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Hybrid Morphologies:
An Interdisciplinary Model for Waterfront
Architecture - The Case of Zwijndrecht
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Perception of water

our territories

(land), codes (pol- Y
icies) and bodies e e
(architecture) reflect ©o----------- o Threat and Resource
our cultural memory e e
and the way we live
with water

Flow/ Flood



Water is treated as an enemy and
resource



Water responds and takes over



Perception of water

_________________________________

changing the perception of water

\/
Wetness

Anuradha Mathur and
Dilip Da Cunha

¥
designing, building, living
with water Rise/Fall

(Inhabiting 'The Hydrological
Cycle)
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Designing with nature:

1. Inhabiting the water cycle

2. More adaptive to change in
water levels

10



How can an architectural design intervention and a landscape strategy alter our
relationship with water in areas prone to flooding (e.g. urbanized delta areas)?
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Context
The Netherlands - A country built on water
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Polder Landscapes as a framework
for the Dutch Society
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SOCIETY

ARCHITECTURE

INFRASTRUCTURE

(PRODUCTIVE) LANDSCAPE

ARTIFICIAL LAND

Building on Water
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Flood and reclamation history of the area Biesbosch area, in the early 15th, mid-16th, mid-17th, mid-

18th, mid-19th, mid-20th centuries, and in the 2010 and 2015, before and after the completion of the
“Room for the River



SOCIETY

ARCHITECTURE

INFRASTRUCTURE

(PRODUCTIVE) LANDSCAPE

ARTIFICIAL LAND
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CURRENT POLICIES
AND CODE

SOCIETY

ARCHITECTURE
INFRASTRUCTURE

(PRODUCTIVE) LANDSCAPE

WATER

ARTIFICIAL LAND
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Drawing by Author (source: PBL Netherlands Environmental Assessment Agency, Bilthoven, The Netherlands, 2012)

Research began:

1. Cartographic research into vulnerable areas
+ defense strategies

2. Spatial manifestation



THE CODE

policies
building codes
ect

Research into policies and their spatial
manifestation begins

SPATIAL
MANIFESTATIONS

landscape
architecture
infrastructure
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Room for the River (budget 2.4 billion euros)

2030

2020

2010

2000

1990

34 Projects

Drawing by Author (source: Steenhuis 2018, 21)

Room for the River



Gap between spatial design and policy
(most interventions are landscape,
urban, and infrastructural)

Lack of social awareness in areas prone
to flooding (people depend on the
governments and higher powers to keep
them safe - this is necessary however it
has also created a lack of awearness)
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Gap between spatial design and policy
(most interventions are landscape,
urban, and infrastructural)

Where can you build?
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The dangerous of codes is that they give us an illusion that we can

neatly organize the complexity of this world in a static RGB spectrum

- James S. Scott (Waterloo Architecture, 2019)
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Dordrecht Elevation Map developad by www . FloodMap. net Base map © OpenStrestMap contributors

Flood zones in Dordrecht
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Flood zones in Dordrecht
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Areas elevated above the NAP water level due to

site being used for industry
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Site choice - out side of dike
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Multi-layered Flood Safety Policy

1. Vertical evacuation
2. Dike reinforcmentt
3. Spatial reorganization

30



Zwijndrecht - Dordrecht
areas developing an adaptive
approach to planning and policy in
combination with risk management

Designing with nature:

1. Inhabiting the water cycle

2. More adaptive to change in
water levels

Site specific

3. Integrating the new safety
policy,
Vertical evacuation,
spatial adaptation and
dike reinforcement

31
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BEST MANAGEMENT PRACTICES
STORMWATER LOT - DRY naturallandscape with

Approx. 6300 sqft. minimal maintenance

70% stormwater
capacity

to drainage system

basin
normally dry
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groundwater

floating food farm

by SDE & nexus product design ~ temporary storage levels

105’

perforated pipe allows
| water to drain to storm
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curb cut for —
sheet flow

rip-rap prevents

erosion infiltration into soil

sidewalk with culvert
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Connectivity

Integrating Green, Blue + Gray

Open Ended Flexibility

BEST MANAGEMENT PRACTICES
STORMWATER LOT - DRY naturai andscape with

Approx. 6300 sqft. minimal maintenance

max water level

70% stormwater
capacity

to drainage system

basin |
normally dry |

recharges
groundwater

— temporary storage levels

105"

