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Project introduction — A16 Rotterdam

Client: Rijkswaterstaat
n Consortium De Groene Boog:

BESIX / Dura Vermeer / TBI Mobilis Croon Wolter & Dros / Van Oord / Rebel / John Laing

Construction period: 2019 — 2024 + 20 year maintenance

DBFM contract / -+ €800 Mio

éBESIX = mobils " pburavermEER Van Oord W

TBI infra

Marine ingenuity
;___, croonwolter&dros | T8I

H3BEL John laing

making infrastructure happen
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Project introduction — A16 Rotterdam
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Project introduction — A16 Rotterdam
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Project introduction — A16 Rotterdam

Lage Bergse Bos o
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Rottemerentunnel

Dienstgebouw noord
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Rottemerentunnel, van aanbiedingsontwerp tot realisatie

2018 2019 2020

I L | I
! Sep-Oct Mar - Apr Apr - Oct 1
1 SDR PDR Bouwplan 1
: Gunnlng CcD el AD 1 ) : Start bouw Tunnel
1 8—3—:8 1.5.18 25-6-18) Aug-18 1219 h-3.19 Aanvraag omgevingsvergunijing Tunnel Jul-20
! TTI Klaar od 71 Kiaar Novdo
1 1
1 1
1 1
1 1
1 1
1
1
1
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Tender: Planning & Strategy

28/11/2016
Tender guideline

14/02/2017

Dataroom

10-12-2020

FREEZE
SOLUTIONS

31/08/2017
End phase 1 tender

PHASE 1: PHASE 2:
DEVELOPMENT ELABORATE
eVariant study *Design (SO/VO)
*TOM’s *Planning
*Planning *Phasing
*Phasing ...

FINALIZATION
DESIGN

01/12/2017
End phase 2 tender

‘%E GROENE BOOG

23/01/2018
Qualitative bid part

19/02/2018
Quantitative bid
part

PHASE 3:

OFFERING

*Bid preparation
eFinalizing qualitative
bid documents
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Tender design

1. Construction method
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Tender design

2. Geometry: longitudinal alignment & internal dimensions

CROW richtlijnen

Fietspad Wandelpad
i o - Hoogteverschil >1m: helling 1:25max (4%) (helling flauwer
riread b dan 1:25 worden benoemd als “vals plat’, vlakke voet-
fietspad tussen 0%-7% En gangersroute.
LY
wandelpad <4% } PR cas e
a b et rcon 7 ook
i i 7_"-«..:7-
"
Helling berekening
(Hoogte : Lengte) x100 =helling % @ 1 B : ‘ Mmamw . a - v ow
Maximale hoogteverschil: 3,5m <1m hoogteverschil: advies 7,5%, max 10%

3m hoogteverschil: advies 2,5%, max 7%
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Tender design

2. Geometry: longitudinal alignment & internal dimensions
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3. Crossing Rotte

et HHL A HATHTRTTHTHH T

i i
wmem=  (Geperforeerd
= = Nietgeperforeerd %
M291 = = Tidensbouwfase M296

M29.1 === == Stedinleiding @477 Beschermingszone
Scherm definitief =~ = = == = Grens beschermingszone

M2.9.1
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el Rotterdam-Zuid — [
Breda Utrecht T
Rotterdam
Dordrecht Gouda -Terbreqge
& -

2500 m ___ 2500m

VO /DO / UO
\
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Voorontwerp

2018 2019 2020

| | L |
Sep - Oct Mar - Apr Apr - Oct
SDR PDR Bouwplan
Gunnlng CcD Fc | AD ) ) Start bouw Tunnel
g.3.=g 1-5-18 25-6-18) Aug-18 1-2-19 1-3-19 Aanvraag omgev'\llngS\:/Lzrgunnmg Tunnel Jul-20
I TTI Klaar DO TTi Klaar o
1 1
1 1
1. Scrum sessions and thematic sessions:
a. Scrum sessions: Validate client’s requirements and agree on verification method
b. Thematic sessions: Meet stakeholders, validate tender design, create goodwill, collect stakeholders’ knowledge and boundary conditions,...

2. Integrated design incorporating procurement, construction, maintenance, safety,...

Boundary conditions from procurement, construction, planning, maintenance, safety, ... shall be fixed with each other to serve as starting point for the DO stage.

Road alignment has been frozen.

