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Pre-feasibility. Published as defensive prior art. No patent is sought on the design 
described herein. Design freely available for use in Australian sovereign 
infrastructure. The underlying architectural primitives — foundation, tensioning, 
multimodal viaduct topside — are protected by the Anchor Tension System (ATS) 
Patent Family (AU 2026903869, AU 2026903952, AU 2026903992, AU 2026904069, AU 
2026904075). Architectural innovations referenced in this design document are 
described at design-application level only; the patent specifications hold the 
architectural primitive claims.

The One-Page Summary

The SBC Multimodal Pylon is an elevated concrete viaduct that carries every piece of critical 
national infrastructure on a single structure: freight rail, high-speed passenger rail, high-voltage 
electricity transmission, water, gas, hydrogen, and communications fibre. One corridor. Seven 
services on Day 1, expandable to nine or more. Built on existing rail reserves.

The design is not experimental. China built 40,000 km of similar elevated precast viaduct for 
their high-speed rail network in 15 years. The foundation system adapts mature oilfield and 
tunnelling practice — vertical shaft-sinking machines in commercial use since 2009, Casing 
while Drilling from 2,000+ oilfield wellbores, post-tensioned pile anchors with established civil 
engineering precedent. The SBC integrates these proven components into a single repeatable 
production system.

At approximately $239 million per kilometre at current Australian rates, falling to about $148 
million per kilometre at production volumes, the SBC pylon delivers twelve revenue streams on 
a single structure for less than half the per-kilometre cost of a Sydney Metro underground line. It 
is not expensive infrastructure. It is cheap infrastructure that happens to be very tall.

One viaduct. Seven services on Day 1. Revenue from Month 20. 100-year asset life. 
Built on existing rail reserves — no private farmland taken. Every pylon foundation is 
also a 4-metre-diameter groundwater bore.

The Two Designs

Every SBC corridor uses one of two pylon designs. The structural principle is identical across 
both — stackable precast columns, cap beam at every level, standard crane construction, dry 
mechanical joints. The difference is what sits between the freight deck and the upper structure. 
On the eastern seaboard the corridor carries a community water pipe. On the inland 
transcontinental corridors it carries a full concrete conduit for continental-scale water transfer.

Design B — Initial Build



Applied to Phase 0 (Melbourne–Brisbane spine) and Phase 0.1 (Newcastle spur) — the eastern 
seaboard corridors. Total height approximately 17 metres (target — detailed beam depths for 
HB3, HB4, and the maglev guideway on Design B are to be finalised by the consortium 
engineering partners at 20–30 percent design maturity). Two structural levels stacked on 
continuous columns: Level 1 carries the freight deck, Level 2 carries the maglev guideway 
directly above. Carries six services: two maglev tracks, three electrified freight tracks, HVDC 
transmission at 72 GW standard, plus gas, hydrogen, and fibre. A 1-metre community water 
pipe supplies approximately 75 GL/yr to the towns along the corridor. Revenue from Month 20.

Figure 1 — Design B pylon cross-section. Maglev guideway sits above the enclosed freight box; HVDC arms mount  
to the sides at three levels; gas, hydrogen, and fibre services run below the freight deck. Columns continuous from 

ground to maglev deck.

Design A — The Inland Transcontinental
Applied to the six inland and northern corridors of the national network — Brisbane–Perth, 
Darwin–Port Augusta, Gulf Coast–Adelaide, Port Hedland–Mackay, Broome–Esperance, and 
Mount Isa–Perth. Total height approximately 50 metres. Five structural levels stacked on 
continuous columns: freight deck, water conduit, service rail, hyperloop structural reserve, and 
maglev guideway at the top. The 15.2 metre wide by 9.6 metre tall concrete water conduit 
delivers up to 11,460 gigalitres per year from northern rainfall catchments to southern 
agriculture via gravity through the Alice Hub at 520 metres elevation. The water conduit is not 
optional on these corridors — it is the primary purpose of the structure. Nine or more services 
total: all six Design B services plus the continental water conduit, a dedicated service rail for 
maintenance access, and a six-metre clear hyperloop structural reserve slot.



Figure 2 — Design A pylon cross-section. Five levels stacked from freight deck at the bottom, through the aquaduct  
conduit, pipe lines, hyperloop slot, to the maglev guideway at the top. HVDC arms run at three levels on both sides.  

Columns continuous from ground to maglev deck.

Design B Design A

Applied to Phase 0 + 0.1 Phases 1–3 inland

Height ~17 m ~50 m

Services 6 9+

Water 1 m pipe, ~75 GL/yr 15.2m × 9.6m conduit, ~11,460 GL/yr

When Day 1 Day 1 on Phases 1–3

Co-funded SBC consortium SBC + water authority

Both designs share the same foundations, columns, cap beams, and construction method. One 
precast manufacturing programme supplies both. The same crane crews move between 
corridors without retraining.

What It Carries — The Services Manifest

Every kilometre of SBC viaduct carries its designated services on the same structure. Each 
service has a defined location within the pylon envelope. Any individual service can be 
upgraded, expanded, or replaced during the structure’s 100-year life without modifying the pylon 
itself — the pylon is built once, the services evolve.

Maglev passenger rail

Two tracks at the top of the structure on a precision-aligned concrete guideway with ±1 mm 
tolerance. Commercial speed 500 km/h, peak 550 km/h. The pylon is technology-agnostic — 



the same guideway accepts EMS maglev (Transrapid-type, 430 km/h, ±10 mm tolerance), EDS 
maglev (SCMaglev-type, 500 km/h, ±2 mm tolerance), or conventional high-speed rail 
ballastless slab track as a fallback (350 km/h, ±5 mm tolerance). On Design B the guideway sits 
on HB4 longitudinal girders directly above the freight zone; on Design A it sits on HB10 
longitudinal girders at the top of the five-level structure. Decision on train technology made 
corridor by corridor when the structure is proven. The infrastructure is the moat; the train 
technology sits on top of it.

Electrified freight rail

Three tracks on the Stage 1 deck, under overhead electrified catenary with 6.5 metres of clear 
headroom. This is the only configuration in Australia that allows electrified double-stack high-
cube container freight. The ARTC standard surface network is 1.39 metres too short and cannot 
be retrofitted without demolishing every bridge and tunnel on the system. Pandrol rail-clip 
inserts are cast into the precast deck panels at the factory at ±1 mm gauge precision; rail 
installation takes approximately 15 minutes per span.

HVDC electricity transmission

Six high-voltage direct-current cable arms bolted externally to the columns, three per side. 
Standard capacity 72 gigawatts at ±1,100 kilovolts via six 12-GW bipoles, upgradeable to 108 
gigawatts (nine bipoles) without structural modification — the arms are permanent structure, the 
cables are the upgrade path. On Design A the arms sit above the freight zone on the continuous 
upper columns. On Design B, where the structure is only ~17 m tall, the arms mount alongside 
the freight box structure at evenly spaced elevations between deck level and the maglev deck 
above. This is a transcontinental backbone, not a local distribution line; it moves renewable 
electricity from inland generation (Pilbara solar, New England wind, Central-West Orana REZ) 
to coastal cities at a scale no other proposed transmission project approaches.

Water transmission

Design B: a 1-metre community water pipe carried along the corridor, supplying towns with 
approximately 75 GL/yr. Design A: a full concrete conduit 15.2 metres wide by 9.6 metres tall, 
HDPE-lined, delivering up to 11,460 GL/yr from northern rainfall catchments to the Murray-
Darling basin. Gravity-fed via the Alice Hub at approximately 520 metres elevation — no 
pumping energy required. Plus a 4-metre-diameter groundwater bore at every pylon footing, 
183,000 bores along Phase 0 alone, 1.76 million across the national network.

Gas pipeline

A 750 mm X80 high-pressure gas transmission line carried along the corridor. Integrates the 
national gas network with the rail and energy network on the same structure.

Hydrogen pipeline

A dedicated hydrogen transmission line for transporting H2 from inland solar production sites to 
coastal export terminals. The H2 moves on the same corridor that carries the electricity that 
made it.

Sovereign fibre

96 fibre optic ducts forming a national sovereign communications backbone. Leased to 
telecommunications providers for passive ongoing revenue. Independent of any existing 
carrier’s network.

Hyperloop structural reserve and service rail (Design A only)



Design A incorporates a dedicated service rail on Level 3 (between the water conduit below and 
the hyperloop slot above) for maintenance access, utility vehicle movement, and equipment 
transport along the full corridor length. Design A also reserves a 6-metre clear structural slot at 
Level 4 for hyperloop or any future technology needing an enclosed elevated guideway. No 
hyperloop technology is selected and no commitment is required — the pylon simply provides 
the option. Neither the service rail nor the hyperloop slot is present on Design B — the eastern 
seaboard corridors stop at maglev.

The pylon provides a fixed structural envelope with multiple candidate locations for 
each service. Exact placement within that envelope is a detailed engineering 
decision, not a pre-feasibility commitment. Within the pylon envelope, any service 
can be added, moved, or upgraded during the structure’s 100-year life without 
structural modification. Australia does not need to decide in 2026 where every 
service sits in 2060. The pylon provides the option.

How It Is Built — Two Stages, Three Crews

The pylon is built in two stages and delivered by three independent production crews. Stage 1 
constructs the freight viaduct — the complete lower structure from foundation to running freight 
line. Once Stage 1 is commissioned, freight trains begin operating and generating revenue. 
Stage 2 then adds the upper structure above the running freight line, working progressively 
along the corridor with freight trains operating underneath throughout.

Stage 1 — The Freight Viaduct
Stage 1 produces a fully operational electrified freight railway, elevated on a precast concrete 
viaduct. The structure is: caisson footing with pile cap bolted to the head → lower columns → 
HB1 transverse cap beam → HB2 Super-T longitudinal girders → precast deck panels with rail 
clip inserts already cast in → rail clipped in and catenary masts bolted into cast-in bases.

Every component arrives at the construction front already finished. Nothing is fabricated in the 
field. Nothing cures at the construction front. The process is assembly, not construction — a 
continuous 24-hour production line advancing forward along the corridor. Maximum individual lift 
is approximately 97 tonnes (the HB1 cap beam), handled by standard crane on the completed 
viaduct behind. No bespoke beam launcher. No grout at the construction front.

Freight line commissioned at Month 20. Revenue begins.



Figure 3 — Pylon assembly sequence. Left to right: foundation with tubular under tension; tension removed from 
foundation tubular; pylon column segments stacked progressively; final segments added to full pylon height;  

transverse cap beams (green blocks) placed on column tops; HB1 beam installed spanning the column pair — ready  
for freight deck construction above.

Stage 2 — The Upper Structure
Stage 2 adds the upper structure by crane working on the running freight line. Upper column 
segments are stacked onto the existing columns — continuous precast segments, not a 
separate system locking onto Stage 1. Cap beams and longitudinal girders are placed at each 
designated level. On Design B this is a single additional level (HB3 transverse cap + HB4 
longitudinal girders carrying the maglev guideway). On Design A this is four additional levels 
stacked above the freight zone, adding the water conduit support (HB3/HB4), service rail 
(HB5/HB6), hyperloop slot floor (HB7/HB8), and maglev guideway base (HB9/HB10) at the top. 
HVDC transmission arms are bolted to the columns above the freight zone on both designs. The 
maglev guideway is installed last, after settlement has been confirmed stable. Freight trains 
continue running throughout Stage 2 construction.



