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Road Project
NEWS

Home | InDepth | Israel-Gaza war | War in Ukraine | Climate | UK | World | Business | Politics | Culture

Wales | Wales Politics | Wales Business | North West | North East | Mid | South West | South East | Cymru

Works on 'road from hell' to end after
23 years
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Key figures

All sections

25 years £1.3bn 45km

Last Section

40 bridges £500m 18km



Complex bridge in a
complex location

« Keyjunction between roads
* Live traffic to be maintained
* Adjacent to:

= National Park

= Listed Bridge

= Existing post tensioned bridge
* Multiple houses




Odd things to note

Pro pDSGd SDI-LItiD n Eastbound on slip joins at midspan

Post tensioned balanced cantilever The strucutre has a significant curve
180min length On slip changes cross and long fall
75m maximum span 3 abutments, of which only 1is piled

35m from the valley floor

i

‘
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Post
Tensioned
Balanced
Cantilevers

Method of construction
Segments are built out from the piers.
Can be precast or in-situ.

Post tensioning
Tendons run through the segments

Stressing sequence is key to the
structure's strength.
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Construction
Sequence

Typical Sequence

Build pier

Construct pierhead/ diaphragm

Assemble moving formwork

Assemble segments

Cross fingers and hope they meet in the middle
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M

b) Installation of Erection Equipments on Pier 1

c) Erection of Girder Segments and Pierhead of Pier 2

)

T

d) Falsework and Erection of Left End Span

ii _;::u::um_[_u_umuwﬂﬂj_m_]_uumm U i

e) Erection of Stitch Segment

f) Falsework and Erection of Right End Span

g) Erection of Stitch Segments




Pros vs Cons

Positives Negatives

» Efficient for spans 70m - 300m * Banned form of constructionin the
= Minimal formwork UK for 30 years

= Good for difficult terrain = Complex analysis

m Qu‘ick form of construction u Key structural elements are hidden
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Time dependent
effects

Key Time Dependent Effects
= Creep

= Shrinkage

= Tendon relaxations

Issues to be considered

= Eachsegmentis adifferent age
= Tendons are all stressed at different times :
= Deflections need to be managed
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\/ery sensitive to
Construction sequence
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Proposed Secquence - Global

WING (5th)

ON SLIP DECK DECK STITCH (6th)

(1st) DECK STITCH (4th)

—

WESTBOUND DECK (3rd) WING 7th)
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Modelling Software
Miclas Civil

= Construction Stages

* Timedependent
materials

= Easily model and
refine Tendons
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3 adjacent line heams

I\II DCI e I.l.i n g St rategy 3 adjacent post tensioned viaducts get

P ri m a ry m DCI e I_ 'cl;'z:zlor::ztce) be modelled
Grillage

The viaducts get stitched together to form
the road junction. This requires the model to
become a grillage.

Time

Critical case is not always the final phase.
Model needs to consider time.

2057

Nodes

2218

Elements




Proposed Sequence - Viacduct

ZiE e

T 7
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Formwork
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Form travelers

4 custom made form travelers from Spain
Weighing approximately 90 tons each.
Self lifting and launching,.

Scaffolding

The final back span segments were cast
on scaffolding



Closing segment sequence
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Deck Segments

= CastIn-situ
= 72 segmentstypically

6.4mlong
g
= Tensioningin top slab, s
top of webs and
bottom slab

1395 . 855

1o} g1y 25% [

o) ~ (18]
7000 o

EB-WP-CJ4E

O5-WP-CJ4E WE-WP-CJ4E
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Deck Segments

Segments were created directly in MIDAS civil
using PSC segments
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Closing Segments

The final segments at midspan and backspan are not possible to be cast in a singular pour.

Model accounts for this by having a 2-stage composite element created in the section property
calculator.
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Post Tensioning

APRCTIVE ERDS 54 ACTE ERDS

§ WEET ABUTMENT
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Tendons in MIIDAS

Tendon properties

Automatically calculated relaxation
coefficient.

Easy to input other properties

Tendon profiles

Profiles were first drafted in autoCAD and
converted to excel tables

Tables were pasted into the profile tool.

Due to the lack of continuous tendons,
the model has 308 tendon profiles.
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Add/Medify Tendon Property

Tendon Type
Tendon Mame
Tendon Type
Material

Total Tendon Area
Duct Diameter

Relaxatiol

Ultimate Strength
Yield Strength
Curvature Friction Factor(p)
ble Friction Factor( = p x k)
© Unintentional Angular Displacement(lk)
External Cable Moment Magnifier
Anchorage

Begin : 6 mm

End : 6 mm

4: tendans
2660
100

European

1860

1640

Ge-05
0
Bond Type
o Bonded

() Unbonded

i

mm

Mfmm2

Mjmm2

rad/mm

Mjmm2

Apply

| Add/Modify Tendon Profile

Tendon Name EB_E :  tendons

ht Lenath of Tendon
0 mm
End: 0 mm

Mo. of Tendons : 1

< Begin: O End: 0 mm

urve (@ Element

11000 21000

1000.0000 -300.0000
:
 oow|w

First © Last
tion Point : ©cEnd1




Stressing secuence

Each tendon has a stressing order.

