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Engineering for Change Velocity and Future Capacity

A practical, design-led framework for operators and consultants, using Elevate Yellow Fibre Duct as a
modular pathway platform.
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Abstract [

Pathway congestion within overhead fibre ducting
(“yellow duct”) is increasingly a constraint on data — ==
centre agility. The impact is not limited to aesthetics
or housekeeping; it manifests as increased MAC

risk, slower delivery velocity, and higher lifecycle &
cost due to remedial work and re-routing. In parallel, I
uncertainty in demand growth and technology .-

refresh cycles makes it difficult to “size once” and
rely on a static pathway design.

This whitepaper provides a technical framework for: T /(—

\V4 Diagnosing congestion
\V4 Quantifying usable pathway capacity 1
el
\Y4 Designing for modular expansion. [T T ]
=
It also demonstrates how Elevate Yellow Fibre
Duct - a modular LSZH, flame retardant ducting B . s = il
system with a wide accessory set and multiple
width options - supports a structured approach to [
governance, expansion, and maintainability.
L s—2—F 9
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Why Congestion Happens:
The Physics And The Operational Reality

“Space” is Not the Same as “Usable Capacity”

A duct can appear “not full” by visual inspection and still be functionally congested.
Usable capacity is constrained by factors that are invisible to a cursory glance, and
experienced engineers understand that the gap between physical fill and operational
headroom is where risk accumulates.

Three principal constraints determine usable capacity:
Bend Radius Envelopes

The volume required for cables to turn at entry/exit points and direction changes
without violating minimum bend radius. These zones are effectively unusable for
additional cable routing.

Bundle Packing Inefficiency

Voids between round cables, deformation of bundles under compression, and the
space consumed by tie materials - all reduce theoretical fill to practical fill.

Access Requirements

Safe adds and changes require hands/tools space, visibility, and the ability to route
new cables without disturbing live services. This is not discretionary - it is a risk
management requirement.

This is precisely why fill ratio rules exist, and why
experienced designers treat the “maximum

allowed” as an absolute ceiling — never a target.
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Congestion is Amplified by Change Velocity

In environments where ducts function as active pathways - with cables entering
and exiting frequently - effective fill must be substantially lower than in “through-
only” pathways. Entry/exit bends and rework consume space disproportionately,
creating a compounding effect that accelerates the onset of congestion.

In busy areas of a data centre - like MDA or
HDA cross-connect zones - things change so
often that you can’t safely fill the cable trays or

pathways to their full physical capacity.

In reality, you have to stop much earlier, usually

15-20% below the actual maximum, so there’s
enough room to move, add, or replace cables

without causing a mess or creating risks.
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Quantifying Capacity:
A Practical Engineering Method

Consultants and operators respond well to simple, auditable methods. The following approach provides

robust capacity assessment without requiring perfect data.

Use Area-Based Fill, Not “It Looks Full”

For rectangular duct/trunking, capacity should be treated as an engineering calculation rather than a
visual assessment. The method is directly comparable to conduit and cable tray planning practice:

Duct Internal Area Cable Area
Width x Height (minus any internal features) 2 (TT x (OD/2)?) for each cable in the duct
Fill Ratio

Cable Area + Duct Internal Area x 100%

Apply Fill Ratios That Preserve Lifecycle Agility

Pathway fill ratios are not arbitrary bureaucratic constraints - they encode the
operational experience of generations of infrastructure engineers. The following
guidance reflects commonly referenced industry practice:

25-30% Design Fill 40% Design Fill

High-change areas - MDA/HDA cross- Stable trunk routes with lower change
connect zones, frequent drop points. frequency. Hard ceiling defined by site
Preserves maximum change velocity and standards and access requirements.

access headroom.
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Higher fills impair manageability, increase the risk of overheating, and limit the capacity
to pull fibre cables without causing damage. These ranges align with the logic behind

widely cited pathway guidance including standards-derived conduit fill tables.

Visual Fill vs. Usable Capacity

S //ﬁ?ﬂf/\\\(?\_

Looks OK Operationally Congested

Higher fill,
overlapping bends,
no corner working space

40- 50% fill, clear 7 1
bend envelopes, (Al A
edge working space [ P

&CI'@/\M\\/

Pathway congestion is often caused by loss of usable routing space, not just total cross-sectional area.
A duct that appears partially occupied may already be functionally congested at critical transition points.