15
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VO — Example of requirement validation
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VO — Example of requirement validation
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VO — Example of integrated design

g

=

[

g

-

=
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c
—
Zuidelijk tunnelportaal

Noordelijk tunnelportaal

B 1 -richtings ventilator — Nominale @ = 1120mm
< - Omkeerbare ventilator — Nominale @ = 800mm
@I 1-richtings ventilator (enkel inschakelen voor de

tegenventilatie in de Hoofdrijbuis Rechts) —
Nominale @ » 1120mm
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Definitief ontwerp

2018 2019 2020

| L |

Sep - Oct Mar - Apr Apr - Oct :
SDR PDR Bouwplan 1
Gunning  CD el AD 1 ) : Start bouw Tunnel
8-3-18 1-5-18 25-6-18) Aug-18 1219 h-3.19 Aanvraag omgevingsvergunijing Tunnel Jul-20
TTI Klaar od 71 Kiaar Novdo
| 1 1
| 1 1
1
1
1

1. DO —Part 1: Multidisciplinary geometrical coordination + requirement verification

At the end of the DO part 1, the whole functional geometry is frozen, tolerances are agreed, the calculation basis of design is ready, and requirements are verified as
much as possible. These design deliverables serve to proceed with PDR, review by Veiligheidsbeambte, and construction permit.

2. DO —Part 2: Calculations + finalisation dimensions

At the end of the DO part 2, all calculations are done and structural dimensions are fixed. Furthermore specifications are generated intended for procurement.

19
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DO — Part 1: Example of geometrical coordination
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DO — Part 1: Example of tolerance analysis
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Nominale maten OWB
schael 1 20
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VIKTOR — The first date ...

=1\

#3 Output

o Generate your results in reparts,
drawings and datafiles.

#2 Input o

Easy input of data, rules and
requirements by the user or datafiles.

#1 Integrate

All engineering software is integrated
within one VIKTOR application.

#4 Multiple users

Create user groups with tailored access
rights

22
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Automation, integration and parametrisation — Why?

* Repetitive sections aren’t identical
= Different depth due to longitudinal alignment of the road
= Varying geotechnical profile (i.e. subsoil sand dunes)
= Different swelling pressure after excavation
= Variable loads on tunnel (i.e. roads vs. sidewalks)
= Different ground water levels
= Different preloading time of backfill along tunnel

Optimisation:

1. ‘Choose’ no determining loads to create ‘manual’ envelope, but run automated calculation
of all sections based on correct parametric input

2. Strive for uniform design to serve repetitive execution

BUT: Maybe the overview of U.Cs shows the advantage of 5 ‘special’ sections to optimise all others

23
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Automation, integration and parametrisation — Why?

* How to find the drivers and sensitivity of the design?
> Parametric design gives opportunity to easily determine key influencers

* Soil investigation will be available late in time

> Automated re-run after importing new GEF-files and allocating soil layers

* Manual transfer of output software X as input for software Y
= time consuming and error prone

> Ideally, calculation and modelling software use the same, centralised information
about geometry, soil conditions, concrete cover, reinforcement configuration ...

24
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The ambition ...
® Dynamo —

Ge AUTODESK Geometrisch paspoort

tekeningen
AUTODESK’
REVIT
Genereren exports

tbv. =% . =
==2%
. £ SOFISTIK

BIM-model,...

Meodellering paspoort
(ONM)

Genereren modellen op basis
van parametrische families
(Beton, wapening, VTTI)

/ GEF files sonderingen

Geotechnische parameters
(Startnota geotechniek)

\

Coordinatentabel VTTI

{E]/

v

VIKTOR (MOCS) VAULT

= parameters

=modellen

DO rekennota
Berekening veerconstantes
SCi
: iA
u 1 A

StatiCa“

ENGINEER

EE-berekening tunnelsectie

Controle damwanden

+
+ Controle paaldraagvermogens Wapeningscontrole WapeBSE A
Effecten zetting grondaanvulling (Optioneel, indien scia niet ¥
op en naast tunrnel mogelijk of nietgewens) Controle trek/drukspanningen 25
__+_ . i.f.v. brandwerendheid
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Approach
* Partner: Y”(
TOR
* Scrum methodology with 2-weekly return period
* Team:

e BED: Senior designer

» Prepares all FE modelling and calculations in a ‘classic’ way

= Defines the parametric data and decides about ‘hard coded’ items

= Makes a functional analysis about the functionalities he wants to have developed
* VIKTOR: 2 python software developers

= Build project specific platform with GUI for parametric input

= Build parametric FE model
Create central database with output and input
Integrate different software tools by managing data output towards data input
Build GUI for visualization of results

26
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Platform structure

* Level 1: Overall tunnel

General geometric parameters, materials and load cases
Import MX-file with road alignment

