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Level Crossing Profile Assessments
- Introducing NAPIER -

PWI member David Brooks is a Senior Design Manager with Corus in Birmingham.
He is also a member of the Institution of Railway Operators.
In this paper he explains how important issues relating to level crossings can be addressed
and, by using case studies, demonstrates their relevance for railway track engineers.

Introduction

In 2004 there were two major incidents on
level crossings. One resulted in the death of
seven people ! the other involved a train with
around fifty children on board 2. These
incidents were deemed so ‘significant’ that they
made the national press and led Dr Allan
Sefton, HMRI Director of Rail Safety, to describe
level crossings as posing the "greatest"
potential rail risk 1.

Ever since the birth of the railways, where
there has been the need for the rail
infrastructure to pass at grade with the road
network there has been the potential for
accidents to occur. Sadly incidents, like those
mentioned above, do occur on a very regular
basis, and more often than not are due to user
abuse - namely bad and illegal driving
behaviour.

As part of the task of managing the safe use
of level crossings, there is the HSE (Health &
Safety Executive) Railway Safety Principles and
Guidance Part 2 Section E: Guidance on Level
Crossings 3. Within this document there is the
requirement, for certain types of level crossing,
for all railway group organisations to check the
level crossing profiles to set criteria (detailed
below) and to assess the risk of “grounding” by
road vehicles using the crossing. However, the
HSE guidance does not detail how this is to be
achieved.

There are also two Railway Group Standards
regarding the specific requirements of level
crossings, GI/RT7012 and GI/GN7612, which
detail the holistic approach to a level crossing,
including ensuring adequate ground clearance
is provided across the road profile 9 19,

Currently, there are no Railway Group
Standards  (including GI/RT7012 and
GI/IGN7612), Network Rail business process
documents, or Highways Agency standards,
which detail exactly how the level crossing road
profile is to be checked. It is well known that
level crossing profiles are to be checked in
accordance with the ‘Nairn’s Profile’ (described
below), however there is a lack of information
available regarding the correct detail,
presentation, and assessment of a Nairn's
profile. This has caused great concern over the
years, for engineers carrying out track renewal,
maintenance, or civil works within the vicinity of
a level crossing.

‘personnel

This paper intends to highlight the current
criteria for assessing road profiles over level
crossings and to introduce a new level crossing
profile evaluation process. This is NAPIER, the
Nairn’s Profile Evaluation Review, and is
intended to aid engineers in determining, with
regards to grounding, the suitability between

+ A proposed vertical track alignment and
existing approach road levels; or

+ A proposed vertical approach road re-
surfacing design and existing vertical track
alignment; or

* A proposed new vertical track alignment and
approach road re-surfacing design.

This paper will only be describing an
evaluation process to assist with the appraisal of
the suitability of the vertical road profile through
an existing level crossing, to minimise the risk of
grounding. It will not be discussing the
suitability of level crossings, the construction of
level crossings, recommendations for new level
crossings or types of, or Network Rail’'s future
policy regarding the use of level crossings.

When Does Grounding Occur?

Grounding occurs when the underside of a
vehicle using a level crossing strikes the road
surface of the crossing. This may result in either
damage to the vehicle or, worst case, the
vehicle becoming stuck on the level crossing,
which could have fatal consequences.

Types of Level Crossing

There are two classification of level crossing:
Active and Passive 7.

* Active level crossings provide the user with
a visible and/or audible warning system (lights,
siren, barriers, etc) to indicate when it is not safe
to cross the infrastructure; and

+ Passive level crossings provide the user
with no visible and/or audible warning system —
the crossing is dependant on the user’'s
judgement on whether it is safe to cross the
infrastructure.

On the UK rail network there are currently
fourteen different types of level crossing: refer to
Table One for details and classification into
Active and Passive crossings. The NAPIER
process can be applied to all types of level
crossings.

Authorised pedestrian walkways for railway
and Road-Rail Access Points
(RRAPs) are not classified as level crossings.

Level Crossing Incident Categorisation

Incidents at level crossings fall into four main
categories:

|. Train strikes a pedestrian;

II. Train strikes vehicle;

IIl. Vehicle or train strikes the crossing
equipment; and

IV. Level crossing misuse (near miss) or
equipment failure.

The NAPIER process can be utilised on all
types of crossing to aid in the mitigation of
incidents that may occur within Incident
Categories Il and Ill; where there is a possibility
of a vehicle grounding on the level crossing and,
in worst case scenario, being struck by a train.

Level Crossing Statistics

Over the past eight years the following
statistics have occurred 5.

+ Over 7000 level crossings on the UK
national rail network;

+ Approximately 1500 level crossings are on
public roads, used by an average of 1,718,000
vehicles traversing the rail infrastructure a year;

« An average of 10 fatalities per year at level
crossings.

+ An average of 3600 incidents at level
crossings each year in the UK; and

» Category |l accounts for approximately 10%
of all incidents.

Table Two lists a selection of significant
reported incidents at level crossings in 2008 —
this list includes all known Incident Category |
and |l incidents, but not all Category Ill and IV
incidents.

It appears that incidents in 2008 are mainly
occurring on User-Worked Crossings (UWC)
and Automatic Half Barrier (AHB) Crossings.

Passive level crossings are deemed to be
inherently riskier by their very nature. However,
statistics show — see Table Three (i) to (iv) — that
this is not necessarily true in reality. Statistically
over the past eight years there have been more
fatal incidents on Active crossings than Passive.

Category Il incidents occur most often on
Automatic Open Crossing - Locally Monitored
(AOCL) crossings; Category Il incidents occur
most often at Manual Controlled Barrier with
Closed Circuit Television (MCB+CCTV)
crossings.

