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1. OVERVIEW



High Speed 2:

« Connects the major
urban economies in
the UK

« Phase 1 connects
London and West
Midlands

 Phase 2 connects
West Midlands with
Manchester and
Leeds

""""

Dl



« 135 Over bridges
(bridges above the
HS2 railway line)

« 185 Under bridges
(bridges under the
HS2 railway line)

« 70 Viaducts




The Efficiency Challenge
Programme has the mission to
support the delivery of HS2
infrastructure by realising
significant cost savings through
embedding the right sponsor,
client and supply chain
behaviours and processes.

The Efficiency Challenge
Programme comprises 19
projects (Commercial/
Procurement, Skills
development, Design
strategy...). One of them is

Exploit Offsite prefabrication



The primary goal of Project 12 (Exploit Offsite prefabrication) is to maximize the benefits
of Built off site over traditional methods of construction:

* Improvement in Safety

* Programme reduction

e Cost reduction

* Predictable delivery and performance

* Reduced impact of construction on affected communities
* Improvement in Quality

* More Sustainable solutions

Past experiences related to other programs show that if clients do not take the right
steps in terms of design and procurement definition, the project will not benefit from
the built off site full potential.



The Build off site Design Development Work Package include the following activities:

Grouping all the structures into coherent standard families thereby reducing the
number of different types of structures.

Produce reports for each of the families, assessing the most common solutions
against the following criteria:

Functional

Health & safety

Architectural

Economic (whole life cost)

Quality

Buildability

Sustainability

Durability/reliability

... trying to promote or, at least, not to preclude offsite manufacture.

Develop the relevant sections of the “Project Requirement Specification”, with the
aim to allow innovation and address concerns deemed not properly covered by
current standards.

Develop architectural specification, including concepts for the elements likely to
contribute noticeable to HS2 brand
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High Speed specific constrains:

« Dynamic performance
* Noise

Typical HS2 viaduct cross section




2. DESCRIPTION



Typical case

Fast
Simple
Inexpensive

...but

Maintenance?
Aesthetics?

Functionality?

..Is there any other way?



Different way to build continuous precast decks




Developments on Precast Concrete Bridge Decks: spliced
U-beams by Short & “Straight” Tendons (BSST)
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Main characteristics of BSST precast continuous bridges

Continuous U-beam bridge decks, made up of:

* Precast prestressed spliced U-beams
(pretensioned and/or post-tensioned)
e (Cast-in-place reinforced and/or post-tensioned concrete top slab,

using free-standing planks.




Main characteristics of BSST precast continuous bridges

* Several U-beams or single/multiple cell box girder

 Attached U-beams:
one single pier reduces
occupation



Developments on Precast Concrete Bridge Decks: spliced
U-girders by Short & “Straight” Tendons (BSST)

450 (14.00m,)

Evolution of cross-section
for increasing width




First Bridge Decks using Spliced U-girders by
Short & “Straight” Tendons (BSST)

HS Railway Madrid — Sevilla (1989-1992):

60-65% precast bridges (22/34) — simple supported
1992-1993: First precast concrete continuous deck
“La Barranca” Highway - Navarra

2001: First precast concrete continuous deck for HS Railway

HS Railway Madrid — Barcelona, in Zaragoza:
e “Aguilar de Ebro” Viaduct

e  Viaduct over N-2 Road



Description of BSST system

» Continuity by means of post-tensioning:
tendon or bar

0.05/0.10
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Continuity by

unbounded elements




Main characteristics of BSST precast continuous bridges

 Enhanced free-standing plank for long spans




: Simple planks for
", Two U-girder section

Enhanced planks for
long spans




“LA BARRANCA” HW (Navarra) 1992-1995
Several overbridges with variable depth (Central span 35-40 m)




Examples

e Constant/variable depth




... SOME MORE DETAILS



Description of BSST system

» BSST system, four diferent solutions for continuity:
e Case 1: short span (up to 35 m)
e Case 2: medium span (up to 45 m)
e Case 3: medium-longer span (up to 55 m)
* Case 4: long span (up to 65 m) = case 3 + enhanced planks
» Common concepts for all cases
e Each U-beam has their own post-tensioning totally finished at factory
e Splicing = wet joint
* HS grout fills the gap (4cm —12cm)
* After grout setting = postensioning (joint ready to work in 2 days)

* Slab joints never at splicing section = NEVER a whole section joint



Description of BSST system

» Case 1: short span (up to 35 m)

* Joint section at pier or D < L/10
* Post-tensioning bars
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Description of BSST system

Case 2: medium span (up to 45 m)

 Joint section depends on U-girder proportions: length & weight
Lower post-tensioning = Strand tendon
Upper post-tensioning = Bar tendon

Upper-slab: post-tensioning strand tendon “on site” for hog moment
Temporary supports
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Description of BSST system

» Case 3/4: medium-long span (up to 55 m / 65 m)
* Joint section depens on U-girder proportions: length & weight
* Lower post-tensioning = Strand tendon
* Upper post-tensioning = Bar tendon
Upper-slab: post-tensioning strand tendon “on site” for hog moment
Temporary supports
Variable depth & enhanced planks
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Details of slab reinforcement
and post-tensioning




Description of BSST system

» Typical example: general plan
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Description of BSST system

» Typical example: pier segment, post-tensioning and reinforcement

ELEVATION, POST-TENSIONING




Description of BSST system

» Typical example: span segment, post-tensioning and reinforcement
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Description of BSST system

» “U” beams with end diaphragms
and shear keys.