Elevate’s Published Capacity References

Elevate’s Yellow Fibre Duct documentation provides capacity guidance based on
duct widths and fill ratios (50% / 75% / 100%) and fibre diameter assumptions,
supporting structured scoping rather than guesswork. These published physical
fill capacities support accurate engineering and comparison - operational best
practice is to design and manage pathways well below those limits to preserve
accessibility, bend radius compliance, and future change velocity.
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Bend Radius:
The Hidden Driver of Congestion and Risk

Bend Radius is Not Optional - It's Performance Protection

Exceeding minimum bend radius can introduce macrobend and microbend loss, and - critically - long-term
reliability issues that may not manifest immediately but degrade performance over the infrastructure lifecycle.
In high-density environments where fibre counts are increasing and cable diameters are decreasing, bend
radius compliance becomes both more challenging and more consequential.

Commonly cited installation guidance includes the following multipliers, applied to cable outer diameter (OD):

~20x Cable OD ~10x Cable OD

During pulling / installation under tension After installation / static minimmum bend radius

These multipliers are widely used as general rules of thumb. Always refer to the specific cable manufacturer’s
datasheet for definitive values, particularly for high-fibre-count or bend-insensitive cable types.

[ 1
I
Engineered Elbow Forced Tight Bend
Uses proper accessory Congestion causes bend
with minimum bend beyond safe radius; high
radius envelope. risk zone.

J |

Bend-radius envelopes at elbows and tees consume space and drive risk when pathways are densely packed.
Purpose-designed accessories are not optional extras - they are fundamental to compliant pathway geometry.
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What This Means for Duct Design

Every direction change - 90°, 45°, tee, or drop-off - creates a bend envelope:

an exclusion zone where cables must be guided to maintain radius compliance.
In congested ducts, technicians compensate by forcing tighter turns, stacking
bundles, or rerouting in ways that increase risk and accelerate cable degradation.
This is not a hypothetical failure mode; it is a documented consequence of
reactive, fill-to-capacity pathway management.

Use Purpose-Designed Elbows and Tees

Direction changes should always use purpose designed elbows, tees, and
junction accessories rather than improvised bends. These components
define the geometry of the turn, removing ambiguity and protecting cable
performance.

Standardise and Distribute Drop Points

Drop points should be standardised in design and distributed along routes
to avoid concentrated congestion hotspots. Ad-hoc drops accumulate into
significant congestion within short periods in high-change environments.

Elevate Accessory Ecosystem

Elevate’s duct ecosystem explicitly includes a broad range of routing
accessories - bends, tees, junctions, risers, and exit sections - enabling
engineered turns and transitions rather than ad-hoc routing that
compromises both performance and future access.
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Engineering Strategies to Manage Congestion

Segment Pathways (Zoning) to Reduce Cross-Traffic and Risk

Pathway zoning is one of the most effective structural interventions available to consultants designing new
environments or auditing existing ones. By creating logical zones within the overhead pathway infrastructure,
operators can contain the blast radius of change activity, protect critical services, and simplify governance
overtime.

Create zones by three primary criteria:

Function Criticality

Backbone trunk routes separated from high- Protected routes for high-availability services,
churn patching and cross connect zones. isolated from routine change activity.

Media Type

Fibre separation from other services for mechanical protection and management discipline.

Elevate’s fibre duct approach explicitly emphasises the importance of separating delicate, small-
diameter fibre for mechanical protection and controlled routing - a principle that should be embedded in
the pathway design specification from day one.
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Add Parallel Capacity Before Re-mediation

A common and costly failure pattern is attempting to “tidy up” a congested route with no alternate path

available. The lower-risk method is a structured, staged migration approach that allows re mediation without
forcing dangerous short cuts in a live environment.

=3 &= 30

Congested Install Parallel Migration
Route Duct Complete

Parallel capacity enables staged migration and reduces intervention risk in live environments.
This approach reassures operators that remediation does not require service disruption.

The staged approach — (1) install parallel duct, (2) migrate high-churn or non-critical
circuits first, (3) re-home legacy runs during planned windows — reduces live handling

risk and allows remediation without forcing dangerous shortcuts. Maintainability is itself a
component of capacity.

e

\fan excel solution elevate@excel-networking.com elevate.excel-networking.com ELE\/A I E

Future Faster



Standardise Entry/Exit Points and Enforce Routing Rules

Congestion is frequently created by uncontrolled “wherever it fits” drop-offs that
accumulate over time as teams and contractors exercise discretion in the absence
of defined standards. A modest governance investment at design stage eliminates
this pattern and preserves pathway performance over the infrastructure lifecycle.

Defined Drop Zones

Consistent, pre-designed transitions at defined positions along trunk routes,
preventing ad-hoc exits that create localised congestion hotspots.