Whist not accounting for all Category Il and il
incidents, grounding is still a significant risk;
hence the HSE requirements for engineers to
review the crossing profile, and NAPIER can be
used to facilitate this review.
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TABLE ONE: LIST OF LEVEL CROSSING TYPES AND NUMBERS OF EACH TYPE ¢
BRI T T . o R | ‘HsEBEQUIRE
: - ROAD P A
~1 " TYPE OF GROSSING ABBREVIATION " BRIEE DESGRIPTION . | ROASROFLE.
R TR b ST S -'-ASSESSE‘J?"
! K Full road-widith manuatly controlied gates, delault position leaves gates open
.- [Manual Conirofled Gate MCG to predaminant Lraltic-llow; operated by signaiter, crossing keeper, or No
e member of train crew
e Full road-width manually controfied basriers with audible warning, defauil
< Manak Controlied Bagrier MCE position keeps barriers raised; operated by signaller, crossing keeper. ar Mo
= membger of train crew
: N ‘ . - . Full road-width manuatly controlied barriers with light and audible waming, .
L Manuat Controlled Basrigr with Closed Circuit Television WCB+CCTY dotault posifion keeps barriers raised; oparated via GCTY by signaller No
..: Automatic Full Barrier AFB Full madmdl!a h‘afrlelrs or gales with mxr_‘:zalure stop fights, defauil ;m_sn!i:m Yes
X keeps barriers raised; operated automatically on approach from a train
. é "\ Avtomatic Hall Barrier AHB I-Ial!_road-\vndt!‘l hardiers. with hgi\ll and audible warning, deiauu position keeps: Yos
: (&, B barriers raised; operated automatically on approach {rom 3 train
o Half road-width barriers, with Hghi and audible warning, defaull position keeps
- o{Aulomatic Barrier - Locally Monilored ABCL barriers raised; operated automatically on approach [rom a train - train driver Yes
: is instrucled by means of 4 light that the crossing is funclioning correctly
L No barriers or gates, but with light and audible warnings, operated
" JAutomalic Qpen Crossing - Locatly Monitored AQCL aulomatically on approach from a liain - train driver is instructed by means of Yes
: a light that the crossing is functioning cotrectly
o No barriers or gates, but wilh light and audible warnings, operated
- [Automalic Open Crossing - Remolely Monitored AOCR aulomatically on approach from a krain - eguipment is monitored via the Yes
; signalier at the nearest signal box
e Full road-width barriers or gates with miniature slop fighls; operation is linked
(o {User-Worked Crossing with Minialure Stop Lights UWC+MSL to lhe signalling system, it a tram is i the blogk the lights show either red or No
e while
= = User-Worked Grossing uwe This can be either gates, l_)am_ers or warning syslems, requires user to No
i ohserve approach of a irain prior o use
. This can be efther gates, barriers, or warning systems, does provide
v User-Worked Crossing with Telephone UWGCsT telephone conngction 1o local signalier for inslruction on suitable time 10 use No
e crossing
T ] L S
“?3 " pen Crossing fnon-automatics oc No barriers, gates, jights or warning syslem, requires users o obsarve Yes
R J “ approach of & wrain prior 1o use
LR
W] Bridigway Crossing BC Usually protectad by gates lor pedestrians, cycliss and equestiian users. No
. Usually protected by gales or stifes, and occasionally Miniature Slop Lights,
Footpath Crossing FC requires users o observe approach of a train prior to use - no road vehicle No
ACCEss
NOTES
T Requirement to assess the road profile is mandated in HSE Safely Principtes and Guidance Part 2 Section £,

Recent Industry Response
Y P However, it is extremely difficult to simply

close any level crossing. Private crossings
require approval from authorised users, footpath
Crossings require a suitable alternative route to

monitored in some way or the vehicle types that
generally use the crossing should not pose a
grounding risk.

There is currently no clearly defined

Since 2004 Network Rail, in response to the
large number of Category IV incidents, has
taken an increased active approach to the

management of level crossings on the UK
national rail infrastructure.  There has even
heen recent legal aclivity, giving Network Rail
greater ownership for the overall control of
safety on level crossings. in response, one of
Network Rails initiatives has been an intensive
advert campaign: “Don’t Run the Risk” 6.

Network Rail, and its predecessor Railtrack,
have actively been phasing out leve! crossings
wherever possible, especiafly with regards to
Passive crossings. During the West Coast
Route Modernisation project almost all levet
crossings were replaced by a bridge structure.

After the fatal incident at Ufton Nervet, 6th
November 2004, which claimed the lives of
seven people, the Railway Safety and
Standards Board, Director of Policy, Aidan
Nelson, was quoted in the Guardian newspaper
as saying “the best level crossing is a closed
level crossing”’, thereby further increasing the
drive to remove level crossings from the
infrastructure 1.

be provided, usuaily in the form of a bridge, and
public highway level crossings are often
protected under current legislation 12,
Therefore, the onus is on Network Rail to
mitigate risks associated with the four Incident
Categories on any level crossing, including the
risk of grounding. Sadiy, however, as with the
Ufton case, no mitigation can be implemented to
{ake into account the act of suicide.

It is anticipated thai the use of the NAPIER
process could assist Network Rail in evaiuating
the risk of grounding associated with Incident
Categories Il and 11

Rail Industry Review of Level Crossings

The rail industry is mandated by the HSE to
only check the road (Naim's) profile of certain
types of crossings — see Table One. This is
because it is assumed that all other types of
level crossing have a significantly reduced risk
of & grounded vehicle causing an incident,
principally because the level crossing is

procedure to use when reviewing a Nairn's
profile  to meet compliance with the
measurement requirements of the HSE (see
below), and engineers have resorted to several
‘tried and iesled” methods, some including
acetate cut-ouis of vehicle shapes.

What is a Nairn’s Profile?