Top slab anchors get cast into the webs at the next
deck segment pour

Curve effects must be managed.
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Deck stiches

Dywidag bar 22
Dywida lated

Connecting the viaducts

Due to the merging onslip the 3 viaducts
need to be attached.

A stitch traveler was used.

Due to only having 4 main form travelers
each viaduct is completed at a different

time. So, the decks are different ages Smant.— TUKQ7-05-F053./
when connected and are undergoing

different stages of deflection.
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How many construction stages in the
moclel do you have?
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Construction Stages

Element

Each deck segmentis represented as an
element.

Boundary

Each viaduct needed a transverse fixed
bearing, in the final state only 1is
transversely fixed per abutment.

Load

Various load groups are activated and
deactivated.

Such as representing the form traveler
moving.
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Compose Construction Stage
Stage
Stage :
Mame :
Duration : 0 =
Save Result

Stage (] Additional Steps

Current Stage Information. ..

Element | Boundary Load |

Group List Activation

Active Day :

Group List
MName

blisterss3

[ Load Incremental Steps for Material Nonlinear Analysis

day(s)

Modify

Additional Steps

Add

Day : a

( Example: 1,3, 7, 14 ) Modify

Step
Auto Generation

Step Mumber : [v] =

Generate Steps

Deactivation

~ day(s) Inactive Day : First  ~ day(s)

Group List

MName

Delete Add Modify

Close




Do NOT change the
Construction sequence
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- Standard Name
D\I] n g D a S EN 1991-2:2003 - RoadBridge Load Case Mame : LM3-+M1_0.75_C1

Vehicular Load Properties Description :

Vehicular Load Mame ; Load Model 1

(") Moving Load Optimization
Code Vehicular Load Type : Load Model 1
Select Load Model

; ; (_J LM 1, FLM 1/ Footbridge
The b r1dg e was tO be deS1g ned tO ik CEQiDik (JLM 2,3,4 [ FLM 2,3,4 / Footbridge / Permit Truck

Eurocode with UK National Annex l | oam Ot 18 3mas
Lanes FEULVTRVRLERLT TR O LM 8.3 M (Stradding)

() Railway Bridge

- - - ] giQik : Tandem System,Qik
Due to a grillage model being used traffic G+ UDL Systern, gik

l-ine lanes were deﬁned_ Due to the Dvnarnic armplification factor included Losd Case Dala
geometry there were 19 different lanes to Tandem System UDL System LM1: Load Model 1

Location Adjustment | Axle Loads | Adjustment Uniformly Dist.

[ 1gnore w Factor:

check. Factor (N} Factor Loads (N/mm?) LM3(Spedial) : Load Model 3 (UK NA)

Lane Mumber1 300000 0.61 0.009

-
veh'ICI.eS Lane Number2 200000 22 00025

Lane Number3 100000 22 0.0025 Line of Lanes Selected Lanes Straddling Lanes

Standard vehicles and a project specific Other Lanes & 0 55 0.0025 4D0KN-EB EBL1

. Remaining Area A00kM-0S EBL2
custom vehicle were created. 400KN-WB EB-L3

w factor for Tandem System . 05-C241 05-C111

Moving load cases w foctor for U0 ystem o1 sz oscu2 P e
. . . ; WB-L2 EB-remL
The inbuilt midas moving load WBL 3 EBremR |
- 5 c Q5-C1l-rem
combination tool was used to quickly WE-remL

assemble the multiple load cases.

Assignment Lanes

-

<=

Cancel Apply
Cancel
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Speeding up analysis

Without filters

Without the model will check all elements for all positions.
This is inefficient causing the model to take 9 hours to run.

With filters

These groups reduce the amount of load positions to
check and reduced the model run time down to
approximately 2 hours.

Civil 2023 - [ChUsersy,

1ent Properties Boundary Results

Q Z s

] S G937
Heat of |Moving|Settlement Nonlinear Construction Suspension Bound C
Stage Eridge Assignment

oad Analysis Control

o]l #0115y By
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Truck/Train Load Control Option
Load Point Selection
0 Influence Line Dependent Paint () all Points
Influence Generating Points
© Mumber/Line Element :

(") Digtance between Paints :

Analysis Results
Plate Frame
() Center () Mormal

© Center + Nodal o Marmal + Concurrent

Force/Stress
[_|Stress o
~ Combined Stress
|__|Concurrent Force

|__|Concurrent Force of Elastic/General Links

E Calaulation Filters
R.eactions
o All 'Z::Z' Group :

Displacements
.;::;. All o Group ; elem for LL-&

Forces/Moments
Al 0 Group : elem for LL-& -~
|| Elastic/General Links

All Group :

Cancel



Stress results

MIDAS Stressresults

The result graphs in Midas enabled quick analysis of the element stress at the extreme fibers. A key requirement of
post tensioning requires the element to be in compression under the frequent case.