Labelling and Route Documentation
Route documentation expectations embedded in the specification and
handover requirements, ensuring post-installation maintainability rather
than post-handover entropy.

Duct Occupancy Register
A lightweight governance step for pathway utilisation — even a simple duct

occupancy register for critical routes provides the visibility needed to trigger
remediation before congestion becomes critical.
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Designing for Future Capacity:
A Model Consultants Can Defend

Forecast Ranges, Not Single Numbers

Rather than designing fibre
pathways for a single forecast -
“we need X fibres in this route” -
best practice is to allow for a range
of growth scenarios, ensuring
the pathway remains accessible
and manageable even if fibre
volumes and change activity
increase faster than anticipated.
Single-point forecasts are rarely
accurate over a five-to-ten year
infrastructure horizon; pathway
design should reflect this reality
rather than assume precision that
does not exist.

The practical implication is that
initial pathway utilisation should
be deliberately conservative, with
headroom reserved not merely
for additional fibre count, but for
the change activity associated
with those fibres: the moves, the
re-routes, the remedial work, and
the parallel installation events that
characterise a live data centre
environment.

\/ an excel solution

Phase 3 (100%)

Physical Maximum:
Not operationally sustainable -

higher fill reduces access, increases
risk and limits change velocity.

Phase 2 (50-75%)
Engineering Reference /

Caution: Elevate published
capacity reference range.

Phase 1(25-40%)
Design / Operational Phase:

Conservative target preserves access, bend
radius compliance and change velocity.
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Use Modularity as a Contingency Against Uncertainty

Modularity is the engineering response to forecast uncertainty. Rather than attempting to size pathways
perfectly for a future that cannot be known precisely, a modular system enables iterative, incremental
expansion that matches the actual pace of demand rather than a projected one.

Elevate’s Yellow Fibre Duct is engineered with modularity as a structural principle, not a marketing claim:

Modular Straight Sections Multiple Widths, Consistent Height
Straight sections and accessories support Multiple width options with a consistent
iterative expansion and reconfiguration 100 mm height profile enable predictable,
without disturbing existing installed routes. repeatable design rules across the entire site.

Standard 2000 mm Lengths

Supplied in standard 2000 mm lengths,
simplifying standardisation, stock
management, and spares strategy across
multi-site or long-term programmes.

(72)

\fan excel solution elevate@excel-networking.com elevate.excel-networking.com ELE\/A I E

Future Faster



Treat Capacity as a Controlled Asset

The most effective long-term governance method is simple to implement but requires organisational
commitment. Assign each trunk route a target design fill — typically 30 - 40% — track changes against that
target, and define a redesign trigger when utilisation crosses a defined threshold. This avoids the common
lifecycle failure where ducts slowly exceed manageable fill and are only addressed after incidents or project
delays have forced the issue.

Pathway capacity should be treated with the same governance discipline as rack power
capacity or switch port utilisation. Without a defined threshold and a defined owner,

congestion is not a matter of if, but when.
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Fire Safety and Material Performance:
Why It Belongs in the Specification

Data centre pathway components are part of the built environment and must support fire safety
objectives — not merely satisfy a minimum compliance threshold. Material selection for overhead fibre
ducting has direct implications for smoke density, toxic gas generation, and structural integrity under fire
conditions, all of which affect evacuation safety, equipment survivability, and post-incident recovery.

Flame-Retardant ABS Construction

The Elevate Yellow Fibre Duct system is Why Material Specification Matters
manufactured from flame-retardant ABS with at Design Stage

Low Smoke Zero Halogen (LSZH) characteristics.
The material selection is specifically intended

to limit smoke density and the release of toxic

or corrosive byproducts under fire conditions —
characteristics directly relevant to data centre
environments with high-density electronic
equipment and occupied technical spaces.

Fire safety material performance

is most effectively addressed at
specification stage, not substituted
post-award. Once a pathway system is
installed and populated with live fibre,
replacing components for compliance
reasons becomes a significant

UL94 V-0 Flammability Rating operational risk event in its own right.
The system meets UL94 V-0 flammability Specifying LSZH, flame-retardant
requirements —the highest classification pathway components from the outset
within the UL94 standard, indicating tha the — backed by published compliance
material self-extinguishes within a defined certifications — eliminates this risk and
period and does not drip flaming particles. This provides a defensible audit trail for the
is the specification benchmark for data centre design team, the contractor, and the
pathway components in compliance-conscious end-user client.
procurement frameworks.

uUL94 V-0

Regulatory and Environmental Compliance Flammability classification
The system aligns with relevant regulatory and LSZH
environmental compliance frameworks including Low Smoke Zero Halogen
RoHS (Restriction of Hazardous Substances), the RN

Waste Framework Directive, SCIP (Substances
of Concern In articles as such or in complex
objects/Products), and POPs (Persistent Organic
Pollutants). For procurement teams operating
within ESG reporting frameworks or public-
sector compliance environments, this provides

a documented basis for material selection
decisions.