The Nairn's Profile comes from a historic level
crossing incident on a UWC at Nairn, in
Scotland. The crossing was part of a farm frack
and on 4th May 1982 a deraifment occurred
when a train hit a grounded long wheel-based
trailer which was being pubied by a tractor 18,

From this report the following was mandated

“A survey of all accommodation and
occupation level crossings to be undertaken...
to determine: the vertical profile over all
crossings and their immediate approach” 4,

The graphical means by which the road
profile is represented to an engineer is
commenly referred to as the 'Nairn’s Profile’ 16,

15




TABLE TWO: Current List of Reported UK Level Crossing Incidents in 2008 * % "°

NOTES:

Locamon cnosowarvee | oateormamen | o, M
Broadiey, Kent FP ?9/06/2008 fatailty
Loover Bal’ﬂ Kenl - . UWC+T - 13/‘06!’2008 No |n]ury
Pencoed Station, Mid Glamorgan, Wales MCB (CCTV) 13/06/2008 fatalty
1 near miss
'é.éhrtc.:-lgﬁ.r.\}l.ﬂl,.Northumberland VVVUV\VI\VIC-FT . 03/06!2008 1 minor mjury -
i e 1 fatahty e
Marston, Derbyshire AHB 10/05/2008 2 minor injury
1 near miss
Kinbrace, Sutheriand, Scoiand aocL eoaocs | Nowmjuy'
Moor Lane Stames Surrey FP 161;54./20(.)8” “ 1f;te;lity
Scopwmk Klrkby Green Llncolnshlre MCG 709/074/2(7)0787””” ” . No injuryz
Wokmgham Walerloo Road, Berkshwa N ”AHB‘ “ 31!{}3/2008 i fa{.a.lét.ym .
Cu!lybacky Ballymena Northern Ireland B 'AH“B R --03/03/2008-"mm o 1. .i.njury.a
o T ] = f;{ié{iiy ______
Hythe Station, Caolchester, Essex MCB 271022008 2 injury
1 near miss
Wraysholme Flookburgh, Cumbna : AOCL . 27’/02/2008 R 4 .].nmorlnjunesm R
Spondon, Derbyshlre a ‘MCB o . “15/021'2008- R No mjury
Alileborough Norfoli . ” FP ----13102"2008--------------- ‘1“fa‘t‘ai‘ity. o
West Lodge, Haitwhusiie Norlhumberiand |1 UWC 22/01/2008 ........................ 1fat‘aii‘ty‘
Hoylake| Wsrrai, Merseysnde UWC+T . -“21101/2008"“"""“““.m.....-”‘1 %ataiity
thtemoss nr Perlh Scotlané “ AF{.B R 05/01/2008 ......................... 1 mmor mjury

* This list is not conclusive, but is representative of known events in 2008 - many are slill subject to legat investigations.

1. Vehicle struck by frain

2. Train struck crossing barriers

3. Unconfirmed at time of going to print
4. Vehicle struck barrier

Every 5 metres
upte S0m point

Every metre
upto 10m point

FIGURE TWO: Nairn's Profile Survey Data Points

Every metre
upto 10m paint

Every 5 metres
upto 50m point

. Mid-point .
Every 10 melres Every 2 metres cess rail cess rai Every 2 metres
upte 100m point upto 20m point cass o 6ft rail 61t rail cess cill upto 20m point
beam beam l
v 71 [ 4
[  E—

Every 10 metres
upte 100m point

NOTE: Figure shows typical 2-track section level crossing - mid-point dependant on number of tracks,

What does a Nairn's Profile Show?

Figure One shows an example Nairn's Profile.
The Naimn's Profile should show a vertical cross
section of the level crossing, including:

« 100m of existing road levels of both
approach roads;

« All existing track (cess, six-foot, and ten-foot
rails where applicabie); and

- Proposed design levels of either track or
roadway depending on nature of project.

16

ldeally a profile shouid be produced ai regular
intervals laleralty across the crossing. As a
minimum there shouid be three profiles
produced for each ievel crossing; one for each
carriageway edge (or ‘channels’) and one for the
physical centre of the carriageway.

The survey data for the profile should be
referenced from the cenire point of the crossing,
whether the track arrangement is 2-tracks, 3-
tracks, or more. Figure Two shows the typical
arrangements for survey data for a 2-frack

layout.

A Nairn’'s Profile does not show the
construction of the level crossing or associated
equipment.

Note: The half-chords shown on the NARPIER
sheet is in relation to the track renewal haif-
chord system, which is an arbitrary longitudinal
referencing method - any project specific
referencing systZem can be adopted. Half-
chords should be referred to if more than one
profile is taken laterally across a level crossing.




TABLE THREE: LEVEL CROSSING STATISTICS

{i): NUMBER OF CROSSING TYPES

AND TRAFFIC VOLUMES PER TYPE PER DAY *™¢

:;TY.P.E.E.F:._ CUNUMBEROF ] pay ] Ay
oROSeNG | CROSSING TYPEIN | ' NUMBEROF . | VEHICLETRAN .
(CROSSING 3~ Cpse i1 U vericLes ] L monENTS
MCG 259 600 33,600
"""" woE 242 1,445 " i0sars
T B e
s e
e e
"""" AOCL 124 600 12,000
R R s
Cuweamst | s 22 1.100
1979 7 e
1617 7 350
e | 50 30 360
e 2520 A A
TOTAL 7.8 7,206 423,360

T Where lwo reports differ on number of type the lowest figure ha

(i) AVERAGE NUMBER OF INCIDENTS
PER CATEGORY PER YEAR’

mc‘lDE“N‘T {1 AVERAGE NUMEBER { - . EQUIVALENT,

s heen taken as correct.

