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component supplier trainers and in local language.

@) The training shall be by way of classroom and practical sessions and the content
of the training shall include but not be limited to the following:

n instruction and hands-on training of starting and shutdown procedure.

)] Instruction and explanation of all the devices on the Crane (separately
for electrical andmechanical staff).

W) Instruction of Startstop procedure and checking points of all the devices
or systems onthe Crane.

M) Lectures on electrical/electronic control systems of the Crane and
adjustment method/standards both in a classroom and on the Crane.

v) Lectures on mechanical/hydraulic systems of the Crane and adjustment
method/standardboth in a classroom and on the Crane.

vi) Lectures on Condition Monitoring System on the Crane and in a classroom.
vii) Inspection and Maintenance of Operationally Critical Components.
i) Instruction on trouble-shooting and repair.

i) Instruction on emergency equipment and procedures, such as Emergency
stop buttons,
Escape route, Firefighting equipment

x) Instruction on the use of equipment for Communication

xi) Instruction on routine maintenance of devices and preventive
maintenance plan, includingexplanation of special tools, gauges or jigs.

For this project, mechanical maintenance training shall be provided for 3 groups of 5-8
maintenance staff per group, for 1 week per group. Electrical maintenance training shall be
provided for 3 groups of 5-8 maintenance staff per group, for 1 week per group.

(3)  Specialist training on the following operationally critical components shall be
arranged by the Contractor and to be provided by the component suppliers
representatives:

)] Telescopic Spreader (min. 2 days)

) Elevator (min. 1 day)

) MV and Spreader Cable Reels (min. 1 day)
) Cable chain (min. 1 day)

v) Merford Cabin

vi) Service and Emergency Brakes

vit) Wire ropes

794 Familiarization On-Site (Operators)

(1) The Contractor shall carry out the operator familiarization of the Purchaser’s staft
during the on- site commissioning period following the Tests on Completion of the
Crane(s) or other Works. The familiarization shall be conducted by suitable

Consuckon of Crans Redwey & nstalation of Chy Crens
Roilo Commmeial Port Complax JCPC), Loboc, Lapaz, olio City
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Contractor personnel and in local language.

(2) The familiarization shall be by way of classroom and practical sessions and
the content shallinclude but not be limited to the following:

) Instruction and hands-on training of the cranes start-up procedure.
¥) Instruction on lighting control.

#ii} Instruction and hands-on training of normal container handling operation in the
cab.

iv) instruction and hands-on training of normal shutdown procedure.

v) Instruction on the use of equipment and procedures for emergency,
such as Emergencystop buttons, Escape route, Firefighting equipment

vi) Instruction on the use of equipment for Communication
For this project, operator's familiarization shall be provided for 4 groups of
3-4 operators per groupfor 2-3 days per group.

2.10. Spare Parts
7101 Ordered Spare Parts

(1) Typically, spare parts will be ordered for each ¢rane purchasing contract. For
definition and the requirements, refer to the Conditions of the Tender / Contract.

(2 The Contractor shall warrant its capability for providing spare parts, spare
components, repair and/or replacement services for a period of 15 years after the
date of issue of the Taking-over Cerificate for each Crane.

3 In the event spare parts support cannot be offered for 15 years, the Contractor
shall repiace the respective parts with "new generation” replacement components
bearing the cost of any retrofitting, engineering and design.

7102 Spare Parts for Commissioning Work

6 The spare parts for the commissioning work shall be provided by the Contractor in
addition to the Ordered Spare Parts. The amount of spare parts for the
commissioning works shall be comprehensive to assure a smooth commissioning
in case a component fails. The Contractor shall not rely on the Ordered Spare
parts for the crane commissioning. A draft list of spare parts for the commissioning
works shall be provided by the Contractor to the Engineer during the design review
period for his review.

(2) The Contractor shall indemnify the Purchaser against any cost, loss or damage if
the operational Crane(s) suffers stoppage due to the unavailability of an Ordered
Spare Parts which has been consumed by the Contractor during the

commissioning period and not replaced before the issue of the Taking-over
Certificate,

2.11. Crane Model
(4) The Contractor shall provide two (2) scale models of the crane(s). The models
shall be 1:200 scale and shall bear the specified crane livery and logos.

Cominztion of Crarw Rallwxy & instaiigion of Ouay Crane
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Note: * denotes the items which constitute "Major Stipulated Components™ for purpose of
milestone paymentiriggers.

T for emin e ; f
Structure Steal, main structures EU, USA, Japan A709-50-2 made in China for
China and Korea with additional | main structure , flanges,
certification dtiffeners and web plates,
BPlates and structure sections | EU, Japan, Korea
>35mm thickness
Structure Steed, secondary structures | EU, USA, Japan Q235 made in China for
China and Korea with additional | subsidiary parts, attachments,
certification platforms, stairs, lacders,
handrails, shape steeis
Pairtt Intermational, Jotun, Hempel International
Spreader * Stinis Stinis
MV switchgear * Siemens, ABB ABB
MV transformer(s) * Siernens, ABB ABB
Crive Inverter System * Siemens, ASB Slemens
PLC & Remote [/O's Siermens, ABB Siemens
LY switchgear components Siemens, ABB Siemens
Electrical Systemn Integration Crane manufacturar, System
Supplier
Drive Motors *
2 Main Hoist Siemens/Wolfer Siemens
2 Boom Hoist Siemens/Wolfer Siemens
& Troliey Siemens/Wolfer Siemens
& Gantry Siemens,/Wolfer Siemens
Gear Reducers *
® Main Hoist Flender, Sumitomo, ZPMC
® Boom Hoist Flender, Sumitomo, ZPMC
N Trolley Flander, Sumitomo, ZPMC
B Gantry Flender, Sumitomo, ZPMC
Brakes *
& Main Holst (Service) Pintsch-Bubenzer Dellner-Bubenzer
® Main Hoist (Emergency) Pintsch-Bubenzer Dellner-Bubenzer

Construction of Crane Raiway & Instailation of Quay Crane
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@ Boomn Hoist (Service) Pintsch-Bubenzer Dediner-Bubenzer

& Boom Hoist (Emergency) Pintsch-Bubenzer Deliner-Bubenzer

& Troliey (Service) Pintsch-Bubenzer Deitner-Bubenzer '

® Trolley {Hokding brake) Pintsch-Bubenzer Deliner-Bubenzer

Consinuction of Crans Raiway & Msaiaton of Guay Crane
oo Commurrist Port Complex (ICPC), Lobor, Lapax, Hotio CRy
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. Description of Stipulated .| .. . Stipulated Suppliers | . Tenderer’s Preferred
& Gantry (Service) Pintsch-Bubenzer Deilner-Bubenzer
& Gantry (Wheel) Pintsch-Bubenzer Deliner-Bubenzer
& Hydrautic Power Packs By brake manufacturer By brake manufacturer
Couplings
@ Main Hoist Drum Malmedie Malmedie
W Boom Hoist Drum Malmedie Malmedie
# Trofley Rope Drum Maimedie Malmedie
B Brake Disc Couplings By the stipulated brake supplier | By the stipulated brake supplier
B Other transmission couplings Contractor to propose
Hydraulic systems (other than
8 Main components Revaoth, Vickers, Parker Reoroth, Vickers, Parker
B Cylinders Contractor to propose
m Hydraulic system integration Contractor to propose. (Chinese brand seals not
(Chinese brand seals not allowed)
allowed)
Bearings NBI NBl
S _ Alf Bearings in list must be of | All Bearings In list must be of
®  Main hoist, trolley, boom hoist | European origin, If any bearing | European origin, if any bearing

315

and gantry reducer cannot be imported from cannot be imported from
o Europe due to supplier’s Global | Europe due to supplier's Global
8 Main hoist, trolley and boom fabrication pian, Contractor fabrication plan, Contractor
hoist sheaves shalt provide a statement from | shall provide 3 statement from
bearing supplier stating the bearing supplier stating the
®  Catenary trofley sheaves following: following:
® Mam hotst drum | 1. Both Eurcpean made and 1. Both European made and
- pedestal . non-Europaan made bearings non-European made bearings
Trofley drum | bearing are under same quality control | are under same quality control
® Boom hoist drum pedestal System System
bearing 2. The selected non-European | 2. The selected non-Eurcpean
made bearing cannot be made bearing cannot be
® Trolley wheels manufactured in Europe factory | manufactured in Europe factory
and the origin would be decided | and the origin wouid be decided
& Trolley horizontal wheels by supplier itself. by supplier itseif.
® Catenary trolley wheels
B (atenary trolley horizontal wheet
® Gantry wheels NBI NEBI
®_ Other bearings
Auto-Lubrication System Groeneveld. NEI
Intelligent Status Monitoring System | Leewel! Leewell
Lightning and surge protection Leewell Leewell

Construction of Crane Railway & instaHation of Quay Crane
lioilo Commercial Podt Complax (ICPCT), Loboc, Lapaz, #ollo City
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No. u'm’cun:n"pn:umt P .« forTvem _ Supplier Chosen from
Rail Clips Gantrex, Gantrail Gantrex
Buffers Oleo Oieo
Wire Rope ' Casar / Bridon / Teufelberger /
FWitex
Wire Rope Sheaves 100% Forged Contractor to propose.
Wire Rope Roliers Quay-Quip Quay-Quip
Personnel Elevator* Alimak Alimak
Maintenance Hoist induding the SWF, Konecranes, Morris, ZPMC
overhead traveling girders
MV Cable Reeling Systern * Stemmann, Cavotec, Wampfler | Stemmann
MV Trailing Cable Prysmian, Tratos Prysmian
Trolley Energy Cable Chain IGUS P4 IGUS P4
Trolley Energy Cable Chain Cables 1GUS IGUS
Spreader feed cable reeling system * | Same as MV cable reel system
Spreader Feed Cable Prysmian, Tratos Prysmian
Spreader Cable Plug/Socket Harting, ODAJ according to Harting, ODU according to
existing spreader type existing spreader type
Eiectrical Cables — Drive Motors Fujikura, Hitachi, Belden, Oifiex, { Jin Feng
Lapp (2YSLCY-3 or similar)
Electrical Cables — Fixed & Flexible Fujikura, Hitachi, Belden, Olflex, | Jin Feng
Lapp (HO7RN-F or similar)
Operator’s Cabin * Merford Ergo Cabin METAGRO Ergo Cabin
Driver’s Seat & Consoles * Merford Ergo Seat METAGRQ Ergo Seat
Magster Controfier Spohn & Burkhandt, Gessmann | Spohn & Burkhardt, Gessmann
Air Conditioning Units York, Carrier, Panasonic, Daikin | York, Carmier, Daikin
LED Fiocodlights Philips, Nanhua
LED Walkway lights Philips, Nanhua, Bals
Communications Gaitronics Gaitronics
Overioad Protection & Alarm Hirschmann {PAT), Brosa,
Tecsis, Tize
Anemometer Vaisala Vaisala
LED Aviation Light Nanhua Nanhua
Gantry Warning Alarm/Light Nanhua, Brigade Nanhua
Drum Encoders (Main-Hoist, Trolley | Hubner Giessen U-One Hubner Giessen U-One
and Boom:-Hoist) _
Limit Switches {Small) Telemecanique, Schimersal Telemecanique

Contruchon of Cram Fdway & RGabon of Wy Crane
Nofe Commercial Port Canplex (ICPC), Loboc, Lapaz, lloiko Gty
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Limit Switches (Large} Schmersal Schmersal
Gravity Uimit Switch Jostyn Clark, Matsushima Matsushima

(CHL22 or Equivalent)
Magnet operated Limit Switches Schmersal Schmersat
Proximity Switches Turck, IFM Turck
Photoetectric Switch Sick, Banner Banner
Vesse! Profiling Scanners Sick, Lase Sick, Lase
Gantry anti-collision Cathay Nebula Cathay Nebula
Fire Suppression System for E-rooms | Kidde Kidde
Cabin Access and Gate Interlock Fortress Fortress
Operator Aid and Boom Latch Orlaco Orlaco
Camera and Monitor
Ship Profile Systern (SPS) Cathay Nebula Cathay Nebula
Chassis Positioning System (CPS) Cathay Nebula Cathay Nebuia
CCMS & Remote CMS By efectrical system integrator

Corsinctioon of Crane Radersry § rtalbetion of Qusy Crana
Bobo Cotmnarcint Porl Compley JCPC), Loboc, Lapaz, kodo City
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2. Crane Livery, Purchaser's Logo, Asset Numbers
The following table shall be read in conjunction with Clause 6.4 (Crane Livery, Purchaser’s Logo, Asset
Numbers,Signs).

Main Steel Structure

| operators cavin Exterior o

Checker’s Cabin Exterior

Machinery Howise Exterior & Interior

Operator’s Cabin Interior & Floor

Checker’s Cabin Interior & Floor

Machinery House Floor

Trolley _

Spreader Excluding Flippers RAL 1023

Head-block )

Stairways, Ladders, Platforms  Treads of stairways and grids of platforms

& Handrails shall be left in galvanized condition

Buffers Trofley and Gantry End of Trave!