* Internal Corbels/Vertical joints.

e Conventional “wet joint” with HS
grout

* Continuity by post-tensioning
(short & simple)




... AND EXAMPLES



High Speed Rail Bridge Decks using BSST

=  Some of the HS railway bridges built with BSST system




v" VIADUCT OVER N-Il ROAD IN ZARAGOZA (MADRID-BARCELONA )
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v' VIADUCT OVER FRANCOLI RIVER IN TARRAGONA (MADRID — BARCELONA)
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v VIADUCT OVER N-240 ROAD IN PERAFORT (MADRID — BARCELONA)
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v BRIDGE OVER VALDEMEMBRA RIVER IN CUENCA - LEVANTE HS RAILWAY
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v VIADUCT OVER MAGRO RIVER & A-3 FREEWAY — LEVANTE HS RAILWAY
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M50 motorway around Dublin (Ireland) -2010

Structure S17-N3 at junction 6 (Blanchardstown)
DESIGNER: ATKINS-EPTISA

MANUFACTURERS:
SHAY MURTAGH/ALVISA
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3. CONSTRUCTION SEQUENCE



Construction sequence of BSST

Standard construction sequence
STEP 1

— ERECT PIER SEGMENT U-GRDERS I.| W ﬁm |J|

~ ERECT SEGMENT U-GIRDERS IN SPANS ___TT—H
- ERECT FREESTANDING PLANKS i -_ﬁ-ﬁ

SlEF 4 _
- POUR HS GROUT AT JOINTS I I
- POST-TEMSIONING OF JOINT TEMONS _T_ﬁl_r |

— POUR TOP ZLAR-PHASE |

(WERPASSING SPLICING JOINT i
AT PIER SEGMEMNTS |
STEP &
-m OF SLAB TEMDONS
113 2

- POST-TEMSIONING OF THE REST OF SLAS ,
TENDONS (PHASE If) f
— POUR CANTILEVER TOP SLAB—PHASE I '

DETAIL OF TOP SLAB POURING
: DETAIL OF TOP SLAB POURING

& COWECTION EETMEDN STEPS 080 | PHASET METTACIC WET TO: EMSLIRE
| 5 "‘"I-_*I.“' nO50 T COMECTION BETWEEN 5TEPS
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PHASE I
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ion sequence of BSST

Construct

Precast pier




Construction sequence of BSST

Temporary girder support during assembly: pier segments

-

=  Temporary props

b I“ -

Temporary continuity
pier segment - pier



Construction sequence of BSST

Temporary girder support during assembly:
“drop-in” segments with concrete corbels




Construction sequence of BSST

- get a fast surface to work on it
- increase of safety on top slab tasks

UPPER SLAB by FREE-STANDING PLANKS

and pouring fresh concrete on site.




Construction sequence of BSST
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Construction sequence of BSST

Steel truss for
beam launching







Construction sequence of BSST: “La Espluga” Bridge (2011)
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Deck was divided into 5 segments



Construction sequence of BSST: “La Espluga” Bridge (2011)




4. OTHER EXAMPLES



Alternative arrangements

If required, monolithic connection to piers.




Alternative arrangements

Monolithic capping beam,
in extreme skewed crossings.
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* Constant/variable depth or width
(straight or curved haunches)

e Straight or curved beams




Transverse struts for wide bridges
(Width: up to 18 m
with only one beam)
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Bridge over Freeway A-2 Zaragoza
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Brigde E-1(2000)
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Bridge over Madrid road (Zaragoza)
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Design and construction solutions for
complex geometries:

-“Fork” type decks

- Decks with a great variable width




New traffic lane BUS - VAO
Structure over C-58 (Barcelona)
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Adaptable to different structural
systems:

e Arches:

Foot bridge 67m span.
Road bridge 47m span

e Portical frames




5. FUTURE DESIGNS



Future designs

» Only one U-girder for double track railway (under construction now)
» Large spans: railway bridges up to 80 m (designed)
» Large spans: road bridges up to 120 m (designed)

Binpcluraliressarch 51
Wi BIFUCTEE B




Future designs

» Only one U-girder for double track railway (under construction now)

“REGATA DE UBAN”
VIADUCT




Future designs

» Large spans: railway bridges up to 80 m (designed)

VIADUCT OVER
PISUERGA RIVER
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Future designs

» Large spans: road bridges up to 120 m (designed)

: “LA ANTIGUA”
Deck is divided into 9 segments: VIADUCT

* All 4.5m width.
* Constant depth 3.0m or haunched to 5.2m,
* ...plus “Enhanced Plank”, medium depth 1.18m:

Enlarged girder depth using a “double T” top slab.
* U-girder maximum length: 40 m.