1 INGIDENTFOTAL

eaTEGoRy | OF e e | TS . | PERCENTAGE
I 5 4 0.14%
__________ (I T e

TOTAL 3,651

(ili): AVERAGE CATEGORY il AND HI INCIDENTS
PER CROSSING TYPE PER YEAR *7

ICATEGORY Il

" TYPE OF

CATEGORY I

OROSSING | INGIDENTS | 1. INCIDENTS
WCE o 2
A 2 pr—
TMCBICaTY e i3z
B B 2
e 2 e
| e
" aooR 3
U\'VCO‘.M\.N.'I..“ N ) .1 h ) . & 7 V
we | 1 10 12
Cuweer 6
S 2
PG
348

TOTAL 20 328

™ Mo statistics availabte.

{iv): SUMMARY OF UK LEVEL CROSSING CATEGORY |
AND I INCIDENTS iN LAST 8 YEARS * #*°

MOST-FREQUENT ™
TYPE OF CROSSING
CINVOLVED "

UWC
AQCL

156 97

0 Up o and including June 20608
“** No data available 10 interregate lor 2003 and 2005,

This list is not conclusive, bul is representative of known events belween 2006-2008.

Requirements for Measurement
of Level Crossing Profiles

There are two main sources of infermation
regarding the requiremenis for measuring level
crossing profiles; the HSE guidance book
(primary source) and the Highway Authority
regulations — details are given below.

HSE Guidance Book

The Railway Safety Principies and Guidance,
Part 2 -~ Section E: Guidance on Level
Crossings, section 14 details the HSE
requirements for a compliant level crossing
profile:

“The vertical profile over any vehicle crossing
shouid have no sudden change of vertical
curvature. The profile over an automatic haif
barrier crossing or user-worked crossing is
critical to safety.” Clause 184

“The profile over a automatic half barrier
crossings should not cause a long, low
vehicle... fo become grounded and obstruct the
railway.” Clause 185

“It is the relationship of the wheelbase with
the ground clearance of a road vehicle which is
used to determine safe profiles.” Clause 186

“The profile is measured in terms of the
maximum permitted hump of 75mm anywhere
on the road surface...” Clause 186

The guidance bock then categories the
vehicle wheelbase types reguired to be
assessed over the crossing profile. Table 4, of
ithe HSE guidance book, specifies the
wheelbase lengths to be assessed as
determined by the road and rail iraffic density —
refer to Table Four,

Table Four stipulates the need to check the
level crossing profile for ithree wheelbase
lengths: 8.5m, 9.75m, and 15.3m.

Table Four is based upon risk evaluation; the
premise being that the variety of vehicle, and
hence the chances of a larger vehicle using the
crossing, is likely to increase if the number of
vehicle and vehicleftrain interaction is greater.
Haowever, this does not take into account the
possibility of an "unusual' vehicie using the
crossing at any time: this is why the Naim's
profile criginated in the first place.

Highway Authority Regulations

The Highway Authority has a regulation
concerned with the maximum “hump” allowed
on a road surface. This is detailed within the
Highway (Road Humps) Reguiations 1980 13.

There is currently no legislation governing the
minimum clearance dimension beilween the
underside of a vehicle and the road surface. An
average car has an unloaded clearance
dimension of between 120mm and 150mm -
naturally, larger vehicles, for example 4x4s have
a much greater dimension, sometimes up to
300mm.

However, when fully loaded this clearance
dimension can reduce by up to 30mm in the
average car.

Luxury and sports cars, including funera
cars, have much smaller clearance dimensions:
unloaded dimension -  100mm; loaded
dimension — 75mm 14,

The dimensions stipulated for a road hump by
the Highway (Read Humps) Regulations 1990
are 12

» The "hump” height is to between 50mm and
100mm — not exceeding 100mm; and

» The overall length of the hump to be no
greater than 3.7m.

17




FIGURE THREE: Critical Angle and Z Level for Theoretical Ideal 75mm Hump

(i) Vehicle Category One - 15.3m Wheelbase

N CRITICAL ANGLE (8) = 178.876°
A c

I
|

L

15.3m

(ii) Vehicle Category Two - 9.75m Wheelbase

B

1

N CRITICAL ANGLE (8) = 178.237°
a c

|

L
! 9.75m

(iii) Vehicle Category Three - 8.5m Wheelbase

B

T

N CRITICAL ANGLE (0) =177.978°
A Cc

L

|-
J 8.5m
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TABLE FOUR: HSE Measurement of Safe Profiles °

ACTUAL DAILY ROAD DAILY TRAFFIC IREORETe
VEHICLE USER MOMENT VEHICLE CATEGORY | WHEFLBASE LENGTH
(metres) (feet)
more than 2000 2l more than 80,000 1 15.3 50
2000 or less =i 80,000 or less 2 9.75 - 32
sooor;ess 25,0000”838 - 3 s 3 5 ............... 23 -

It is also recommended that the approaching
and trailing gradients should be 1:10, and no
steeper than 1:8 15, However, this applies more
to a specific "hump” construction and not just
poor road surface alignment. There is greater
risk of a random "hump” occurring and that
longer wheelbased vehicles will ground on the
crossing.

Summary of “Hump” Requirements

Maximum “hump” dimension permitted on the
level crossing road profile is 3. 17

* HSE = max. 75mm

* Highway Authority = max. 100mm

What is the NAPIER Process?

The NAPIER process is an analytical aid to
the evaluation of the Nairn's profile with regards
to grounding, taking into account the criterion
set out in the HSE guidance book, whilst taking
a pragmatic approach in utilising the Highway
Authority’s maximum allowable road hump.

NAPIER is based on the critical angle (e) and
a theoretical offset level (Z), for the three
wheelbase lengths, as calculated for a “hump”
of 76mm of a triangle ABC; B being the “hump”
apex. See Figure Three.

By comparing the actual measured angle
against the critical angle, and the reciprocal
vertical offsets, it is possible to determine
whether the road profile is acceptable, and

18

whether the reviewing engineer needs to make
minor adjustments to either the track levels or
the road surface could bring the road profile into
compliance.