Guards Around machinery, wheels, couplings etc. |

Container Top Safety Frame

Hook Beam {if applicable)

Test Weight {if applicable}

Spreader Trailer (if appicable}

Flippers on Spreader With colour coded paddles (]

e
Junction boxes Stainless stee!, protected by a translucent | None
protection fayer (film or lacquer)
Cable runways - external Cable trays/covers, cable ladders, coriuits | Same colour as the
- Major component — external Reducers, motors, hydraulic power packs &mmmr;m
and cylinders mounted to
Magor component — internal Reducers, motors, hydraulic components | Original equipment

Other components — intemal
and external

Brakes, limit switches, ights, etc.

manufacturers’ colour

Company Logo Mounted on the sides of the M-house As per Jogo definitions
TED

Crane designations Numbers will be attached to the equipment | TED

Spreader designations Including spare spreader TBD

Cargo beam designations T8D

Construction of Crane Raiwary & installation of Cuay Crane
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| €TSF designations TBD

Test Weight designations TBD

Consiruction of Crane Reiwey & trstaliation of Quay Crane
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The following table shall be read in conjunction with Clause 6.8.1 (Maintenance Tools).

interface with PLC's, Drives, CCMS, Spreader
and/or other devices requiring program redoad,
data downiocad or fault diagnostic tracing with
external computer.

Mechanical Maintenance Tools

Stainless steel wear gauges for: 1 (one) set | Each wear gauge shali ba clearly marked
crane | with the component name to be gauged.

= Each of the sheave grooves perer ga

W Trolley and gantry wheels

W £ach of the wire rope winch drum grooves

Hydraulic Maintenance Tools

Digital manometer complete with remote 2 (two) set

tubes and adaptors for each of the hydraulic per crane

Long access Allen keys (o adjust hydrautic 2 (two) set

pumps, fit solenoids and maintain other per crane

hydraufic components

Electrical } Electronic Maintenance Tools

Siemens M4 Premium PG laptop computer 1 {one) set | Laptop computers provided shaill be fit

preloaded with all software necessary to per contract | for purpose for the rugged environment

‘2pproved by the Purchaser,

in which they are t0 be used. Laptop
specifications to be reviewed and

Interface components such as cables, 2 (two) set
converters or plugs and sockets necessary to per laptop
connect the PG shall be supplied. computer
Original software tny operate the computer or 1 {one) set | The operating licensa shall be assigned

communicate with devices, along with any pér laptop | o the Purchaser,
instructions for use. computer
Autam Pro 5 PLC analyser software installed 1 {one) set
on Field laptops per laptop
computer
Multi-meter = Fluke Type 289 to include 2 (two) set
frequency and max/min function fitted with per contract
"Fluke-289TPAK™ and “Fluke C781 Carmying
Case” accessories, with electronic test probe
sats "Fluke TL 80",
Oscilioscope — Fluke Type 190 -204 saries 11 1 (one) set
fitted with “Fluke YPS410 Kit™. per contract
Clamp Ammeters = Fluke Type i1010 to include | 2 (two) set
AC, DC, Vottage and Current per contract
Fibre Optic cleaning and testing kit such as 1 (one) set
Kingfisher KI200Q or Simplifibre® Pro Optical | per contract
Power Meter and Fibre Test Kit
Profibus analyzer such as Procentec ProfiTrace | 1 {one) set
Ultra Plus per comnract

Construction of Crane Railwey & Installation of Quay Grane
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Insulated Electrical Tool sets (VDE Type) 2 (two) set
inciuding: per crane
B Screwdrivers B
SideCutters &
Combination Pliers
Lux Lighting measurement meters 2 (two) set
per contract
Noise Meters 2 {bwo) set
per contract
Vibration Measuremernt Meters 2 {two) set
per contract
Infra-Red Thermal Imaging Tool Fluke Type 1 (one) set
FLK-Ti25 9 Hz per contract
Insulation Resistance Testing Meter — Fluke 1 {one) set
Type 1555 with 10KV Insulation Tester Kit per contract
"Fiuke-1555",
High Quality Ratchet Crimp Tool Set for RYB 2 (two) set
crimps and bootlace ferrules per contract
Gas soldering iron 2 (two) set
per contract
Tachometers 2 (two) set
per contract
Laser Alignment system such as SKF TKSA 80 1 (one) set
per contract
Very Low Frequency (VLF) test equipment 1 {one) set
from non-Chinese manufacturer. per contract
Labed printing machine ard 3M tapes for 1 (one} set
replacement of labels per contract

Comnation of Crarw Rudwary & irsiadabion of Ouey Crane
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Submittal of Project Documents _ S
Project Organization Chart {(Shop & Site) > 7.1.2 2 weeks after
contract award
Project Schedule / Programme {Shop & Site) > 7.1.3 2 weeks after
contract award
Project Progress Report - 7.1.4 Monthty until
teking-over of
last crane(s)
Ordered Spare Parts Ust - 7.1.8 3 months after
contract award
Tralning Program > 7.1.9 - 3 months before
arrival of first
aane(s)
1 month after | PDF-fles, ploted in

Submittal of Conceptual Design Drawings = - -

- | Size, biack & white

Drawing Management System details = 7.2.1

Crane General Arrangement with overall/main dimensions and

speeds of oparation

Trolley General Asrengement

Head-block General Ammangement

Head-block Twist Lock Assembly

Spreader General Arrangement

Spreader Twist Locks Assembly

Gantry Trucks & Equalizers General Airangement

Machinery House General Arrangement

Cperator’s Cab General Armrangement

Control Consoles & Chair Layout in the cab

Operator Visibility Diagram

Tie Down Equipment (Gantry, Trolley)

Wheet Clamp Ammangement

Boom Hinge and Support Detaits

Wire Rope Support for Stowed Boomn

Boom Latch Locking Device

Trolley Rail and Transition at Girder / Boom

Walkways, Stairs & Platforms {Layouts and Detafls)

Conairuchion of Crahe Faiway § Inttalistion of Gumy Crans
flollo Commwrciad Port Compleu ICPCY, Loboc, Lapaz, Rolio Clty
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Dates !

Main Hoist Drive Arrangement

Trolley Drive Unit Arangement

Boom Hoist Drive Unit Arrangement

Gantry Drive Arrangement

Trimming Device Arrangement

Listing Devica Arrangement

Skewing Device Arrangement

Wheels {Gantry and Trolley) Detail

Sheaves Detail with material, treatment and profile

Emergency Motors Calculations

Maintenance Hoist Detait and General Arrangement

Personne! Elevator Arangement and Aocess Details

Checker's Cab General Arrangement

Electrical One Line Diagram

Typical edectric detaits such as support of boxes, kghts, and
conduit/tray arangements/segregation

Crane Livery, Purchaser’s Logo, Asset Numbers, Signs
drawings > 6.4

"Summamuaammnm

contract award ; original documant

StabililyCalwlationandudingDynami:SmgLoadConditim)

Whedl Loads and Typhoon Tie down Loads Calculations
including wind foad analysis

Stress Calculation for Critical Areas of Structure

Fatigue Analysis for Crane Structure

Design caiaations for the hoist, trofiey, gantry, and boom hoist
main motion component parts

Gearbox, sizing Glauation

Brake sizing calctdation with approval from the brake supplier

Ori or Sizi ulati

Mandacuxermomrdatasheasforselectedapmcation

Converter and Motor Module sizing calculations with approval
from drive system supplier

Main Hoist Load/Speed Curve

Trim list, skew and snag component sizing and selection

Construction of Crane Raiway & Insisiistion of Quay Crane
Hollo Commercial Port Complax (ICPC), Loboc, Lepar, Nodo ity
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Hydraulic systern component sizing cakculation

Gantry Buffer Load Calculations (Boom Lowered and Boom
Stowed)

Trolley Buffer Load Calculations

Rail Clamp Capadity Caiculations

Gantry Braking Capacity and Braking Distance Calcutations
{under various wind load conditions up o braking kmit)

Wire Rope Fleet Angle Caiculations

Blectrical load calculations iclusive Peak Power Consumption
and voltage drop over crane supply cables

MV switchgear data sheets

Transformer sizing calculations and transformer data sheet

Harmonics and Power Factor Calculations

Electrical room{s) cooting and heating calcutation

Lighting aiculations

Notse Giculations

Muwmﬂwam " 2weeksaﬂ:er MadcedﬂpPolee;

andData 7§ receipt of
K ' conoept.dslgn
Review of Concephua! Design Drawings
Review of Calculations and Data
: of conceptual | design office
m‘ . !

Subndtnlofbetaﬂednsignmnwimm lmomnaﬂna' PDF-fles plotted in
: review mesting | size

All revised dessgndoamsems as required during the first
design review meeting

All remaining main structure general and detailed drawings

All remaining mechanical general and detailed drawings

Power Cable Reel and Slip Ring data sheets

Power Cabie Specification and Sectional Dimension Drawing

Trofley Cable Chain specification

Spreader cable reel system and spreader cable data sheets

Comiucton of Grane Raluwy & insalabon of Oy Crane
oo Commmrcial Port Compiax JCPC), Loboc, Lapaz, lindic City
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Due [ Actuat | Comments

..--..,

L -

Blectrical Circuit Diagrams

Crane control interlocking angd safety function description
Communication system drawings and data sheets

CCMS/ROMS system drawings and function description

Control Panels/Operation Stations General Arrangement

Switchgear General Amangement

Cooling system design and Air Congditioners data sheets

Cabie laying detailed drawings and description

All other structural, mechanical and electrical general and
detailed drawings as requested by the Engineer.

Alt other structural, mechanical, and electrical calculations as
requested by the Engineer

Review of Detalled Design Drawings, Calculations and | 2 weeks after | Marked-up PDF-fles
: i
i

Data _ receiptof

Review of Detailed Design Documents

Se:mdnesignnewewneethg Foliowing the | At Contractor’s
j review of design office

Submittat of Final Design Drawings, Calculationsand | 2 weeks after | PDF-files, plotted In
Data {=Design fresre) ' " |.second design | original document -

All revised design documents as required during the second
design review meeting

All gther structural, mechanical and electrical general and
detailed drawings as requested by the Engineer.

All other structurat, mechanical, and electrical calculations as
requested by the Engineer

Quality Assurance Inspection and Test Protocols

Quality Assurance Program / Manuals = 7.3.1 1 month after | PDF-file

contract award
Pre-Shipment Inspection and Test on Compietion Protocol 4 months before | PDF-file
7.3.3 shipiment of the

first crane(s)
Compiete set of the Contractor's QU documentation of the Before loading | PDF-file (scanned
crane(s}) on to the vessel | copy of original
documents)

Conainahon of Grafe Famwey & instaRabon of Cuay Crana
Hodo Commercial Fort Compiex JCPC), Loboc, Lapaz. Mol Clly
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! Item | Description i Due/ Actual ' Comments

Static wheel load verification / Weight reports - 7.5.2(6) Before loading | PDF-file {scanned
on to the vessel | copy of original

document)

Completed Pre-Shipment Inspection Protocol (of each cane) Before loading | PDF-file (scanned
on to the vessel | copy of original

document)

Completed Pre-Shipmernt Inspection and Test on Compiletion 1 month after | Criginal protocol

Protocol (of each crane) taking-over of | and PDF-file

each crane (scanned copy of
original document)

SumeofCraneShlpmtandSﬁeMﬂvlty 3 months before

Documents arrival of first

. L crane(s)

Crane Delivery Mathad Statement - 7.1.5

Site Work Method Statement = 7.1.6

Daily Plan ang Repost (Site} > 7.1.7 Daily {upon Site

activitles
commenced)

Voyage route, Sea-state ioads, design waves, accalerations,

vesse! salling schedule, justification for criterla (DNV)

Crane transportation Stability Calculations including comer

loads and led loads for the design criteria

Sea fastening calcuiations inchuding allowable stress, safety

factors

Oft-Loading Calculations iwchxding dock structural stress

analysis, jacking k:ads rofling/skidding foads

Al!badlrlg,stﬂppmg sea-fastening, andunloadmgdrawmgs

{arrangements and details)

mmﬁmmmm

Preliminary Operation Manuals (English) 2 7.4.1 3 months before | 3 sets hardcopy and
arrival of first | 2 sets (D-ROM

crane(s)

Prefiminary Operation Manuals (local language) > 7.4.1 3 months before | 3 sets hardcopy and
arrival of first | 2 sets CD-ROM

crane(s)

Final Operation Manuals {(English} > 7.4.1 1 month after | 5 sets hardcopy and
Taking-over of | 2 sets CD-ROM
the first crane(s)

Fina! Operation Manuais {local ianguage) > 7.4.1 1 month after | 5 sets hardcopy and
Taking-over of | 2 sets CD-ROM
the first crane(s)
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Prefiminary Maintenance Manuais (English) < 7.4.2

arrival of first
crane(s)

3 months before

3 sets hardoopy and

2 sets CO-ROM

Prefiminary Maintenance Manuals (local language) > 7.4.2

3 months before
arrivat of first
crane(s)

3 sets hardoopy and
2 sets CD-ROM

Final Maintenance Manuals (Engfish) > 7.4.2

1 month after

Taking-over of
the first crane{s}

S sets hardcopy and
2 sets CD-ROM

Final Maintenance Manuals (local language) > 7.4.2

1 month after
Taking-over of
the first crane(s)

5 sets hardeopy and
2 sets CD-ROM

Operationally Critical Compenents with inspaction and
replacesnent schedule - 2,11

i month after

Taking-over of
the first crane(s)

PDF-files, plotted in
original document
size

Lubricant List > 7.4.3

3 months after
contract award

POF-files, plotted in
original document
size

Structural Maintenance Program - 7.4.4

3 months before
arrival of first

aane(s)

POF-files, plotted in
original document
size

]

“_of: m :

As-built structural, mechanical and elactrical drawings

Detailed drawings for wearing parts

Control logic programs and parameter settings

Full details of ali bought-in equipment, drawings, instructions,
etc.

