Smaill span
. Pin connection .
stress Wooden arch, Sec- construction moment, Good -Single form
ondary connecting compressive perfor-
member mance
Portal Frame Bending-shear- Wooden column, Jacking Pin connection 18 - 60m 1/10-1/2 Large internal -Small span
Structure ing stress Wooden beam and construction space, Heavy -Single form
secondary member weight
Truss Structure Tensile & Wooden column, Liffing Pin connection ’ N
Compressive Wooden truss and construction 10-75m 1/10-1/5 fPlcne geomeTrlc -Qood stability
orm, Weak stiff- -Single form
stress secondary member ng ]
ness -Simple construction
Space Truss Tensile & Wooden supporting Liffing Metal ball 20 - 80m 1/14-1/10 Component stan- -Heavy weight
Structure Compressive column, Wooden construction connection dardization, -More consumables
stress members Strong stiffness
Grid Structure Tensile & Wooden roof, Support-  Hoisting Embedded 15-120m 1/20-1/10 Various forms, -Rich in form
Compressive ing system construction connection Integration -Light-weight
stress -Difficult construction

20



Joint

Hinged connection

Pin connection

21



Literature study Case study Combine with the context

\
&

Conclusion

&

- Structure landing part is small

- The structure grows from bottom to top
- Support a large and continuous roof

- Start from unit to a whole system

22



Design
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Context

24



Old District Government Office
(Main functions are museums, (Mainly used as some
commercial district and some  government institutions)
government offices)

A P S W D
wikge!Nassaubuurt
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Commercial District  Central Business District
(Consisting of shopping malls (Consisting of Office buildings,
and shops along the street) high-rise residential buildings, hotels)

Park

(Natural landscape and
man-made park)

Residence
(Consisting of Old-fashioned
single-family houses)

Residence
(Most of them are Multi-storey
apartment house)

Public Building

(A new business district)
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Space Sequence

The end of the public building's axis
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Public Space

Public space are fragmented and not enough
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Function Intersection

The site is located in a multifunction urban space
Various spaces with different functions influence each other
The frequency of space use is large, and the flow of people is large

PARK

28



ARIVATE

Street
Museum
Square Mgdia Center
Govemment Institution Station Study Room
Public Transportation Exihibitian Work shop
Commercial Buiding plell Rest room
Cdfe
Park & Landscape
AN
7/

H >

CInY PUBLIC PRIVATE



Site Analysis

Surrounding status

Righway
gr Closed)

vated Railway
‘Ground Elgor Closed)

Road Restriction Surrounding Function Available Space
There are several railways and highways around In front of the original building is a square, The space suitable for expansion is the
the original building, and the renovation space surrounded by museums and The Hague square in front of the entrance and the
is limited and it is difficult to expand outward Central Station space above the original building
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Site Analysis
Original Building

The file storage space is blocked by the
apartment building from direct sunlight from the
south, and the newly built part on the north side
of the building also needs a lot of shelter

The original building has many roof terraces on
different floors, and the height increases from
south to north. These different volumes have rich
spatial relationships and can be used

The square in front of the original building, the
atrium, and the green space on the west side can
all be used, and the large-area roof is implanted
to transform it into different public spaces

31



Site Analysis

Circulation

Courtyard Public Hall

Urban Square
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Strategies

Canopy

1
Detaching

- Creat a large and continuous public space
without intervening original building

New Volume

2 3
Attaching Insert

- Creat more public grey space for city by - Renovate the inside public space of the
attaching the orignial building original building

33



Canopy

Detaching
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Vieux Port, Marseille Children Village, Brazil
Norman Foster Aleph Zero & Rosenbaum

Floating Pavilion, Taiwan Stavros Niarchos Cultural Centre, Athens
Shen Ting Tseng Renzo Piano
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Structure Design

Requirements

- Structure landing part is small
- The structure grows from bottom to top
- Support a large and continuous roof

- Start from unit to a whole system

36
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Structure Design

Tree shape column

EEREEEXER VYT YYYYY BEREERRK

VIS IS S S VILS SIS S VIS S S S

Traditional column V shape column Tree shape column

[ oL T

Space form of tree shape column
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Structure Design

Base structure

Four sets of steel plates
connected to the
main steel base plate
of 1000/50mm and
placed in a concrete
base

Bottom part

Four Glulam Timber
columns connected
with fixed wooden
components and
steel cables

The first branch
expansion

Two timber components
form a group connect with
the main bottom structure
and then also fixed with
other components on the
top

The second branch
expansion

Four structural branches
expand and connected
with the main structure with
pin connection by bolts
and steel plates

The last expansion connecting
main beam

Again the two timber components
connect with the main structure with
pin connection by bolts and steel
plates. And then they connect with
the main timber beam

40



Structure Design

Roof strcuture

Roof components

[ ——
Tee— 7 l

S

/i

The main beam is connected by small-size
secondary beams to form an integral roof
structure (a grid wooden structure roof), which
forms an integral unit structure with the main
supporting structural columns at the bottom

Lay roof panels, skylights, drainage ditches and
other components on the roof structure. Steel
cables are used as a tensile structure at the main
structure to strengthen the stability of the entire
roof

41



The top is stretched by a steel cable
structure, which fixes the main beam and
the main structure together to form a stable
overall structural system

The third structure consists of two units
forming a large roof with a height of about
30 meters

The second structure is composed of three

unit bodies with a height of about 25 meters.