. # O

perforated pipe allows
| water to drain to storm

curb cut for — s

sheet flow

\
- \
rip-rap prevents —
L infiltration into soil

erosion

sidewalk with culvert

Landscapes as a filter

Landform as Failsafe + Buffer
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Connectivity +
Reading the

Open Ended
Flexibility

3

Landform as
Failsafe + Buffer

4

Integrating
Green, Blue + Grey

5

Landscape as
Filter
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Designing with nature:
1. Inhabiting the water cycle

2. More adaptive to change in
water levels

Site specific

3. Integrating the new safety
policy,
Vertical evacuation,
spatial adaptation and
dike reinforcement

Landscape strategy

4. Following the 5 principles of
designing with waterscapes

38



Using the three territories (left) I apply the research of the 5 principles of

landscapes and water (derived from the numerous competitions and presidents
and the work of Fadi Masoud)
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WET

MORE AREA IS FLOODED

DRY

LEAST AREA IS FLOODED

DYNAMIC

MOST SUSCEPTIBLE TO ECOLOGICAL CHANGES
BETTER ADAPTING TO ATMOSPHERIC, GEOLOGICAL
AND HUMAN INFLUENCES

WE-ES-0 Wetland Flux - Ecological Services
Jand type use density organic constructed wetlands, marshes, new habitats , controlled
through an operable barrier

Controlling the water
cominginto the tsland - =

Genile slope

RI-ES-0 River Island - Ecological Services

land type use denslty organic constructed wetlands, marshes, new habitats

Existing pentnsula

WT - ES -Q  Wetland - Ecological Services

land type use density organic constructed wetlands, marshes, new habitat, retention ponds
for water filtration

Gentle slope for the
new retention pond

site

DI- ES-0 Dike - Ecological Services

land type use density extension of the dike providing a new dry land to build on

Dike extension with
infrastructure

-~ Water lead out of the

WE - MR -3 Wetland Flux - Medium Residential

Land type use density Medium density housing with local street upland, civic spaces for
public activities along the river front.

_____________ Midrise

,,,,,,,, Temporary exhibition

RI - R-ES - Q  River[sland - Recreational ¢~ Ecological Services

land type e densy Elevated walkway that provide recreational use on the wetland

WT - R-ES - Wetland - Recreational & Ecological Services

Tand type use density  Elevated walkway that provide recreational use on the wetland

DI - R-ES - Q0 Dike - Recreational & Ecological Services

land type use densty Elevated walkway that provide recreational use and connection

WF-MC-3

density

land type

use

RI-LR-1

land type

use

density

WT-LR-1

density

land type

use

DI- MP-3

Jand type

use

density

Dike - Medium Public building
public building connected with an elevated path Iand type use denslty public building connected with an elevated path land type use density High density connected through elevated paths

STATIC

LEAST SUSCEPTIBLE TO ECOLOGICAL CHANGES
RIGID FORMS AND LARGE SCALES OF INTERVENTION
WITH THE LANDSCAPE

WF-HR-5 Wetland Flux - Hight density mixed use WF-ES-0 Wetland Flux - Ecological Services

Wetland Flux - Medium Commercial
Architecture on pylons as a means of flood protection

Lind type use denslty High density with a commercial podium Tand type use density organic constructed wetlands, marshes, new habitats, controlled
through an operable barrier

__________ Commercial ground
Sfioor

Controlling the water
coming into the dsland

Changtng floodltne

Wetland Flux - Low Density Residential & RI-MP-2 River Island - Medium Public building RI-HD-5 Wetland Flux - Hight density
Recreational and type we  densly public building connected with an elevated path fand type we  densiiy High density connected through elevated paths
Low density housing in upland areas, floodable water retention areas

and wetlands connected through infrastructure

Wetland - Low Density Residential ¢ Recreational WT-MP-1 Wetland - Medium Public building WT-HD-5 Wetland Flux - Hight density
Low density housing in upland areas, floodable water retention areas land type use density public building connected with an elevated path Tand type se density High density connected through elevated paths
and wetlands connected through infrastructure

Infegrating wetlands

,,,,,,,,,,,,, Water filtratton n

DI- MP-3 Dike - Medium Public building DI- HD - Dike - Hight density

Water lead out of the
stte

Multiple
"""" nfrastructural lines
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WF-ES-0

land type

Controlling the water
coming into the island

Gentle slope

use

Existing peninsula

density

density

Wetland Flux - Ecological Services
organic constructed wetlands, marshes, new habitats , controlled
through an operable barrier

River Island - Ecological Services
organic constructed wetlands, marshes, new habitats