List and specification of structural connection botts and
machinery fitting bolts with tightening torque value for each
location/size.
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Technical Specifications {Building Works)
(Quarysde Commwnr Cranes)

1. Inspection / Test Control Sheets

The following six sheets provide a guide to the minimum inspection, test, reports and
certifications which arerequired by the Purchaser.

Codes depicted in the Inspection / Test Control Sheets are defined as follows:

By the Contractor |
M = Mill Certificate to be
submitted
R = inspection Report to be
submitted
T = Test Report to be submitted

By the Purchaser, Engineer or Engineer's Representative

Cerﬁﬁcates or reports ta be produced

c1 =

W1 = Inspection/Testto be witnessed for 100% of the Works

W3 = lns.lﬁection / Test to be witnessed at random for 5% - 20%
of the Works

Conmiruciion of Crans Raiwy 4 installafion: of Cumy Crane
Moy Comvprcipl Port Complax SCPCY, Loboc, Laper, Nodo Cly
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Cci
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Inspection Sheet (1 of 7)

B8r B8 68t TEREESEES

w
3

w
3

w
3

w
3

$orrulis¥¥. 3308
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668 _x2b8

M

ciici|c1

cL;cr 1

cijcici

ctjcisQl

aaia

Cijci(cCt

aajcca

=4

Legs, Portal Tle, Diagonat
Beam and Girder Support

Portal Frame (S8t beam,
Beam

Trolley Girder

Back Stay & Forestay

Boge & Equatter Beam

Trolley Frame

Conslruction of Crane Raliwey 4 instasion of Quay Crans
oo Commercial Port Complax (ICPC), Loboag, Lapax, loilo City
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M
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MACTHNErY HOUSE FRINGS

Typhoon Tie Down Gear
(if applicable)
Headbiock Frame:

Spreader Frame and

1
|

Rope Drum
Pinion & Gear

Rope Sheave
Wheeis (Gantry & TroBey)

Conslracion of Crane Fadwery § nekbeton of Gury Clane
fiofla Commavoial Port Complex (ICPC). Loboc, Lepax, loll Chy
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C1

2e8RYLOx

BocoNSco. 235885523
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Ct
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cl(c1icCt

C1

C1|Ct

5508 _x8bY

(Main Hoist, Boom Hoist &
Hydraufic Unit (Spreader,
Rait Clamp, Boom Laich,
Rope Tensioner &
Antisway)

Wire Rope
Trofiey)

Twistiocks
(Headbiock & Spreader)

(Sheet 1 of 2)

B

Gantry Drives

Consiruchon of Crane AWy 3 TSaDon of Guay Crane
Bolic Commaecial Port Complet (CPC3, Loboc, Lapaz, Noilo City

Cable Reel
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Technical Specificutions (Buikiing Works}

{Quayside Conteiner Cranes)
WiWw W w
113 3 3
!
i |
Rall Clamp and Stowage R T
Pin
W|iW w w
1{3 3 3
Main Holst Drive R T
Wiw w w
113 3 3
Head Block R T T
W W w W Wi W
113 3 311
Anti-sway Device R T
{NOT APPLICABLE THIS —
CONTRACT) wiw w w
113 3 3
Separate Trolley Drive R T
Wiw W W
1] 3 3 3
TAm / List / Skew Device R T
wiw w w
13 3 3
I :
H ]
Boom Hoist Drive ncuding R I S
Emergency Brake [
W w w
113 3
Boom Latch & Lack Device R T
W w w w
1|3 3 3
Note;
Quayside Crane
Inspection Sheet (4 of 7)

Construction of Crane Raiwey & instalation of Quay Crime
Bodlo Commecial Port Compex (ICPC), Loboc, Lapaz, Soilo Clty
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B

Trofiey Dxive

Festoon Cable Casriers
Trolley Rope Tensiones

Heavy LIk Beam

Comruction of Crans Rallewy £ insiadiption of Ouay Crane
oo Commrial Port Comples. (ICPC), Lobor, Lapee, llolio City

Ci

Air Conditioner in
Operators Cab & Machinery
Operators Cab, Cab Ritings
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and Controd Stations wlw w w
3 3 1

[ ]

Construction of Crana Redwsy & krstalaton of Gaary Crane
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b EY R I E R PP L LSRR 3

Lnrufnots 33508802

£658x850

650 _«c8EY

Ventilation Fan in
Maintenance Holst

Machinery House

Trolley Assembly

2. Load Test inchxles Rated Load Test, Overload Test and Intermexiate toad Test

Note: 1. Itern in { ) shall be camied out at Purchaser’s Site,

!

&

g

HV Ship Ring

HV Incoming Pane!

Consirucion of Crane Fasdway £ Wataliston of Quey Crane
Noiko Commercinl Port Comphn JTPC), Lobw:, Lapaz, oo Cliy
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Ct

HY Distribution Panet
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Quayside Crane
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Inspection Sheet (6 of 7)

2By

B8xel8cbi efBlREESEY

forculs ¥y 3588

¥5E0c808

6F8_tB8EY

SCR Unik

AC Motor

Induction Motor

Magnetic Brake

Note: * Fault Level Report sha¥l be submitbed

Control Panel

g
3H

Conalrucion of Crane Faiway & Rsaiebon of Cmy LTane.

Nolio Commercial Port Compisx (ICPC), Lobac, Lapaz, Hollo City
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Technical Specifications (Building Works)

{Guaysids Container Cranes)
i
Power Cable R R (;1 R
‘f a1 ciimiic T
w
|
Limit Swiches | R
W W
Tle a y
Blectrical Ground System
W wlw
1 1|1

Note: 1. Item in ( ) shall be carried out at Purchaser’s Site,

Conatnuwsion of Crans Redway L inatalalion of Cuay Creoe
Holla Commmrcisd Port Complex (ICPC), Lobac, Lapaz, Noilo Crty
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Fechnical Specifications (Buitding Works)
(Quaysiie Comainer Cranes)
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Crane Assembly

Spare Parts

Wear Gauges

RO-Ro Method Statement &
Operating Instructions
Maintenance Manuat
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Tachnical Specifications (Buitding Works)
{Quayside Cortainer Cranes)

1. Standard Structural Details {Liftech)

LIFTECH CONSULTANTS ING. Bv PWM Approved AR

'} <&
y Il l '."l.'.!'d:i"lll].]ll:l..
' < A

! N
& - /1-10 mm MIN,

Not Acceptable Acceptable

T y8//8
\\ l\\ | 1}
L \é L ;\\\; ?\} {_/-*10 mm MIN.
hY \|
% Ay % \

Not Acceptable Acceptable

T 3Specrbcamivore WG Wbneng ARG ruchery DefedSmried 1.6 B AN vl

Liftech Standard Structural Detzils. Copyright €1983, 20G0, 2015 Liftech Consuitarts Inc. s 1 of 11
Conairuction of Crare Railway & Insialiation of Quay Crane
oo Commercial Port Compiex (ICPC), Loboc, Lapaz, Hotle City
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Technicat Spacifications (Building Works)
{Quayside Container Cranes)

LIFTECH CONSULTANTS INC.
By PWM Agroved  AB

structurai Details

10mm MIN, <,

Not Acceptable Acceptabie

Y
i

Not Acceptable Acceptable

T Soscaiaton sUSH-Working PYWMLAooer-SnSructurn CHcai GO 16 BLAMNK wd

tiftech Standard Struchural Details. Copyright ©1985, 2000, 2015 Liftech Consultants Inc. w2 o 11

Consiruction of Crane Raibvay & Instaflation of Quay Crane
Kodo Commercial Port Compiex (ICPC), Loboc, Lapaz, llols City
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Technica! Specifications {Buikding Works)

{Quayside Cormainer Cranes)
By WM Appwed AR
Structural Details

PLATE b SLOTTED PLATE b SLOTTED

Not Acceptable Acceptable

T '\SpactcanersiSid-Ywarong_ Pwhivapos naxSrucurl Dotais StruciDetiy -
D AR A

Liftech Standard Structural Details. Copyright ©1995, 2000, 2015 Liftech Consuttants inc. st 3 o 11

Construction of Crana Redway & instatiation of Quay Crane
liolo Commencial Port Complex (JCPC), Loboc, Lapaz, Noko City
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Technical Spacifications (Building Wbris)
{Quayside Container Cranas)

By PWM Arrmet A

<
=

e,

- L&LIL'U.L[HLU. ITNNHIRIATHITN

i

.
ot I
~—10mm MIN.

Not Acceptable Acceptable
T Spacrients [Ene-Wnrhang_ PAMTADS. Y eni Dok il ot -5 BLAN wat 1
Lifiech Standard Structural Details. Copyright €1995, 2000, 2015 Liftech Consultants Inc. s, 4 a 11

Construction of Crane Rellway & instadstion of Cusy Crane
llolio Commarcial Port Complex (CPC), Loboc, Lapaz, Hoilo Clty
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Technical Specifications (Building Works)
(Quaysids Container Cranes)

LISTECH CONSULTAKIE INC.

By PAAMY appeed AR

Structural Details

.~ 10mm MIN.

R22ty AND >1

Ay \ A A |
PLATE b SLOTTED PLATE b SLOTTED
A A A A—
: e 18mem MIN,

Not Acceptable Acceptable

T 5o 0 abe BYSIE Y orkng P ACDOre R s0rs Dotal StucDent ™ -8 SLANK ved

Liftech Standard Structural Details. Copyright ©1995, 2000, 2015 Liftech Consultarts Inc. s 5 o 11

Conalrucion of Crane Radwwy & insslation of Quiy Crans
Toio Comwasicial Povt Complex (KCPC), Loboo, Lapaz, Hoilo City
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Technical Specifications {Building Worka}
{Cusyside Contawner Cranes)
by PWM Amxoved AB
Stryctural Detajls

Avoidance of Wraparound Weld
Acceptable

See Shi. 7 for isometric view.
'AV AV f\,__

100% MT 100% UT + 160% MT
oFiC,

O Ly i IR U |18
e et A I

W7 e
- ELAN .

et

A

=l M
== 1 J o 1
E 100% HT>_V_'

T = @ . ?
=

Note: Weids shall conform to the most recent
ocition of AWS D1.1, including the
requirements for cychically loaded structures.

] T 5 Al LS A b g PV Zo0Bl L8 Db 80 LU S B BV v

Liftech Standard Structural Detzils. Copyright ©19895, 2000, 2015 Liftech Consuitants inc. s 6 of 11

Construchon of Crane Faiway & lnsaliation of Quay Crane
Roio Corrmmercal Port Compirx (KOPC), Loboc, Lapar, lodo Ciy
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Technical Specifications (Building Works)
(Cuaysice Container Cranes)

By PWM Appeovd AR

Stryctural Details
Continued from Sht. 6.

T St AEhor 4V SEWong DWkivigr ancnAShuct el Det i iruct et 7- 11 Gk AME v

Liftech Standard Structural Detafls. Copyright ©1985, 2000, 2015 Liftech Consultants Inc. sw. 7 o 11

Corstruction of Crans Raiwsy L instalation of Gusy Crane:
Hoilo Commarcial Porl Complax #iCPC), Leboc, Lapar, Hodo City
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Technical Specificafions (Buriding Worka}
{Guaysde Contwner Cranes)

LIFTECH CONSULTANTS INC.

BY PWM Approved AR

Stryctural Details

See Sht. 9 for Isometric View

N
: 1
4/-4\\\\} iy \\‘ R}’/ <

©

</ N
{ N

Note: Vyelds sha¥ corform to the most recent
edition of AWS D1.1, moluding the
T Spoccaor i S sy SvidiAnnsnona ot e Detelstinac et -11_A ANK ved requiremants for eydically iosded struclures.

©

Liftech Standard Structural Detfails. Copyright ©1985, 2000, 2015 Liftech Consultanis Inc.

s, B o 11

Consruction of Crars Raiwey & ngtalzbon of Quay Crane

oo Commercsd Port Complex (ICPC), Loboc, Lapaz, Hodo City
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Technica! Specifications {Buttding Works)
{Qusymas Contminsr Cranes)

LIFTECH COMSULTANTS tNC. By Pm Aappoved AR

Structurat Details
Continued from Sht. 8.

voidance of Wrapar Id

ISOMETRIC VIEW

TG0 s o i S b g il vigag Vo br i Ok s ISl o Dl T 1 _ BT il

Liftech Standard Struchural Details. Copyright €1995, 2000, 2015 Liftech Consultants inc. . 8 o 11

Construchon of Crane Rallway & nestallation of Cuay Crane
ficia Cormmerttl Port Complx (ICPT}, Loboc, Lapaz, oo City
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Technical Specifications (Ehiiding Works)
{Quayside Conminer Cranes)

LIFTECH CONSULTANTS ING. By P\WM Appoved AR
Structural Details
FOR COMPONENTS
CARRYING CALCULATED
AXIAL STRESS
FOR FCMS: THE THROUGH . UT 100%

THICKNESS, YIELD, DUCTILITY, AND
CVN PROPERTIES SHALL COMPLY
WITH THE REQUIREMENTS FOR IN < FLLET SIZE

li
PLANE TENSION PLATES. N /4 gut
AT LEAST
ANS MIN.