NAPIER simultaneously evaluates all HSE
wheelbase lengths across the Nairn’s profile,

highlighting the vehicle category NAPIER result
in the manner shown in Table Five. In other
words, if the road profile over a given level
crossing is acceptable (i.e. no road humps
>75mm) then each vehicle category has a
resultant A; hence the 8.5m wheelbase (Vehicle
Category 3) will be given a resultant 3A, the
9.75m receives a 2A result, and so on. If a
wheelbase fails then there are indicating
categories to suggest whether remedial works
are possible or whether a complete
renewal/road surfacing project is required,
which the reviewing engineer can then take
account of in the overall appraisal of the level
crossing profile.

How is the Nairn's Profile
Used in NAPIER?

The level survey data, collected for the
Nairn’s profile, is inputted into the NAPIER
spreadsheet. A macro is then run which carries
out the analytical evaluation of the survey data
in accordance with the HSE and Highway
Authorities requirements. The results from the
assessment are then presented in a tabulated
form.

Ideally, there should be a minimum of three
Nairn's profiles for each level crossing, and
therefore three sets of results from the NAPIER
process to be assessed in conjunction with each
other — see Further Development of NAPIER.

NAPIER Result Interpretation

In theory a fully compliant level crossing is
one which passes the evaluation for all three
vehicle categories, and receives a 1A 2A 3A
result; a level crossing that fails for all vehicle
categories receives a 1C 2C 3C result; and all
iterations therein.

Where a vehicle category has a number of
different results, for instance over a number of
“humps” the NAPIER resultant categories are a
mix of A, B and C, then the worst case result will
be quoted.

The HSE does not require every level
crossing to be assessed for all three vehicle
categories, and therefore all three results need
not be reported. However, NAPIER will assess
the Nairn’s profile for all three vehicle categories
regardless. It will be down to the assessing
engineer to determine which is applicable.

TABLE FIVE: Vehicle Category Against
NAPIER Resultant Category

VEHICLE
CATEGORY

NAPIER Categories
A - Pass

NAPIER CATEGORY

There appears to be no incident of a road hump exceeding 75mm

B - Fail with remedial woks

There appears to be at least one incident
a road hump exceeds 75mm but less than 100mm '

C - Fail
There appears to Pass

where a road hurr Fail with remedial woks

NOTES

1 Risk of grounding can be improved with
either work to the track or the road surface.
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FIGURE FOUR: Case Study #1 NAPIER Assessment

NAPIER RESULT

Site:  Case Study #1 Line: Down Main Resultant NAPIER CATEGORY
PSR= 75 mph 120.70 kph
Drawing No.: case-study-1
8.5m Wheelbase (Vehicle Cateqory 3)
Criteria:
= No Input Required
177.978° = Ideal B Angle (75mm hump)
177.304° = Tolerance on Min. 8 Ang'e (aliowing for 100mm hump)
e DESIGN LEVELS DESIGN DIMENSIONS ; CRITICAL ANGLE ITERATION CHECK NAPIER
A B c Y Yz X, Xz Z Level B-Z Ditference | CATEGORY
75 0.033 0416 95,798 0.078 B
183777.0 75 0,045 0351 99.750 0.081 8
g s 7 T os e
1637810 2 s
183773.0 L) 0096
6 0.038
COMMENT: Urgent work required to read profile
9.75m Wheelbase (Vehicle Cateqory 2)
Criteria:
= No Input Required
— = Distance C value 10 be used: No Input Required
178.237° = Ideal 8 Angle (75mm hump)
177.849° = Tolerance on Min. 8 Angle (allowing for 100mm hump)
Ak DESIGN LEVELS DESIGN DIMENSIONS CRITICAL ANGLE TERATION CHECK. NAPIER
A B ¢ v, Y X X3 (8) ZLevel B-Z Difference | CATEGORY
183773.0 99.843 99.876 99.410 1 0.033 0.466 98,799 0.077 B
183777.0 99826 | o7t | 99:77 [ 0.045 03945 99.790 0.081 B
183781.0 95833 99868 | 99424 1 0.035 0.444 99.791 0.077
1897810 | 99833 | 99869 | goupe | 235 0036 | o445
1837730 | 99467 | 99879 | ggaro 25 0412 | 0469
1837770 | 9954 | 99864 | gq.403 25 032 | 04615
[ temeio | emr | eosss | goue | 28 025 | o
COMMENT:  Urgent work required o road prolile
15.3m Wheelbase (Vehicle Category 1)
Criteria:
= No Input Required
— = Distance C value to be used: No Input Required
178.876° = Ideal 8 Angle (75mm hump)
178502° = Tolerance on Min. 8 Angle (aliowing for 100mm hump)
U DESIGN LEVELS DESIGH DIMENSIONS CRITICAL ANGLE ITERATION CHECK NAPIER
A B G Yy Yz X, X2 (8) ZLevel B-Z Ditference | CATEGORY
183773.0 99843 | 99876 1 0033 064365 99,803
1837770 | seses | ooemi 1 0045 | 06357 Tes7er | 0.084 8
183781.0 99833 | 90.868 1 0,035 06382 99,794
183781.0 99833 | 99.869 35 0.036 06392 99,695
183773.0 99467 | 99879 25 0412 05625 99.438
183777.0 9954 99.864 25 0324 059875 99.495
183781.0 99,61 99.855 25 0245 99.559

COMMENT:  Urgent work required o road profile

EVEL FOR NAPIER CATEGORIES B AND C
Ecxispory
8.5m Wheetbase|—
104mm lower required
|2mm lower required; 3
9.75m =
153m
Wheelbase B lowst roquied pa——
PSSR (S - I | 221mm lower required
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FIGURE FIVE (ii): Case Study #2 NAPIER Assessment