Import load combinations and result classes

Create different reinforcement configurations

Visualise global results

* Level 2: Individual sections
* Local soil conditions
* Define deviations from overall parameters
* Define applicable reinforcement configuration
* Visualise local results

27
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Level 1: Overall tunnel - Geometry

Tunnel > Editor bdirkx@besix.com &

ALGEMEEN GEOMETRIE MATERIALEN GEVALLE D> TUNNEL LANGSDODRSMEDE DWARSDOORSMEDE VOUTEN NTERNE KRA! >
Tunnelmoot ~
Dikte buitenwand Breedte HLI Breedte MTK Breedte HRe )
s -‘4 Lt | i
il | |

J:{'_: =

|
and (mim) 2 Qikte binnenwand

Dikte dakplaat

450 Stijucturele hoogte
Breedte
GOOH e
x I =00 X -

Ofrset b =i} L8 0 GOOH (mm) . -

768 Nominale dikt§ A
Vouten - If_jf?? it buitenwand binnen

Offset buitenwand bifiten| Offset palen MTK
/and bUgten) il [ S
Vioer v
Haal diameter
i

Palen " +
Wapening v Paalpunt niveau
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Level 1: Overall tunnel — Load cases

> Editor

Tunnel

DE GROENE BOOG

= 0 9

bdirkx@besix.com e

RIALEN BELASTINGGEVALLEN

Variabele maaiveldbelasting

Vulbeton

Asfalt

Technische installaties

Verkeer

Aslast rijstrook 1 (KN)

e
=
[=]

200 100

GVB rijstrook 1 (kN/m?

10.35

Temperatuur
[ siocai232 |

10-12-2020

Aslastrijstrook Z (kN) Aslast rijstrook 3 (kN)

Dikte bu

L g

Dikte dakplaat :

Nominale dikte_

Offset buitenwand bu
EE——

{1

(=]
E—

48]

Paalpunt niveau

itenwand
=

DWARSDOORSMNEDE

VOUTEN NTERNE KRAL

Structurele hoogte

Breedte HLi B

Breedte HRe

Breedte
| leen

t buitenwand binnen

Dffset palen MTK
—

g@l diameter
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Level 1: Overall tunnel — Reinforcement configuration

> Wapeningconfiguraties » Editor B 2 @O 9 bdifke@besixcom
WAPENING FIGUUR
Configuraties ~ H
Wapening
Naam Diameter 1 (mm) HOH-afstand 1 (mm) Diameter 2 (mm) *
bovenstructuur min 10 400 10
bovenstructuur 16 400 16
max
bodemplaat min 20 400 20~
4 b HOH-afstand 1
HOH-afstand 2
I 1
® - 0 -
Diameter 1 Diameter 2
viktor siv2 32 30
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Level 1: Overall tunnel — Reinforcement configuration

> n e ing > Editor €« B @O 9O bdikx@besixcom E

< L DAKPLAAT RE DAKPLAAT MTK STERW > FIGUUR
Grondzijde ~ :
Dexking (mm
40 Woute W, Ll Voule W, Re
L, zone 1 (mm) zone 2 (mm Mot Y S e el Dekplat MTK cut sianliks e ‘oute BYY Re
3000 3000 = M ] |
wu N Dakglaat Ll W, Re Dakplaat Re W Re
Wapening, zon fon Hr
bovenst.. = bovenstructuur min v
=1 HLi HR
bovenstructuur max I Grondzijde o 2 L ! Grondzijde
Zaned, L1 Verkeerszijde Verkeerszijde .
Verkeerszijde ; . v S o
_ bodemplaat min i : - .
i s A R - AT
Al o y s - AR
bodemplaat max = ! . i
| Bodempiaa ‘ ‘ L
& ol B -4 Fe .}
82 | e3, L3 " ne 5 L5
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Level 2: Individual section — Local soil conditions

Tunnel > Moot20 > ¢« B B @O O bdik@besixcom B
INVOER AFWLIKINGEN DOWNLDADS ANALYSE > MODEL EINDFASE MODEL BOUWFASE WATERDRU KORRELDRUK NTERNE KRACHTEN
Algemeen A -
L}
= e o ! s > e i - - - -8
- L * L3
L]
) | L] !
L] L]
Geotechniek ~ i i
I H b
[ BE T TR L - . @ - L wha . - - “sbe s »
Ky paalpunt (MM/m) Ky damwand {(MN/m Stijfheid
100 200 Hoog (v2) v
Beddings
Bovenkant laag (m-NAP) Laag soort qc Grondwater
5.50| Zand 6.00
0.00 Klei 0.50
-3.00 Silt 6.00 1 1 1 t
-7.50 Zand 10.00
-11.50 | 5ilt 4.00
-17.00 Zand 14.00 =«
-19.00 | Klei 2.00
-19.50 Zand 20.00
[ ocaiz22 - 37
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Level 2: Individual section — Local soil conditions