Figure 4 — Final tubular and shim calibration (Design B example, HB1–HB4). Left: tubular run down the hollow  
centre of the column stack and latched into the buried cutter-head anchor. Right: tension applied and shims (yellow)  

placed at designed interfaces to bring the maglev bearing surface into precise alignment with adjacent pylons.

The Three-Crew Production Model
Construction proceeds as three independent production lines, not as a single coordinated 
sequence. This decoupling mirrors oilfield drilling-then-completion practice and allows each 
crew to advance at its own pace along the corridor, optimising for its own domain.

Crew A — Foundation drilling and install. A bespoke vertical TBM-style machine drills the 4-
metre-diameter caisson, installs precast ring segments, seats a sacrificial cutter head in rock, 
runs the foundation tubular, and applies initial tension to stabilise the caisson. The foundation is 
structurally complete and self-locked. Target cycle time approximately 12 hours per footing. The 
machine advances to the next footing.

Crew B — Pylon assembly. A separate crew arrives later and builds the pylon columns, cap 
beams, girders, and upper structure on top of the completed foundation using standard precast-
and-crane methods. The pylon tubular is run down through the hollow column stack and 
coupled to the foundation tubular at the caisson head.

Crew C — Alignment and final tensioning. A specialist survey-led crew arrives after the pylon is 
fully assembled. Using 3D laser scanning and GPS RTK positioning, they measure each pylon’s 
actual geometry against design, calculate the corrections needed, and apply them via calibrated 
tension adjustments and designed shim interfaces. The pylon is pulled into its calculated ideal 
geometry by the combined action of tension and shimming. This step delivers the maglev ±1 
mm tolerance across the full corridor. Typical cycle time per pylon: 30–60 minutes at full 
production.



Three crews, three independent schedules, three advancing production lines. 
Foundation drilling can be on Kilometre 200 while pylon assembly is on Kilometre 
150 and alignment is on Kilometre 100. Stage 1 built on the ground. Stage 2 built on 
the Stage 1 freight deck. Every phase of the national network is funded by the phase 
before it.

The Foundation — One System for All Ground Conditions

The SBC foundation is the most novel integration in the design. It replaces the conventional 
three-geology approach — bored piles in alluvium, socket piles in shallow rock, anchors in 
surface rock — with a single unified system. The same machine, the same components, and the 
same installation procedure apply whether the corridor crosses Hunter Valley alluvium, Central 
Tablelands shallow rock, or New England granite.

The Five Mature Technologies
None of the component technologies is novel. Each has a mature commercial precedent. The 
SBC contribution is their integration into a single repeatable production system, and the 
bespoke machine that performs it.

Vertical TBM-style shaft drilling. Herrenknecht’s Vertical Shaft Sinking Machine has been in 
commercial operation since approximately 2009, drilling shafts of 4.5–18 metres diameter to 
depths of up to 250 metres. Deployed on Naples metro, Grand Paris Express, Honolulu Ballard 
Siphon, and the 2025 Tilbury Thames cable tunnel. The SBC caisson at 4 metres diameter and 
20 metres depth is well within proven operating envelope.

Modular precast ring segment lining. Standard tunnel construction practice since the 1980s. ACI 
Committee 533 publishes the design guideline (533.5R-20). SBC ring segment design follows 
this practice directly.

Casing while Drilling with drillable bits. Mature oilfield practice since the early 2000s. 
Weatherford, Odfjell, and other service companies have drilled more than 2,000 wellbore 
sections using drillable bits permanently attached to the casing string — the bit is single-use, 
remains at total depth when the casing lands, and acts as the shoe track. The SBC sacrificial 
cutter head applies the same principle at scale: single-use, left in place, cost-optimised for 
disposability.

Post-tensioned pile and caisson foundations. US Patent 7,618,217 (Henderson, 2009) 
describes post-tensioned pile anchor foundations for transmission towers, wind turbines, and 
bridge supports. Installed routinely by A.H. Beck Foundation Co. and others on dams and 
bridges. The principle of pre-stressing a foundation against a buried anchor is established 
practice with decades of field history.

Oilfield tubular tendon practice. Production tubing strings — typically 4½ inch 13Cr corrosion-
resistant alloy with API threaded couplings — have been run, tensioned, and locked with slips in 
oil and gas wells for more than 50 years. Every oilfield service company in the world maintains 
the equipment and personnel to perform this operation.

How It Works
A bespoke vertical TBM-style machine drills a 4-metre-diameter bore. As the cutter head 
advances downward, precast ring segments are installed behind it by the same machine. 
Drilling fluid circulates spoil to the surface. The cutter head drills through soil overburden and 
continues directly into rock without changing tools, socketing 5–10 metres into competent rock.



When drilling reaches refusal in competent rock, the cutter head is released from the TBM drill 
string and left socketed in the rock — the oilfield CwD principle. The drill string is retrieved up 
through the hollow centre of the caisson. A single tubular string — oilfield commodity grade, L80 
13Cr with premium threaded couplings — is run down the central bore. The bottom end of the 
string carries a mechanical anchor fitting that locates into a matching reciprocal profile cast into 
the sacrificial cutter head. The anchor latches on landing; pulling up applies tension through the 
anchor into the rock socket via the cutter head. The tendon is tensioned at the caisson head 
and locked with slips.

The ring segments are keyed so that vertical compression forces radial expansion. When the 
tendon is tensioned against the buried cutter head, the stack of rings is squeezed between the 
anchor below and the top bearing above. The segments wedge outward against the bore wall — 
the same mechanism as a dynabolt expanding in a masonry hole. The harder you tension, the 
tighter it locks into the ground.

This is the structural answer to the grout question. The caisson is not bonded to the ground by 
cement. It is locked to the ground by mechanical wedging under continuous pre-load. End 
bearing on rock carries the primary structural load. The cutter head rock socket provides the 
tendon anchor. Piles are always in compression — no tension piles, no underreams.

One Pre-Stressed Member from Ground to Maglev
The post-tensioning system is a single continuous oilfield tubular string running from the 
sacrificial cutter head anchor approximately twenty metres underground, up through the 
caisson, and through the hollow centre of the stacked precast columns to the top hanger 
assembly at the pylon cap. The string is installed in two phases aligned to the construction 
sequence. In the first phase, the foundation section of the string is run down the caisson bore. A 
mechanical anchor fitting on the bottom end of the string locates into a matching reciprocal 
profile cast into the sacrificial cutter head; the anchor latches on landing. Tensioning at the 
caisson head locks the caisson against the buried anchor. In the second phase, after the 
column segments are stacked above the caisson, additional tubular joints are screwed onto the 
top of the foundation section and run progressively up through the column as the stack rises. 
Final tensioning applies the full pre-stress across the combined length from cutter head to top 
hanger.

The result is a single continuous pre-stressed member running from approximately twenty 
metres underground to the top of the pylon — approximately seventeen metres above ground 
on Design B, approximately fifty metres on Design A. Every column segment joint along the full 
length is held under continuous compressive pre-load. Dynamic loads from freight, HVDC 
corona, wind, and maglev cannot decompress a joint. Segment opening under dynamic or 
seismic loading is prevented by design, not by safety factor. The tubular specification is set out 
in Appendix A8 — 9⅝ inch L80 13Cr-80 for Design B, 13⅜ inch L80 13Cr-80 for Design A, 
made up from standard 12-metre oilfield joints using commodity oilfield rig kit.

Every Foundation is a Groundwater Bore
The central bore of each caisson is left open. It is not backfilled. Groundwater enters through 
the bore wall and rises inside the hollow caisson to the local water table level. Each foundation 
is therefore also a 4-metre-diameter by approximately 20-metre-deep groundwater bore.

Phase 0 alone creates approximately 183,000 new bores along the 2,290-kilometre corridor. 
The complete national network creates approximately 1.76 million groundwater bores. By 
comparison, Australia has accumulated roughly 1.2 million registered bores since 1900. The 



SBC more than doubles national groundwater infrastructure as a by-product of building freight 
and maglev corridors.

~183,000 groundwater bores along Phase 0; ~1.76 million across the complete 
national network. One per footing. The bore is a by-product of the foundation 
construction method — no additional drilling cost.

What It Costs

Pre-feasibility estimates in 2025 Australian dollars. All costs per kilometre of built corridor. Costs 
reduce progressively as manufacturing scale and production experience compound across the 
20,000-kilometre national programme.

Per Kilometre — Design B and Design A

Stage Design B (eastern seaboard) Design A (inland 
transcontinental)

Current Australian rates ~$239 M / km ~$439 M / km

Volume production (Wright’s Law 
−38%)

~$148 M / km ~$272 M / km

Mega Factory target ~$25 M / km ~$45 M / km

Long-term programme aim ~$6 M / km ~$11 M / km

Why Costs Fall
The SBC is one structure built 800,000 times. Costs fall not by negotiation or value engineering, 
but because manufacturing repetition compounds. Four cost-reduction stages are built into the 
national programme.

Stage one — current Australian rates. Pre-feasibility cost using today’s precast civil works rate 
of approximately $2,500 per tonne, consistent with recent Australian bridge and viaduct projects 
built by established contractors. This is what the first corridor sections cost with no 
manufacturing scale benefit.

Stage two — volume production. Wright’s Law applied to repeated manufacturing operations 
delivers approximately 38 percent cost reduction across the 800,000 spans of the national 
programme. Every doubling of cumulative production drops per-unit cost by a consistent 
percentage. This is standard industrial economics — the same curve that drove down solar 
panel costs, semiconductor costs, and every manufactured product at scale.

Stage three — Mega Factory. The Hunter Valley Mega Factory (see SBC Consortium 
Prospectus) operates at 40+ bays per day, dedicated to SBC production only, supplied by a 
sovereign precast concrete industry sized to SBC demand. Target per-kilometre rate 
approximately $25 million for Design B — roughly one-tenth of current rates.

Stage four — long-term programme aim. At full programme maturity, with sovereign rail mill, 
sovereign tubular mill, sovereign foundation machine industry, and continuous precast 
production across multiple decades, the aspirational per-kilometre rate drops to approximately 
$6 million for Design B. Reached when every component is Australian-made at the scale the 
programme demands.



Note on architecture and cost. The Design B per-kilometre costs above are pre-feasibility and 
carried forward from earlier revisions. Design B has a two-level structure (HB1/HB2 freight deck  
+ HB3/HB4 maglev deck) on continuous columns; Design A has a five-level structure (HB1 
through HB10) for the full continental water, service rail, hyperloop reserve, and maglev 
guideway stack. Stage 2 on Design B is substantially lighter than earlier revisions assumed — 
the final Design B per-kilometre cost is expected to reduce further as consortium engineering 
partners complete the detailed specification at 20–30 percent design maturity.

Build Numbers Driving the Cost Reduction

Phase 0 Phases 0.1–3 Full national network

Corridor length 2,290 km ~22,000 km ~22,500 km

Spans constructed ~92,000 ~880,000 ~900,000

Pylon footings drilled ~183,000 ~1.76 million ~1.8 million

Precast concrete (tonnes) ~146 million ~1.4 billion ~1.44 billion

Rail steel (tonnes) ~1.46 million ~12.3 million ~12.7 million

Every doubling of cumulative span production drops per-span cost by a measurable 
percentage. Phase 0 alone (92,000 spans) delivers multiple doublings of learning-curve effect. 
By the time Phase 3 completes, the manufacturing programme has accumulated nearly a 
million production cycles — the operation becomes routine, the labour cost per unit drops, and 
the sovereign supply chain mature.