The two wings of the roof are inclined
downwards, the cross-section of the roof is
trapezoidal, and a cavity is formed in the
middle

The first group of structures is composed of
two units with a height of about 17 meters

12



A

Structure Model
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Structure Model
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Structure Model - Unit
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New Volume

Attaching + Insert
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Function

Others

Restaurant
Pantry

Presentation Room

Office

Reception

Work Shop

Exihibition

Reading Room

Study Room

Archive

Original Function

Cafe

Public Hall

Auditorium

Work Shop

Media Center

Temporary Exihibition

Exihibition

Urban Space

New Function

Original Building

—R e -ﬂ 1 i Pine
- — fole - = == : ‘
— St Il 71;; mlAlﬂJ
i i —
il s g "

Space Redefine

EXIHIBITION

1 EXIHIBITION

!
1 CONMMUNICATICN
g CENTER

| ‘ .

: STAGE  |FoN RoaM

I I ReADING
ROOM

ARCHIVE
/STORAGE

BASED ON TYPES

o
L
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Z
L
)
<
O
L
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New Space Relationship
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Space Relationship

Original

New

Archive Space

1 1
/ o .
i 1
s R !
2> BA [ TR = '
i | , A0 '
1] | '
s i
[ ]
1 1 1
Office Afrium Public Space

Main New Program

Archive Space

% 1
% 1
7 | U
Smmm(n | 8 LI :
= [ | = = .
i [ A 1 '
| T [ !
I
i 1
1 1 1
Media Center Garden Exihibition & Cafe

& Public Space
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Plan

1 Public Hall

2 Temporary Exihibition

3 Shop

4 Atrium

5 Reading Center

6 Showroom

500

Floor L1 Plan 1
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Plan

1 Public Hall
2 Lounge

3 Exihibition & Workshop

4 Office

5 Atfrium

6 Reading Center

7 Terrace

500

Floor L2 Plan 1
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Plan

1 Terrace

2 Reception

3 Cafe

4 Smoking Room

5 Presenting Room

6 Store Room

7 Study Room

8 Media Center

Floor L4 Plan 1:500
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Plan

1 Presenting Room
2 Meeting Room

3 Media Center

4 Rest Area

WA

500

Floor L6 Plan 1
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Plan

1 Office

2 Media Center
3 Rest Area

4 Public Education

500

Floor L8 Plan 1
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Entrance & Terrace

Attaching

PR 1 ry

TTOI 81

[
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B .

L ]

B Yy,

L4 Floor Plan

L1 Floor Plan
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Atrium & Media Center
Attaching
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Atrium & Media Center

Attaching

i

L8 Floor Plan

L6 Floor Plan

L4 Floor Plan
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Exihibition & Cafe

Insert

1111

L3 Floor Plan

L2 Floor Plan






Reading Center & Study Room

Insert

L2 Floor Plan

UTuTeT

L4 Floor Plan
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Site Plan
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Section
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Section B-B
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Unit Construction

Top Part

Middle Components

Base Part
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Facade Design
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Facade Elevation 1:100 Facade Fragment Vertical Section 1:100
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Facade Detail Horizontal 1:30

Facade Detail Vertical 1:30

1- Cedar Siding

2- Rigid Insulation Foam

3- 15mm Conifer plywood

4- 40mm Impact-sound Insulation

5- Double glazing: émm Toughened Glass +
12mm Cavity + 6mm Lam.Safety Glass

6- 50mm Mineral-wool Thermal Insulation

7- 50mm Lightweight Concrete Panel
8- 6mm Mrtal Angle Iron

9- 350*350mm Douglas Fir Beam

10- 150mm Structural Polywood Slab
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Facade Design

il

Facade Detail Vertical 1:100
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Facade Detail
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1- 350*400mm Douglas Fir Beam