Tunnel > Moot 20 Editor ¢« B B O 9 bdike@besixcom O
INVOER AFWIJKINGEN DOWNLDADS ANALYSE > MODEL EINDFASE MODEL BOUWFASE WATERDRUK / KORRELDRUK INTERNE KRACHTEN
Algemeen A -
m
Visualiseer draadmodel Visuatiseer grondiagen
Geotechniek ~
Kv paalpunt (MN/m) K damwand (MN/m} Stijfheid
100 200 Hoog (+2) -
Beddings
Bovenkant laag (m-NAP) Laag soort qc Grondwater
5.50 Zand | 6.00
0.00] _I{Fei | 0.50
—3.00:8;’& | 6_00:
—?_SDl.lZand | 1000 O
—11.50:8:’& | 4_00: (=]
-1?_0_[]_.2_and | 1400 =
—19_OD:KIei | 2_00:
-19.50 | Zand 20,00 &

= 33
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Level 2: Individual section — Local soil conditions

> Tunnel > Moot20

‘%E GROENE BOOG

< a == G) @ bdirkx@besix.com e

INVOER

Algemeen

Geotechniek

Beddings

Bovenkant laag (m-NAP)

10-12-2020

paalpurt (MMN/m}

aligeer dragdmiode|

kv damwand {MN/m

200

5.50| Zand
0.00 Klei
-3.00 Silt

-7.50 Zand
-11.50 | Silt
-17.00 Zand
-19.00 | Klei
-19.50 Zand

Laag soort

Stijfheic

Hﬁog (%2)

qc
6.00
0.50
6.00
10.00
4.00
14.00
2.00
20.00

Grondwater

Dlepte [m-NAP]

WATERDRUK / KORRELDRUK NTERNE KRACHTEN

GHG/GHS GLG/GLS

EHG/EHS ELG/ELS

-25

=5.0 1

-7.5 <

-10.0 4

|
-
W
w

1

=17.5

20,0 o

—2p.

100

o [kNfm?]

—— Waterdruk  —— Korreldruk

100 150

= GWS  --- Stijghoogte
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Level 2: Individual section — Visualise local results

Run SCIA

In progress...
Start SCIA berekening (Moot 1/1)(1/6)

35
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Level 2: Individual section — Visualise local results

&« a == G) @ bdirkx@besix.com e

It ANALYSE > INTERNE KRACHTEN
SCIA ~ :
Run SCIA £
3 n
By i
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saE3 458273 EEEHER
Visualisatie van resultaten ~
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Level 2: Individual section — Visualise local results

& a == G) @ bdirkx@besix.com e

> Moot 20
INVOER AFWIJKINGEN DOWNLOADS ANALYSE > MODEL EINDFASE MODEL BOUWFASE WATERDRUK / KORRELDRUK INTERNE KRACHTEN
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IDEA StatiCa ~
Run IDEA StatiCa Download UGT Download BGT
capaciteiten UC capaciteiten UC

vikior ai v2 32 37
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Level 1: Overall tunnel — Visualise global results
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Uitvoeringsontwerp & realisatie

2018 2019 2020

( @
Sep - Oct Mar - Apr Apr - Oct :
SDR PDR Bouwplan 1
Gunning  CD FC AD : Start bouw Tunnel
8-3-18 1-5-18 25.6-18 Aug-18 1-2-19 1-3-19 Aanvraag omgevingsvergunijing Tunnel Jul-20
VOTTI Klaar DO TTI Klaar Novas
1
1

1. UO: Monodisciplinary detailed design — First Time Right
Only detailed development of DO calculation notes and models towards execution drawings. Changes with impact on integrated design result in major failure costs

2. Execution — Site engineering

Support on site related questions and nonconformities

39

10-12-2020 © 2020 De Groene Boog. All Rights Reserved.



\g];E GROENE BOOG

UO — Reinforcement detailing

* Allplan model by Buigcentrale Steenbergen

10-12-2020 © 2020 De Groene Boog. All Rights Reserved.

40



‘%E GROENE BOOG

UO — Reinforcement detailing

* Mock-up in dry conditions




‘%E GROENE BOOG

Proefbouwkuipen

Omgevingsvergunning verleend 20-04-2020
— Planningsbuffer tot start bouw (30-07-2020) niet nodig
- 2 proefbouwkuipen geven kans tot leercurve
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Execution
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Thank you!
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