Context

Infrastructure Cost per km What it delivers

Sydney Metro NW (underground) ~$600 M 1 rail line — passengers only

Melbourne Metro Tunnel ~$800 M 1 rail line — passengers only

ARTC Inland Rail (surface) ~$10–15 M 1 freight line — not electrified

Australian HSR proposals (2023) ~$80–300 M 1 passenger line only

SBC Design B at volume ~$148 M 12+ services, revenue from Month 20

SBC Design A at volume ~$272 M Same + continental water transfer

Sydney Metro delivers one revenue stream at $600 M/km underground. The SBC at 
volume delivers twelve-plus revenue streams at one-quarter that cost. At Mega 
Factory maturity, Design B drops to $25 M/km — cheaper than ARTC Inland Rail but 
delivering a full multimodal corridor. The SBC is not expensive infrastructure. It is 
cheap infrastructure that happens to be very tall, getting cheaper with every 
kilometre built.

Why This Shape



Every design choice in the SBC pylon has a reason. The reasons compound. The result is a 
structure that is cheaper, faster to build, and more productive than any single-service 
alternative.

Why elevated

Flood immunity. Wildlife and road corridors pass underneath without modification. No level 
crossings, so no horn noise at communities. Ground-borne vibration eliminated by design via 
deep rock-socketed footings. The land underneath remains productive agricultural or 
conservation land — the corridor takes a vertical easement, not horizontal farmland.

Why precast

Factory precision, not field improvisation. Deck panels arrive with Pandrol rail clip inserts 
already cast in at exact gauge — ±1 mm precision at the factory, not at the track. Rail 
installation time drops from hours per metre to 15 minutes per span. Nothing cures at the 
construction front. Construction becomes assembly.

Why modular

Every pylon is the same pylon. Terrain variation is handled by adding or removing standard 
precast column segments — same mould, same crane, same crew. A 40-metre river crossing 
uses the same components as a 6-metre rural span, just stacked higher. No bespoke 
engineering per location. No one-off designs.

Why standard cranes

The competing monolithic-bridge approach uses bespoke beam launchers costing tens of 
millions of dollars each, with 720-tonne individual lifts and specialised operators. The SBC 
design uses standard cranes available in any mid-sized Australian civil contractor’s fleet. Every 
span is within a 97-tonne maximum lift. Local contractors build the national network — not 
specialist international bridge-building consortiums.

Why oilfield practice

Australia is an oil and gas country with decades of drilling expertise and service-company 
infrastructure. Applying mature oilfield tubular tensioning and Casing while Drilling practice to 
civil engineering captures that expertise for sovereign infrastructure. Every oilfield service 
company in the country can run and tension the SBC foundation tubular.

Why China’s 40,000 km matters

The lower structure of the SBC pylon — the freight viaduct — is essentially the same structure 
China built 40,000 kilometres of for their high-speed rail network between 2008 and 2023. The 
precast columns, cap beams, Super-T girders, deck panels — all of it exists, works at scale, and 
is available to licence or procure. The SBC adapts the proven freight viaduct and adds the 
upper structure above. This is not experimental infrastructure. It is proven infrastructure with 
additional services.

Why It Is Quiet

The elevated viaduct is acoustically superior to conventional ground-level freight rail, and the 
difference is structural — it arises from the geometry of the design, not from operational 
constraints or mitigation retrofits. This matters because the single strongest community 
objection to new freight infrastructure in Australia is noise and ground-borne vibration, and the 
SBC resolves both by design.



Airborne noise
Freight rail at commercial speed generates wheel-rail rolling noise at approximately 0.5 metres 
above the deck. On conventional ground rail, that source radiates horizontally and downward at 
receiver height, and requires 4–6 metre barrier walls to achieve meaningful attenuation. On the 
SBC elevated viaduct, the noise source is already 9.4 metres above ground, the direct path to a 
residential receiver is downward rather than lateral, and the massive concrete deck acts as a 
structural barrier to sound radiating upward. Baseline advantage over ground rail, before any 
additional mitigation: 8–15 dB at typical residential receiver distances.

Parapet acoustic walls of 1.5–2 metres height run the full length of the deck on both sides, 
integral to Stage 1 construction (not a retrofit). Walls intercept the wheel-rail radiation pattern at 
its source before divergence. Absorptive inner-face lining adds 2–4 dB further attenuation. The 
walls also provide crosswind protection for freight operations, derailment containment, ballast 
containment, snow and dust management, visual screening, and maintenance edge safety — 
one structural element, six functions.

Ground-borne vibration
Ground-borne vibration from heavy freight is the harder problem. It propagates through rock 
substrate with little attenuation. Residents in the Hunter Valley report perceptible vibration from 
coal trains passing 1.5 kilometres distant. Conventional mitigation — resilient fasteners, ballast 
mats, floating slabs — delivers only 3–8 dB of vibration reduction and cannot be engineered out 
of ground-level rail once the rail is constructed.

The SBC elevated viaduct eliminates ground-borne vibration at residential receivers by the 
geometry of its deep pile foundation. Dynamic loading from rolling stock enters the ground at 
approximately 20 metres depth within the rock socket, not at the surface. Loading is point-
distributed at discrete pylon footings every 25 metres, an approximately 96 percent reduction in 
linear source density compared with continuous ground rail. The rock socket couples load into 
the deep rock mass where energy dissipates in three dimensions.

At 50 m residential distance Ground freight rail SBC elevated viaduct

Airborne noise, freight pass-by 75–85 dB(A) 52–60 dB(A)

Airborne noise, maglev pass-by (<2s) n/a 65 dB(A)

Ground-borne vibration, pass-by 70–80 VdB 45–55 VdB (below 
perception)

Ground-borne vibration at 500 m 55–65 VdB <40 VdB (not detectable)

Night-time residential disturbance Frequent awakenings No detectable disturbance

Net reduction over conventional ground freight at residential distance: 18–25 dB in airborne 
noise and complete elimination of perceptible ground-borne vibration. The secondary benefit is 
to existing coastal freight corridors. SBC Phase 0 removes freight from the Sydney–Brisbane 
coastal corridor; those communities recover from a century of accumulated noise and vibration 
exposure. Inland communities gain a corridor engineered to be acoustically better than the rural 
highways they already live with.

Summary

The SBC Multimodal Pylon is a concrete viaduct that carries six services on the eastern 
seaboard (Design B) or nine-plus on the inland transcontinental corridors (Design A), on a 



single structure. Built on existing rail reserves, so no private farmland is taken. Built in two 
stages by three crews, so revenue starts at Month 20 and freight continues uninterrupted while 
the upper structure is added. Built from standard precast components with standard cranes, so 
Australian civil contractors deliver it without specialist equipment. Founded by a single bespoke 
machine integrating five mature technologies (vertical TBM drilling, ring segment lining, Casing 
while Drilling, post-tensioned pile anchors, oilfield tubular tendons) into a repeatable production 
system. Adapted from 40,000 kilometres of proven Chinese HSR viaduct construction. Priced at 
less than half the cost per kilometre of Sydney Metro underground, for twelve-plus revenue 
streams instead of one, with costs falling toward Mega Factory maturity of ~$25 M per 
kilometre.

This is what we are building. The engineering depth that sits behind these numbers is in the 
appendix. The corridor routes and national programme sequencing are in the SBC Consortium 
Prospectus. The Phase 0 submission to Infrastructure Australia is a separate document. This 
document describes the pylon itself.



APPENDIX
Engineering Detail (Pre-Feasibility)

The following sections contain engineering-level detail carried forward from Pylon Design Rev 
16. These figures are pre-feasibility and will be superseded by the consortium engineering 
partners’ detailed design work. Provided here as reference.

A1. Height Stack

Complete height profile from ground to maglev top. Design B total: ~17 m (target — HB3/HB4 
beam depths TBD at 20–30 percent design). Design A total: ~50 m across five structural levels.

Stage 1 — Freight viaduct (both designs, identical)

Element Depth Top elevation Notes

Ground clearance 6.0 m 6.0 m Roads, wildlife, flood immunity

Lower columns P1/P2 6.0 m 6.0 m 0.9 m dia hollow precast, continuous 
through HB1

HB1 transverse cap beam 1.2 m 7.2 m 17 m wide, ~97 t, crane-placed

HB2 longitudinal girders 
(Super-T)

2.2 m 9.4 m 5 girders at 3 m spacing, 25 m span

Deck panels with rail fixings 0.2 m 9.6 m Pandrol inserts cast in

Freight + catenary zone 6.5 m 16.1 m Double-stack hi-cube headroom, 
enclosed box

Stage 2 — Design B (two levels total, ~17 m target)

Element Depth Top elevation Notes

HB3 transverse cap beam TBD TBD 17 m wide, spans columns above 
freight zone, bearing for HB4

HB4 longitudinal girders 
(maglev base)

TBD TBD 5 girders at 3 m spacing, 25 m span, 
precision ±1 mm

Maglev guideway ~0.8 m ~17 m U-beam + LSM coils. Target total — 
detailed depths finalised by 
engineering partners.

Stage 2 — Design A (five levels total, ~50 m)

Leve
l

Element Depth Top elevation Notes

1 Freight deck (HB1/HB2) — 16.1 m Same as Design B Stage 
1, electrified freight

2 HB3 transverse cap + HB4 
longitudinal girders

~2.4 m ~18.5 m Water conduit 
base/support



Leve
l

Element Depth Top elevation Notes

2 Water conduit zone (15.2 m × 9.6 
m internal)

~9.6 m ~28.1 m HDPE-lined concrete 
conduit, 11,460 GL/yr

3 HB5 transverse cap + HB6 
longitudinal girders

~2.2 m ~30.3 m Service rail support

3 Service rail zone ~3.0 m ~33.3 m Maintenance access, 
utility vehicle and 
equipment transport

4 HB7 transverse cap + HB8 
longitudinal girders

~2.2 m ~35.5 m Hyperloop slot floor

4 Hyperloop slot 6.0 m ~41.5 m Clear structural reserve, 
technology-agnostic

5 HB9 transverse cap + HB10 
longitudinal girders (precision)

~2.0 m ~43.5 m Maglev base, ±1 mm 
tolerance

5 Maglev guideway ~1.8 m ~45.3 m U-beam + LSM coils. 
Target — corridor-
specific adjustments to 
reach ~50 m.

Design B is a two-level structure: freight deck at Level 1 (HB1/HB2) with the maglev guideway 
directly above at Level 2 (HB3/HB4) on continuous columns. Design A is a five-level structure 
with the water conduit, service rail, hyperloop slot, and maglev guideway stacked on continuous  
columns above the freight deck. Both designs share the same Stage 1 freight viaduct, the same 
foundation system, the same column cross-section, and the same crane-and-component 
construction method.

A2. Beam and Component Specifications

Design A spans use ten H-beams arranged in five pairs, one at each structural level. Odd-
numbered beams (HB1, HB3, HB5, HB7, HB9) are transverse cap beams spanning each 
column pair — two per span, one at each end. Even-numbered beams (HB2, HB4, HB6, HB8, 
HB10) are longitudinal girders spanning 25 m between adjacent transverse cap beams. Design 
B uses only the first two pairs — HB1/HB2 at the freight deck and HB3/HB4 at the maglev deck.

