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Outline of Presentation

« Original underbridge.

*  Recommended replacement superstructure.

« Assessment of existing abutments.
« Superstructure replacement design.
* Installation of superstructures.

- Time-lapse video (3%2 minutes).
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Bridge Location — Wolli Creek, Sydney

: Mz} SEPPIng & 3 “Lindheid
sb%wn Q \ " =
o j Carlingtord @f' \
BLACKTOWN v = fAzs) | ; Mr
b ; . MANLY
,’ K Bopes i eniskone m - Chatswood]  WILLOUGHEY e
a > o % J
[Asa] 3 4’,’ WestRydes  RpypE
m PARRAM TA . M " A m
Parramatta@ Parranita. SCamelis Raidaimare [aMeadowtsnk LANE COVE o
Harris Parkp jRosehill Olymoic P bSt Leonards
m $ Aol N SYDNEY
A AN onecraftd MOSMAN
Merrylandscy” e HUNTER'S Wavertond I e
il ( - Woohi& W o

Olympic Park Cobartes " fame oyl g L Nies, - -

Aobo |l - ® - . - i

m ’ &Concord West’ GRWCKE  Dmmekne. . DeEhomw o Tonc
ESglmatn W
AUBURN i R < wﬂ:‘_ 15 i o
0 s CANADA BAY S iy
Ro:r A
LEICHHARDT °'°“ WOOLLAHRA

a2z} Park ¢
Canley Valecs {\

/> Liverpool

g 71

/ LIVERPOOL

7

SURWOOD  asurELp

‘///E = , 1o e
;”\J CANTH Bridge Site EE D~ =~
j‘}l’ g.& @ BOTANY BAY
f Rockdale Emm&mm
ROCKDALE  WtlAimport (SYD)
o
Hunsrwus A
Oatleyd m Botany Bay

WAVERLEY
di Junction  Bondl
Beach
Univ NSW
RANDWICK
Tasman
Sea

Design & Consultancy
for natural and
built assets



Design & Consultancy
for natural and
built assets

A ARCADIS

Original Underbridge

«  Two (2) side-by-side separate transom-top riveted steel half-through girder
superstructures, supported on brick abutments.

* Span 13.1m.
« Superstructures installed in 1915 and 1923.
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Original Underbridge (continued)
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Direct rail fixation only option.

Not feasible to replace with a ballast-top superstructure (overall construction depth of

Sydney Trains allows direct rail fixation, but requires single monolithic girder under
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Filler Beam Bridge Deck
B v : — » Relatively popular in continental
i H H J Europe (typically insitu construction).
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Filler Beam Bridge Deck (continued)

« Design not covered in AS 5100 Bridge design.

- Design previously covered in BS 5400 Part 5: Code of practice for the design of
composite bridges.

- BS 5400-5 superseded by Eurocode 4 — Design of composite steel and concrete
structures — Part 2: General rules and rules for bridges.

 Significantly stiffer compared to same depth reinforced and prestressed concrete
sections deflection advantages.

« Higher span-to-depth ratios compared to reinforced and prestressed concrete ——
advantageous where construction depth is to be minimised.
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Existing Abutments — Assessment
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Vertical load-carrying capacity,
estimated settlement and
stability of the existing
abutments to satisfactorily
support the new
superstructures were assessed.

Previous total superstructure
mass 112 tonnes & proposed
superstructure mass 498
tonnes.

Existing abutments were

considered satisfactory to re-
use, without strengthening or
underpinning being required.
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Filler Beams — Geometric Criteria (Eurocode 4)

6.3 Filler beam decks
6.3.1 Scope

(1) Clauses 6.3.1 to 6.3.5 are applicable to decks defined in 1.5.2.14. A typical cross-section of a - the clear distance s¢ between the upper flanges of the steel beams is not less than 150 mm,
filler beam deck with non-participating permanent formwork is shown in Figure 6.8. No application 80 as Lo allow pouring and compaction of concrete;
rules are given for fully encased beams. - the soffit of the lower flange of the steel beams is not encased;

NOTE: The National Annex may give a reference to rules for transverse filler beams - abottom laycr of transversc reinforcement passes through the webs of the stecl beams, and

o . . . ) . is anchored beyond the end steel beams, and at each end of each bar, so as to develop its

