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1. Site Constraints & Engineering Solutions

Fanling Bypass Eastern Section — General Layout
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1. Site Constraints & Engineering Solutions

Site Constraints of Brldge Construction Phvsical Constraints
[ -"\ R . i s e , . - . . __ _

W

MTR East Rail Line

CLP's 132kV Cable

Dongjiang Watermain

Ma Wat River

Footbridge
n Tong Hang Village Road

Time Constraint

Restricted working timeframe
(Allowable working time
between 02:00 to 04:00 and

5 nights per month)

Geometry Constraint

Bridge deck in curved shape
across railway (Eccentricity
problem)




1. Site Constraints & Engineering Solutions

Site Constraints of Bridge Construction
Curved bridge deck in close

proximity to railway track
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1. Site Constraints & Engineering Solutions

Advantages of Bridge Rotation vs. Conventional Segment Erection

’f— i ;_.:

Before Rotation 15t Rotation Completed 2nd Rotation Completed
Conventional segment Bridge rotation
liftin !
J 1 I
No. of nightworks above ERL 100 nights I 2 nights : ﬁt{’)
: : : I :
Construction period/risks above 2 years [ 2 nights [ |
ERL I I @
Safety and impacts on railway Works above ERL : Works outside ERL : ~
Equipment Heavy lifting frame } Light strand jacks f @




2. Mechanism of Bridge Rotation

Upper Turntable Traction System

Spherical Bearing

—

Lower Turntable
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2. Mechanism of Bridge Rotation

@000

Stanchion

Torsional support
Traction system

Spherical bearing

Outer shear steel support

Sliding track




3. Smart Monitoring System

Adoption of Innovative and Smart Initiatives
A. SMART Monitoring System

LIDAR Intrusion Detection System

B

C. Al Camera
D. Strain Gauge
E

Automatic Deformation Monitoring System

(ADMS)
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3. Smart Monitoring System
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Geometry
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Concrete stress under spherical
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3. Smart Monitoring System
B. LIDAR Intrusion Detection System

« Detect any objects intruding into the railway area
« Trigger alarm upon detecting object

B B TR BN W9
w HEO™ av @ : e B

a

Varadise Railway

Photo:
https://event-snapshot.s3.us-west
-2.amazonaws.com/419/94c8f241
-e7/4a-4e7e-a388-8782bb797ebd.j
Object Size: 335.234193x554.341535
x413.127152

Time: 2023-08-18 03:22:00
Detection Zone: 1

Detected LiDAR: lidar400+lidar180
latitude: 80.112421

longitude: 114.213123
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3. Smart Monitoring System
Other Systems

;’.
i)
A
T

Al Camera Strain Gauge Monitoring

System
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Design for Safe Rotation: Three Essential Principles
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4. Design for Safety — Three Essential Operation Principles

§21SE) — EESIKER (Suitable Material for Effortless Rotation)
Spherical bearing

Steel Yield strength: 270MPa

MELSLE [Similar to S275]
Diameter 3.3m

Loading during rotation 7000T

No. of PTFE pads inside bearing 1056 nr.

Design Friction Coefficient of PTFE 0.1
Actual Friction Coefficient of PTFE  0.015 (6 times better)

Spherical Bearing is sealed up to prevent pi . .1
leakage of lubricant grease and dirt ingress,
the design is proven to be capable to

withstand extreme weather conditions (e.g. &
Typhoon Signal No. 10 on 1 Sep 2023, 16 hrs =875
black rain storm on 8 Sep 2023.




4. Design for Safety — Three Essential Operation Principles

1515

51= — 3 E (Weight Balancing)

Close Liaison with HKO

Pre-rotation eccentricity reduced from 0.282m to
0.01m (away from track)

e R

E2-01fY

i

« ,f.‘
mﬁg

TR E2-01E

Total 65 tonnes of concrete

counterweight applied (~27 cubes)

L
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4. Design for Safety — Three Essential Operation Principles
BR15 % — ®580 (Inching)

1-degree trial rotation to validate
functionality and collect data for
planning of

inching schedule (E5&h)

Trial Rotation Statistics T-Span E2-01
180 kN
Sustained Traction Force 160 kN

Record of Trial Rotation

17



5. Rotation Operation

Pre-rotation Rehearsal

An intensive rehearsal brought
together over 60 contractor
workers, 30 supervisory staff and
professional engineers from
CEDD, consultants, contractor and
MTR to ensure full readiness for
this groundbreaking, first-of-its-
kind operation in Hong Kong