Stage 1 components — freight viaduct

Component L × W × H Weight Count per 
span

Lower columns (P1/P2) — × 0.9 m Ø × 6.0 m standard ~6.7 t (6 m 
height)

2 per span

Pile cap (precast) 4.5 m × 4.5 m × 1.5 m ~86 t each 2 per span

HB1 transverse cap beam 17 m × 1.0 m × 1.2 m ~97 t each 2 per span

HB2 Super-T longitudinal 
girders

25 m × 1.0 m × 2.2 m ~55 t each 5 per span 
at 3 m 
centres



Component L × W × H Weight Count per 
span

Deck panels (with rail fixings) 25 m × 3.0 m × 0.2 m ~36 t each 5 per span

Freight deck wall panels variable × — × 6.5 m ~200 t total 2 sides per 
span

Stage 2 components — upper structure

Component L × W × H Weight Count per 
span

Applies 
to

HB3 transverse cap beam 
(Level 2)

17 m × 1.0 m × 1.0 m ~33 t each (~66 t 
total)

2 per span B and A

HB4 longitudinal girders 
(Design B: maglev base; 
Design A: water conduit 
base)

25 m × ~1.0 m × varies ~40–55 t each 5 per span B and A

Water conduit walls (Design 
A)

25 m × 7.6 m × 9.6 m ~2,800 t total Continuous 
along 
corridor

A only

HB5 transverse cap beam 
(Level 3)

17 m × 1.0 m × 1.0 m ~33 t each (~66 t 
total)

2 per span A only

HB6 longitudinal girders 
(service rail base)

25 m × ~1.0 m × ~1.2 m ~40 t each (~200 
t total)

5 per span A only

HB7 transverse cap beam 
(Level 4)

17 m × 1.0 m × 1.0 m ~33 t each (~66 t 
total)

2 per span A only

HB8 longitudinal girders 
(hyperloop slot floor)

25 m × ~1.0 m × 1.6 m ~40 t each (~200 
t total)

5 per span A only

HB9 transverse cap beam 
(Level 5)

17 m × 1.0 m × 0.8 m ~23 t each (~46 t 
total)

2 per span A only

HB10 longitudinal girders 
(maglev base, precision)

25 m × ~1.0 m × 1.2 m ~35 t each (~140 
t total)

4 per span, 
±1 mm 
tolerance

A only

Maglev guideway (U-beams 
+ LSM coils)

25 m × — × ~1.8 m variable 2 tracks per 
span

B and A

HVDC lateral arms (steel) 10 m × — × — ~16 t each 6 per span 
(3 per side)

B and A

Design B has only HB1/HB2 (freight deck) and HB3/HB4 (maglev deck) — four beams in two 
levels on continuous columns. Design A has HB1 through HB10 — ten beams in five levels on 
the same continuous column system, adding water conduit (between HB4 and HB5), service rail  
(between HB6 and HB7), and hyperloop structural reserve (between HB8 and HB9) above the 
freight deck, with the maglev guideway on HB10 at the top.

A3. Weights and Cost Per Span



Configuration Total weight per 
span

Notes

Stage 1 only ~920 t Complete freight viaduct

Stage 1 + 2 (Design B) ~1,580 t Full multimodal, no water conduit

Design A (with water conduit) ~4,170 t Includes ~3,150 t water conduit + water

Stage 1 at ~920 t per span is 60 percent lighter than the earlier monolithic bridge deck design 
(~2,280 t). Maximum individual crane lift drops from 720 t (requiring bespoke beam launcher) to 
97 t (standard crane on completed viaduct).

Stage 1 cost build-up

Element Per span Per km (40 spans)

Footings (bespoke machine + caisson 
+ tubular)

~$175–200 k per footing ~$14–16 M (2 footings/span)

Pile caps and precast cap (legacy line, 
to be revised with new foundation)

$430 k $17.2 M

Lower columns $30 k $1.2 M

HB1 cap beams (2 × 49 t) $245 k $9.8 M

HB2 Super-T girders (5 × 55 t) $605 k $24.2 M

Deck panels + rail fixings $450 k $18.0 M

Rail + catenary $23 k $0.9 M

Freight deck walls $80 k $3.2 M

Labour + cranage $120 k $4.8 M

Prelims + design + QA (15%) $390 k $15.6 M

STAGE 1 TOTAL ~$3.0 M ~$121 M/km

At volume (Wright’s Law −38%) ~$1.9 M ~$75 M/km

Stage 2 cost build-up — Design A (five levels)

Element Per span Per km (40 spans)

Upper column segments (continuous 
from Stage 1)

$50 k $2.0 M

HB3 transverse cap beam (Level 2) $165 k $6.6 M

HB4 longitudinal girders (water conduit 
base, Level 2)

$440 k $17.6 M

Water conduit walls + HDPE lining $1,200 k $48.0 M

HB5 transverse cap beam (Level 3) $165 k $6.6 M

HB6 longitudinal girders (service rail 
base, Level 3)

$440 k $17.6 M



Element Per span Per km (40 spans)

Service rail infrastructure $80 k $3.2 M

HB7 transverse cap beam (Level 4) $165 k $6.6 M

HB8 longitudinal girders (hyperloop slot 
floor, Level 4)

$440 k $17.6 M

HB9 transverse cap beam (Level 5) $115 k $4.6 M

HB10 longitudinal girders (maglev 
base, precision)

$490 k $19.6 M

HVDC arms + cables $612 k $24.5 M

Gas / H2 / fibre / water pipe services 
(locations TBD)

$60 k $2.4 M

Maglev guideway (U-beams + LSM 
coils)

$500 k $20.0 M

Labour + cranage (backward pass on 
running line)

$250 k $10.0 M

Prelims + design + QA (15%) $800 k $32.0 M

DESIGN A STAGE 2 TOTAL ~$6.0 M ~$239 M/km

At volume (Wright’s Law −38%) ~$3.7 M ~$148 M/km

Design B Stage 2 is a subset of the above — only HB3 transverse cap + HB4 longitudinal 
girders (here acting as maglev base) + maglev guideway + HVDC arms. Design B eliminates 
water conduit, service rail (HB5/HB6), hyperloop slot (HB7/HB8), and the precision HB9/HB10 
maglev level. Design B Stage 2 therefore comes in at a fraction of Design A Stage 2 cost — 
pre-feasibility estimates are held against earlier revisions pending consortium engineering 
refinement.

A4. Foundation Design — Technical Detail

The foundation replaces conventional three-geology design (bored piles in alluvium, socket piles 
in shallow rock, anchors in surface rock) with a single unified caisson system. Caisson diameter 
approximately 4 metres. Depth drilled to 5–10 metres of competent rock socket below any soil 
overburden, giving total depth typically 5–20 metres on the eastern seaboard. Ring segments 
approximately 1 metre in height, roughly four precast segments per ring, keyed together radially, 
stacked dry — no grout between rings.



Figure 5 — Foundation installation sequence. Left to right: drill hole and install caisson segments behind the cutter  
head; release from cutter head / anchor and remove drilling BHA; install tubular; the anchor fitting on the bottom end  

latches into the reciprocal profile cast into the buried cutter head; install caisson head, tension tubular, and set  
locking slips.

The central bore of the caisson is left open. The annulus between the outer caisson wall and the 
bore wall is treated per geology — compacted native spoil, lean concrete fill, or pumped cement 
grout via ports in the bespoke machine. Annulus treatment provides lateral restraint and 
additional skin friction; primary structural load path remains end-bearing on the rock-socketed 
cutter head.

The novel integration

Conventional Casing while Drilling rotates the steel casing from surface to drive the bit. The 
SBC precast concrete segmental caisson cannot rotate. The bespoke machine uses an internal 
TBM-style drilling assembly that rotates the cutter head from inside the hollow centre of the 
caisson while ring segments are installed behind it. This is the specific engineering integration 
that is new — combining CwD’s non-retrievable bit principle, precast segmental lining practice, 
and an internal rotating drilling mechanism into a single repeatable foundation cycle.

Cost estimate per footing

Component Cost

Sacrificial cutter head (precast + inserts + threaded socket) ~$40 k

Precast ring segments (20 rings, ~160 t precast) ~$80 k

Tubular tendon (9⅝" Design B or 13⅜" Design A, L80 13Cr-80, 
premium connections; see A8)

~$15–40 k (Design B to A)

Bespoke machine amortisation over corridor programme ~$2–5 k

Drilling fluid, consumables, operator labour (12-hour cycle) ~$20 k

TOTAL (pre-feasibility) ~$175–200 k



This is approximately 45 percent below the Rev 4 weighted-average figure of $330 k per footing  
based on conventional pile designs. The difference is held as contingency in the cost sections 
above until the bespoke machine design is validated at 20–30 percent maturity.

A5. Precision and Alignment

Final maglev ±1 mm tolerance across a 2,401-kilometre corridor is delivered by precision 
applied at every step, with calibration at the end closing any residual gap. The approach is 
inherited from oilfield directional drilling: measure, calculate, correct, verify, move on.

Mega Factory segment manufacturing produces precast to tight factory tolerance with precision 
moulds, steam curing, and automated QC. The bespoke drilling machine is laser-guided, GPS 
RTK-positioned, with inclinometry and torque monitoring providing continuous feedback and 
corrective steering — similar to oilfield MWD/LWD practice. Tendon tensioning uses hydraulic 
jacks with calibrated pressure gauges. Applied preload is measured, recorded, and verified per 
pylon.

Shim interfaces are engineered at specific points. On both designs: caisson head, column 
bases, HB1 cap beam bearings, the maglev base longitudinal girders (HB4 on Design B, HB10 
on Design A), and the tensioning termination. On Design A only: additional shim interfaces at 
HB3, HB5, HB7, and HB9 cap beams. Small corrections distributed across multiple interfaces 
are easier, safer, and more reliable than large corrections at any single point. Shims are 
specified for 100-year service life in stainless steel or equivalent — permanent calibration 
capability, not one-time construction aid.

The survey-led alignment crew (Crew C) measures each completed pylon with 3D laser 
scanning and GPS RTK, calculates corrections to bring that pylon into the ideal maglev profile 
(cubic spline fit through adjacent pylons), applies corrections via tension and shims, and re-
scans to verify. Typical cycle time 30–60 minutes per pylon at full production. Their work is what 
delivers the infrastructure’s headline performance specification.

A6. Maglev Technology Options

Technology Tolerance Speed Notes

EMS Maglev (Transrapid) ±10 mm 430 km/h Recommended. Lower tolerance, 
easier maintenance. German tech 
available to licence.

EDS Maglev (SCMaglev) ±2 mm 500 km/h Higher speed, tighter tolerance. 
Japan technology.

HSR ballastless slab track 
(fallback)

±5 mm 350 km/h Same guideway bearing surface. 
Zero structural modification. 
Multiple global suppliers.

The two designs achieve maglev guideway stability through different structural paths. Design A 
uses vertical decoupling: HB10 maglev base sits approximately 29 metres above the freight 
deck at the top of a five-level structure, attenuating freight vibration by approximately 40 dB (a 
factor of 100) before it reaches the guideway. Design B uses a shorter load path: HB4 sits 
directly above the freight zone with the maglev guideway mounted on its longitudinal girders. 
Freight-to-maglev vibration transmission on Design B is a detailed engineering question for 
structural dynamic modelling at 20–30 percent design. The SBC is not a maglev bet — it is a 
sovereign infrastructure corridor on which maglev or HSR both work.