NAPIER RESULT

Site:  Case Study #2 Line: Down Main Resultant NAPIER CATEGORY
PSR = 55 mph 88.51 kph 1B 2B 3B
Drawing No.: case-study-2

8.5m Wheelbase (Vehicle Cateqory 3
Criteria:
= No Input Required
177.978° = Ideal 8 Angle (75mm hump)
177.304° = Tolerance on Min. 8 Angle (allowing for 100mm hump)

A DESIGN LEVELS DESIGN DIMENSIONS CRITICAL ANGLE ITERATION CHECK NAPIER
A c ¥, Y X % (8) Z Level 8-ZDifference | CATEGORY
1568:8.5LH | 99.031 | 99225 | g9.192 5 35 0194 0.033 99.126 0.099 8
T158+85RH | o092 | so242 | 99.39 3 7.5 0.05 0152 99,216
T 39,01 “99.19 99.152 5 35 0.18 0.038 177.318 99.004 0.086 8
15742RH | 9952 | a.147 | 99.339 0 7.5 0.005 0.182 99.174
Tis75LH | ssess | senze | seadt | 75 1 017 0.003 99421 |
167+5RH | 99188 | oo.1s2 | 99.288 1 75 | oou | oios | soass _

COMMENT:  Risk of grounding sign required; twe critical angles lo be monitored.

9.75m Wheelbase (Vehicle Category 2

Criteria:
= No Input Required

— = Dislance C value to be used: No Inpul Required

178.237° = Ideal © Angle (75Smm hump)
177.649° = Tolerance on Min. 8 Angle {allowing for 100mm hump)

GAlFctionn DESIGN LEVELS DESIGN DIMENSIONS CRITICAL ANGLE ITERATION CHECK NAPIER
A B c Yy Yz X, Xz (8) Z Level B-Z Difference CATEGORY
158+8.5 LH 99.031 99.225 99.241 5 0.194 0.016 177.971 99.139 0.086 B
158+8.5 RH 99.192 99.242 99.450 1 0.05 0.2075 178.496 99.218
15742 LH 99.01 99.19 99.212 5 0.022 178.204 99.114
157+2 RH 99.152 99.147 99.348 1 0.201 181.602 99.172
15745 LH 98.968 99.138 99.181 7.5 0.043 179.796 99.132
157+5 RH 99.138 99.182 99.322 1 1] (1.!4_ 178.397 £ 99.157
COMMENT:  Risk of grounding sign required; all critical angles lo be monitored.
15.3m Wheelbase (Vehicle Category 1)
Criteria:
= No Input Required
_ = Distance C value to be used: No Input Required
178.876° = |deal 8 Angle (75mm hump})
178.502° = Tolerance on Min. 8 Angle (allowing for 100mm hump)
DESIGN LEVELS DESIGN DIMENSIONS ] CRITICAL ANGLE I ITERATION CHECK NAPIER
HALF-CHORD
A B [ Y Z Level B-Z Difference CATEGORY
158+8.5 LH 99.031 99.225 99.324 5 99.127 0.098 B
158:8.5 RH 99.192 99.242 99.647 1
157+2 LH 99.01 99.19 99.285 5
57.2RH | oas2 | 99147 | sese | 1
15745 LH 99.138 99230 7
15745 RH 99.182 99.444 1

COMMENT: Risk of grounding sign required; four critical angles to be monitored.

CORRECTION "2" LEVEL FOR NAPIER CATEGORIES B AND C COMMENTS:
Half-Chiord B Lovel [ NewZ | 2
166+8.5 LH

24mm lower of down cess required

1imm lower of down cess required

__|11mm lower required; 24mm lower for 8.5m wheelbase will correct this
| mm lower required; 24mm lower for 8.5m wheelbase will correct thi

15.3m E | 23mm lower required; 24mm lower for 8.5m wheelbase will correct this

Wheelbase {I0 3 i | 15mm lower required; 24mm lower for 8.5m wheelbase will correct this

y
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FIGURE SIX: Case Study #3 NAPIER Assessment

NAPIER RESULT

Site:  Case Study #3 Line: Down Main Resultant NAPIER CATEGORY
PSR= 60 mph 96,56 kph
Drawing No.: case-study-3

8.5m Wheelbase (Vehicle Category 3)
Criteria:
= No Input Required
177.978° = Ideal @ Angle (75mm hump)
177.304° = Tolerance on Min. © Angle (allowing for 100mm hump)

S Einan DESIGN LEVELS DESIGN DIMENSIONS CRITICAL ANGLE ] ITERATION CHECK NAPIER
A B c Y Y2 X Xz (8) Z Level B-Z Difference | CATEGORY
3640 100.31 100.337 | 100.233 5 35 0.027 0.104
36+0 100.337 100.233 100.261 5 35 0.104 0.028
3647 100.25 100.28 100.219 65 2 0.03 0.061
_________ 36+7 100.28 100.219 | 100.237 2 65 0.061 0.018
37+4 100.239 | 100.291 100.215 65 2 0.052 0.076
3744 100.291 100.215 100.244 2 65 0.076 0.029

COMMENT: No issues.