§
-_ A

/N

|~

U.T. TO CHECK FOR LAMELLAR TEARS
BEFORE WELDING AND 36 HOURS

AFTER WELDING.
ECCENTRIC LAP JOINTS
BOLTED OR WELDED
ARE NCT ACCEPTABLE ———
ON COMPONENTS CARRYING
CALCULATED AXIAL STRESS.
R B0 O TIWIAING HVASOACIE ST ICIL | DAt 11 B ANK <50
Liftech Standard Struchura! Details. Copyright ©19895, 2000, 2015 Liftech Comsultarts Inc. s 10 o 11

Corimuiin of Grars Fabesy & iwiaiebon of Guay Coene
Moo Commercial Porl Compiex (ICPC), Loboc, Lapax, Hoile City
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Tacheical Specifications {Building Works}

{Queysde Contminer Cranes}
LIFTECH CONSULTANTS tNC. By PWM Approved ~ AB
S 4 '
- NS Structural Details
MEMZERS Members in Series
N SERIES §
- ~

L

RELIABILITY OF SYSTEM SHALL BE
CALCULATED BY DETERMINING THE
RELIABILITY D" OF EACH LINK INCLUDING ALL
CONNECTION DETAILS, AND CALCULATING THE
RELIABILITY OF THE SYSTEM USING:

Dyverem ~DaxDpxDc .. Dy

FOR EXAMPLE, THE RELIABILITY OF LINK A IS w&m
D=DixDyxDy xDyx Dy XD x D x Dy

THE VALUES OF D ARE FOUND FROM TABLE

FOREACHER,.

NOIICEWHENR <04 D=1
AND WHEN THE CALCULATED STRESS RANGE
S04 X ALLOWABLE STRESS RANGE, R = 0.4

\.r:}
1
! \
2NN
AW
\.@r;}
"
/
"/
f

|
|

!

i _|—
N
"""9__9
——
et/ e
£
ML
o
|
(R
e

o T IR == '
s g i [ i . ]
XA v | |
“52Z =
aE3E EER & % g =&
5
L s | |
a8y ) ‘ <« ' Lo NOTES: HOLE CLASS F MAY BE USED
iz é el o Q ﬂ ﬁd o FOR AVERAGE STRESS OR DETAIL
- MAY BE ANALYZED USING STRESS
=! . CONCETRATION FACTOR.
= LN A
5 -
C
1S AR S ) PR IS TY R T | T il £ ARG vt
Liftech Standard Structurat Details. Copyright £1885, 2000, 2015 Liftech Consuttarts inc. su. 1 o 11

Congbruction of Cruna faiway & Instalistion of Quay Crane
foilo Commeeca Porl Complex GCPC), Loboc, Lapaz, oib Cry
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' Technicai Specifications (Buliding Worke)
. {Cusysitde Comnnes Cranss)

2. General Armangement Drawing
To be provided

Conainucion of Craow Raiwey & insialisiion of Qusy Crane
Nollc Commertial Porl Compinx (CPC), Lobos, Lapez, ioilc City
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Technical Specifications {Buiding Works)
{Quaysie Container Cranes)

3. Crane Weights and Decdlared Wheel Loads
To be provided

Corinucion of Crana Radersy & irstalistion of Quay Crame
Hollo Commercisl Porl Compiex PCPC), Loboc, Lapaz, licdo Ciy



4. Existing Stow Pint and Tie-Down Details
To be provided

5. Existing Quay Details
Tobe provided

6. Crane End Stop Detalls
Tobe pravided :

353
Technical Specificetions (Buliding Worka)
(Quaysids Comuinaf Cranse)

Construcion of Crane Ralwey & installalion of Cuay Crane
Soile Commarcial Port Cempiex §CPC), Loboe, Lighe_ Nodo City
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Technical Specifications (Buildng Woris)
{Quayside Container Cranes)

7. Leewell Intelligent Monitoring System

Technical Solution of
Intelligent Status
Monitoring System

LW-TRD01-23083101
Project name: ICTS! (D

Construction of Crane Ruway & Installation of Quay Crana
oo Commercial Port Complex (ICPC), Loboc, Lapaz, liks City



355
Technicat Specifications {Bullding Worke)
{Quayside Containet Cranes)

Contents

1 Overdew 1
1.1 inevitable process of equipment operation and mankenance in port industy i
1.2 Values of inteiinent aquiprment operation and mainlerence 3
1.3 intiligent ecginment openation and meinis ance is abie b restze MARNLNCEON SMIOBE.....cccccencccsisnnic
1.4 Comparison of comemon monkonng Methods. v
1.5 Typioal cracking process of besring and manitoring solLtion 5
2 Introduction ko Core Harowe s . 8
2 1 Vitration acosleromeler 6
2 2 Online monitoving station LMS2020 T
2 3 System software ISM32000 8
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Corstution of Crane Radwey & insisliation of Ouey Crane
Hollo Comenarcial Port Gomplex. (1CPC), Loboc, Lapez, ol
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Technical Specifications (Buitding Works)
(Quaysice Containar Cranes)

1 Overview

1.1 Inevitable process of equipment operation and maintenance in

port industry

The port industry Is asset intensive industry with high automation of equipment,
strong continuity of production, and difficulty in inspection and maintenance. Once there
is a malfunction, device will shutdown, or even major malignant accident of machine
damage and casualty will occur. Therefore, it is objectively required that the operation
and maintenance mode of equipment shall be changed to improve the operation and
maintenance safety and production efficiency.

The necessity of intelligent operation and maintenance of equipment in port industry
is mainly reflected in:

1. From passive rush maintenance to preventive maintenance sirategy;

2. fixed item inspection mode is transformed into real-lime monitoring;

3. Using real-time data interaction and analysis to realize intelligent operation and

maintenance.

Fault . . .

Maintenance

Funrm

Regular ® . __. it

- L el iy 1 L i 3
sarntenance - . Rk i\

Condition

hased —o—o—0

maintenance

©OFrom passive rush maintenance to preventive maintenance strategy

At present, the equipment management strategies in the industry are mainly

Coerstruction of Crane Raivey & insafaton of Quay Crane
Moilo Commencl Port Complex 0CPC), Loboc, Lapaz, #iodo City
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Technicat Spedifications (Bulding ¥Works)
(Quayside Conaine Cranes)

breakdown maintenance and preventive maintenance, When enterprises make
operation and maintenance decisions on equipment, they mainly rely on craft and
experfience, which is lack of effective equipment real time monitoring data as support.
For example, the best maintenance tme of bearings, gears, couplings and other
components is determined on the basis of the past experience. Because the
determination relies on static data, it is often impossible to find out the defecis of the
equipment and avoid the occurrence of equipment faults in time, especially the
occurrence of unexpected faults. Therefore, the two strategies of breakdown
maintenance and preventive maintenance can not meet the present operation and
maintenanoé requirements of modern equipment.

£ The fixed ems Inspections inspection method Is transformed into real-time
monitofring

At present, offiine fixed items inspection inspection end monitoting methods are
used on important equipment of the production line. This type of mode is still an
equipment monitoring mode that centers around the fixed item inspection personnel of
the equipment. It lacks effective control over the core of equipment status analysis and
judgment—-comparability, continuity ,imeliness and accuracy of “equipment operation
data” | thereby it is difficult o get the operating status of the equipment in a timely,
accurate and comprehensive manner, and many equipment on the site are not easy to
reach, and the security for fixed item inspectionis poor Therefore, in order to ensure the
safety, stability and long-term operation of the production line, and to carty out more
scientific equipment operation, repair and maintenance, it is necessary to use online
monitoring method to realize real-ime control of the equipment status and achieve the
aim of intelligent equipment operation and maintenance.

D Reai-time data interaction and analysis are used to realize intelligent
operation and maintenance

Conmiruciion of Crane Hadway & insindation of Quay Crane
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The curtent informatization management mode within the enterprises is a
“tradttional informatization” processing method. in essence, it is a computer system
rearrangement of "historical archives data processed artificially” and "historical records
data”, which still refies on static data and focuses on the workflow.

Based on the different structure types and working conditions of the equipment,
intelligent equipment operation and maintenance is relying on the sensor network device
instalied on the equipment to continuously obtain the vibration and temperature signals
of the equipment in the operating status through wired or wireless or other means, and
automatically coilect real-time data from the equipment based on the system's
established acquisition and alarm strategy and the mechanism of abnormal data
automatically triggering the abnormal alarm to achieve realtime control of the health
status of the equipment. For the processing of abnormal alarm equipment, professionat
data analysts or remote diagnosis experts use a spedal data analysis platform to
analyze the vibration temperature signal in detail, and accurately determine the
equipment failure location and cause based on the equipment structural characteristics,
parameters, and historical operation and maintenance information, and determine the
root cause of the failure, so as to achieve equipment predictive maintenance and rolling
prediction of the lifespan of failed components and avoid the occumrence of comporate
safety accidents.

1.2 Values of intelligent equipment operation and maintenance
The rearmtion of intelligent equipment operation and maintenance can greatly
improve the operating efficiency of enterprises, and help enterprises achieve the "bigger
and stronger” goals. The gpecific values are as follows:
© Ensure that the company has no major accidents
© Effectively extend equipment life and improve equipment utilization
© Improve praduct output and quality
© Reduce equipment operation and maintenance costs

Consbuction of Crane Faiwary & irtaation of Quay Crane
Roflu Commercial Port Complex (KCPC), Loboc, Lapaz, lodo City
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O Reduce waste of spare paris, reduce inventory and capital occupation

O Reduce the workioad of enterprise personnel, improve work efficiency, and release

human resources
O Reduce the dependence of enterprises for on site experts, integrate expert resources

and provide professional services

1.3 Intelligent equipment operation and maintenance is able to realize

malfunction diagnosis

Leewell intelligent equipment operation and maintenance solution is able to detect
the following types of faults of rotating components:

Maltunction | Malfunction
Base failure Motor, gear box base jooseness, structure looseness,
stnucthure resonance
Power Imbalance Motor rotor hsbahrne. gear knbalance of gear box high
; frequency ' speed shaft aﬂd'm!ler __
Misalignment | Shaft system axis fines do not coincide
Resonance Resonance caused by the operating frequency of the motor
tailure ard gear box consistent with the resonance frequency of the
components
Stator Short stator lamination or core looseness, stator eccentricity,
winding joose stator winding, efc. '
2 Motor fauits Rotor Locseness, fracture of rotor cage efrip, rotor eccentricity,
winding rotor therma! deformation, ete.
The inner and ouler rinds of tha motor bearings ara peeled
off, the rolling elements are pesled off, the cage js scratched
Motor and broken; the bearings are subject Yo dynamic and static
friction; the inner and outer rings are loosened in rotation with
the great gap loose, shaft current, efe,
Mechanical The inner and outer rings of the gearbox bearing are peeling
3 parts off; the rolling elements are pesiing off; the cage is scratched
damages Gear box and broien
Gear teeth broken, gear misaBgnment gear pitting and wear,
olc. '
Shaft system inner and outer fing of shaft system support bearing peeling

off; rolling elements peeling off; scraiching and breaking of

Corirucion of Grans Ralway & natelistion of Quay Crane
Holo Commercial Port Complax ({CPC), Loboc, Lapaz, Hofls City
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cage; bearing dynamic and static friction; weared bearing
inner or outer ring, Rolatioh looseness and codperation
loasanass, efc.

Shaft bending, coupling wear, otation shaft displacement,
etc.

1.4 Comparison of common monitoring methods

Lack of Maifuncthon Malfunction  Resonane Beit Matfunction
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1.5 Typical cracking process of bearing and monitoring solution

Adopting condition base maintenance mode can monitor and wam effectively in the
eatly stage of equipment occur damage, the adoption of maintain solution through
warning, which can extent the service life of equipment.
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2 Introduction to Core Hardware

2.1 Vibration accelerometer

Vibration acceleration sensors LMH12297, LMH1237T and L ML1230T are the most
widely used sensors in the field of vibration monitoring currently. They have the
advantage of a wider frequency range. Meanwhile, it is easy to be mounted by means of
screws, adhesives, etc. The sensor fully meets the requirements of a vanety of harsh
environmaerts on site with stable signal acquisition, high frequency response, wide range
characteristics, builtin 1EPE circuit, isolated output, constant current sourcs power

supply and so on.

Sensor name ~ Sensor image _Front view of sensor  Top view of sensor
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Diagram of Instailation of sensor dispiay

1
1
L
i

{1) Connect with military plug MIL-C-5015 and can be used for online monitoring of
harsh industrial sites.