PaulY
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5. Rotation Operation

Final Geometry Adjustment

Inching Process

Final Position Temporary Jack

e . : Final Adjustment Temporar ilization M r
Verification Installation J emporary Stabilization Measures

Temporary stabilization works

(shimming and welding of the stanchion and sliding track)
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5. Rotation Operation

Post-rotation Construction Activities

Stitching works between upper and lower turntables

Concreting completed 9 days after rotation v'HyD/Chief Engineer inspected %
and accepted the structure within 4
2 weeks '

CEDD A=COM @ YWL k‘
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6. Design Robustness & Contingency Plan

Resilient - Design to withstand extreme wind load

- Design Gust Wind Velocity before rotation = 183km/hr
- Design Gust Wind Velocity during rotation = 159km/hr

Bridge —

133 (99)

Rotation ccRasp 361 mPD Double [sland

520 mPD

Location %
-$— 641 mPD cove @rass Island
Lau Fau Shan = 441 mPD Reservoir
N {1\.]'\'.{25_-]tland Park She'kl(ong !
m 130 (76) 164 (106) Ta Po Kau
New 146/(113)
Territories v
Hatiny 3 Outer shear steel
| Tuen_Mun ;3 {2041 ™ 1 inTry s .
Fiadpin) ol <— support to enhance

— v e P ' stability before rotation

MaWan  Tsing Yi

164 {137:rhek Pt 137 (106) o Yan
157 (144) ey King's Park  Kai Tak Tseung Kwan O
Mong Kong. “\\3 161 (1 Siﬂlfaozn{laoj 153 (96)
Airport AN : . Star Ferry ; A iz
¥ Central Pier North Point ety
Peng Chau 135 (112) Sanniry bate H
12nE Ga 169 (137 171 (137
BEED) creen 's'a"d{Hon% e Stanchion to
y ¥ 229 (N/A Hay e h
P RS i ensure stability
, i Wong Chuk Hang . o i . .
L et A during rotation
Cheung Chau Beach ;

209 (193)
Lamma Island Stanle
Shek ¥wu Chau  Cheung Chau - {13;} Waglan Island

212 (171) 220 (193)

Past Wind Velocity Record
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6. Design Robustness & Contingency Plan
Contingency Planning

Allow Reverse Rotation for Emergency
(e.g. Stuck in half way, incomplete rotation, etc.)
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Traction blocks for reverse rotation

Rotation System (Clockwise) Reverse Rotation System
(Anti-clockwise)
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6. Design Robustness & Contingency Plan

Stability Design Before and After Rotation

v System Centre of Gravity
v Clamping beams connected to next T-span structure to enhance stability

- Clamping Beam System CG
|
/ i
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Rotation track
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7. Collaboration with MTR

Collaboration & Team Work — Core Element for Bridge Rotation Success

/ Employer \ [Proiect Manaqer\
NG / - /
/ \ / Contractor \
- / N /

PaulY
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/. Collaboration with MTR
Collaboration with MTR — Proposal of HBRM & Develop Project Hazard Log

09/2024 &
12/2020 06/2022 03/2023 09/2023 11/2024
Proposal of Bridge Turntable Pier Deck Bridge
Rotation Construction Construction Construction Rotation
1 1 1
8 r—-——=—-—-- - ==
Proposal to MTR on 06/2021 Joint Site Visit to EBYNIEIE on 26/06/23 Joint Site Visit to #16Ff3 on 30/11/23

i ey e o

5nr. Senior management meetings Early engagement on rotation scheme’s implementation
Over 30 nr. Progress Meetings and Workshops Develop methods with minimized risk to railway

Over 60 nr. Method statements submitted Detailed rotation schedules to suit railway operations
Joint site visits with MTR Timely obtain MTR internal approvals

Hazard Register Jointly Develop Project Hazard Log to Conduct Dynamic Risk Assessment with
Identify Hazards Arising from Construction  MTR during Construction

Use this register to record and follow up on hazards in your workplace

Brief Description of Hazard Hazard Status | Complete By

o w1 v Preferred method for construction of bridge above existing
railway now

25



8. Stakeholder Engagement

Communication with Public
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No complaint received
from nearby villages