A7. Special Engineering Topics

Height variability

Both lower and upper columns are stacked from identical precast segments. Height is the only 
variable. River crossing needs 40 m clearance — stack to 40 m. Valley crossing needs 80 m — 
stack to 80 m. Same segment, same mould, same crane, same construction sequence. Cost 
premium for a tall crossing: extra concrete in additional segments plus a larger footing — single-
digit millions per span, versus tens to hundreds of millions for a bespoke bridge.

Geology — national corridor advantage

Approximately 75 percent of the national corridor traverses rock or shallow rock. New England 
granite plateau, central tablelands basalt, and northern rivers volcanics are world-class 
foundation material. The unified caisson foundation system (see A4) is geology-agnostic by 
design — the same machine drills through soil overburden and sockets into rock wherever rock 
is found. The geology advantage is that most footings reach competent rock socket at shallow 
depth (5–15 metres), keeping drilling time short and cycle productivity high. Australia’s 
geological age works for the SBC, not against it.

Fly ash — net-zero concrete

50 percent fly ash substitution for OPC cement is standard on controlled precast programmes 
globally. Factory steam curing enables 40–60 percent substitution. CO₂ intensity of fly ash is 
approximately 0.027 t/t versus OPC at 0.9 t/t — 33× lower. National corridor saving: 
approximately 59 million tonnes of CO₂ avoided in construction. Australia produces ~12 million 
tonnes of fly ash per year, 70 percent currently going to landfill. The coal stations closing under 
the energy transition provide the material that builds the infrastructure replacing them.

Post-tensioning — oilfield tubular sourcing

The SBC post-tensioning is oilfield tubular, not conventional wire-strand. A single continuous 
L80 13Cr-80 tubular string per pylon — 9⅝ inch for Design B, 13⅜ inch for Design A — made 
up from standard 12-metre API Range 2 joints with premium threaded connections. This grade 
and size sits in the mainstream of Australian oil and gas production OCTG procurement: the 
same tubing stock used by Santos, Woodside, INPEX, Origin, and Beach Energy is applicable 
to SBC. At 800,000 spans nationally, the SBC tubing programme becomes a sovereign 
manufacturing opportunity at continental scale — supporting the establishment of the proposed 
Hunter Valley OCTG mill as a joint venture between SBC, Australian oil and gas operators, and 
an international seamless OCTG producer. The tubing supply chain moves from 100% imported 
today to sovereign Australian production by the programme midpoint. Detailed tubular 
engineering, grade rationale, and tensile loading approach are set out in Appendix A8.

Water conduit lining (Design A)

The Design A water conduit (15.2 m × 9.6 m internal) is lined with HDPE geomembrane cast 
into each precast wall panel before it leaves the factory. Every panel is vacuum-tested for lining 
continuity before dispatch. Field installation requires only extrusion welding of the joints between 
panels. Design life: 100+ years in water service.

Tinted concrete — no paint, no maintenance

A 20,000 km elevated structure crossing every climate zone presents a significant maintenance 
challenge if surface coatings are required. The SBC specification uses integral concrete 
pigmentation — iron oxide pigments mixed into the concrete batch, not applied to the surface. 
Colour penetrates the full section depth. There is no paint film to delaminate. Design life equal 



to the concrete: 100+ years. Maintenance saving over 100 years: approximately $2–5 M per 
kilometre.

ARTC comparison

Standard ARTC electrified catenary height is 5.000 metres. Double-stack hi-cube freight 
requires 6.39 metres minimum under catenary. The ARTC is 1.39 metres short — not as a 
policy choice, but as a physical constraint embedded in 150 years of fixed infrastructure. The 
SBC freight deck provides 6.5 metres clear: the only electrified double-stack-capable corridor 
configuration in Australia. It cannot be retrofitted onto the ARTC network without demolishing 
every bridge and tunnel on the system.

Enclosed freight deck

Precast concrete wall panels enclose the freight zone between deck level and the upper 
structure. Benefits: 500–1,000× improvement in torsional stiffness, full crosswind shield, 40–50 
dB acoustic attenuation, visual screening. Wall configuration is context-sensitive — full 
enclosure through towns, 1 m top-open slot through rural country, open framework in desert. 
Same structural provision throughout — only the infill panels change.

Alice Hub gravity distribution

The SBC water conduit does not pump water uphill. It captures water from three northern rainfall 
corridors (Gulf of Carpentaria coast, Kimberley, Top End) and delivers it by gravity via the Alice 
Hub at approximately 520 metres elevation to the Murray-Darling basin at below 200 metres. 
The 320-metre head provides gravity flow — no pumping energy required for the main 
distribution. Alice Hub PHES uses the same elevation difference: 40 GW generation, 40+ GW 
emergency capacity, 16,000 GL storage.



A8. Post-Tensioning Tubular — Size, Grade, Tensile Loading

The post-tensioning system is a single continuous oilfield tubular string running from the 
sacrificial cutter head anchor approximately twenty metres below ground, up through the 
caisson, and through the hollow centre of the stacked precast columns to the top hanger 
assembly at the pylon cap. The string is installed in phases aligned to construction sequence — 
first down to tension the caisson, then extended upward joint by joint as the column segments 
are stacked above — but it functions structurally as one continuous pre-stressed member. This 
section sets out the tubular size selection, grade rationale, and approach to tensile loading for 
both Design B and Design A.

Proposed Tubular Specification

Parameter Design B Design A

Tubular size (OD × weight) 9⅝ inch × 53.5 lb/ft 13⅜ inch × 72 lb/ft

Material grade L80 13Cr-80 L80 13Cr-80

Joint length (API Range 2) ~12 m ~12 m

Connection type Premium gas-tight threaded Premium gas-tight threaded

Cross-sectional area 15.55 in² (10,030 mm²) 22.58 in² (14,570 mm²)

Tubing body yield (80 ksi) 1,244 kips (5,530 kN) 1,806 kips (8,030 kN)

Premium joint yield (~95%) ~1,180 kips (5,250 kN) ~1,716 kips (7,630 kN)

Joints per pylon string ~2 × 12 m + pup ~5 × 12 m + pup

Tubing weight per pylon ~0.5 tonnes ~2.3 tonnes

Anchor and Reciprocal — The Foundation Engagement
The bottom end of the tubular string carries a mechanical anchor fitting that locates into a 
matching reciprocal profile cast into the sacrificial cutter head during its manufacture. When the 
string is run down the caisson bore, the anchor lands onto the reciprocal and latches 
mechanically. Tension applied at the caisson head then reacts into the rock via the cutter head, 
which has been drilled into competent rock as part of the caisson construction cycle.

Conceptually the arrangement is the oilfield equivalent of a pin and box threaded connection, 
except that the engagement is designed to latch rather than make up conventionally — no 
rotation of a multi-tonne string to the bottom of the bore. The anchor locates into the reciprocal 
in a single axial landing. Retrieval if required uses a dedicated tool designed for the specific 
anchor profile — options include shearing release at a preset tension above working load, 
rotation release in a specific direction (for example via a left-hand thread feature), or an internal 
release mechanism run on wireline. The specific anchor and reciprocal profile is a matter for 
detailed design and is well within the envelope of mature oilfield completion engineering; many 
candidate profiles exist in current commercial use.

The advantage of this arrangement over a conventional threaded connection is threefold. First, 
no rotation is required at the bottom of the caisson bore, which is operationally simpler and 
removes the risk of cross-threading or galling in an inaccessible location. Second, the anchor 



can be designed as retrievable, allowing the tubular to be pulled and replaced across the 200-
year asset life as a scheduled maintenance option. Third, the reciprocal profile can be cast into 
the cutter head during manufacture as a simple moulded geometry, without requiring a precision 
thread machined into an underground component.

Compression Calculation — Showing the Work
This section sets out the pre-feasibility arithmetic behind the precompression targets and the 
tubular size selection. All numbers are order-of-magnitude and rounded for clarity. Detailed 
structural engineering at 20 to 30 percent design maturity will refine these figures; the intent 
here is to show the logic that a reviewing engineer can check and develop further.

Design B — Precompression Calculation

Governing load case. The controlling load combination is eccentric loading from electrified 
double-stack freight, combined with maglev dynamic lateral force, combined with wind at code-
factored design pressure. All of these produce bending moment at the column base where the 
first segment joint is most vulnerable to decompression. Seismic is a lesser case for Australian 
regional seismic zones and is covered by the same precompression envelope.

Column geometry — assumed. Twin circular columns per pylon, each approximately 2 metre 
diameter tapering to ~1.5 metre at top. Column cross-section at base: approximately 3.14 
square metres per column. Column centreline separation: approximately 6 metres (freight deck 
width). Above-ground column length: 17 metres (Design B pylon height).

Bending Moment at Column Base

Load case Force Effective lever 
arm

Base moment per pylon

Wind at 1.5 kPa, 20 m² area, 
factored 1.5

~45 kN ~12 m ~540 kN·m

Maglev dynamic lateral (10% 
vertical load)

~100 kN ~17 m ~1,700 kN·m

Freight eccentric (2,800 kN × 
1 m offset)

~2,800 kN ~1 m ~2,800 kN·m

Combined (simultaneous 
worst case)

— — ~5,000 kN·m

ULS factor 1.5 on live loads — — ~7,500 kN·m per pylon

Per column (two columns 
share)

— — ~3,750 kN·m per column

Tensile Stress at Windward Column Face

For a 2-metre-diameter circular column with second moment of area I ≈ 0.785 m⁴ and extreme-
fibre distance y = 1 metre, the bending stress at the windward face under 3,750 kN·m base 
moment is:

σ = M·y / I = (3,750 × 1) / 0.785 ≈ 4,780 kPa ≈ 4.8 MPa tension at windward face.



To keep the column base joint in net compression, the pre-stress system (natural dead-load 
compression plus post-tensioning) must deliver at least 4.8 MPa of uniform compression across 
the column cross-section. Multiplied by column cross-section area of 3.14 m²:

Required total precompression = 4.8 × 3,140,000 = 15,070 kN per column ≈ 3,390 kips per 
column.

Per pylon (two columns): approximately 6,780 kN ≈ 1,525 kips per pylon for the tension-closing-
compression case. This is lower than the earlier-stated 2,500 to 3,000 kips because the simpler 
circular-column model used here is conservative only on wind and maglev; the eccentric freight 
load dominates and has already been factored. A more detailed load combination accounting for 
the specific geometry of the freight deck eccentricity, the moment distribution through the 
transverse cap beam to both columns, and the partial coupling of columns through the 
foundation may increase this figure. For this pre-feasibility section we round up to approximately 
2,500 kips per pylon as the working precompression target, providing headroom for detail 
development.

Natural Precompression from Self-Weight and Permanent Loads

Source Volume / load Mass or force Force at column base

Columns — two columns × 17 
m × 2 m² average area

~68 m³ concrete ~163 tonnes ~1,600 kN

Transverse cap beams HB1–
HB4

~30 m³ concrete ~72 tonnes ~720 kN

Freight deck precast panels 
and services

— — ~1,000 kN per pylon span

Maglev guideway and upper 
structure

— — ~500 kN per pylon span

HVDC cables + gas + hydrogen 
+ fibre SDL

— — ~200 kN per pylon span

Total natural compression at 
column base

— — ~4,020 kN per pylon

Per column (distributed 
between two)

— — ~2,010 kN ≈ 450 kips per 
column

Per pylon total (both columns) — — ~900 kips per pylon

Natural precompression at column base from self-weight plus superimposed permanent loads: 
approximately 900 kips per pylon. Round up to 1,000 kips for working estimate. The difference 
between required precompression (~2,500 kips) and natural precompression (~1,000 kips) is 
the post-tensioning requirement:

Net post-tensioning requirement per pylon = 2,500 − 1,000 = approximately 1,500 kips per 
pylon.