2) Steel beams may be rolled sections, or welded sections with a uniform cross-section. For welded yield strength in accordance with 8.4 of EN 1992-1-1: 2004; ribbed bars in accordance
sections, both the width of the flanges and the depth of the web should be within the ranges that are with EN 1992-1-1: 2004, 3.2.2 and Annex C are used: their diameter is not less than 16
available for rolled H- or I- sections. mm and their spacing is not more than 300 mm;

- normal-density concrete is used;
- the surface of the steel beams should be descaled. The soffit, the upper surfaces and the

(3) Spans may be simply supported or continuous. Supports may be square or skew.

>| 80 mm edges of the lower flange of the steel beams should be protected against corrosion;
e - forroad and railway bridges the holes in the webs of the steel section should be drilled.
- - - - - ¥ % ¥ - - ¥ ] T st
h Key:

I non participating

Sw s 1 / ‘ formwork

Figure 6.8: Typical cross-section of a filler beam deck

(4) Filler-beam decks should comply with the following:
- the steel beams are not curved in plan;
- the skew angle 6 should not be greater than 30° (the value 8 = 0 corresponding to a non-
skew deck);
- the nominal depth /4 of the steel beams complies with: 210 mm < 4 < 1100 mm;

- the spacing s, of webs of the steel beams should not exceed the lesser of h/3 + 600 mm and
750 mm, where 4 is the nominal depth of the steel beams in mm;
- the concrete cover ¢y above the steel beams satisfies the conditions:

¢y 2 70 mm, gt < 150 mm, Cq ShI3, ey =xp—tf

where xp is the distance between the plastic neutral axis for sagging bending and the
extreme fibre of the concrete in compression, and ¢ is the thickness of the steel flange;

- the concrete cover to the side of an encased steel flange is not less than 80 mm;
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Filler Beam Flexural Design — UIC Code 773
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The ultimate moment is the maximum moment, which a cross-section can resist before failure.
This moment is obtained, when all the materials of the cross-section become plastic.

Calculation of Mgy

Calculation of the position of the plastic neutral axis xg :
For the equilibrium of the cross-section the force resulting from the tension stresses in the beam

must be equal to the sum of the forces resulting from the compression stresses in the steel and
concrete.

Fst = Fee +Fse
fy
Fat =E[btAta(xG t)]

fy
FSC=K[bt-ta(h—t-xG)]

A
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—=(B-t })+2—t
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The resulting ultimate moment is the sum of the moments of these forces related to X :

Mrq = FseXFse! FaeXrBe! FstXFst

Calculation of xig,:  distance between the resulting Fgy to X5

This is the position of the centre of gravity of the tension zone of the steel.

2
t -t
&m{%,i}
2 2

XFst= ty(xg—1) +bt

Calculation of xgg.:  distance between the resulting Fg to xg

This is the position of the centre of gravity of the compression zone of

the steel.
2
t(h—xs—t t
73( G ) +btlh-xg-—
2 2

¥Fse = t,(h—xg—t) +bt

Calculation of xpg .1 distance between the resulting Fg. to x5

This is the position of the centre of gravity of the compression zone of
the concrete.

(h X, t)2
B(H-) (£ -xg+ ) 1(B-b)(n-xg- 1) (B-t)——

B(H-xg) -bt—t,(h—xg-t)

XFBe =

10
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Filler Beam Design — Features

Deflection typically governs design (AS 5100: ALL < span/640).
Transformed section for Iuncracked and Icracked' Ieffective =0.5 (Iuncracked + Icracked)-

For RC sections | ecive = 0.55 | crackeq PUL fOr filler beam sections | g0 = 0.9
luncrackea- Stee€l is the dominant strength material in the cross-section.

Span-to-depth ratio of 20.6.
Plastic moment capacity.
Match cast units with shear keys.

Transverse post-tensioning across the segmental superstructure improves interaction
between adjacent deck units by creating orthotropic plate structural behaviour.

No shear studs/connectors required. Composite action achieved through
steel/concrete bond.