Leaflet to nearby villages before rotation
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8. Stakeholder Engagement
Technical Site Visit of Bridge Rotation

J O —
> =

Hosting 2 bridge rotation
events on the nights of
operation to share the
Innovative construction
method, attended by over
200 practitioners

Site Visit before Rotation Event on 3 November 2024 Event on 29 September 2024
Operation




8. Stakeholder Engagement

Experience Sharing with HKIE Past President, Mr. Edmund Leung, along
with his Featured Story in the Newspaper

14

Bypass construction
shows the expertise
has come full circle

* Nuts and:! bolts

Edmund Leung

Hong Kong’s construction industry, like

almost everything else in life, has its ups
althoughit

Some 40 years ago well befcse the

Lantau aitport core program — dubbed the

Rose Garden and associated wm'ks we

structure construction.

We were able to attract the best talent
in the world by offering relatively high
salaries.

Our MTR and Rose Garden projects
were among the world’s best in both con-
struction methods and meeting schedules.

East Rail has particularly stringent
requirements with regard to clearance pro-
tection and service intermuptions that leave
only four hours each night for the work at
hand.

In addition, all construction machinery
and paraphemalia must be cleared away
from the area reserved for the railway so
that no unforeseen incidents will affect its
operation.

‘Similar restrictions apply to high-volt-
age cables and water |

This poses serious challenges for con-
structing the bypass.

Fortunately, we were able to use meth-
ods pioneered by our mainland peers, who
succeeded under similar restrictions by
forming sections of viaduet nearby and
rotating them before placing them in their

Staiijard§F sy

Wednesday, October 30, 2024

Clackwise from above left: the column helding up
the long 120-meter viaduct section with the bearing
concreted up; the section to be rotated into placs

the viaduct section that needs to be jeined up

with adjacent sections; and the bypass site with its
attendant complications with East Rail tracks, high-

voltage underground lines and water mains nearby.

affecting other operations and requiring a

atleast two years.

We were able to export our expertise  final positions. ‘That is obviously notacceptable.
up north, enabling i projects— Such i i ion methods Thus, the Civil Engineering and
highways, tinnels and mefro railways. have now become inthe D Dx

Fast forward fo the 2020s, and we are
seeing a complete reversal.
The latest gy. expertise and

mainland, eaming it the somewhat grudg-
ing but ultimately crowning nickname of

Whether it is in modular construction,
high tensile steel and concrete, new tech-
nologies or speed of construction, we are
now far behind our

‘The Fanling bypass alignment consists
of two parallel viaduct sections for road
traffic.

Most sections of the viaduct are con-
venmethods, such as lift-

A recent example worth noting is the
construction of viaducts for the Fanling
Bypass Eastern Section.

At one point of the alignment, the high-
way viaduct erosses East Rail, a group of
132kVunderground high voltage transmis-
sionlinesand Hong Kong s main water sup-
ply pipes fom Dongiiang

All of these, as we know, are essential
utilities and there is no way the services that
they normally provide can be interrupted,
evenifit is to construct new highways.

ing precast segmments info place, unching
girders for sections crossing other restric-
tions and using form-travelers fo allow in-
sifu casting of concrete overhead without
affecting existing structures at the ground
level.

Both precast segments and launching

together with
consultant AECOM entered info a confract
with China Railway Construction Corp
to build, in a joint venfure with Paul Y
Engineering, this highway link with long
viaducts over the railway line.
The project team was comprised of
: it

The actual rotation itself took only 30
minutes at a speed of about one degree per
mainute.

This gave ample time in the unlikely
event of delays to other parts of the opera-
tion.

Planning this construction process took
more than two years.

This was fo ensure it met the usual
high standards mandated by authorities
here, whose confidence was given astrong
beost by the fact that the operation was

g
contractor.

per proven methods and thor-
oughly tested fo climinate all

joining this section with adjacent ones but
itwill be done, as in other viaduct construc-
tion, with proven methods.

The other viaduct section will go
through a similar process on Sunday butis
ashorter and lighter section.

The CEDD, benefiting from success
with the more difficult section, does not

a repe‘macmiry.

Ishall describe further technical details
of the viaduct construction in my article
next week, but we have to marvel at the
high comp of our mainland peers in

Given they gottwovia-

supposting us in this innovative construc-

distance away from power lines and water
mains.