2- 50mm Gutex Wood Fiber Insulation

3- 60mm Douglas Fir

4- Double glazing: 6mm Toughened
Glass + 12mm Cavity + 6mm Lam.Safety
Glass

5- 350*400mm Douglas Fir Beam

6- 350*700mm Douglas Fir Beam

7- 60*80mm Douglas Fir Beam

8- 1650*990mm Photovoltaic Panel

9- 35mm Galvanized Steel Sheet

10- 120mm Corrugated Sheet Steel

11- 30*50mm Douglas Fir Beam

12- 160+140mm Foam-glass Thermal
Insulation

13- 30mm Tongue-and-groove Softwood
Boarding

1
2
3
4
5 |
(= 11
—12
6 78 9 10
HHHHHHHHHHHHHHHHHHHHHHM‘\ OO T T 3 W_

1- Double glazing: 6mm Toughened
Glass + 12mm Cavity + 6mm Lam.Safety
Glass

2- 20mm Galvanized Steel Cable Joint
3- ®16 mm Steel Cable

4- 300*250mm Douglas Fir Column

5- Galvanized-steel RHS Frame

6- 15mm Conifer plywood

7- 50mm plywood Board

Facade Detail Vertical 1:30

8- Macadam

9- 100mm Rigid Insulation Foam

10- TOmm Steel Gutter

11- 120*50mm Galvanized Steel Handrail
12- 16mm Lam.Safety Glass
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Roof Design

Steel Cable

Steel Column

(Connecting main
beam and steel cable)

Photovoltaic Panel
(South Side)

Gutter (Fixed in the

roof's gap)

Insulation

Supporting Structure

— Skylight

Galvanized Steel

Sheet

Steel Column

(Downspouts)
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Roof Design

Detail 1.1
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1- 120mm Corrugated Sheet Steel  5- 400*600mm Douglas Fir Beam
2- 50mm Pine Battens 6- 30mm Softwood Boarding
3- 20mm Rough-swan Softwood 7- 35mm Galvanized Steel Sheet
Boarding 8- 1650*990mm Photovoltaic Panel

4-60mm Douglas Fir 5- 60*80mm
Douglas Fir Beam

Detail 1.1 1:10
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Roof Design

Detail 1.2
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1- 500*600mm Douglas Fir Beam 6- 30mm Softwood Boarding

2- 500*120mm Douglas Fir 7- 35mm Galvanized Steel Sheet
3- 10mm Steel Gutter

4- 250*250mm Steal Column

5- 120mm Corrugated Sheet Steel

Detail 1.2 1:10



Roof Design

N

oo

W\

Detail 1.3
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1- 35mm Galvanized Steel Sheet
2- 120mm Corrugated Sheet Steel

3- 6mm Steel Sheet
4- 100*30mm Wood Piece

5- 120*120mm Galvanized-steel

RHS Frame

6- Double glazing: 6mm
Toughened Glass + 12mm Cavity +
é6mm Lam.Safety Glass

7- 120mm Douglas Fir Beam

8- 600mm Douglas Fir Main Beam

Detail 1.3 1:10
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Roof Design
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1- 350*400mm Douglas Fir Beam

2- 50mm Gutex Wood Fiber
Insulation

3- 60mm Douglas Fir

4- 50mm T Window Sill

5- 120mm Corrugated Sheet

6- 50mm Pine Battens 7- 120mm
Douglas Fir Beam
7- 300*300mm Douglas Fir Beam

Detail 1.4 1:10



Roof Design
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Detail 1.5
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1- 30mm Tongue-and-groove
Softwood Boarding

2- 160+140mm Foam-glass Thermal
Insulation

3- 20mm Timber Board

4- 120mm Corrugated Sheet

5- 35mm Galvanized Steel Sheet
6- 10mm Steel Gutter

7- 500*120mm Douglas Fir Beam
8- 500*80mm Rigid Insulation

9- 400*400mm Douglas Fir Beam
10- 200*400mm Douglas Fir Beam

Detail 1.5 1:10
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Roof Design

Detail 1.6
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1- @20 mm Steel Cable 6- Rigid Insulation

2- 35mm Galvanized Steel Sheet 7- 350*400mm Douglas Fir Beam
3- 20mm Timber Board 8- 50mm Gutex Wood Fiber

4- 120mm Corrugated Sheet Insulation

5- 20mm Rough-swan Softwood 9- 60mm Douglas Fir

Boarding 10- 50mm Timber Board

Detail 1.6 1:10
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Climate Strategy

Light & Rain

Natural Light

Sunlight
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Climate Strategy

Natural Light

Rainwater Solar Energy

Rainwater
Natural Light

Photovoltaic Panel
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Rainwater Collection

Mechanical Ventilation

Natural Ventilation

9 Cooling Pipe

Water Collection



Climate Strategy

Natural Light
Solar Energy

Rainwater

Rainwater

Natural Light

) Photovoltaic Panel
Rainwater

Rainwater /

Fresh Air
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Reflection

Potential application - Renovation for old concrete buildings
- Flexibility for production and construction
- Sustainability

Issues - Relationship between research and design
- Relationship between structure and building
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