WT - ES -0  Wetland - Ecological Services

land type use density organic constructed wetlands, marshes, new habitat, retention ponds
for water filtration

Gentle slope for the

new retention pond

--------- Water lead out of the
site
DI- ES-0 Dike - Ecological Services
land type use density extension of the dike providing a new dry land to build on
Dike extension wi
infrastructure
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How can an architectural design intervention and a landscape strategy alter our
relationship with water in areas prone to flooding (e.g. urbanized delta areas)?
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Urban

® Commercial
areas

Dike settlements

Housing

'
¢
. neighborhood
¢

Sports
v ground

Characteristics

Polder
agriculture

Green

~~~~~~ corridors Wetland
-~ o -

____________________ landscape

Nature

Static Landscape Dynamic Dynamic



Designing with nature:
1. Inhabiting the water cycle

2. More adaptive to change in
water levels

Site specific

3. Integrating the new safety
policy:
Vertical evacuation,
spatial adaptation and
dike reinforcement

Landscape strategy

4. Following the 5 principles of
designing with waterscapes

Social Awareness

5. Public program - accessibility and

connection to all

4



the site programmaticly

ing

Redevelop

dynamic Ecosystem

Ing a more

Introduc



Introducing a more dynamic Ecosystem

1. Analyzing the existing
ecosystem
- site analysis and textbook
research

2. Applying landscape strategies to

create a better response to the chang-
ing water levels
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osprey

crab

reeds
amphibians
insects
trout

pondweed

increds

Analyzing the existing
ecosystem

march woodland

backside flora
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Avocet Canadian goose Greylag goose Redshank Loosestrife Royal Wort Field Thistle
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Meadow & Grassland Alluvial forest Alluvial forest succession Dynamic zone River bank

Inundated in winter Highly influenced by tide Higher land accretion Sedimentation & erosion Clear flowing water
Alopecuretum pratensis Salix alba Fraxinus ulmetum Chenopodium rubrum Ronunculus fluitans
Sanguisorba officinalis Popilus nigra Prunus padus Typha latifolia Elodea conadensis

Bromus racemocus Phalaris arundinacea Anomodon viticulosus (moss) Pulicaria vulgaris Potomogeton perfoliotus

Fritillaria meleagris Symphtum officinale Homalia trichomonoides (moss) Rumex polistris

Silaum silaus Iris pseudacorus Persicaria lopothifolia

Potentilla supina
Veronica anagollis aquatica
Cyperus fuscus

ﬂ]----\

L T
B it
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Introducting a new Landscape



50

© © 0 0 0000000000000 000000000000 0000000000000 000 0000

as
Green, Blue + Grey

Failsafe + Buffer

Open Ended
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Redeveloping the site programmaticly
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1. Water retension ponds used for filtrating gray

water, run off, and river water

2. Dug out soil - allowing recreational water

sports and water relief

3. Water feature - theater on the water, allowing

the water to overflow
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Residences

run off

Neccccccee——-
fmm——————————

Rowing water

Water Filtration 1

Clean Water

Landscape irrigation

Ice skating
(winter)

Green roof water
collection

Sports center

Ecological
research center

Water filtration using
water retension ponds

River Water

N
Pond 2 Pond 3

54

New river flow

Rowing club I

Water Filtration 2



55

integration

Social

Ly

7
o~
O
=
-—

)
~
S
.
=
=

Biod

|_|

S
2
)
-
Q
~
S
S
O
v
QU
a'd
SN\
&
Q
Q
S8

Ly

1versi

\ / //
\ < / \
, \
\ / /
/ / T x// _
\ NN i \\

- e e e e e e e e e - e e e - e - -



Filtration ponds
Sports center
Rowing club

Retention ponds
Restaurant

Rowing watch tower
Bird watching
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Hybrid Morphologies: &3>
An Interdisciplinary Model for W

Architecture - The Case.d

Ecological Research Center

Visitors Center and Boat Exhibition

Rowing Club and Boat Storage

Sports Club and Football Club
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Design Concept
The Dynamic and Static
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The two structure

Demountable wooden construction

Life Cycle - as building on site 50 years as seperate elements 30 - 40 years

Prefabricated concrete

Life Cycle - as building 100 years as Landscape 150 - 200 years



~
\O

Infrastructure of Leisure



CONNECTING THE URBAN (BEHIND THE DIKE)

AND THE WATER
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BLUE & GREEN INFRASTRUCTURE
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Filtrated and rain water goes
down into the river

Sauna
ventilated when not used

i

River

A - Water Mobility Hub B - Water filtration - free -
goes to the river

Filtrated and rain water goes
down into retention ponds

Natural ventilation
summer time

Retention ponds

C - Water filtration -
controlled - goes to the