MIR Co were invited to
\1511 mﬂuﬂand sites to see for themselves

be a\:u:umphslgd with total confidence.

Toallow the longer secti d ikeholders were then convinced
into u; final position. a snbsztmal plllm' on by the Ingh safe\'y standards and minimal
involved.

girder ion methiods are good only
forbuilding sections shorter than 70 mefers.

For this particular section, the length of
the viaduct is around 120 meters, making
these methods no longer feasible, severely

witharotatable base. After the 7.000-tonne
section of reinforced concrete was com-
pleted, the entire rotation process took just
one night.

They were happy to see the potentially
troublesome viaduct section constructed

The operationmay be the first of its kind
in Hong Kong but its methodology can be
applied all over the world for construction
efficiency.

SoIam pleased to see new technology

2pp! Y

processes more efficient and safe.
Veteran engineer Edmund Leung
K h

There s still a lot of work to be done in

g
features of modemn life
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Bypass placement
was a class above in
precision planning

. Nuts and. boits

Edmund Leung

My article last week described the innova-
tion involved in the construction of two via-
ductsectionsof the Fanling Bypass Eastern
Section by placing them through rotation.

As T said, there were a lot of technical
details involved to make this work.

First, the alignment of the viaduct sec-
tion had to be carefully planned so that its
construction alongside East Rail raitway
Erad;s and other utilities would not affect

and conti operation.

T-shape rotated about its pier.

With reinforced concrete and large
depth, the whole piece conld be safely sup-
ported at midspan without any worries.

Two parts enabled the rotation, namely
the upper turntable and lower pilecap,
which were connected by a spherical bear-
ing rotating about a central steel plinth with
bearing surfaces.

The upper turntable facilitated the
smooth rotation and the bottom pilecap
ensured stability throughout various con-
struction activities.

Instead of using steel balls as for a nor-
mal ball-bearing, thousands of pads with

Second, as the viaduct section is curved,
its center of gravity does not align with the
geomefrical center.

Careful calculations were needed to
determine the center of rotation to ensure
that the section was stable when rotated, to

ap coating ensured
minimum friction, allowing the turn to be
made with the application of just a little

2.

Two hydraulic winches were used,
pulling in opposite directions, to ensure the
rotational movement could be accurately

p(l’i’m EXCESSJL‘E‘ forces to
i} prevent an overrun.
Thnd.memaunmmwe@noﬂheua- These winches can pull up to 60 tonnes
duct section, 7,000 tonnes, and ifs length,  buttheactual pulling force needed was onlty
136 meters, meant almge columnwasneed-  a fraction of that

ednot just for support but also to withstand
possible additional lateral loads during the
rotation.

Fourth and most importantly, the pillar
column needed a smooth bearing to facili-
tate the rotation while being robust enough
to support the heavy viaduct section.

Allowances also had to be made to
ensure that should typhoon-sirength or
other extraneous forces be exerted on the
section, th
any risks of failure or falling.

The viaduct section is a balanced

itwithout

Along the outer circumference of the
pillar column bearing was a set of 16 stan-
chions.

They were there to support the viaduct
section diring construction and also to pro-

Wednesday, November 6, 2024

i

vide support in ly event the piece
moved out of position during the rotation,
which could cause additional lateral loads
tobe put on the bearing.

Strain ganges were installed below the
bearing and stanchions to monitor vertical
and lateral loads and to ensure they were
within design limits.

The heavy viaduct section was jacked
up at the time of rotation to clear the stan-
chions and, as planned, atno time were they
required to serve as backup support.

After the section had been rotated
to its final position, the upper and lower

Media Coverage by the Standard on 30 October 2024 and 6 November 2024

turntables, includ-  tion team. The mainland-based confractor
ing the stanchions  has performed similar rotations dozens of
andbearings, were  times before, all without mishap.
then concreted up The second viaduct section was rotated
to form the final intoplace on Sunday with similar success.
column. This process saved af least two years of
Theendsofthe  construction time over conventional meth-
section were then  ods.
joined up with Itis gratifying to seeinnovative methods
adjacent sections  usedinbuilding ourtransport infrastructure.
through the con- Engineers continuously revolutionize
ventional method i d
of formwork-trav-  ods for more efficiency and safety.
elers Careful design and thorough planning
Thewholepro-  ensure they all work to plan. providing safe
cess, including the  and efficient construction activities.
rotation of the sec- As we enjoy the use of new transport
tion, went smoothly as planned. mﬂ'asmmnme we should be thankful to
At no time were th i - ion workers for their

opera-

tion of the railway or the integrity of the

power lines and water mains put at risk.
This conﬂmlsthemhmacyofmeplm-

hard work and dedication.
Veteran engineer Edmund Leung
Kwono-ho :asts an expen eyeover

ning process and experti

the
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8. Stakeholder Engagement