{2) Wider broadband sound range 0.5~12KHz
(3} Wider acceleration measurement range 180g
{4} Temperature measurement range -40~120C

2.2 Online monitoring station LMS2020

LMS2020 online monitoring station combines the latest hardware technology with
network communication technology and with LEEWELL's many years of experience in
the fiekd of equipment monitoring. It is an intelligent unit launched on the basis of
customer requirements with integrating collected vibration data, temperature data, speed
data, oil level, oit temperature data and other analog data to store and forward these
data. it communicates with the upper layer through methods such as RJ45, optical fiber,
RS485, ete. and supports 18-channel vibration and temperature signal acquisition
module, 4-channel process acquisition module and 2 rotation speed channets.

Construclion of Ciane Railway & Imdelsicn of Cuay
Rolle Commercial Port Complex JCPC), Loboc, Lapat, ol
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In addition to the functions such as cnline collection of the reaf ime vibration data,
data storage and transmission under alarm and periodic condifions, online monitoring
station also has the foltowing special functions:

1) Long waveform acquisition; easily collect spectrum and waveform data whose
resolution ratio is greater than 0.012H2Z, sampling time more than 81.29s and it satisfies
diagnosis requirements of low speed spare parts.

2) Full eampling technology: monitoring system continuously collects vibration data
in 24 hours. Data collection is comprehensive, including regular vibration data, long
waveform, time domain index { kurtosis, peak, valid value), efc.

3) Fully synchronous acquisition: signals of all Channels in monitofing system are
collected at same time. Vibration and temperature signals of monitoring peints can be
analyzed in one spectrum.

4) Favorable extendability: it can access to vibration, rotation speed, oif level , audio

and temperature signals.

2.3 System software ISMS2000

Status monitoring system is an important human-computer interaction piatform to

read, view, scan and analyze data. It judges the operation state of motor, gearbox and

Conslruction of Crars Radwey & Insinilation of Quay Crane
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drum bearing through spedific analysis on vibration data, whereby performing
comprehensive data analysis and predicting QC/QC hidden trouble in advance, judging
the degree of malfunction, precisely locating malfunction position and avoiding
unplanned shutdown. Meanwhile it provides decision-making basis for rational
maintenance. The distributed architecture design it adopts has good openness and
extensibility with data filtering and data management function to perform deep data

mining.

LEEWELL
Lol 31

A) The system adopts B / S architecture design and distributed architecture for site
and remote center respectively to deploy the system architecture.

B) The system integrates more than 30,000 types of bearing models and
parameters of the database. It has a full range of transmission structure type. Enter the
corresponding bearings and gear teeth and other information, the automatic calculation
of defects features frequency in each bearing gear transmission of driving mechanism
will be deployed. Therefore the defect features frequency of gears will be identified
quickly.

C) The system has template creation and updating capabilities. it comes with

Coratruction of Crane Railwey & Installsbon of Quay Crane
oo Commercial Port Complex (IGPC), Loboc, Lapar, doiio City
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template equipment, customizes the template device, quickly configures device
information, completes single or multiple unit acquisition strategy updates, &t the same
time can be used to import and export system functions and update the template the
alarm vatiue.

D) The system has remote monitoring capabilities and powerful data fitering
capabilities. The data needs to be analyzed can be easily fitered when analyzing data
through setting filter conditions such as sample values, frequency, time range, high-pass
filtering, etc.

E) The system supports etandard abeolute slarm values such as iSO 10816 to be
set, which perform stafistical analysis on historical data, updated fault alarm value by
historical data statistics to realize the dynamic adjustment of alarm values according to
the state of equipment.

F) The system integrates configuration and data analysis in one and supports OPC
server saftware functions.

G) The system has the function of viewing trends. it dlassifies and collects data such
as vibration and impact on the basis of rotation speed, power and load, and establishes
corresponding trend charts to fadiitate operators to observe and analyze the trend of unit
vibration status and timely take appropriate treatment measures induding :

@ In the trend analysis chart, check the trend of vibration sampling values that
change with time and defined by each measurement under motor monitoring peints.

@ In the Trend Analysis Diagram, select “Show Alarm Line”, the elarm threshold line
will be displayed according to the representative color of the alarm level.

(8) The system uses time-domain waveform, spectrum, envelope demodulation

and other related todis to diagnose and analyze. Combined with optional fault symptoms,
the system diagnoses the working conditions of units to obtain specific fault, location,

causes and other information of the unit.

(9) The system provides loads of data analysis functions:

Consiruchon of Crane Raswey & Inslailaben of Cuay Crane
oo Comnmrctt Port Compiex JCHC), Loksoe, Lipaz, Rollo City
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» Time domain waveforrm, spectium analysis, multi-time domain waveform
analysis, multi-spectrum analysis, long time domain waveform analysis, rotation
speed data analysis.

» Trend analysis, muiti-trend analysis, sampling value trend analysis, freguency
trend analysis, long waveform trend analysis, waterfall plot.

» Envelope demodulation, cepstral analysis, order analysis.

» Cross phase spectrum, waveform reprocessing.

2.4 Software functional architecture
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The software system consists of three functional modules; diagnostic analysis, basic

data configuration and online management. Diagnostic analysis module provides
diagnostic analysis, alarm setting, threshold setting and other functions, which can
provide favorable data support for users’ equipment management. Basic data
configuration includes user management, equipment management, role-based
management and server configuration,. The satver configuration can adopt distributive
mode to meet the continuous capacity expansion during port construction and solve the

problem of incompatibility caused by the deployment of a single server architecture.

Constnyction of Crane Ralway & Insiallation of Quay Crane
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2.5 Software Diagnostic Analysis
2.5.1 Overview page of software

The overview page of software diagnosis provides nice interface of mechanism

manitoring points, which can reflect the health status intuitively, monitoring points

present different cotors to reflect the grade of alamm if triggering threshotd alarm.

2.5.2 Trend page for muttiple indicators

The multi-indicator trend function allows clients to compare and ansalyze the health
status of devices in different dimensions. After the data is transformed and analyzed, can
sefect and display indicators such as the device speed, temperature, high-frequency
totat value, total low-frequency valtue, total speed value, gear enveiope, and bearing

envelope.

Construction of Crane Raivary & Instalianon of Qumry Crane
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2.5.3 Time domain waveform multiple indicators

The mutti-trend analysis of time-domain indicators shows the variation trend of the
totat value, peak value, peak-peak value, beauty index, pulse index, waveform index,
margin index, skew index, peak value index, root index, maximum value, minimum value,
mean value and average amplitude of multiple wave forms at a certain measurement

point.
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2.5.4 Bearing Database

There are around 40-thousand kinds of bearing database, which covering about 99% of
the bearing types of port rachinery equipment condition monitoring institutions.
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2.5.5 Graphic parts Library
During the editing and debugging of the device and organization, can add
associated and fixed device components according to the actual device model. Users

can add graphics components according to the actual situation of the project.
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2.5.6 Strategy of Data Collection

Compared with the traditional timing collection strategy, LEEWELL introduced the
triggering collection strategy, which can select acquisition strategies such as speed,
vibration speed, acceleration, speed + vibration speed and speed + acceleration
according to the working conditions of the field equipment. Meanwhile, it aiso added

functions such as iriggering the impact threshold to capture abnormal impact signais.
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3 Design

3.1 Solution design principle

LEEWELL status monitoring sensor and system will design the solution acconding to
the structure and application characteristics of port machinery, refemring to the relevant
standards of crane and vibration monitoring, and combining with the actual field

appfication,

Consiruction of Crang Radwey & Insigtiation of Quay Crane
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The criteria are as follows:
1. GB/T 3811: Crane design criterion.
2. GBIT20863.5-2007: Crane dassification - part 5. Quay Crane & Portal Crane

3. I8010818-3 & GBT 6075.3-2011: Mechanical vibration measuremant and

evaluation of machine vibration on non-rotating parts-part 3. measured on site industrial
machines whose rated power is greater than 15kW and rated speed between 120r /min
and 15000¢/min.

4. 1SO/CD 13373-1: Condition monitoring and mechanical diagnosis - vibration
condition monitoring - part 1 general principles.

3.2 Softwam and PLC synchronous alarm solution )

The ménitoringstation has two-way data output. In one way the waveform data is
transmitted to databese of server terminal through Ethernet TCPAP protocol, In the other
way, the station transmits data to PLC by Modbus RTU communication interface and
communication conversion modula  through PROFIBUS DP f PROFINET.

The station end has 13 aigofthm indexes. If the data triggers alarm after the
operation and judgment inside the station, alarming state (1/0) of the Channel will be
transmittedl to PLC system through communication interfface Modbus RTU. The
algorithm indexes indude total value, kurtesis, ultra-low frequency, low frequency,
medium frequency, high frequency and r.m.s. velocity. Among the above indicators, the
automatic alarm information of the overall vailue of vibration speed is used to reflect the
overall state of the running equipment in real time, and the overall value of vibration is
the basic standard in IS0O10816 international critesia. Meanwhile the monitoring station
will upload data to online analysis software through Ethemet and the analysis software
also performs Index and data comparison 1o judge whether alarm Is triggered. If the
alarm does It:iggered, the alam data type and waveform data wiil be viewed in software
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end and detail data analysis can be deployed.
PLC Communication data sheet
Address | Byte Bit Note Pata type Urit

o 2 16 bit Rotation speed 1 UNSIGNED SHORT em

2 2 | 18bit Rotation speed 2 UNSIGNED SHORT pm

4 4 2bit Process mformation 1 FLOAT

-] 4 32 bit Process information 2 FLOAT
120 1 bit Channe! 1 vibration alarm 800L Gt
121 4 bit Channel 2 vibration alam BO0OL 0.1
122 1 bt Channel 3 vibration alarrn_ BOOL 01
123 1 bit Channel 4 vibrztion alarm BOOL o1
12.4 1 bit Channel 5 vibration alam BOOL g1
125 1 bt Channet G vibration alam BOCL g1t
126 1 bit Channef 7 vibration alarm BOOL - 01
127 > 1 bit Channel 8 vibration alarm BOOL o1
130 1 b Channe!l 9 vibration alamm BOOL 0,1
131 1 bt Channet 10 vibration alarm BOOL 01
132 1bd Channel 11 vibration alarm BOOL 0.1
13.3 1 bit Channet 12 vibration alarm BOOL G.1
134 1b# Channet 13 vibrabon alarm BOOL B
135 1 bt Channel 14 vibration alarm BOOL. 01
136 1bit Channel 15 wibration alarm BOOL 0,1
1.7 1 b Channel 16 vibvation alarm BOOL ;.4

14 4 | 32bi Charnel 1 r.m.s. velocity FLOAT mm's

18 2 16 bit Chanrel 1 temperature SHORT T

20 4 32 bit Channed 2 r.m &. velocity FLOAT mms

24 2 16 bt Charnel 2 temparature SHORT T

o8 4 |[32bit Channel 15 r.ms. velocity FLOAT mm's
1wz 2 | 18hit Channel 15 temperature SHORT T
104 4 32 bit Channe! 16 r.m.«. veloGity FLOAT mmfs
108 2 16 bit Channel 16 temperature SHORT T

Conalnuction of Crans Radway & Instalsbon of Gy Crane
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3.3 CMS interface (Made by crane manufacturer)

3.3.1 Vibration detection indicators are displayed on the CMS

LEEWELL intelligent status monitoring system, installs accelerometer and other
sensors on the motor, gear box and other positions of port machinery, such as heist,
trolley and other important mechanisms. To achievg the status monitoring of port
equipment through data collection by online monitoring station, which has supported the
predictive maintenance of equipment.

The data collected by the online monitoring station can be transmitted back in two
ways, One is sending collected status data to the remote control center, the otherway is
using PROFINET or PROFIBUS to report the index values and alarm to PLC in real time

through the communication protocol conversion module.

sowcson  Client 4@ Server CPLC wicMs -
myer . T T
1 1
SWHCh :: m .
Online monitoring station
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¥

3.3.2 Display mode requirements and schematic

The requirements are as follows:
1. Add a sub-page of "vibration monitoring” for switching and viewing in *‘Real-time
status” under the module of “Equipment status” on CMS.

Tonstruction of Crane Faswey & Insiation of Gusy Lrane
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2. The display of CMS according to the classification of port egquipment,
corresponding to the name of the measuring point, the name of the display index and the

real-time index value.