retention ponds where it
can be reused
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Voided ConcreteSlab ----cccoemmmmoee K

68

Precasted Box Culvert (concept

Reinforced Concrete Pile Caps -----------------------------
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Green Roof

Biological Concrete
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Pre casted Concrete

Biological Concrete -------=--ccocmmmmommoc ool

VEEP Recycled Concrete

VEEP Recycled Concrete  ----------- izt 08
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Prefabricated Concrete Elements



Green Roof
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... so that the retention space is emptied

and is then available for the next

precipitation event.

The water will run off again through the
retention orifice at a strictly controlled

During extreme rainfall events, the water
in the retention space of the spacer

rate and over a pre-defined period (e.g.

24 hours)

element will rise up to the upper edge of

the inlet pipe.

Biological Concrete -------=--ccocmmmmommoc ool
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Hybrid Morphologies
a deck, bridge, pier, pontoon, dike

Perspective Section
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Hybrid Morphologies
a deck, bridge, pier, pontoon, dike

Perspective Section
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Hybrid Morphologies
a deck, bridge, pier, pontoon, dike

Perspective Section



Gym is ventilated through the
core and mechanically
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Green roof - managing heat
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Hybrid Morphologies
a deck, bridge, pier, pontoon, dike
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The intersection between two structures
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Glulam structure

Concrete prefabricated columns Concrete boat core Glulam structure



Glulam beam
3 beams - 600mm x 140mm
span 8m

Glulam column
4 columns
290x290 mm

Metal plates with bolts

Concrete column
700mm x 700m

Raft foundation

Bolts




outside boat drying

rowing track
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outside boat drying

Boat Storage, Exhibition and Repair




Outside drying |~

and cleaning
zone 4
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-1 level and ground floor
level - showing the boat
storage and the delivery
07 08 point on the ground level.
Vertical elements for Racks for boat Boats are lowered down

reaching the boats placement using a pulley system
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Goes up to the roof

Controlling moisture through ventilation
5 square m window for 400 sq m of boat storage
Shaft size: 8x5 x16m3

-
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Ventilating the space during summer
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BOAT EXHIBITION

entrance for boats as well

RESEARCH CENTER

ground level - Entrance to the Ecological Research Center
and Rowing Club



Entrance to the

amphitheater

Private entrance to
the research center
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e

N4

Entrance to gym and

sports facilities

Entrance to the water

mobility

ground level - Vertical Movement



LABORATORIES

AMPHITHEATER
tribunes for the rowing
competition

OFFICES

LABORATORIES FOR
DISEASE ECOLOGY

first level - Entrance to the Ecological Research Center
and Rowing Club
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Ecological Research Center -
Landscapes as testing grounds






LANDSCAPES OF LEISURE

MEET

LANDSCAPES OF CURIOSITY

Creating moments of spontaneous interaction between visitors and
ecologists from the research center to share valuable knowledge
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FLEXIBLE
LABORATORIES FOR OFFICES

DISEASE ECOLOGY

[ 7

LABORATORIES
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Second Level - Open Flexible Space - Offices and Labs
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Choice of wood for the foundations :
metal sheet piles with raft foundation
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Choice of wood for the facade:
durable to weathering

“Plato wood”- cooked wood
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'Cooked' wood

| R |
Why?

Wood is supposed to be ‘renewable’, but there is more to sustainability than that. The choice of materials is key: have they been produced sustainably? Are
they sustainable in use? And could you use the materials again if the building were to be demolished? Not all kinds of wood are suitable.

How?

The building utilises so-called ‘Plato wood": wood that has been modified to make it more sustainable. Using a combination of pressure and heat without any
chemical additives, the wood is thoroughly refined. This ‘platonising' process fits in perfectly with the building's cyclical, ‘Cradle to Cradle’ philosophy. It gives
fast-growing timbers the same durability as tropical hardwoods, but without the disadvantages. FSC-certified wood is used for the procedure.