Design & Consultancy
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Replacement Superstructures

© DOWN ILLAWARRA MAIN ¢ UP ILLAWARRA MAIN ¢ BRIDGE
WALKWAY REFER SHEET ' :
No 12 FOR DETAILS i
| 8540 385
’ T NOM
Q | el ‘ =T =

g i g ol
ST T "

Deck units were match cast and comprised either two (2) or four (4) concrete encased
steel sections.

Deck units widths: 1200mm, 1340mm & 2400mm.
Transverse post-tensioning (high tensile steel bars — Macalloy Bar).

12
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Filler Beam Deck Units
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(with Delkor rail plates attached).

Approximate mass of 2400mm wide filler beam deck units (13.6m long) = 67.7 tonnes

Full-penetration butt welds at the flange/web connections of the built-up encased steel

| sections (Sydney Trains requirement).

13
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Comparison — Superstructure Depths
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Track Possessions

«  Two (2) superstructure installations carried out over two (2) 48-hour track closures.
« Last weekend of June 2015 and first weekend of July 2015.

* For such limited construction periods, precast and prefabricated elements are used
extensively.

15



Preliminary Works
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Overhead wiring shifted sideways.

Removal of original steel superstructure.

16
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Abutment Arrangement

BALLAST MAT (19mm THICK GETZNER REFER SHEET 2 {%ﬁw—{%%%
SYLOMER D619 OR APPROVED EQUIVALENT)
AND WATERPROOF MEMBRANE (SEALECO
ELASTOSEAL EPDM GEOMEMBRANE PANELS DELKOR COMBINED ALT | & GUARD RAIL |~ FACE OF BALLAST WALL
1,00mm THICK OR APPROVED EQUIVALENT) PLATE TYP REFER TO SHEET 14 30 GAP
APPROACH SLAB TO ELASTOMERIC BEARING STRIP 250 x 20 THICK FIXED — QUTLINE OF EXISTING ABUTMENT WALL
FOLLOW TRACK GRADE W TO BALLAST WALL WITH APPROVED EPOXY ADHESIVE (TO BE REMOVED)
1
1

|
. 1|1
1%} 1
j tn e T I oy 7 72 T 24 S R 1|1
Zla [® T EXISTING FORMATION s I
e T g oS T o O -l SEap i MU v E S A AP S e D S RN R I ciihy A M Y FEN S SRS || | S
2° Re RE-COMPACT —— 1\ S T U/S HEADSTOCK/TOP OF MORTAR BED
=S o DISTURBED T =S54  RL 6.169 (ABUTMENT 1)
= & il
= GROUND < il L5 RL 6.277 (ABUTMENT 2)
S
| |1 7
50 THICK SAND J BACKFILL L i B
LG L ivER ROADBASE 8 i 25 THICK CEMENTITIOUS MORTAR BED
= i
50 THICK RIGID FOAMED ———  N36 x 1640 LONG GALV, DOWEL BARS — i
POLYSTYRENE SHEET BONDED GRADE 500MPa SET INTO HOLE USING | i
TO THE ENTIRE UNDERSIDE OF NON-SHRINK CEMENTITIOUS GROUT | e EXISTING BRICK
THE APPROACH SLAB. TYPICAL  (REFER TO NOTES). ALLOW FINAL SET | ABUTMENT
BEFORE ANY LOAD IS APPLIED. ‘ \
L 90 DIA CORE HOLE. FOR LOCATIONS
SECTION /B SEE SETTING OUT DIAGRAM BELOW.
SALE1 20 \_-_) HOLES TO BE THOROUGHLY CLEANED
' PRIOR TO FIXING DOWELS. TYPICAL
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Installation of Headstocks & Superstructures

 Prior to the first track possession, 750 tonne crawler crane was assembled adjacent to
the Sydney abutment, beside the railway tracks.

« Horizontal saw cutting of the abutment ledges to accommodate the proposed precast
concrete headstocks was carried out on the Friday afternoon of each track possession
(during train running).

« Installation of abutment headstocks, including bearing strips.

- Installation and grouting of vertical steel dowels connecting new headstocks with cut-
down brick abutments.

+ Installation of deck units.
« Transverse post-tensioning of completed deck.
« Installation of track rails, including inner guardrails.