The local CMS page is displayed below,

Corstruction of Crane Reilay & instabiabion of Quay Crarne
licko Cormmercial Port Complax (ICPC), Laboe, Lapez, Hoike City
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3.4 System topology
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3.5 Configurations of different mechanisms

3.5.1 Distribution map and configuration table of monitoting points on hoist
Distribistion map of monitoring points on hoist mechanism
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Real application representative diagram of hoist drive mechanism monitoring points
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Configuration table of hoist drive mechanism (Unit)

Number of
: Monitoring o monitoring
Mechanism position Monitoring content points
{piece)
Mot Vibration+Temperature 2
i T or
Hoist drive Rotati ]
mechanism
Gear box Vibration+Temperature 4

3.5.2 Distribution map and configuration table of monitoring points on trolley
Distribution map of monitoring points on trolley mechanism
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Real application representative diagram of trolley drive mechanism monitoring points

Configuration table of trolley drive mechanism (Unit)

Number of
Machanism Momt_qnng Monitoring content mom_to; ing
position points
{piece)
Vibration+Temperature 1
Trolley drive Mator
Rotation speed 1
mechanism
Gear box Vibration+Temperature 3

Construction of Crane Ratway & instalintion of Quay Crane
Hoilo Comme nial Port Complax (CPC), Loboc, Lapaz, iloile City
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3.5.3 Distribution map and configuration table of monitoring points on boom

Bistribution map of monitoring points on boom mechanism
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Real application representative diagram of boom drive mechanism monitoring points
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Configuration table of boom drive mechanism {Unit)

! Number of
Mechaniem | Monitoring position Monitoring content mt:;m ts e
| {piece)
Vibration+Temperatune 1
Boom drive Motor
Rotation speed k|
mechanism
Gear box Vibration+Temperature 4

3.5.4 Distribution table of online monttoring station

We cbtain the distribution tabie given below from monitoring points of different

mechanisms g‘vlten above.
: Hoiul drive Trolley drive Boom drive
bl mechaniem mechanism mechanism
Number of monitoring points 6 4 5
(piece)
Number of speed sensor
. 1 1 1
(piece)
Monitoring station 16-channe] online moniloring station
installation position M-house
3.6 System configuration
Main Configuration (equipment) List for QC (Unit)
No. Mor!lonrgPaﬂhonI Description of Material Specifications and Models | unit | Qty
1 Cniine Monitoring Station {16 chaneef) IMS2023-16-45-0 Pieca| 1
9 ena LMH1Z29T Piece | 2
Motor accelemmeter
Spead sensor 1IGS277 Peoe{ 1
2 Hoist High-frequency vibretion
LMH1229T Piece| 3
Gear acceleromeber
box ot EML1230T Pece | 1
acoeierometer
Motor g e . LMH1Z29T Piece | 1
accelerometer
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Epeed sensor G877 Fiece
High-frequency vibration :
LMA1220T Piace
Trolley Gear acceierometer LS
box Low-frequency vibration
v LMLE230T Piece
accelerometer
High orath
LMHA229T Piece
Motor accelerormeter
Speed sersor 168277 Fiece
Boom High-frequenoy vibration
LMHA1229T Piece
Gear accelerometes
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material,
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9 configuration equipment supply, air switch, l
custom-made , .
electrical cabinet ge protectve cones
thermostat switch
Communication converter PROFINET/PROFIBUS piece
Switchboard UT-2604G plece
M12 straight metal 3-core
Sensor cable and A-hale PG7 plug, Teflon
‘Cable, connectar and L lot
iiary Instzlation conrector shielded wire, minimum
aundliary Ins bending radius 25mm
materials fixed rolling beltwinding
ro
Auxifiary installation : g et
materials pipe, terminal and other | lat
instailabon accessories
Technical Service (Install in crame manufacturer's base and debug in part) tot
Terminal back-end system configuration
Description of Material Specifications and Models Unit
Diaplay DELL Fiece
DELL R450 {with bracket and
Server Piece
cperaling syatem)
Loos diagnosis and aralysis software 1EMS2000 softwere system + | Fieoe
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ITEM 18 ELECTRICAL WORKS

GENERAL DESCRIPTION

The work to be done under this ltem of Specifications consists of fabrication, furnishing, delivery and
installation, complete with all details of electrical work, in the subject area and all work materials
related to the proper completion of the installation, except for those parts of the work that are
expressly stated to be performed by others. All works shall be in accordance with the govemning
Codes and Regulations and the Specifications, unless the same are inconsistent with such codes,
etc., as may later govern. The requirements regarding the materials and equipment required for the
complete instaliation of the work specified herein and indicated on the drawings. The Specifications
are intended to provide a broad outline of the equipment required, but are not intended fo include all
design details and construction specifications.

WORK INCLUDED

The work to be done under this item shall include the furnishing of all tools, labor, supervision,
equipment, fixtures and all necessary materials, each complete and in proper working condition
unless one or other is specifically excluded or stated otherwise in this specifications but not limited
to the following items of works.

a. All works and material for a complete lighting and power systems including cables
and conduits, circuit breakers, panel board and connection to all lighting fixtures and
power outlets, air condition, switches, supports and accessories.

b. All steel support for conduits, wires, panel board, boxes, lighting fixtures, etc. as
indicated or as required to the completion of the installation.

c. Termination of all electrical system and the complete grounding system.

d. A complete testing and commissioning of all electrical and auxiliary systems. The Contractor

shall provide all necessary testing instruments.

e. All items incidentals to and or required for the proper completion such as painting of
boxes, conduits and the likes.

f. Test, supply and install Pad Mounted Transformer including all wiring accessories and
terminations as indicated on the drawing.

g. Test, supply and install High / Low Voltage Switchgear, Synchronizing Pane! including all
necessary intelligence unit and all interconnecting cables, cable support and connectors.

h. Test, supply and install brand new Stand-by Generator Set including all necessary
accessories.

i. Furnish and install all civil work items related to the electrical installation including first
private pole / primary pedestal pole, concrete encasement of conduits, manholes, hand
holes, equipment pads, cable tray, trench, metering equipment pedestal, etc.

i Termination of all feeders at High / Low Voltage Switchgears inclusive of wires and cables
and the necessary cable connectors.

k. Furnish and install primary lines, power and auxiliary system feeders, branch circuits and
equipment inclusive of all conduits, fittings, wirings and accessories and the termination of
the same.
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1. Furnish and install all exterior and interior lighting and power wirings inciuding conduits,
boxes, gutters, fittings, wiring accessories, and terminations.

m. Coordination with other companies/offices including handling of all material related to
material testing and application of electrical permits in the expense of the Contractor.

n. Preparation of necessary shop drawings required for the proper execution of the
works subject to the approval of the Engineer.

QUALITY ASSURANCE
A, Qualification of Manufacturer's:

Fumish manufacturer's electrical equipment of the types and sizes specified which
has successfully operated for not less than the past two years. Manufacturer for
Transformer and Generator Set shall be a public listed power generation
manufacturing company and shall have a Certificate of 1SO 9001 certified company.

B. Factory Tests are required for all electrical equipment and assemblies. Perform
factory tests in accordance with the codes and standards specified as applicable to
the equipment. ltems to be factory tested before ship/deliver to site shall include:

1. Transformer
2. High / Low Voltage Switchgear
3. Automatic Synchronizing Panel
4, Generator Set

cC. Factory Inspection:

PPA's representative/s may inspect fabricated electrical equipment at the factory.
Notify PPA’s representative/s in sufficient time so that factory inspection can be
arranged. Factory inspection will be made after manufacturer has performed
satisfactory checks, adjustments, tests and operations. Approval of equipment at the
factory only allows the manufacturer to ship/deliver the equipment to the site, and
does not constitute final acceptance. All expenses required for this work shall be
obtained by and at the expense of the contractor.

SUBMITTALS

Obtain approval before procurement, fabrication or delivery of items to the job site. Partial submittals
will not be entertained and will be retumed without review. Submittals shall include the
manufacturer's name, trade name, place of manufacturer, catalogue mode! of number, nameplate
data, size, layout dimensions, capacity, project specification and paragraph reference and technical
society publication references, and other information necessary to establish contract compliance of
each item to be furnished.

a. Shop Drawings

In addition to the requirements of the contract clauses, shop drawings shall meet
the following requirements:

1. Drawings shall be a minimum of 210 mm x 297 mm in size or in A3 size,
except as specified otherwise.

2. Drawings shall include wiring diagrams and installation details indicating the
proposed location layout and arrangement, control panels, accessories, and
other items that must be shown to assure a coordinated installation.
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3. Wiring diagrains shall identify circuit termination and the intemal wiring for
each item of equipment and its interconnection.

4. Drawings shall indicate adequate clearances for operation, maintenance and
replacement of equipment devices. If the layout is disapproved, revise the
layout and resubmit.

b. Manufacturer's Dat:a

Submittals for each manufactured item shall include manufacturer's descriptive literature, equipment
drawings, diagrams, performance and characteristic curves and catalog cuts. Each submittal shall
have the manufacturer's name, trade name, catalogue model or number, name plate data, size,
layout dimensions, capacity, specification references and all other information necessary to
establish contract compliance.

c. Standard Compliaﬁce

When material or equipment must conform to the standards of organizations such as American
National Standard Institute (ANSI), American Society for Testing and Materials (ASTM), National
Electrical Manufacturers Association (NEMA) and Underwriters Laboratories (UL), proof of such
conformance shall be submitted to the Engineer for approval.

If an organization uses a label or listing to indicate compliance with a particular standard, the label
or listing will be acceptable evidence, unless otherwise specified in the individual sections. In lieu of
the label or listing, the Contractor shall submit a certificate from an independent testing organization,
which is competent to perform acceptable test and is approved by the Engineer. The certificate shall
state that the item has been tested in accordance with specified organization’s test methods and
that the item conforms to the specified organization’s standard. For materials and equipment whose
compliance with organizational standards or specifications is not regulated by an organization using
its own listing or label as proof of compliance, a certificate of compliance from the manufacturer
shall be submitted for approval.

The certificate shall identify the manufacturer, the product and the referenced standard and shall
simply state that the manufacturer certifies that the product conforms to all requirements of the
project specification and of the referenced standards listed.

DELIVERY AND STORAGE

Equipment and materials shall be properly stored and adequately protected and carefully handled to
prevent damage before and during installation. Equipment and materials shall be handled, stored
and protected in accordance with the manufacturer's recommendations and as approved by the
Engineer. Electrical conduit shall be stored to provide protection from the weather and accidental
damage. Cables shall be sealed, stored and handled carefully to avoid damage to the outer
covering or insulation and damage from moisture and weather. Damaged or defective items shall be
replaced with new items at no cost to the Owner.

CATALOGUED PRODUCTS
1

Materials and equipment shall be catalogued products of manufacturers regularly engaged in
production of such materials or equipment and shall be at manufacturer’s latest standard design that
complies with the specification requirements. When two or more units of the same type, class and
size of equipment are required, these units shall be products of a single manufacturer, however, the
component parts of the system need not be the products of the same manufacturer. Each major
component of equipment shall have the manufacturer's name, address and the model of the serial
number on a nameplate securely affixed in a conspicucus places, the name plate of the distributing
agent will not be acceptable.
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MANUFACTURER’S RECOMMENDATIONS

Where installation procedures or any parts thereof are required to be in accordance with
manufacturer's recommendations, furnish printed copies of the recommendation prior to instaflation.
Installation of the items shall not proceed unti! recommendations are received. Failure to furnish
recommendations shall be cause for rejection of the equipment or materials.

WORKMANSHIP

The work throughout shall be executed in the best and most thorough manner under the direction of
the Contractor and to the satisfaction of the Owner and Engineers, who will jointly interpret the
meaning of the drawings and specifications and shall have the authority to reject any work materials
which, in their judgment, are not in full accordance therewith

The Contractor shall have on file, for ready access and reference, a set of drawings indicating all
work as actually installed incorporating in the same all changes and additions. Upon the termination
of the Contract, he shall prepare a set of tracings indicating thereon the Electrical Work as actually
and finally installed. These drawings shall be turned over to the Engineers.

The Contractor shall be responsible for keeping stocks of material and equipment stored at the
premise in a neat and orderly manner. The exposed surfaces of wirings, conduit system or
equipment which have become covered with dirt, plaster or other material during handling and
construction shall be thoroughly cleaned by Contractor before such surfaces are prepared for final
finish, painting or concealment within the building structure.

The Contractor shall employ skilled craftsmen experienced in instaliation of the types of electrical
materials and equipment specified. Use specialized installation tools and equipment as applicable.
Produce acceptance installation free of defects.

MATERIALS / TESTS

All materials to be installed shall be brand new and shall conform to specifications except as
otherwise noted on the drawings. All materials where not specified shall be of the best of their
respective kind. Samples of said material including its manufacturer’s data shall be submitted for
approval. Necessary tests on the installations shall be made by the Contractor in the presence of
the Engineer. These tests shall include but not limited to ground test, performance test, phase
sequence test, etc. Records of approved tests result shall be relayed to the Engineer in writing. This
Contractor shaf! within ten (10) days after the award of the contract, submit a list of matenals he
proposes to use. All materials installed without prior approval shall be at the risk of the Contractor.

COORDINATION / GUARANTEES / SUSPENSION OR DELAY

The Contractor shall be familiar with the specifications of the other trades and coordinate with them
thoroughly so that he can arrange his work and dispose his materials without interfering the work of
other Contractors. The Contractor shall guarantee that the electrical systems shall be free from all
defects of workmanship and of materials, and that it will remain so for a period of one year from the
date of acceptance by the Engineer. Any remedy to correct defects deemed to be caused by such
shall be made at the expense of the Contractor.