Plato wood is used both inside the building and on its exterior: as wall covering, as cladding for the doors, as solar shading and on boardwalks.

= Back to 'Highlights'



[t

]
m‘

1t020 Building Fragment

97



Raft Foundation + Concrete columns

-1 Rowing Club



Metal lip plate for the concrete beam

Concrete Column
700x700mm

Raft Foundation + Concrete columns
-1 Rowing Club



Ground Floor - Boat Exhibition



Glulam Columns



Glulam Beam .
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(600x140mm - span 8m)

N . ................................ 4piece Glulam Column (290)62907’}17’}’1)

Metal Plate with bolts

Glulam Columns



Glulam beam
3 beams - 600mm x 140mm
span 8m

Glulam column
4 columns
290x290 mm

Metal plates with bolts

Concrete column
700mm x 700m

Raft foundation

Bolts

Demountability




Floor covering 20mm
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Dry heating screed, concrete overlaid 75mm
Water Supply Ducts

Footfall sound insulation 40mm

3 - ply CLT pruce panel, iomm

7 - ply CLT sprice panel, 260mm
Mineral Fiber acoustic insulation 40mm

Sprinkler System
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CLT Floor System



Plato Wood Facade System
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Facade System

Plato Wood Facade System
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1. Fire safety sprinkler system

2. Laminated Timber roof:
Accoya battens 120 x 21mm (subfloor), 80mm:
Fireproof waterproof membrane, 1.8mm
Thermal insulation to fall, rockwool, 150 - 100 mm:
Thermal Insulation, rockwool, 120 mm;
Vapour barrier, bituminous membrane, 1.2mm
7-ply CLT spruce panel, 260mm;
3 GLT beam,150x600mm
Mineral Fiber acoustic insulation 40mm
Acoustic suspended panels

3. Solar control: textile

Therman glazing: 8mm toughned glass +12.7mm
cavity + laminated safety glass of 2x8mm
Vertical fin, cooked wood, 100x30mm
Mechanical ventilation duct, max 580x220mm
Water suply ducts 4x of O 100mm

Internal Laminated Timber Slab:

Floor covering 20mm

Dry heating screed, concrete overlaid 75mm
Footfall sound insulation 40mm

3 - ply CLT pruce panel, 90mm;

7-ply CLT spruce panel, 260mm;

Mineral Fiber acoustic insulation 40mm
Acoustic suspended panels 35mm
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9. PU covering 3 - 5 mm
Anhydrith heating screed 80 mm
Separating layer
Thermal insulation EPS 300 mm
Separating layer
Concrete 220 mm

1 to 20 Building Section
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PU covering 3 - 5 mm
Anhydrith heating screed 80 mm

Separating layer

Thermal insulation EPS 300 mm

Damp proof membrane
Concrete foundation 300mm

Sand

Gravel

Concrete raft foundation cast in
situ

Drainage

Reinforced Concrete Footing
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1. F-Profile Easy Glass Prime \
2. Glass 16,76-25,52mm
3. Rubber-Set, adjustable
2. Base (ABS) \
b, Inlay (ABS)
c. Disc (ABS)
d. Rubber (EPDM)
4. Anchor
5. Cap rail @42,4mm

drainage hole

m [

Metal lip
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Wooden Blooking

800.x,400 x 400
Legiébox -XConcrrgtrg box

100mm rigid insulation board

12,7 mm Plywood

20mm Plasterboard
Wooden finish

Grate

1 to 5 Foundation Detail
The two structures coming together

Detail A

Detail B
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Detail C
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Easy glass prime

Flashing to match gutter wrap over deck edge

Single-ply continuous membrane wrapped down
into gutter

Maintain continues opening from roof to
gutter

Square profile gutter match
flashing

Siding plan building section
Drip Edge

Fill cavity solid with spray-foam insulation,
R-49min R-value

Vapor barrier, bituminous membrane, 1.2mm

7-ply CLT spruce panel, 260mm

kawneer single - slope skulight system

50mm thickness of sleeper at
top of the slope

decking, fastened to topered
weather treated runners,
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1 to 5 Roof Skylight and edge detail

Detail A

Detail B

pressure bar beveled Sel o

insulated glass
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Detail C
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natural
ventilatjon
in summer

System during the summer
heating the water for showers

taps
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| <« cold water

Figure 23: Bio safety level 4 laboratory with radial flow diffusers

Section View Laminar Flow Diffuser Side View Laminar Fow Diffusar
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Figure 24: Laminar flow diffuser installed near fume hood green roof - ) fresh air 2
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What happens to the building over time?
114
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The glulam structure can be demounted and
it becomes durable in time



And the concrete dike can remain on site, 116
servicing the local shipments
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Kuja's Electronic Samizdat: Andreas Levers

Architecture as an apparatus - measuring the rising water



Thank you! 118