Publicity of Bridge Rotation — CEDD Facebook

T ART##HEZE Civil Engineering and Development Department
29 September 2024 -

(—a¥EEREEeR TEXARERRT, B2 ! ]
MESE(FREEESFHSENTELRRE » RIA29HEZBIEFI=R "8, B

#H/ T ENQUBEITR  HEABRENSAREEEE—&8TERE » 841140
K ERE#E7000ME - RAIFRA70MEEC TEEE - /\RIE T EREKE » EIiEE
BAGEHHTEZIRT » SIERESRERNEEERR

Il EHEZERED

I 5T KEIKE

Il i FTEEEE

HINTEAERZET  HZEEeE/)\FE RIS EERNeFEFEERER
1 77%  BIEGESFEFTHSRNESERHERT AN AREER FIRER

B BERKTRE  SESREENEE  BEEIFRINEBIESTH » XAKAER
it T R EI S =RE T E

FBERGEL » BRELESMENESEREFERIT 5% » ANzIREEEER
MIEETER LIRS  SOERARERMRENEZEERHIESEE , -
TEABATATEERECEDDEE « BRI QSN ZERAIRAS (AECOM ) REEET
E#EE+TOE—REESE (CRCC-PYJV ) HEEE » #EIIEFH A ARSI
5o NEHFLREEREIMCTEBETEAEHEEE '8, 5 BMEIZIER !
MESZE(FEREEETEAMEILFTEREENREEE » XHIHHMERRE - BB
FR2020E3RE8 T  IREEATEHERE » BHI2025FEE -

#TAKTIEAES #CEDD # 110 #irLeo #BIFi +BEEEMER #I0EEE #1828
IER #35ER + 1t E #/88 +HER 4AECOM #+PEBETHE #RE

CEDD’'s Facebook Post on 29 Sep 2024

Sharing Success of Bridge Rotation

Scan the QR
code for details

23,000 Views

480 Like
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8. Stakeholder Engagement
Publicity of Bridge Rotation — SDEV Blog

A Development Bureau

of the People’s Republic of China

MY BLOG

RIS REERTTERIR
RYTN#ERERERX

wh il THASRRE —F

SDEV Blog on 16 March 2025

. The Government of the Hong Kong Special Administrative Region

the QR
code for details

PRRIFTDRE ~ FIsly PR 45 Ak

RIER AR TTEIRAINIBAE IR Fhtil LRI —F

MERAIF TR E - tATRRETRARNGRSR T REEZTNE T hEithtREE-
MEEGERRIEENMIETERREE LR - TEREERARAMEN  HP—RRA140K - &
#7000 - VBRI - CREREEHZEERE - TEBBRSNKE - IRWEERH
TEBEREANBRERR L H)E - ABS THREN—F - EAIORE 7 it T &k REERER
FE -

ERAERERN S  LARBREEN EERERTAGDEREERH - R xANERERE
RE#E ETEMT X - AMEHEREEENEAZZER  ERUNEREBEFTERR
ETER1E - [HaREERRTS -

FARFESHNHNERER AR - AL EEEES 2R ETREZRBE  RER—BAETRHRE
BRETR  BEHRKTRE  <RESHEEESEN  KNEEETHA—F  FB&EaTEMA>™
EIREDIE THBERENEE - MIETERRIREFIRAM R ZRIEANHABRERE - AKX
HEMEILTRRERNRBEEE - ULItHAEeNBERRIRREESS -

ZRFETHFIEBREBIM RN - SEREAREMEREERHEESRE - KREUT
EEEZTREEETER - BREMX  RSEEEEEN -
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8. Stakeholder Engagement

Publicity of Bridge Rotation — HKIE Journal Cover Story

VOL HONG KONG &58 Lizbm

ENGINEAR

The Journal of The Hong Kong Institution of Engineers

MAY
2025

www.hkie.org.hk

Pioneering Hong Kong's
first horizontal bridge rotation over the East Rail Line
under Fanling Bypass Eastern Section Project