9.75m Wheelbase (Vehicle Category 2)
Criteria:

= No Input Required

— = Distance C value to be used: No Input Required

178.237° = Ideal & Angle (75mm hump)
177.649° = Tolerance on Min. 8 Angle (allowing for 100mm hump)

UAEPHoRD DESIGN LEVELS DESIGN DIMENSIONS CRITICAL ANGLE ITERATION CHECK NAPIER
A B c Yy Xy X; (8) Z Level B-Z Difference CATEGORY
3640 10031 | 100337 | 400226 5 0.027 0.111 178.352 100.267
3640 100337 | 100233 | 400.248 5 0.104 0.015 181.373 100.291
3647 100.25 10028 | 190.025 65 0.03 0.055 178.766 100.233
3647 10028 | 100219 | 490242 2 0.061 0.023 181.917 100.272
3744 100239 | 100281 | 400215 65 0.052 0.076 178.202 100.223
ar+4 100291 | 100215 | 400242 2 0.076 0.027 182.376 100.281
COMMENT:  Noissues.
15.3m Wheelbase (Vehicle Category 1)
Criteria:
= No Input Required
[ - oistance G vaiue to be used: No Input Required
178.876° = Ideal ® Angle (75mm hump)
178.502° = Tolerance on Min. 8 Angle (allowing for 100mm hump)
O EohonD DESIGN LEVELS DESIGN DIMENSIONS CRITICAL ANGLE ITERATION CHECK NAPIER
A B [+ A CATEGORY
3640 10031 | 100337 | 100242 5
3610 100337 | 100233 | 400040 5
3647 100.25 | 100.28 100,24 65
3647 10028 | 100219 | 4046 2
3754 100238 | 100291 | 4op.040 65
37+4 100281 | 100215 | 100138 2

COMMENT: Non-compliant critical angle, but with acceptable "hump" vaiue.




Value Engineering

in order to assist the reviewing engineer to
determine whether the level crossing being
assessed is compliant, NAPIER can also
provide an opportunily to determine the level of
adjustment to the profile required to bring the
area of non-compliance to within accepted
values. if the level of adjustment is considerad
acceptable or achievable within the project, then
the reviewing engineer can make the regquired
adjustments to the proposed design, saving
excessive re-work and possible rejection of
submitted design. This fealure is demonstrated
within the case studies below.

Case Studies

In order to demonstrate how NAPIER works,
there foliow three case studies, taken from a
setection of level crossings already assessed
using NAPIER. The case studies used relate to
track renewals work; however road re-surfacing
projects would use the NAPIER process in
exactly the same manner.

For the purposes of this paper, sach level
crossing has been assessed for all three vehicle
categeries; all three might not be applicable in
accordance with the HSE guidance, it is the
responsibility of the reviewing engineer to
determine which vehidle categories are to be
taken into account.

The identities of the level crossings used in
the case studies have been removed.

Case Study t

Refer to Figure Four (i) and Four (ii).
NAPIER Categories: 1C 2C 3C

This level crossing has a serious risk of
grounding by any vehicle crossing it. 1t appears
that half of the crossing has “humps” of less
than 100mm, which could normally be catered
for with the provision of "Risk of Grounding”
signs. However, there are other areas within the
crossing that pose a significant risk any vehicle
striking the crossing and potentially grounding,
with "humps” in excess of 100mm, This
crossing should be categorised as a serious risk
to the rail infrastructure and corrective work
should be carried cut as soon as possible.

it can clearly be seen that at ali locations the
critical angle is exceeded throughout the
crossing. This means that any HSE categorised
vehicle has the risk of being grounded.

This track renewal work is being carried out
on the Up Main, and the designed tack level is
the same as the Down Main. The issue arises
out of the steep gradient of the Up Cess
approach read. In order to make this profile
compliant both tracks would require major re-
levelling, with lowers of over 300mm. The
reviewing engineer would need to consider this
option in relation to the surrounding
infrastructure and track alignment, or the
possibility of carrying out road re-surfacing
works to lift the levels of the approach roads.

For work to be carried cut on the road
surface, it is likely that an extended survey
would be required to locate a suitable tie-in point
for the new road profile.

The reviewing engineer should immediately
notify the Territory Track Renewals Engineer
and the Level Crossing Risk Conirol
Coordinator.

Case Study 2

Refer to Figure Five (i} and Five {ii}.
NAPIER Categories: 1B 28 38.

This level crossing falls within the “Risk of
Grounding” {ype of crossing, common
throughout the UK naticnal rait network: in other
words, there are areas that represent a "humgp”
of less than 100mm. Therefore, the overall risk
associated with this crossing is not as significant
as Case Study 1.

The work associated with this level crossing
was being carried out to the Down Main.
However, as illustrated the reason for the non-
compliance is a "humg” in the road surface ¢n
the Down cess.

There are two possible solutions, which the
reviewing engineer needs to consider: [ift the
Down Main track level to be co-planer with the
Up Main or re-profile the Down Cess area, with
a iower of 24mm.

It should be noted that the critical angle
associated with the Up cess area, is siili within
an acceptable tolerance of the ideal angle,
therefore if the Down Cess is lowered and the
Up Main is tamped or lifted in any way, then it is
likely that the road profile on that side of the
crossing will also become non-compliant.

It would be prudent of the reviewing engineer
to suggest to the Territory Track Renewals
Engineer that any work to the Up Main should
include & lowering scheme, along with the
solution for the Down Cess non-compliance.

The local Level Crossing Risk Control
Coordinator should also be notified of the
reviewing engineer’s findings.

Case Study 3

Refer to Figure Six (i) and Six (if).
NAPIER Calegories: 1B 2A 3A

This ievel crossing generally falls within the
acceptable NAPIER categories; in afl vehicle
categories the “humps" are within the HSE
requirement of 75mm.

For Vehicle Category 2 and 3 there are non-
compliant ¢ritical angles. However, the "Z” evel
difference in all cases is less than 75mm,
therefore there should be no issues with this
“hump” — worst case would be to have 1o
monitor this area of the level crossing profile o
ensure there is no deterioration.

For this case study, the reviewing engineer
sheuld have no concerns with approving the
proposed track design.

Advantages of Using
the NAPIER Process

The advaniages of using the NAPIER
process are as foliows.

» A quick turn around of resuits, after the level
survey has been completed.

= Can be used on all types of crossing,
inciuding foot crossings.

+ Provides the engineer with resuits in
accordance with HSE and Highway Authority
requirements.

+ Survey tolerance accuracy.

+ Can be used on tack renewais, track
maintenance and civils projects.