The Contractor shall not suspend or delay the work without justifiable cause. Subsequent delays
shall be deemed as a sufficient cause for penalties or termination of contract in which the Engineer
shall have the right to take-over the work and all materials on the site and make arrangements
necessary to complete the work. It shall be the sole responsibility of the Contractor to ensure that
the Electrical sub-contractor conducts coordination of his activities to other trades.
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SLEEVES / INSERTS / CUTTING / PATCHING

The Contractor shall provide all openings, sleeves, also inserts in walls, floors, and beams as
required for his work. All unused openings shall be grouted in. The Contractor shall do all patching
requirements necessary and these shall be done so as to exactly match the surrounding area
without the evidence of alteration or patching.

TEMPORARY LIGHT AND POWER

The Contractor shall make all arrangements and pay for the provisions of the necessary electrical
power of the type and capacity required for the performance of the work of all trades engaged in the
construction of the building.

CODES, INSPECTION, PERMITS AND FEES

The work under this contract is to be installed according to the requirements of the latest edition of
the Philippine Electrical Code, the rules and regulations of the local authorities of lioilo Commercial
Port Complex (ICPC), Loboc, Lapaz, lloilo City Electric Cooperative.

All necessary permits and electrical fees required for this work shall be obtained by and at the
expense of the Contractor. The contractor shall furnish the Engineers and the Owner final cerificate
of electrical inspection and approval from the proper government authorities after completion of the
work. The Contractor shall prepare all as-built and all forms and documents required by the
approving authorities.

Power service application including drawings for the work shall be obtained by and at the expense
of the Contractor. The Contractor shall comply with all requirements of the utility company regarding
service applications.

ELECTRICAL CHARACTERISTICS

The electrical characteristics for this project shall be 400Y/230V, three phase (3@} wire, and 60Hz
or as per system requirements as shown in the plan.

CLEANING UP

The Contractor shall remove all dirt, debris, and rubbish and waste materials caused by him in the
process of his work. He shall also remove all tools, temporary power instaltation, scaffolding and
surplus materials after completion and acceptance of work.

MATERIAL REQUIREMENTS

NAMEPLATES

Provide laminated plastic nameplates for each panel board, switch, and device. Each nameplate
inscription shall identify the function and when applicable, the position. Nameplate shall be
melamine plastic, 3.2mm thick, white with black center core. Surface shall be matte finish. Comers
shall be square. Accurately align lettering and engrave into the black core. Minimum size of
nameplates shall be 25mm x 38mm. Lettering shall be a minimum of 6mm, high normal block style.
EXECUTION

NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as indicated. Fasten nameplates to
the device with a minimum of two sheet-metal screws or two rivets.
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INTERIOR WIRING SYSTEMS
SUBMITTALS |
a. Shop Drawings: Submit for the following:
1. Location of panel boards and circuit breaker
2. Conduit support / hanger's installation drawing
b. Manufacturer's dat%a: Submit for the following:
1. Circuit Breakers
2. Switches
3. Conduit and fittings (each type)
4 Device Plates
5. Insulated conductors
6. Utility 7 Junction boxes
7. Wall Receptacle, 3 Prong duplex convenience outlets with grounding

PRODUCTS
CONDUIT AND FITTINGS

a. Conduit shall be pblyvinyl-chloride conduit (PVC) where specified, shall be heavy wall, high
impact resistant Schedule 40, with factory made bends, couplings and fittings. PVC cement
for joints shall be of the same brand as for the PVC pipe.

b. No conduits shall be used in any system smaller than 20mm (1/2") diameter electric trade
size, nor shall have more than four (4) 90 degree bends in any one run and where
necessary, pull boxes shall be provided as directed.

c. No wire shall be pulled into any conduit until the conduit system is completed in all details, in
the case of concealed work until all rough plastering masonry has been completed, and in
the case of exposed work until the conduit work has been completed in every detail.

d. The ends of all conduits shall have tightly plugged to exclude plaster, dust and moisture
while the construction of the building is in progress. All conduits shall be reamed to remove
ali burrs. '

OUTLETS, BOXES AND FITTINGS

a. All outlets whatever kind, for alt system, there shall be provided a suitable fitting, which shatl
be either a box or other device especially designed to receive the type of fitting to be
mounted thereon.

b. The Contractor shall consult with the Engineer as to the nature of the various fittings to be
used before installing his outlet fittings, and shall conform strictly in the use of fittings, to the
nature of the appliance to be mounted on them, so that the work, when the completed will be
a finished design.

c. All outlets on concealed conduit work provide galvanized pressed steel outlet boxes on
standard make. These boxes shalt be in all cases standard and where such boxes are not
available on the market, special boxes shall be secured by the Contractor at his owned
expense. In general outlet boxes shall be at least 100mm diameter, 53mm deep and No. 16
minimum gauge.
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JUNCTION AND PULL BOXES

a. Junction and pull boxes, of code gauge steel, galvanized shail be provided as indicated or as
required for facilitating the pulling of wires and cables. Pull boxes as finished places shail be
located and installed with the permission and to the satisfaction of the Engineer.

b. All junction and pull boxes on exposed conduit work shall be provided with hubs for threaded
pipe entry and covers provided with neoprene gaskets.

WIRES AND CABLES

a. All wires shall be copper, soft-drawn and annealed, shall be 100% conductivity, shall be
smooth and true of a cylindrical form and shall be within the actual size called for.

b. All wires and cables shall comply with the requirements of the Underwriters Laboratories, the
ASTM and ICEA as they apply to the particular usage.

c. Wires and cables for power and highting system shall be plastic insulated for 600 volts
working pressure type “THHN/THWN-2" unless otherwise noted on plans or specified.

d. Cross-linked polyeihylene {XLPE) insulated cables are used for power transmission and

distribution, and are known for their electrical, thermal, and mechanical properties. XLPE
cahles are made of a single-stranded copper conductor wire insulated with XLPE plastic,
which has a three-dimensional bond that improves its resistance to a number of things.

Here are some characteriétics of XLPE cables:

» Flame retardant: XLPE insulation is a zero halogen thermoset that has flame retardant
properties.

« Temperature resistant XLPE cables can withstand extreme temperatures.

» Chemical resistant: XLPE cables are resistant to chemicals and other hazardous
materials.

¢ Durable: XLPE cables are strong and durable.
» Insulation: XLPE insulation is resistant to oil and chemicals, even at high temperatures.

There are dit’ferentI types of XLPE cables, including:

¢ Low voltage
Used in homes, offices, and industrial applications, with a voltage rating of up to 1kV
¢ Medium voltage

Used in industries, commercial complexes, and residential areas, with a voltage rating
of up to 35kV

« High voltage

Used for long-distance power transmission and distribution, with a voitage rating of up
to 500kv

Tag Marking
In general, branch circuit conductors and cables shall be properly marked by means of a

printed tag taped on each wire indicating originfload and or panel(s) where load is
connected.
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f. Splices and Termination Components

If applicable, for wire connectors and for insulating tape. Connectors for 5.5 mm? and smaller
diameter wires shall be insulated, pressure-type in accordance with (twist-on splicing
connector). Provide solderless terminal lugs on stranded conductors.

DEVICE PLATES

Provide, one piece device plates for outlets and fittings to suit the devices installed. Plates on
unfinished walls and on fittings shall be of zinc-coated sheet steel or cast metal having round or
beveled edges. Plates on finished walls shall be satin finish stainless steel or brushed —finished
aluminum, minimum 0.03 inch thick. Screws shall be machine type with countersunk heads in a
color to match the finish of the plate. The use of sectional type device plates will not be permitted.
Plates installed in wet locations shall be sealed in gasket. Device plates for telephone and
intercommunication outlets shall have a 3/8 inch hushed opening in center.

WALL SWITCHES AND PLATES

Wall switches in general shall be rated 10 amperes at 230 volts or with ampere and voltage ratings
as required. Switches shall be flush mounting and of the rocker type, spring operated. The type of
switches shall be tumbler operation and the color, plating and appearance of wall plates shall be as
selected by the Engineer. Appropriate samples shall be submitted prior to purchase of wall switches
and face plates.

WALL RECEPTACLE AND PLATES

a. Receptacle outlets shall be 15 amperes, 230 volts, 2 pole, 3 wire parallel slot, grounding
type. Parallel slot outlet rated 15 amps. 125 v grounded type shall be acceptable for use with
230v system. Locking type and other special purpose outlets shall be as indicated in the
plans.

b. Provide weather proof receptacle plate cover for each convenience receptacle outlet
indicated as weatherproof.

PANELS AND CABINETS

a. Standard panels and cabinets, as much as possible shall be used and assembled on job. All
panels shall be dead front construction, furnished with trims for flush or surface mounting.
Cabinets shall be of code gauge steel with gutters at least 100mm wide and if necessary, it
has to be made wider. The trim for all panels shall be finished in industrial grey enamel over
a coat of rust inhibitor.

b. Lighting panels shall be equipped with branch circuit breakers as required and mains as
noted on Plans or Panel Schedule.

C. Panel board main bus work shall be ampacity rated to equal or exceed overcurrent
protective device immediately ahead of it. All buss work shall be properly secured to
withstand available short circuit forces at the location.

d. Distribution panels shall be of the same type as lighting panels except equipped with one
pole, two poles and three poles air circuit breakers of sizes, voltages ratings and interrupting
capacity as calied for on plans.
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INDIVIDUAL BREAKERS

a. Provide individual circuit breakers where indicated on plans. Voltage ratings shall be suitable
in each case of service application. Enclosures shall be General Purpose, NEMA type |,
except where specifically noted on plans or assembled on panel cabinets.

All protective devices shall meet NEMA and U.L specifications. Short circuit rating shall be
as indicated on the plan.

b. Circuit breakers shall consist of a quick-make, quick -break type entirely trip-free operating
mechanism with contacts, arc-interrupter, and thermal magnetic trip unit for each pole, all
enclosed in a molded-phenolic case. The thermal magnetic trip unit shall provide time-
delayed overload protection, and in case of overload or short circuit current in any one pole
the circuit trips instantaneously. Circuit breaker shall be trip indicating, when tripped position
of breaker handle midway between “ON" and “OFF” positions.

c. All circuit breakers shall be bolt-on type unless noted otherwise.

d. All circuit breakers rated above 225 amps shall have interchangeable trip units. Unless
otherwise specified, minimum interrupting rating for 230 volts circuit breakers shall be 10,000
amperes.

PANELBOARD BUSES

All bus panels shall be copper support bus bars on bases independent of circuit breakers. Main
buses and back pans shali be designed so that breakers may be changed without machining,
drilling, or lapping. Provide separate ground bus for connecting grounding conductors; bond to steel
cabinet.

EXECUTION
INSTALLATION
a. Wiring Methods

Provide insulated conductors installed in conduits, except where specifically indicated or
specified otherwise or required by PEC and NFPA to be installed otherwise. Provide
insulated, equipment grounding conductor in feeder and branch circuits, including lighting
circuits. Provide insulated, conductor for grounding conductors installed in conduits or
raceways.

b. Conduit Installation

Unless indicated otherwise, conceal conduit within finished walls, ceilings, and floors. Keep
conduit a minimum of 150mm away from parallel runs of flues and steam or hot water pipes.
Install conduit parallel with or at right angles to ceilings, walls, and structural members where
located above accessible ceilings and where conduit will be visible after completion of
project. Run conduits in craw! space under slab as if exposed.

1. Where conduits rise through floor slabs, curved portion of bends shall not be visible
above finish slab.

2. Conduit Support:

Conduit shall be supported by pipe straps, wall brackets, hangers, or ceiling trapeze.
Fasten by wood screws to wood; by toggle bolts on hollow masonry units; by
concrete inserts or expansion bolts on concrete or brick; and by machine screws,
welded studs, or spring tension clamps on steelwork. Threaded C-clamps may be
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used on rigid steel conduit only. Do not weld conduits or pipe straps to steel
structures. Load applied to fasteners shall not exceed one-fourth proof test load.
Fasteners attached to concrete ceilings shall be vibration resistant and shock
resistant. Holes cut to depth of more than 40mm in reinforced concrete beams or to
depth of more than 20mm in concrete joints shall not cut main reinforcing bars. Fill
unused holes. In partitions of light steel construction, use sheet metal screws. In
suspended-ceiling construction, run conduit above ceiling. Do not support conduit by
ceiling support system. Spring-steel fasteners may be used for lighting branch circuit
conduit supports in suspended ceilings in dry locations.

3. Changes in direction of runs with symmetrical bends or cast-metal fittings. Make
field-made bends and offsets with hickey or conduit-bending machine. Do not install
crushed or deformed conduits. Avoid trapped conduits. Prevent plaster, dirt or trash
from lodging in conduits, boxes, fittings, and equipment during construction. Free
clogged conduits of obstructions.

4. The Contractor shall install pull wires in empty conduits in which wire is to be
installed by others. The pull wire shall be 2.0mm? zinc- coated steel or plastic having
not less than 91 kgs tensile strength. Leave not less than 300mm of slack at each
end of the pull wire.