Hazardous substance restriction
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Where Elevate Yellow Fibre Duct Fits:
A Pathway Platform for Governed Growth

Elevate as a Pathway Platform

The Elevate fibre duct system is positioned as a modular range of straight trunking and accessories
designed for overhead routing environments and fast installation. It is explicitly designed to integrate with
other Elevate infrastructure components, supporting a cohesive data centre environment rather than
functioning as a standalone, isolated product selection.

The distinction between a “product” and a “platform” is operationally significant. A product satisfies

a point-intime requirement. A platform provides the geometry, the accessories, and the governance
framework to support the full lifecycle of a pathway — from initial installation through growth, change, and
eventual reconfiguration.

What Makes This Useful to Operators and Consultants

From a technical standpoint, the value proposition rests on four mutually reinforcing
properties that collectively reduce the gap between design intent and operational reality:

Standardised Design Geometry Engineered Routing

Consistent height profile, defined widths, A comprehensive accessory set for turns,
and standard lengths — enabling repeatable, junctions, tees, risers, and exit sections —
predictable design rules across the entire replacing improvised bends with defined,
site and across multiple projects. compliant transitions.

Conservative Capacity Planning Safety-Led Material Selection

Published capacity references that support LSZH, flame-retardant construction with
structured scoping, with clear guidance that published compliance certifications —
operational design targets should remain providing a defensible specification basis for
well below physical maximums. procurement and audit.
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Technical Field Checklists:

Assessing Pathway Congestion, Risk, and Future Readiness

The following check-lists support site walks, audits, and consultant reviews. They are structured to
provide fast, auditable assessments of whether fibre duct pathways are operating within a safe and
manageable envelope, and whether they are positioned to scale cleanly as demand increases.

Indicators of Pathway Congestion and Elevated Operational Risk

Pathway Utilisation and Access

O

O
O
O

Duct routes are visually crowded, with
limited free space at entry and exit points

Technicians struggle to add new fibres
without disturbing existing bundles

Temporary removal or repositioning of live
fibres is required to complete MAC work

Duct covers are difficult to remove or refit
due to internal congestion

Bend Radius and Fibre Handling Risks

O

O
O
O

Tight turns are visible at elbows, tees,
or drop-off points

Fibre bundles are forced against duct edges
or corners

Multiple fibres are stacked or compressed
at direction changes

Entry/exit points lack defined radius
control or strain relief

Change Velocity and Operational Pressure

O

O

O

The route is subject to frequent adds,
moves, or changes

Multiple teams (network, projects,
contractors) access the same pathway

Changes are increasingly planned around
“how to make it fit” rather than following a
standard route

Planned work durations are increasing due
to pathway constraints

Governance and Documentation

O

O

O

No defined design fill or utilisation
threshold exists for the route

Pathway ownership and routing rules are
unclear or unenforced

Labelling and route documentation is
inconsistent or outdated

If three or more boxes are ticked, the pathway should be treated as

congested and reviewed for remediation or parallel capacity installation.
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Indicators That Future Capacity and Scalability Are at Risk

Capacity Planning Assumptions

[J Pathway was designed to a single fibre forecast with no allowance for accelerated growth

[J Growthassumptions did not account for increased change frequency

[] Noreservedspace or parallel routes were identified for future expansion
Physical Constraints

[J Ductwidth or height limits the ability to add parallel routes later

[J Existing duct routes block access to alternative expansion corridors

[ Transitions between trunk routes and racks are already at high utilisation
Modularity and Adaptability

[J Theductsystem does not support easy extension or reconfiguration

[ Direction changes rely onimprovised routing rather than engineered accessories

[0 Expansion would require significant removal of existing services

If these conditions exist, future growth is likely to trigger reactive
rework rather than planned expansion — with associated cost and risk

implications that compound over the infrastructure lifecycle.
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Design and Remediation Best Practice Checks

Pathway Design Discipline
V' Initial pathway utilisation is deliberately conservative rather than maximised
\V4 High-change routes are treated differently from stable backbone routes
\Y4 Entry/exit points are standardised and evenly distributed