+ Will indicate where "Risk of Grounding”
signs are reguired, if not already mandated or
prohibited - AHB crossings require these signs
for Vehicle Categories 2 and 3, whilst risk of
grounding for Vehicle Category 1 is prohibited
on AHBs.

+ Alds assurance that a compliant design has
been submitted to the client.

+ Could be used to monitor road profiles.

Future Development of NAPIER

It is anticipated that NAPIER will develop into
a 3D evaluation model. This wili then allow the

parallel evaluation of several Nairn's profiles of
a single ievel crossing to ensure complete
compliance with the HSE and Highway's
Authority road profile requirements and to
comply with the requirement to assess the road
profite with a view to the camber of the road
surface 19,

There is further development anticipated for
the NAPIER process o become incorporated
into standard design packages (for exampls,
MXRail or ClearRoute); thereby aliowing
designers greater ease in inputting the survey
data and using the NAPIER process
simultaneously with the track or road design to
help reduce the requirement for re-work to be
carried out.

NAPIER On-Line

A web-based version of the NAPIER process
is currently being developed to act as
assistance to reviewing engineers, This will be
accessible to anyone via the internet. However,
currently there are no plans to provide the level
correction element of the process, detailed in
the case studies above. The on-line version will
provide a summary report of the NAPIER
categories generated for a given Nairn's profile,
inputted by the on-line user.

The web-based application should be
avaitable on-line in 2009, Please contact the
author for further details.

Summary

The NAPIER process can be used on all
types of crossing, including fool crossings, on
track and civit projects. Once the survey for the
Nairn's profile has been completed, it is a quick
and simple process that can be used by
engineers to assist them in determining the
suitahility of the road profile in question and to
indicate a way forward to make the level
crossing profile compliant.

Reviewing the NAPIER results will help the
reviewing engineer in determine what course of
action, if any, is required 1o either make the level
crossing compliant or to help mitigate the
grounding risks assocciated with that crossing.

NAPIER, in its conceptual state, has already
been used to great success on the East
Midlands area, where the proposed track design
was either amended or civils works to the level
crossing cill heams were proposed, which
removed the risk of grounding issues for several
level crossings in the area.

For further details regarding NAPIER please
contact the author

david.brooks@corusgroup.com

A pdf version of this paper will be available
from the author's website

www.authorandengineer.co.uk
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Book Review

The Transformation of St Pancras Station, by Alastair Lansley
240 pages, 250mm x 250mm, hardback

ISBN 978 1 85669 552 7

Published by Laurence King Publishing Ltd, 361 City Road, London, EC1V 1LR
Price £30.00

“The transformation of St Pancras is a triumph”. This, the first sentence in the book, says it all. Admittedly when Sir Neil Cossons wrote this in his
foreword he, wearing his hat as chairman of English Heritage, was looking from an architectural and cultural perspective on the creative reuse on
a grand scale of an iconic structure. But within the pages of the book proper Alastair Lansley recounts much of the detail and context for the work
involved between the start in 2001 and the official opening in November 2007. Lansley was chief architect and leader of the Rail Link Engineering
architectural design team for the reconstruction of St Pancras station and for the international stations at Ebbsfleet and Stratford. A brief first chapter
outlines the origins of the station and the adjacent hotel; anyone wanting to know more about this earlier period should look to Simon Bradley’s
book St Pancras Station (Profile Books, 2007). Ten further chapters explore various aspects of the story from the condition in which the station was
inherited by Union Railways through the design and construction phases when the station was refurbished, remodelled and extended to meet its
current purpose. The book concludes with a chapter describing the opening by Her Majesty the Queen.

The author is mindful at the outset to dedicate this book to the many hundreds of people who have contributed to the St Pancras International station
project and he includes at the end of the book a list of all the companies who were involved. This was, in its time, one of the largest civil engineering
projects in Europe.

Technical editor of this book was PWI member Bernard Gambrill. Anyone who has heard Bernard speak about the project or about the related
works on the high speed railway to the Channel Tunnel will recognize his deft touch in teasing out and placing into context the crucial technical
points. Seekers for arcane details about the new permanent way within the station will have to look elsewhere but there is a great deal in the book
to intrigue the engineers amongst us. Chapter 8, Transformation, explains much about how the original train shed was refurbished and modified.
It is something of a pity that this structure will probably remain known at the Barlow Train Shed. Not only does it, as Ted Hamer pointed out in his
PWI Journal article (126/1, pp 13-16), owe as much to Rowland Ordish as it does to William Barlow but it now also owes a great deal to the design
and construction skills of those involved in the past decade. There will also be wry smiles amongst many in the railway community with the account
in this chapter of how drainage problems inherent in the original design, and either tinkered with or neglected by later generations, have only lately
been identified and resolved.

A feature of the book is the lavish use of illustrations. Some of these photographs are quite spectacular. Those showing work in progress are
particularly valuable in helping to explain how the construction was accomplished. Those in chapter 7, 27st Century Gothic, in particular resonate
with much that PWI past president Jim Cornell has recounted to section meetings about the work of the Railway Heritage Trust. This chapter also
includes a succinct explanation of how the Grade 1 listed status of the original buildings was accommodated within the redevelopment work.
Photographs also do justice to the St Pancras Blue colour scheme that many will be aware of and, if you look closely, also the rather less well known
Barlow Ordish Tartan.

The book too is full of little surprises. It is useful to be reminded by the map on page 52 of just how many routes were proposed for the new high
speed railway into St Pancras and on pages 222 to 225 of the vicissitudes of name changes and logos for the various participants. Similarly it is
useful, else most of us would probably not notice, to have explained that the signage at St Pancras International has its own purposed designed
typeface; skilfully deployed for the chapter headings in this book.

The development of St Pancras International is story that deserves to be told. This book tells the story well and is entirely worthy of a remarkable
project.
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