Tubular Sizing — Why 9⅝” L80 13Cr

Size selection works backwards from the 1,500 kip target at a single-tubular-per-pylon 
installation constraint (set for install simplicity as discussed elsewhere in this document). 
Candidate sizes in L80 13Cr-80:



Tubing size Cross-
section area

Body yield 
(80 ksi)

Joint yield 
(~95%)

Meets 1,500 kip target?

4½” × 12.6 lb/ft 3.60 in² 288 kips ~275 kips No — 18%

5½” × 20 lb/ft 5.83 in² 466 kips ~443 kips No — 30%

7” × 26 lb/ft 7.55 in² 604 kips ~574 kips No — 38%

7” × 32 lb/ft 9.32 in² 746 kips ~709 kips No — 47%

7⅝” × 39 lb/ft 11.19 in² 895 kips ~850 kips No — 57%

9⅝” × 47 lb/ft 13.57 in² 1,086 kips ~1,032 kips Marginal — 69%

9⅝” × 53.5 lb/ft 15.55 in² 1,244 kips ~1,182 kips Close — 79%

10¾” × 60.7 lb/ft 18.97 in² 1,518 kips ~1,442 kips Yes — 96%

13⅜” × 72 lb/ft 22.58 in² 1,806 kips ~1,716 kips Yes — 114%

The 9⅝ inch × 53.5 lb/ft tubular delivers approximately 79 percent of the 1,500 kip target at joint 
yield. The residual 21 percent gap is closed by the joint bearing safety factor in the cap-beam 
pass-through, the compression capacity of the concrete column beyond its calculated minimum, 
and the acceptance that segment joints may permit minor elastic decompression at peak ULS 
load without structural consequence (segment faces remain in contact because of the 
mechanical wedging at the foundation). This is a defensible pre-feasibility size selection.

Why not 10¾” or 13⅜” for Design B? Those sizes deliver more capacity but trade off against: 
larger caisson bore requirement (heavier tubular requires larger drill hole, more concrete, more 
cost), larger handling and rig kit, and a grade-to-size mismatch for Design B where the 9⅝” size 
is well-matched to the actual demand. The 10¾” size is retained for contingency — if detailed 
loading calculations show the 9⅝” is insufficient, stepping up to 10¾” is a size increment within 
the same oilfield supply chain without changing grade or installation method.

Design A — Same Approach, Larger Scale

Design A pylons are approximately 50 metres tall with a five-level structure above the freight 
deck (freight, continental water conduit, service rail, hyperloop reserve, maglev). The load 
profile is qualitatively different from Design B: the massive water conduit — 15.2 m × 9.6 m 
concrete channel — contributes most of the permanent dead load, and the taller lever arm 
amplifies bending effects. The same calculation methodology applies with larger numbers.

Design A estimate Value

Column geometry Twin columns, ~3 m diameter 
tapering to ~2 m

Above-ground column height ~50 m

Wind + maglev + freight combined ULS moment per pylon ~25,000 kN·m

Bending stress at column base (3 m dia, I ≈ 3.97 m⁴) ~3.2 MPa

Required precompression — compression-closing 
criterion

~7,000 kips per pylon

Self-weight contribution (taller columns, heavier cap ~2,500 kips



Design A estimate Value

beams)

Superimposed dead load — water conduit (8,500 
tonnes/km ÷ 25 m spacing)

~3,330 kips per pylon

Maglev, service rail, HVDC, gas, hydrogen, fibre SDL ~350 kips per pylon

Natural precompression (total) ~6,180 kips per pylon

Net post-tensioning requirement ~820 kips per pylon

Design A natural precompression is substantial because the water conduit itself weighs 
approximately 330 tonnes per 25-metre span. At mature continental water transfer operating 
with the conduit flowing full, the water mass adds another approximately 120 tonnes per span. 
These are significant fractions of the precompression requirement delivered by the permanent 
structure mass alone. The net post-tensioning target becomes approximately 800 to 1,500 kips 
per pylon — smaller, as a fraction, than the Design B ratio, because Design A is substantially 
self-compressing from its own conduit mass.

Tubular size for Design A: 13⅜” × 72 lb/ft L80 13Cr-80 at 1,716 kips joint yield provides 
comfortable coverage of the 800 to 1,500 kip post-tension target. The 13⅜” size is selected 
(rather than 10¾”) for three reasons: (1) the larger tubular provides reserve capacity for detailed 
load combinations that may increase the estimate; (2) 13⅜” is the standard surface casing size 
in Australian oil and gas and is therefore within the commodity grade supply chain; (3) the larger 
bore simplifies through-tubular inspection by providing better clearance for standard wireline 
tools.

Why Not Smaller Tubulars

A recurring pre-feasibility question is whether a smaller tubular (4½ inch as used in the Rev 17 
conceptual specification) could deliver the required post-tensioning. At 275 kips joint yield, a 
single 4½ inch tubular delivers only 18 percent of the Design B target and 16 percent of the 
Design A target. To match the full PT requirement with 4½ inch tubing, Design B would need 6 
tubulars per pylon and Design A would need 6 to 7 tubulars per pylon. This is technically 
achievable but operationally undesirable: more tubulars means more install operations per 
pylon, more anchors, more inspection points, more maintenance intervention, and more 
cumulative labour per pylon across 800,000 pylons network-wide. The single-tubular-per-pylon 
approach at a larger commodity oilfield size is operationally simpler and structurally equivalent.

Why Not Larger Tubulars

The opposite question — why not step up to 16 inch or 20 inch — has three answers. First, 
larger sizes are less common in the Australian oilfield supply chain and would require specialty 
orders. Second, the caisson bore would need to expand proportionally, increasing drilling time, 
spoil handling, and ring segment cost. Third, the precompression requirements calculated here 
don’t benefit from the larger capacity; going from 13⅜” (1,716 kips joint yield) to 16” (2,280 kips 
joint yield) delivers headroom that isn’t required by the target loads. The selected sizes match 
the demand at commodity grade without over-engineering.

Design B precompression target ~2,500 kips per pylon, of which natural dead loads 
provide ~1,000 kips, leaving ~1,500 kips to post-tensioning. 9⅝” × 53.5 lb/ft L80 13Cr-



80 at 1,180 kips joint yield delivers ~79% of target, with the residual closed by joint 
bearing SF and segment-face contact at the wedged foundation. Design A 
precompression target ~7,000 kips per pylon, of which natural dead loads (including 
the water conduit) provide ~6,200 kips, leaving ~800 kips to post-tensioning. 13⅜” × 
72 lb/ft L80 13Cr-80 at 1,716 kips joint yield provides comfortable coverage. Both 
sizes are commodity Australian oilfield grade. Both fit a single-tubular-per-pylon 
install constraint. Pre-feasibility engineering only — detailed design at 20–30% 
maturity will refine.

Grade Selection Rationale — L80 13Cr-80
L80 13Cr-80 is the commodity corrosion-resistant alloy tubing used throughout Australian 
onshore and offshore oil and gas production. Several converging reasons support selection 
across the full SBC programme:

Australian supply chain maturity. L80 13Cr-80 is the primary corrosion-resistant grade used 
by Santos, Woodside, INPEX, Origin, Beach Energy, and other Australian upstream operators. 
It is routinely imported, inspected, stocked, and delivered through existing Australian oilfield 
distribution networks. Transferring this existing supply chain to SBC demand requires no 
technology development.
Mature corrosion resistance in the foundation environment. The 13Cr-80 alloy (martensitic 
stainless, ~13% chromium) handles the combined groundwater and atmospheric environment 
the tubular sees over its service life. Proven 50+ year service history in far harsher oilfield 
downhole conditions (H2S, CO2, chlorides at high temperature and pressure) than the SBC 
foundation environment. 200-year service life is defensible against known degradation 
mechanisms.
Commodity price point. L80 13Cr-80 is manufactured at scale globally and is the most cost-
competitive CRA grade available. Higher-strength grades (T95, P110, Q125) are more 
specialty, more expensive, and have smaller Australian supply footprints. L80 delivers adequate 
tensile capacity at the commodity price point.
Sovereign OCTG mill alignment. L80 13Cr-80 is the target primary product of the proposed 
sovereign Australian OCTG mill (see Master Development Document, Chapter 16). Aligning 
SBC tubing demand to the same commodity grade as Australian O&G demand creates the 
combined offtake volume that makes the sovereign mill commercially viable. Higher or more 
specialty grades would undermine this alignment.
Fatigue life at working stress. Lower-strength grades held at lower working-stress fractions of 
yield have superior fatigue life to higher-strength grades held at higher stress fractions. For a 
200-year design life under continuous dynamic loading, L80 at moderate working stress is 
structurally preferable to Q125 at high working stress, even if the Q125 geometry would be 
smaller.

Size Selection — 9⅝” Design B, 13⅜” Design A
The two tubular sizes are selected on the structural basis set out below. Both sizes are standard 
commodity oilfield diameters — 9⅝ inch casing is the most common intermediate string size in 
Australian oil and gas; 13⅜ inch is the standard surface casing size. Both are stocked at 
Australian oilfield yards and handled with standard rig kit.

Design B — 9⅝” Tubular



Design B pylons are approximately 17 metres tall, carrying two structural levels (freight deck 
plus maglev deck). Estimated total precompression requirement at the column base under 
worst-case ULS-factored load combination is approximately 2,500 to 3,000 kips per pylon. 
Natural precompression from structural self-weight and permanent dead loads contributes 
approximately 1,300 to 1,500 kips. The single 9⅝ inch tubular is sized to contribute the 
remaining net post-tensioning requirement of approximately 1,100 to 1,700 kips. At L80 13Cr-80 
joint-limited capacity of approximately 1,180 kips (95% of body yield 1,244 kips), one tubular 
delivers the required PT at working tension near joint yield under factored load combinations. 
Joint bearing safety factor in the cap beam pass-through plus the compressive capacity of the 
concrete column provide the residual structural margin.

Design A — 13⅜” Tubular

Design A pylons are approximately 50 metres tall, carrying five structural levels (freight deck + 
continental water conduit + service rail + hyperloop reserve + maglev deck). The taller column, 
longer effective lever arm, and water conduit loads substantially increase precompression 
demand. Estimated total precompression requirement is approximately 6,000 to 8,000 kips per 
pylon. Natural precompression from self-weight and dead loads contributes approximately 4,000 
to 4,500 kips. Net post-tensioning requirement is approximately 2,000 to 3,500 kips. At L80 
13Cr-80 joint-limited capacity of approximately 1,716 kips (95% of body yield 1,806 kips), one 
13⅜ inch tubular delivers the core PT contribution with the natural precompression from the 
column mass and water conduit loads providing the balance. Detailed tensile loading 
calculations during consortium engineering may refine the operating tension and confirm the 
tubular count is sufficient at the 13⅜ inch size; if additional capacity is required, options include 
a second parallel tubular or higher-grade T95 or P110 on the same 13⅜ inch size (both 
deliverable in the same diameter).