A diagram allowed for quick alteration to the tendon design.

Frequent comb, during operation, 1y, tup fibers:

Frequent comb, during operation, 120y, bottom fibers:
.’.—-‘--+--‘--+-—+_—:f::“::+f|;:.‘—+—ml7+:I'_-‘—+j'—.l‘+—_I':l-T—F———.- —j:l-d-|——n—,——0——--——-!——.-——-l——4-4-—-|——r-—o——.—.—o————o————o————o——-——o———-o--o -

36| | 4542
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35

Other results

Result tables

Other results were obtained through the result tables and inspecting diagrams.
These were then extracted to excel where capacities were checked.

rimary component

DSD'[:P‘}SW' ':'SD'["‘?PESW' DSD-WP-S6W-W DSD-WP-S6W-E DSD-WP-S5¥-W OSD-WP-S5W-E OSD-WP-S4W-¥ OSD-WP-S#W-E OSD-WP-53W-W OSD-WP-S3W-E OSD-WP

SAG HOG HOG HOG SAG HOG SAG HOG

Key Inputs

Loading

Geometry
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A quicker way?
Midas is capable of PSC design.

Due to contractual limitations this was not
an option on this project.



Precamber

Automated by Midas

Under the results tab there is a feature called Camber/ reaction.
The tool enables quick calculation of the displacements which need to be offset during construction.
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Secondary models

Abutments

ings

2d plate models on one-way spr

box

10N
2d plate model for local effects

Post tens

Natural Frequency Model

During construction dynamic wind effects can

W
o&__....u_____..u..u?...
SRR
o R
GO e

AR

A

R
O L
(bl de S0
...-.:.__.........__..__”.,&u.:wu.".
ik ey

-
5 A
G

FebeA

L 2
e

Lk
XK
r."__.__......_.a
i,
EEA
ety
et
W -..-.

ished bridge. A natural frequency

excite the unf
model was requ

ired.

n

Réalis - For public release / Pour diffusion publique

n

37 Atk




Changing the
construction sequence...
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Construction
Challenges

East Pier behind schedule

Excavation on the east side proved
problematic on site and fell behind
program.

The structure was on the critical path,
and a 3-month delay would incur
significant financial penalties.
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Remodelling

Mirroring the bridge

As the design was unsymmetrical this was not a simple mirror.

Changes had to take place to nearly all construction stages.
Results had key differences, as construction had already begun the design was pushed to high utilisations.
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Running traffic on an
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Opening the onslip

To make up for lost time elsewhere it was beneficial to
run traffic on the onslip prior to the deck being stitched
between the eastbound and westbound.

o g ¥ &8 4




Success?

Delivered early

The sequence change gained 3 months, and the
efficient construction led to the strucutre finishing
ahead of schedule.

On budget

Early contractor involvement saw off many issues long
before they got to site.

Spans metin the middle

Designed for a deviation of 10mm, actual deviation
achieved on site of 1Imm.
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Any Questions?

U AtkinsRealis



U AtkinsRealis

AtkinsRéalis - For public release / Pour diffusion publique



	Slide 1: MIDAS Civil
	Slide 2: AGENDA
	Slide 3: Henry Still
	Slide 4
	Slide 5: Road Project
	Slide 6: Road Project
	Slide 7: Key figures
	Slide 8: Complex bridge in a complex location
	Slide 9: Proposed Solution
	Slide 10: Post Tensioned Balanced Cantilevers
	Slide 11: Construction Sequence
	Slide 12: Pros vs Cons
	Slide 13: Time dependent effects
	Slide 14: Very Sensitive to Construction Sequence
	Slide 15: Proposed Sequence - Global
	Slide 16: Modelling Software Midas Civil
	Slide 17: Modelling Strategy Primary model
	Slide 18: Proposed Sequence - Viaduct
	Slide 19: Formwork
	Slide 20: Closing segment sequence
	Slide 21: Deck Segments
	Slide 22: Deck Segments
	Slide 23: Closing Segments
	Slide 24: Post Tensioning
	Slide 25: Post Tensioning
	Slide 26: Tendons in MIDAS
	Slide 27: Stressing sequence
	Slide 28: Deck stiches
	Slide 29: How many construction stages in the model do you have?
	Slide 30: Construction Stages
	Slide 31: Do NOT change the Construction Sequence
	Slide 32: Moving loads
	Slide 33: Speeding up analysis
	Slide 34: Stress results
	Slide 35: Other results
	Slide 36: Precamber
	Slide 37: Secondary models
	Slide 38: Changing the construction sequence… 
	Slide 39: Construction Challenges
	Slide 40: Remodelling
	Slide 41: Running traffic on an unfinished bridge
	Slide 42: Success?
	Slide 43: Any Questions? 
	Slide 44
	Slide 45: Important information For non-AtkinsRéalis employees