Modular Expansion Strategy
V" Parallel duct routes can be added without disturbing live services
V' Theduct system supports consistent geometry across sizes and routes

\/ Accessories are used to manage turns, transitions, and junctions rather than
forcing fibres

Risk Reduction Measures
V' Bend radius control is maintained at all direction changes
\/  Fibre bundles are supported and separated to reduce mechanical stress

V Pathway layout minimises the need for hands-on interaction with live fibres

\/ an excel solution
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Governance, Lifecycle Control, and What “Good” Looks Like

Governance and Lifecycle Control Checklist

This checklist supports consultants and operators who
require pathway performance to remain predictable over
time — the fundamental objective of any infrastructure
governance programme.

Operational Controls

\VAW target design fill (or utilisation band) is defined
for each critical route

V' Thresholds exist that trigger review or expansion
before congestion occurs

\V4 Changes are assessed against pathway capacity,
not just rack availability

Documentation and Accountability
vV Pathway layouts are documented and kept current
\V4 Ownership of pathway standards is clearly defined

\/  Contractors and internal teams follow the same
routing rules

Long-Term Readiness

V Pathways are treated as critical infrastructure, not
passive containment

Vv Expansion plans include physical routing, not just
fibre counts

V' The system supports controlled growth rather than
reactive densification

\/ an excel solution

What “Good” Looks Like —
Summary for Decision Makers

A well-designed yellow fibre duct
strategy delivers five measurable
operational outcomes:

Access and Compliance
Under Change

Preserves bend radius compliance
and hands-on access even as fibre
counts and change activity increase.

Supports Accelerated Growth

Accommodates faster-than-forecast
growth without forcing rework or
service interruption.

Reduces Live MAC Risk

Minimises operational risk during
live moves, adds, and changes -
protecting service continuity.

Enables Modular Expansion

Supports predictable, incremental
expansion in defined, repeatable
increments.

Aligns with Real-World Velocity

Matches physical infrastructure
capacity to actual change
velocity rather than static design
assumptions.
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Designing Pathways for Change, Not Just Capacity

Pathway congestion within fibre ducting is rarely the result of a single poor
decision. More often, it is the cumulative effect of growth, increasing change
velocity, and infrastructure that was designed to meet a fixed requirement rather
than an evolving operational reality.

As data centres scale —in density, in connectivity, and in the frequency with which
those connections must be reconfigured — the challenge is no longer simply how
many fibres can be installed, but how safely, predictably, and repeatedly those
fibres can be added, moved, and re-routed over time.

Congested pathways increase operational risk, slow delivery, and drive costly rework —
often long before physical capacity limits are reached. A structured approach to pathway
design, grounded in conservative utilisation targets, modular expansion, and clear
governance, allows operators and consultants to protect change velocity while maintaining

confidence in future capacity.
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Designing for headroom, access, and adaptability
is not inefficiency — it is a deliberate strategy to
reduce lifecycle risk. The difference between a data
centre pathway that supports sustained operational
performance and one that becomes a constraint
and a liability is not the number of fibres installed
on day one. Itis the extent to which the design
anticipated the rate of change that would follow.

A structured approach to pathway design,
grounded in conservative utilisation targets,
modular expansion, and clear governance, allows
operators and consultants to protect change
velocity while maintaining confidence in future
capacity. The checklists, design principles, and
engineering frameworks set out in this whitepaper
provide a practical basis for that approach —
applicable both to new builds and to the audit and
remediation of existing environments.

Conservative Design Targets

25-40% initial fill for high-change routes —
headroom is a feature, not waste.

Engineered for Change Velocity

Pathway performance maintained under the
pace of MAC activity in live environments.

Elevate’s Yellow Fibre Duct ecosystem supports
this approach by enabling consistent geometry,
engineered routing, and scalable expansion

as part of a wider data centre infrastructure
ecosystem. Used correctly, it allows pathways

to be treated as a managed, long-term asset —
governed, documented, and expandable — rather
than a constraint that must be remediated under
pressure.

In an environment where uncertainty is inevitable,
the most resilient data centres are those designed
not just for today’s fibre counts, but for tomorrow’s
rate of change. Pathway capacity is not a static
specification to be satisfied at handover; itis a
dynamic resource to be managed, governed, and
protected across the full infrastructure lifecycle.

Modular, Scalable Systems

Consistent geometry and a full accessory set
enable predictable, incremental growth.

Clear Governance Framework

Defined utilisation thresholds, documented
ownership, and consistent routing rules.
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