Integrating into the Mainland “Professional Title”
qualification system

‘The HKIE ~Incorporated since 1875

HKIE “Hong Kong Engineer” Journal on May 2025

O
o
<
m
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19
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Pioneering
Hong Kong’s
first horizontal
bridge
rolation over
the East Rail
Line under
Fanling Bypass
Eastern Section
Project

By the Civil Engineering and Development Department

The Fanling Bypass Eastern Section (FLBPE)) is one of
the major road infrastructures connecting Fanling North
New Development Area (FLN NDA). This dual fwo-lans
carfogeway, opproximately four kifometres long,
provides a direct fink with the existing highway network
to cope with the anticipated Trafiic demand anking
from FLN NDA.

8 ay 2025 | Hong Kong Engineer

Scan the QR

code for details

T -TINING 1S T :
Papet FWSCEIE 1995 Arnek 1)

The Civil Engineering and Development Depariment (CEDD)
ploys a pivotal rols in the developrment of FLN NDA. AECOM
Agic Co. Lrd, was ernployed os the project manager for

the first phase develepment, including the site farmation
and engineering infrasiruciure works commenced in 2019,
The FLBP(E) is part of the major works under the first phose
development of FLN MDA (Figure 2)

s of ez LN BOR,
ey AR AT PR )

Innovative construction methods
to overcome difficult site
constrainis

The enlire FLBR(E} comprises 3,3-km long viaduct ond 0.7-

km long undenpass, CEDD Confract NDf2019/05 invelves the
construction of 2-km lang viaduct between Shung Him Teng
and Kau Lung Hang. The dlignment of the viocuct meandsrs
aross Ma Wat River and runs through the industrial zones and
low-clensity vilage residenfial areas. It spans over the MIR East
Rail Line (EAL) and connects fe the existing Fanling Highway.
The bridgewarks were caried out within a limited working
spoce congested with mejer underground tilities, including
high voltage power cables, Iarge diarmeter above-ground
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8. Stakeholder Engagement
ICE Technical Seminar on 20 Mar 2025

Fanling N,

Objectives of Practice Notes: g e ity

Horfzonial Bidge
Pm?\mmg the adoption of bridge rotation as a safe and
efficient construction method o

" Viaduct spanning across
existing railway fines

Establishing a st;

andard for planning, design and exec
bridge rotation

ution of

Highlighting the key challenges for bridge works carried out in
Proximity to MTR premises and the
ements that need to addressed

specitic




9. Successful Bridge Rotation
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9. Successful Bridge Rotation

Outcome of Bridge Rotation

Complete
rotation in Preferred
2 construction
_ method
nights across railway
track

Save

1 year

of construction
time

( Eﬂl-'l-'. PaulY

<= EN YWL

FESEE i

CEDD A=COM

5%

Reduce

99%

of works over
railway track

Reduce

cost

o ND/zmams
l E'Eﬁiﬁiﬁéﬁﬂliﬁ
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10. Leaving alegacy

Practice Notes on Application of Horizontal Bridge Rotation Method for
Viaduct Construction Across Existing Railway Lines

Practice Notes on

s = Bridge Rotation Msthod Joint Preparation of Practice Notes with MTR

for Viaduct Construction
Across Existing Railway Lines

« Promoting bridge rotation method

o Establishing a standard for planning, design,
execution for bridge rotation over existing
railway

« Highlighting the key challenges and specific
requirements on railway safety
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10. Leaving alegacy

HKIE — Safety Specialist Committee
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10. Leaving a legacy

ICE_NEC Martin Barnes Award 2025
Project Excellence and Innovation — Runner-up

nsformative vehicular Bridge ',

Bypass Eastern Section

or Railway Line In Hong Kon )
) \ - > % .tion (The Tr :
' - .y Major Railwe

e C Rotation above @ Maj
. ' ; thinkprojec

to Caverns

Runner Up: Fanling

J- Relocation 0

Highly Commended

PANGE

i

"




Conclusion

1. Scalable Safety
Element

9. Designer & Contractor
Design Improvement

CEDD A=COM @ m

chESKE el

YWL

2. Design for Safety
3. Engineering
Elements

..................................

4. Engineer Input
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Thank you
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