Tensile Loading Approach
The tubular working tension is proposed to be sized by ultimate limit state (ULS) structural 
design, not by an additional tubular safety factor on top of ULS. The reasoning:

Load factors already applied at ULS. AS 5100 (Bridge Code) and AS 3600 (Concrete Code) 
impose load factors of 1.2 to 1.5 on permanent and live loads to generate the ULS load 
combination. The tubular is sized so that its joint-limited yield capacity matches this ULS-
factored demand. Applying an additional safety factor on the tubular would double-count margin 
already present in the load combination.
Joint bearing SF is separate. The cap beam pass-through holes introduce local concrete 
bearing stress around the tubular. Joint bearing is sized independently to code requirements — 
concrete compressive strength versus bearing stress at the pass-through. This bearing SF 
handles residual margin separately from tubular tensile margin.
Retensionable design. The tubular is inspectable and retensionable via standard through-
tubular wireline operations. If long-term relaxation or creep reduces installed tension below 
target, re-tensioning is a scheduled maintenance operation rather than a failure event. This 
substantially differs from conventional grouted PT strand where once-installed tension is 
permanent. The inspectability and retensionability justifies a lower reserve SF than would be 
appropriate for an unreachable tension member.
Multiple structural load paths. The pylon’s compressive strength is not solely delivered by the 
tubular. Structural self-weight, permanent service loads, segment stacking geometry, and the 
wedging mechanism at the foundation all contribute to joint compression. The tubular provides 
the active pre-stressing above this baseline, which means tubular yield does not translate 
directly into structural collapse. Failure of the tubular would reduce joint compression to the 



natural precompression from dead loads (still ~1,300 to 4,500 kips depending on design), 
leaving the structure in a reduced-capacity state rather than immediate collapse.

Installation
The tubular string is installed by screwing joints together on a small derrick positioned on the 
freight deck during construction, exactly as oilfield tubing strings are assembled on a rig floor. 
Standard API Range 2 joints of ~12 metres length are made up with premium gas-tight threaded 
connections. Pup joints of 2, 4, 6, 8, or 10 feet length are used to trim the string to exact final 
length. Standard oilfield torque specifications, make-up procedures, and inspection protocols 
apply. No bespoke equipment is required; the derrick, elevators, slips, and torque tongs are 
commodity oilfield kit.

The Design B string requires approximately 2 × 12 m joints plus one pup joint to reach the target 
length of approximately 22 metres (caisson depth plus above-ground stickup plus the cap 
head). Make-up time per pylon is approximately 30 to 60 minutes including rig-up. The Design A 
string requires approximately 5 × 12 m joints plus pup joints for a total length of approximately 
60 metres. Make-up time per pylon is approximately 2 to 3 hours. Both are fully compatible with 
the multi-front assembly programme cycle time.

Elastomeric Damper Detail
Each tension tubular passes through the transverse cap beams rather than running parallel to 
them. Each cap beam has two vertical holes cast into it on the pylon centreline, through which 
the tubulars thread. At every pass-through point a damper interface is placed between the 
tubular outer wall and the cap beam concrete. The damper is a simple elastomeric sleeve — 
engineered rubber — sized for the tubular outer diameter and the cap beam hole bore.

Figure — Elastomeric damper (shown in pink) placed between each tension tubular and the transverse  
cap beam pass-through. Passive energy dissipation at every cap beam level across the pylon height.

The damper performs four structural functions simultaneously:

Lateral restraint. The tubular is held centred within the cap beam pass-through by the damper 
ring, preventing lateral flex of the tubular between anchor points. This converts the tubular from 



a single free column between its base and top anchors into a laterally restrained member 
supported at every cap beam level.
Energy dissipation. Dynamic loads (maglev passes, freight axles, wind gusts, seismic events) 
cause small relative motion between the tubular and the cap beam. The elastomer absorbs this 
motion and dissipates the kinetic energy as heat through internal material damping. The effect is 
distributed energy absorption at every cap beam level along the pylon.
Fatigue protection. Without damping, dynamic loads cycle the tubular through repeated stress 
amplitudes, accumulating fatigue damage over the 200-year design life. The damper reduces 
stress amplitude at each cap beam pass-through, extending fatigue life of the tubular, the cap 
beam concrete, and the segment joint above.
Maglev ride isolation. The damper provides structural isolation between the freight-deck 
column and the maglev guideway above, filtering lower-frequency structural vibrations before 
they reach the maglev interface. This protects passenger ride comfort and extends maglev 
guideway alignment life.

Damper material and sizing. The proposed material is engineered natural rubber or equivalent 
elastomer, typical service life 40 to 60 years in protected bridge bearing applications. Sizing is 
proposed at approximately 40 to 60 millimetres radial thickness around the tubular outer 
diameter, providing adequate compressibility for dynamic displacement while restraining motion 
at extreme loads. Specific durometer grade and geometry to be selected at detailed design. 
Dampers are replaceable on routine maintenance cycles aligned with the 50-year tubular 
inspection interval — rig up a light wireline unit, release the top hanger tension, withdraw the old 
damper from each cap beam pass-through, install a replacement, re-tension the tubular. The 
damper is a consumable wear item, not a permanent structural component.

Technology rationale. Elastomeric dampers are the oldest and most mature dynamic damping 
technology in civil engineering. They are used in essentially every significant bridge and every 
modern multi-storey building in the world. They require no active control systems, no 
electronics, no monitoring beyond visual inspection of damper condition. They are cheap, they 
are understood, and they have a 100-plus-year track record in structural applications. For a 200-
year infrastructure asset, this maturity is the right technology choice. No more complex damper 
technology (fluid viscous, viscoelastic, magnetorheological) is required for the structural 
performance this system targets. Simple is better. Simple lasts longer.

Staged Tensioning — Advantage of the System
The SBC pylon is built in two construction stages, as described in the body of this document. 
Stage 1 produces a complete operational freight viaduct — caisson, lower columns, HB1 and 
HB2 cap beams, the freight deck, and overhead electrification. Stage 2 follows later, adding the 
upper structure — HB3 and HB4 cap beams plus the maglev guideway on Design B, or HB3 
through HB10 cap beams plus the water conduit, service rail, hyperloop reserve, and maglev 
guideway on Design A. The two stages run as separate production campaigns, potentially years 
apart, with electrified freight trains operating continuously on Stage 1 throughout Stage 2 
construction above.

The tension system is designed to match this two-stage build sequence. This is one of the 
genuine operational advantages of the oilfield-tubular approach over conventional grouted post-
tensioning strand.

Stage 1 Tensioning — Freight Deck Only

At the completion of Stage 1 construction, the tubular string is tensioned to deliver 
precompression across the foundation caisson and the lower column segments from the 



caisson head up through HB1 and HB2 cap beams to the top of the Stage 1 upper column. The 
tension applied is sized for Stage 1 structural loads only — freight rail axle loads, freight deck 
dead load, overhead catenary wind load, and wind/seismic on the lower column. Stage 1 
tension is typically a fraction of the full Stage 2 tension that will ultimately be applied. The 
caisson is fully locked against its buried anchor; the lower columns are fully pre-compressed at 
their Stage 1 operating load. Freight operations commence.

Stage 2 Tensioning — Full System Reset

When Stage 2 construction commences (potentially years later), the existing Stage 1 tension is 
released at the top hanger. Additional tubular joints are screwed onto the top of the existing 
Stage 1 string. The column stack is completed above — new segments, HB3 and HB4 on 
Design B or HB3 through HB10 on Design A. The full string is then re-tensioned to deliver 
precompression across the complete pylon from the foundation anchor all the way up to the top 
hanger at the new maglev deck level. Full precompression is applied to handle the combined 
Stage 1 plus Stage 2 structural loads — freight plus maglev plus water conduit (Design A) plus 
upper-level dead loads and dynamic loads.

The whole system — foundation, caisson, lower columns, upper columns, the tension tubular 
itself — is one continuous pre-stressed member after Stage 2 tension is applied. Every segment 
joint along the full length is held under continuous compressive pre-load. The staged tensioning 
process has taken a system designed for a final ULS load envelope and allowed it to operate at 
a reduced tension level during the intermediate construction phase, then reset to the full tension 
when the complete structure is ready.

Why This Is a Structural Advantage

Conventional grouted post-tensioning strand cannot do this. Once a wire-strand tendon is 
tensioned and the duct is grouted, the grout bonds the strand to the surrounding concrete and 
locks the tension state permanently. You cannot release tension, you cannot re-tension, you 
cannot add additional tension later. Grouted PT is a one-time operation. This forces 
conventional segmental bridge construction to design for the final load case at initial tensioning, 
which means pushing tension into an incomplete structure that is not yet carrying the loads it 
was tensioned to resist. It is done routinely in conventional bridges, but it is a structural 
compromise.

The SBC tubular system is ungrouted. The tubular is held under tension only by the anchor at 
its base and the hanger at its top. Releasing tension is a standard operation — lift the top 
hanger slips, allow the tubular to relax. Re-tensioning is the same standard operation in reverse. 
The system can be tensioned, released, extended, re-tensioned, inspected, and maintained any 
number of times across the asset’s 200-year life. This operational flexibility is a direct 
consequence of the choice to use oilfield tubular rather than grouted strand. It is not available to 
any competing post-tensioning technology.

Further Operational Advantages of Adjustability

Beyond the Stage 1 / Stage 2 construction sequence, the retensionable design opens a number 
of ongoing operational advantages that are structurally unavailable in conventional grouted PT 
systems:

Long-term relaxation correction. All tensioned steel members lose approximately 2 to 5 
percent of their applied tension over decades due to material relaxation. In conventional grouted 
PT, this loss is permanent and must be designed around at initial tensioning. In the SBC 
system, relaxation is corrected at routine inspection — re-tension to the target specification 
every 50 years.



Settlement accommodation. Foundations may settle asymmetrically over 200 years. 
Conventional grouted PT provides no correction pathway if foundation settlement causes 
structural misalignment. The SBC system allows realignment during any inspection — release 
tension, re-shim the foundation bearing surface, re-tension. Maintains precision alignment 
across the full asset life.
Load capacity upgrade. If future freight or maglev service loads exceed the original design 
envelope (heavier containers, faster trains, additional services), the tension can be increased 
within the tubular joint-yield envelope. This provides approximately 15 to 25 percent load 
capacity upgrade headroom without replacing structural components. Conventional grouted PT 
has no equivalent upgrade pathway.
Damage response. If a pylon is damaged — seismic event, vehicle impact, extreme weather — 
the tension system can be inspected and corrected without dismantling the structure. 
Conventional PT damage often requires full structural replacement.

Staged tensioning matches the two-stage SBC construction sequence. Tension set 
once for Stage 1 freight deck; released and reset for Stage 2 upper decks. Ongoing 
re-tension, realignment, and capacity upgrade available across the 200-year asset 
life. This is the advantage of oilfield tubular over conventional grouted PT — the 
tension system is adjustable through the asset’s operational life, not locked 
permanently at initial installation. Simple technology, mature industry, durable 
design philosophy.

Anchor Design — Set, Hold, Release, Reset
The anchor at the base of the tubular string is the structural endpoint of the post-tensioning 
system. It sits approximately twenty metres underground inside the sacrificial cutter head, 
permanently inaccessible for direct human intervention once the caisson is complete. Across 
the 200-year asset life it must perform four functions on command, repeatedly, reliably, and 
remotely.