18
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Abutment Preparation

* Preparation of cut-down abutment ledges.

19



Precast Abutment Headstocks

* Drilling into brick abutment for steel dowels.

A ARCADIS
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Precast Abutment Headstocks (continued)

* Precast abutment headstock on mortar bed on cut-down brick abutment (steel dowel
connected).

* Note staged construction.

© Arcadis 2015 21
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Deck Unit Installation

+ |nstallation of ‘track’ deck unit.

22
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Deck Unit Installation (continued)

« Installation of inner deck unit. - Compressible filler to prevent grout
loss.

23
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Post-Tensioned Transverse Tie Bars

 Installation of tie bar. - Stressing of tie bar.

24
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Tie Bar Completion

PRECAST MACALLOY END PLATE WITH
o . . DECK UNIT M8 TAPPED HOLES 20 DEEP
- Friction cutting excess tie bar length — ﬁ (T“ e e
heat from the friction of contact is | Ve HoLE N Tor
sufficient to remove the metal by B St w2 21
melting it. End Cap Assembly ::*:’Tj}_ij_
—= I—GRUUT IN ACCORDANCE
WITH RMS B113
LMACALLDY 40 DIA BAR

MACALLOY DUCT

25



Precast Approach Slabs

BALLAST MAT (19mm THICK GETZNER
SYLOMER D619 OR APPROVED EQUIVALENT)
AND WATERPROOF MEMBRANE (SEALECO
ELASTOSEAL EPOM GEOMEMBRANE PANELS
1.00mm THICK OR APPROVED EQUIVALENT)—
\

APPROACH SLAB T \
FOLLOW TRACK GRADE

RL ‘X - ABUTMENT 1
(RL"Y" - ABUTWMENT 2]

REFER SHEET 2 {

DELKOR COMBINED ALT | & GUARD RAIL
PLATE TYP REFER TO SHEET 14

ELASTOMERIC BEARING STRIP 250 x 20 THICK FIXED
TO BALLAST WALL WITH APPROVED EPOXY ADHESIVE

[=——— FACE OF BALLAST WALL
30 GAP

(TO BE REMOVED)

FOUTUNE OF EXISTING ABUTMENT WALL

) U/S HEADSTOCK/TOP OF MORTAR BED

m—— RL 6.169 (ABUTMENT 1)
RL 6.277 (ABUTMENT 2)

7;75 THICK CEMENTITIOUS MORTAR BED

T
.
I
2=
E{
R fE-compacT ——
b DISTURBED
= GROUND
T
i
50 THICK SAND — BACKFILL J I =
/ BLINDING LAYER \ ROADBASE g
/ .
/ 50 THICK RIGID FOAMED N36 x 1640 LONG GALV. DOWEL BARS
POLYSTYRENE SHEET BONDED.  GRADE 500MPa SET INTO HOLE USING

/ TO THE ENTIRE UNDERSIDE OF
THE APPROACH SLAB. TYPICAL

NON-SHRINK CEMENTITIOUS GROUT
(REFER TO NOTES). ALLOW FINAL SET
BEFORE ANY LOAD IS APPLIED.

\ SECTION /B
AN

\ SCALE1

. EXISTING BRICK
ABUTMENT
90 DIA CORE HOLE. FOR LOCATIONS.

SEE SETTING OUT DIAGRAM BELOW.
HOLES TO BE THOROUGHLY CLEANED
PRIOR TO FIXING DOWELS. TYPICAL

Load dispersion lines

A ARCADIS|
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- Sydney Trains requirement to reduce/eliminate live load surcharge on rear of old re-
used bridge abutments.

26
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Completion of First Superstructure

Steel superstructure to be replaced
in 2nd track possession

27
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Completion of Second Superstructure

« |nstallation of rails.
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Ready for Service
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Old v New

ApvERTISE
nrms

1300779 954
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Concluding Remarks

< Suitable for situations where vertical clearance to be increased.
- Suitable form of construction for limited track possessions.

« First time Sydney Trains has installed direct rail fixation filler beam deck units —
reportedly pleased with outcome.

31
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Thank you for your attention
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