Hold. Carry the full tubular tension load safely — up to approximately 1,180 kips (5,250 kN) for 
a Design B pylon or approximately 1,716 kips (7,630 kN) for a Design A pylon at joint-limited 
capacity, plus whatever dynamic and seismic demand cycles through the string over decades of 
service. The anchor must never slip, release unintentionally, or fatigue under cyclic load.
Set. Engage positively when the tubular string is first run into the caisson, providing a positive 
mechanical connection between the tubular and the buried cutter head that will then resist the 
applied tension.
Release. Disengage on command — controlled by surface operations at the top hanger — so 
that tension can be relaxed for Stage 2 extension, for inspection, for maintenance, or for damper 
replacement at the cap beam interfaces. Release must be clean and repeatable; partial release 
or stuck anchor behaviour is not acceptable.
Reset. Re-engage positively after release, providing the same hold capacity as the original set. 
This must be possible repeatedly across the asset’s 200-year life — estimated approximately 4 
to 8 set/release/reset cycles on each pylon across scheduled maintenance intervals, plus 
additional cycles for unscheduled response events.

Oilfield Packer and Anchor Practice

The set/hold/release/reset requirement is not new. It is precisely the operational requirement for 
downhole packers and anchor assemblies used routinely in oil and gas wells throughout the 



world. For more than fifty years the oilfield industry has developed, refined, and mass-produced 
retrievable packer and anchor systems designed for exactly this purpose — hold tubing tension 
or pressure downhole, release on command from surface operations, re-set for further service. 
Representative commercial product families include the Halliburton RTTS retrievable packer, 
Baker Hughes retrievable bridge plug and packer range, Weatherford retrievable liner hangers, 
and similar offerings from other major service companies. Hundreds of thousands of retrievable 
packers are in service in Australian onshore and offshore production wells today. Set, hold, 
release, and reset is a mature capability, not an engineering unknown.

Relevant oilfield technology categories that apply directly to the SBC pylon anchor:

Mechanical retrievable packers. Slips on a mandrel engage the casing wall when set (by 
tubing rotation, weight, or hydraulic pressure), release by reverse manipulation. The slip 
geometry is designed for controlled bi-directional set and release. This is the direct analogue for 
the SBC pylon anchor — mechanical engagement with the cutter head’s internal slips surface, 
set/release operated from surface.
Tension anchors for rod-pumped wells. Specifically designed to resist sustained tubing 
tension — the exact SBC pylon use case. Holding tension of 100 to 500 kips at 2,000 to 3,000 
metres depth is routine oilfield practice. Scaling the anchor design from oilfield production 
envelopes to the SBC tension requirements is straightforward.
Permanent packer with retrievable seal assembly. The permanent anchoring element stays 
in the well forever; the seal unit and tubing above are retrievable for remedial operations. This is 
the likely architecture for the SBC pylon anchor — the sacrificial cutter head is the permanent 
anchoring element cast into the rock at drilling completion; the slip engagement mandrel is 
retrievable.
Wireline-set and wireline-released anchor tools. Modern wireline technology can set, 
release, and reset anchors remotely via electric line or slickline operations. This is directly 
relevant to 200-year operational maintenance — anchor servicing can be performed using the 
same through-tubular wireline operation that performs wall thickness inspection.

Proposed Anchor Architecture

A workable architecture for the SBC pylon anchor draws directly from these proven oilfield 
templates. The specific mechanical design is a detailed engineering item; the architectural 
principles that the design must satisfy are proposal-level and set out below.

Cutter head as permanent receiver. The sacrificial cutter head, left socketed in rock at drilling 
completion, incorporates an internal profile designed as the permanent anchor receptacle: 
internal slips engagement surface, tapered entry for the tubular mandrel, and a through-bore for 
tubular continuity. The cutter head is a precision-machined component, not a disposable one — 
its machined internal profile is what the tubular anchor mandrel engages. This profile stays in 
service for the full 200-year life.
Mandrel-and-slips engagement. The bottom of the tubular string carries a mandrel assembly 
with expandable slips. When the string is lowered into the caisson and the mandrel enters the 
cutter head receptacle, the slips are actuated — by rotation, hydraulic pressure, or mechanical 
indexing — and wedge outward against the cutter head’s internal slips profile. This is the 
standard oilfield packer set mechanism, adapted to the geometry and load envelope of the SBC 
application.
Load-sharing geometry. The slips transmit tensile load into the cutter head through multiple 
contact surfaces, distributing the ~1,700 kip load over adequate bearing area to avoid plastic 
deformation of either the slip steel or the cutter head internal profile. Contact pressure, slip 
angle, and bearing area are detailed engineering items; oilfield packer designs routinely handle 
similar load densities.



Release mechanism accessible from surface. Release is performed by reversing the set 
operation — applying the release signal from the top hanger at surface. The release mechanism 
must be positive, unambiguous, and repeatable. Oilfield retrievable packers typically release by 
a specific rotation or hydraulic pulse sequence; the SBC anchor follows the same principle.
Integrity monitoring during service. While the anchor is set and holding tension, its condition 
is monitored through the strain gauge data at the top hanger (continuous load reading) plus 
periodic through-tubular wireline inspection (visual and mechanical check of the anchor 
engagement from above). Anomaly detection triggers investigation; loss of positive engagement 
triggers release-and-reset service operation.

Safety Margin and Redundancy

Because the anchor is the structural endpoint of the post-tensioning system, its failure would 
release tension across the full tubular string, removing active precompression from the pylon 
segment joints. The consequences would not be immediate structural collapse — natural 
precompression from self-weight and superimposed dead loads remains (900 kips Design B, 
6,200 kips Design A) — but the pylon would operate outside its design precompression 
envelope. Restoring precompression would require anchor service or replacement, depending 
on the failure mode.

The anchor design is therefore proposed with substantial safety margin and redundancy:

Anchor capacity sized well above tubular yield. Slip-and-cutter-head engagement capacity 
designed for approximately 1.5× maximum tubular joint yield capacity — so the tubular would 
yield before the anchor slipped. This is standard oilfield practice: the weakest link is the tubular 
joint, not the anchor, so failures manifest predictably as tubular yield rather than anchor slip.
Positive mechanical engagement — no elastomer dependency. Slip-and-mandrel 
engagement is metal-on-metal, not elastomer-sealed. 200-year durability is a steel fatigue 
question (well-characterised) rather than an elastomer aging question (harder to predict).
Multiple engagement surfaces for load path redundancy. Multiple slip segments distribute 
the tensile load across multiple independent contact surfaces. Failure of a single slip does not 
release the full load — remaining slips continue to hold at reduced capacity until service.
Monitoring signal for anchor health. Continuous strain gauge reading at the top hanger 
detects any anchor slip or creep over timescales much shorter than the 50-year inspection 
interval. A small reduction in observed tension signals an anchor issue long before it becomes a 
structural concern.

Detailed Engineering Items

The anchor design requires focused detailed engineering during consortium design phase. 
Specific items to be confirmed:

Slip geometry and material grade. Slip angle, tooth profile, steel grade, hardness, and surface 
treatment specific to the expected load, the cutter head material, and the 200-year fatigue 
envelope.
Set and release actuation method. Tubing rotation vs hydraulic pressure vs mechanical 
indexing vs wireline-operated mechanism. Selection depends on the ergonomics of setting and 
servicing operations from surface.
Cutter head internal profile. Precision-machined slip engagement surface inside the sacrificial 
cutter head. This is a critical interface — the cutter head is permanent, so the profile must be 
right the first time.



Debris handling. Twenty metres of caisson above the anchor is exposed to groundwater, 
drilling fluid residue, and environmental debris over the asset’s life. The anchor and its actuation 
path must tolerate or exclude debris to remain operable through multiple set/release cycles.
Qualification testing programme. Full-scale anchor test article in a representative test 
caisson, tested through the design set/release/reset cycle count at full load. Standard practice 
for any new oilfield packer design; directly applicable here.

The anchor at the base of the tubular string is the structural endpoint of the post-
tensioning system. It must hold up to approximately 1,716 kips tension for 50 years 
between services, then release cleanly, then reset to the same hold capacity — 
repeatedly, for 200 years, from a position 20 metres underground. This is exactly 
what the oilfield industry has built and maintained for retrievable packers and 
anchors for more than 50 years, at higher loads and in more hostile environments. 
Proven engineering practice, scaled to the SBC application. Detailed qualification is a 
consortium design item with an established methodology.

Inspection and Maintenance
The tubular is inspectable across its full length using standard through-tubular wireline tools — 
electromagnetic (EM) wall thickness logs, ultrasonic (UT) wall measurement, caliper tools, and 
dedicated casing corrosion evaluation (CCET) tools. All of these tools are commodity oilfield 
services operated in Australia today by Halliburton, Schlumberger, Silverwell, Reach, CoreLab, 
Welltec, and other operators. Inspection is performed by rigging up a light wireline unit at the 
pylon, running the tool top-to-bottom (17 m for Design B, 50 m for Design A), reading wall 
thickness over the full length, and comparing to previous baseline. Inspection cycle is proposed 
at approximately 50-year intervals for standard pylons, with selected critical pylons (river 
crossings, approach transitions, seismic-sensitive sites) inspected more frequently.

Re-tensioning is performed by lifting the top hanger, re-shimming, and re-applying the tension 
specification. Tubular replacement is possible by pulling the entire string and re-running a new 
string. Both operations use the same rig kit as installation. Elastomeric dampers at each cap 
beam pass-through are replaced at the same service intervals as scheduled routine 
maintenance.

Detailed Engineering Still To Be Confirmed
The sizing set out above is pre-feasibility engineering. Detailed tensile loading calculations by 
qualified structural engineers during consortium engineering at 20-30 percent design maturity 
will confirm or refine the following:

Precompression targets. The 2,500-3,000 kips (Design B) and 6,000-8,000 kips (Design A) 
estimates are based on typical bridge-pier practice adapted to the SBC pylon geometry. 
Detailed load combination analysis may produce different numbers.
Dynamic load coefficients. Maglev dynamic amplification factor, freight rail impact factor, wind 
gust spectrum, and seismic spectrum for each geographic zone must be confirmed for each 
corridor.
Tubular count per pylon. A single tubular is the baseline proposal. If detailed loading 
calculations exceed single-tubular joint-yield capacity for the 13⅜ inch size, the alternatives are 
a second parallel tubular (two-tubular pylon) or a higher grade (T95 or P110) in the same 13⅜ 



inch size. Both alternatives preserve the L80 13Cr supply chain for Design B while providing 
capacity for Design A.
Connection type. Premium gas-tight connections are standard for 13Cr. Specific thread profile 
(VAM 21, VAM Top, Hydril 511, or equivalent) is to be selected at detailed design.
Anchor design and hanger design. Top hanger reaction force, anchor bearing plate design, 
and the specific anchor-reciprocal engagement profile (latch-and-release mechanism, retrieval 
method — shear release, rotation, or wireline actuation) are detailed engineering items. Many 
candidate profiles exist in current oilfield completion practice.

Single continuous L80 13Cr-80 tubular string. 9⅝” for Design B, 13⅜” for Design A. 
Commodity Australian oilfield grade. Made up from standard 12 m API Range 2 joints 
using standard oilfield rig kit. Inspected with standard wireline tools by Australian 
oilfield service crews. Retensionable and replaceable. Sized at ULS-factored working 
tension without additional tubular safety factor — the tension system is inspectable 
maintenance, not unreachable permanent installation. Detailed engineering remains 
to be confirmed at 20-30 percent design maturity by consortium engineering 
partners.
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