8. Conduit Installed in Concreta Floor Slabs

Locate so as not to adversely affect structural strength of slabs. Install conduit within
middle one-third of concrete slab. Do not stack conduits. Space conduit horizontatly
for at least three diameters, except in cabinet locations. Curved portions of bends
shall not be visible above the finish slab. Increase slab thickness as necessary to
provide minimum 25 mm cover over conduits. Where embedded conduits cross
expansion joints, provide suitable watertight expansion fittings and bonding jumpers.
Conduit larger than 25mm frade size shall be parallel with or at right angles to main
reinforcement; when at right angles to the reinforcements, the conduit shall be closed
to one of the supports of the slab.

6. Fasten conduits to sheet meta! boxes and cabinets with two locknuts where required
by PEC and NFPA 70, where insulated bushings are used, and where bushing
cannot be brought into firm contact with the box; otherwise, use minimum single
locknut and bushing. Locknuts shall have sharp edges for digging into wall of metal
enclosures. Install bushings on ends of conduits, and provide insulating type where
required by PEC and NFPA 70.

7. Flexible Connection:

Provide flexible connection of short length, 1.8 meters maximum for recessed and
semi-recessed lighting fixtures.

Boxes, Outlets, and Supports

Provide boxes in wiring or raceway systems wherever required for pulling of wires, making
connections, and mounting of devices or fixtures. Boxes for metallic raceways shall be cast-
metal, hub-type when located in wet locations, when surface mounted on outside of exterior
surfaces, when installed exposed up to 2.1meters above interior floors and walkways, or
when installed in hazardous areas. Boxes in other locations shall be sheet steel, except that
aluminum boxes may be used with aluminum conduit. Each box shall have the volume
required by PEC and NFPA 70 for the number of conductors enclosed in the box. Boxes for
mounting lighting fixtures shall not be less than 100 mm2 or octagonal, except that smaller
boxes may be installed as required for fixture configurations as approved. Boxes for use in
masonry-block or tile walls shall be square-comnered, tile-type, or standard boxes having
square-cornered, tile-type covers. Provide gaskets for cast-metal boxes installed flush with
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outside of exterior surfaces. Provide separate boxes for flush or recessed fixtures when
required by fixture terminal operating temperature. Fixtures shall be readily removable for
access to boxes unless ceiling access panels are provided. Support boxes and pendants for
surface-mounted fixtures on suspended ceilings independently of ceiling supports, or make
adequate provisions for distributing load over ceiling support members. Fasten boxes and
supports with wood screws on wood, with bolts and expansion shields on concrete or brick,
with toggle bolts on hollow masonry units, and with machine screws or welded studs on
steel. In open overhead spaces, cast boxes threaded to raceways need not separately
supported except where used for fixture support; support sheet metal boxes directly from
building structure or by bar hangers. Where bar hangers are used, attach bar to raceways on
opposite sides of box, and support raceway with approved type fastener maximum 600mm
from the box. When penetrating reinforced concrete members, avoid cutting reinforcing
steel.

1. Boxes for use with raceway systems shall be minimum 40mm deep, except where
shallower boxes required by structural conditions are approved. Boxes for other than
lighting fixture outlets shall be minimum 100mm2, except that 100 by 50mm boxes
may be used where only one raceway enters outlet.

2. Pull Boxes:

Pull boxes shall be constructed of not less than the minimum size required by PEC
and NFPA 70 of code-gauge aluminum or galvanized sheet steel, except where cast-
metal boxes are required in locations specified herein. Boxes shall be fumished with
screw-fastened covers. Where several feeders pass through common pull box, the
Contractor shall tag the feeders to indicate clearly electrical characteristics, circuit
number, and panel designation.

Mounting Heights

The Contractor shall mount panelboards, and circuit breakers, and main disconnecting panel
so the height of the operating handle at its highest position is maximum 1.8 meters above
floor. Mount lighting switches 1.4 meters above finished floor, receptacles 300mm above
finished floor and other devices. The Contractor shall measure mounting heights of wiring
devices and outlets to center of device or outlet.

Conductor ldentification

Provide conductor identification within each enclosure where tap, splice, or termination is
made.

Splices

Make splices in accessible locations. Make splices in conductors 5.5 mm? and smaller
diameter with insulated, pressure-type connector. Make splices in conductors 8.0 mm? and
larger diameter with solderless connector, and cover with insulation material equivalent fo
conductor insulation.

Covers and Device Plates

Install with edges in continuous contact with finished wall surfaces without use of mats or
similar devices. Plaster fillings are not permitted. Plates shall be installed with alignment
tolerance of 3mm. Use of sectional-type device plates are not permitted. Plates installed in
wet areas must be gasketed.

Electrical Penetrations
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Openings around electrical penetrations through fire resistance-rated walls, partitions, floors,
or ceilings shall be sealed to maintain fire resistive integrity as tested per ASTM E 8§14

i. Grounding and Bonding

In accordance with PEC and NFPA 70. Ground all exposed, noncurrent-carrying metallic
parts of electrical equipment, metallic raceway systems, grounding conductor in metallic and
non-metallic raceways, and conductor of wiring systems. Make ground connection to driven
ground rods on exterior of building. Where ground fault protection is employed, ensure that
connection of ground does not interfere with correct operation of fault protection.

1. Grounding Conductor

Provide insulated, equipment grounding conductor in feeder and branch circuits,
including lighting circuits. Grounding conductor shall be separate from electrical
systemn neutral conductor. Provide insulated, conductor for grounding conductors
installed in conduit or raceways.

2. Resistance

Maximum resistance-to-ground of grounding system shall not exceed 10 ohms under
normally dry conditions. Where the resistance obtained exceeds 10 chms, contact
the Engineer for further instructions.

FIELD QUALITY CONTROL

Fumish test equipment and personne! and submit written copies of test results. Give the Engineer
five {5) working days notice prior to each test.

a. Devices Subject to Manual Operation

Each device subject to manual operation shall be operated at least five times, demonstrating
satisfactory operation each time.

b. Test on 600 volt wiring

Test 600 volt wiring to verify that no short circuits or accidental grounds exist. Perform
insulation resistance tests on wiring No. 14mm? (6 AWG) and larger diameter using
instrument which applies voltage of approximately 500 volts to provide direct reading of
resistance. Minimum resistance shall be 25,000 ohms.

c. Grounding System Test

The Grounding system shall be tested to ensure continuity and resistance to ground is not
excessive. Test each ground rod for resistance to ground before making connections to rod;
tie grounding system together and test for resistance to ground. Make resistance
measurements in dry weather, not earlier than 48 hours after rainfall. Submit written results
of each test to the Engineer and indicate location of rods as well as resistance and soil
conditions at the time measurements were made.
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INTERIOR LIGHTING

SUBMITTALS |
Data, shop drawings shbwing mounting heights, and reporis shall employ the terminology,
classifications, and methods prescribed by the 1ES Lighting Handbook, as applicable, for the lighting
system specified. |

a. Manufacturer's Dat:a

1. T-8 LED Tube Light 21 watts daytight 4ft industrial housing aluminum reflector
2. Frosted LED Downlight , 20 watt daylight SMD type
3. Exterior Wall Lamp, Deluxe 15 watt, daylight

PRODUCT
T-8 LED FLUORESCENT TUBE

1. The T8 LED Tube light Industrial — designed as a retrofit for the standard fluorescent
lamp fittings.

It has better energy efficiency and long service life compared to its predecessor. As
a resuit, this turns into cost savings.

Powered by lighi emitting diodes and circuitry, another advantage is that it does
away with dangerous chemicals found in your typical fluorescent tubes making it
nonhazardous and likewise Eco-friendly.

FROSTED LED DOWNLIGHT

2. The Frosted LED Downlight 20W SMD provides efficient lighting in compact spaces, with
zero heat output. Ideal for Space-Saving Solution and Downlight. Perfect for stores,
museums, restaurants, and more.

Frosted LED Downlights provide strong efficient lighting in a compact space to
highlight certain areas of interest, older iterations that are halogen based have been
the likely choice for this type but they produce a great deal of heat. Also, frosted
LED Downlights have extra bright, virtually zero or minimal thermal footprint and has
unparalleled energy efficiency. This makes it cut out for our households, schools,
theaters, and places where you want excellent lighting but need to stay at a
comfortable temperature.

EXTERIOR WALL LAMP, DELUXE 15 WATT DAYLIGHT

3. LED Wall Lamp provides a beautiful touch as well as a functional necessity to your
hallway or walkway, garden walls, or even part in your residential front line lighting.
This has been in style since the inception of outdoor lighting.

The LED wall lamps can do a lot more, not only provide illumination and safety; and
they also create an air of sophistication and elegance throughout your home.
Incredibly versatile.

RECESS AND SURFACE MOUNTED FIXTURES

The Contractor shall install the type of materials as shown on the plan.
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EXECUTION

INSTALLATION

The electrical installation c;f interior lighting shall conform to the requirements of the approved plan.
GROUNDING

Ground non-current-carrying parts of equipment as specified in “Interior Wiring Systems.” Where
the copper grounding conductor is connected to a metal other than copper, provide specially
treated or lined connectors suitable for this purpose.

FIELD TESTS

The Contractor will providé electric power and apparatus / instruments required and carry out the
field tests. '

a. Operating Test

Upon completion of the installation, conduct an operating test to show that the equipment
operate in accordance with the requirements of this section.

b Insulation Resistance Test

Perform as specified in “Interior Wiring Systems®, both before and after connection of
fixtures and equipment.

C. Ground Resistance Tests
Perform as specified in “Interior Wiring System.”
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Technical Specifications
{Grounding System and Lightning Protection)

ITEM 19 : GROUNDING SYSTEM AND LIGHTNING PROTECTION
GENERAL
REFERENCES

The publications listed below form a part of this specification to the extent referenced. The
publications are referred to in the text by basic designation only.

1. American National Standards Institute (ANSI)

ANSI C135.30 (1988) Zinc-Coated Ferrous Ground Rods for Overhead or Underground
Line Construction

2. Institute of Electrical And Electronics Engineers (IEEE)

IEEE Standard 81 (1983) Guide for Measuring Earth Resistivity, Ground Impedance, and
Earth Potentials of a Ground System

3. National Fire Protection Association (NFPA)

NFPA 70 (2007) Nationa! Electrical Code
NFPA 780 (2007) Lightning Protection Code

4. Underwriters Laboratories (UL)
UL Elec Const Dir (2007) Electrical Construction Materials Directory
UL 96 (2005) Lightning Protection Components
UL 96A {2007) Installation Requirements for Lightning Protection Systems
UL 467 (2007) Grounding and Bonding Equipment

5. Institute of Integrated Electrical Engineer (!EE)
PEC (2002) Philippine Electrical Code

6. Philippine National Standard (PNS)
BS (2002) Bureau of Standard

RELATED REQUIREMENTS

“Electrical General Requirements,” applies to this section with additions and modifications specified
herein.

1. System Requirements
Materials shall consist of standard products of a manufacturer regularly engaged in
production of lightning protection systems and shall be manufacturer's latest UL approved
design. Lightning protection system shall conform to PEC, NFPA 70, NFPA 780, UL 96 and
UL 96A.
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Technical Specifications
(Grounding System and Lighining Protection)

SUBMITTALS
1. Shop Drawings

Overall lightning protection system each major component
2. Test Reports

Grounding system test
Lightning protection system inspection

3. Certificates
UL listing or label
QUALITY ASSURANCE

In each standard referred to herein, consider the advisory provisions to be mandatory, as though
the word "shall" has been substituted for "should” wherever it appears.

1. installation Drawings

a. Submit installation shop drawing for the overall lightning protection system. Drawings
shall include physical layout of the equipment, mounting details, relationship to other
parts of the work, and wiring diagram.

b. Submit detail dfawings for each major component to include manufacturer’s descriptive
and technical literature, catalogue cuts, and installation instructions.

2. UL Listing or Label

Submit proof of compliance, label of acceptable evidence. In lieu of label or listing, submit
written certificate from an approved, nationally recognized testing organization equipped to
perform such services, stating that items have been tested and conform to requirements and
testing methods of Underwriters Laboratories.

SITE CONDITIONS

Contractor will become familiar with details of the work, verify dimensions in the field, and advise the
Engineer of discrepancies before performing work. Deviations from contract drawings will not be
made without prior approval of the Engineer.

MATERIAL REQUIREMENTS
MATERIALS

Do not use a combination of materials that forms an electrolytic couple of such nature that corrosion
is accelerated in presence of moisture unless moisture is permanently excluded from the junction of
such metals. Where unusual conditions exist which would cause corrosion of conductors, provide
conductors with protective coatings or oversize conductors. Where mechanical hazard is involved,
increase conductor size to compensate for hazard or protect conductors by covering them with or
tubing made of nonmagnetic material.
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Technical Specifications
{Grounging System and Lightning Protection)

1. Main and Bonding Conductors
NFPA 780 and UL 96

2. Copper
Provide copper conductors on non-metallic stacks that do not weigh less than 144.83 kg per
300 meters, and provide cable such that the size of any strand in the cable is not less than
2mm?2,

COMPONENTS

1. Air Terminals
Early Streamer Emission, ESE, Lightning Conductor
Lightning Strike Counter, Starting Threshold from 1 to 100kA or more 8/20 wave, 3 digits
analog display, |P65 Protection and 3-5 meter Pole Mast 2" G.I. sch 40 with adapter ,
welding support and paint.

Provide terminals in accordance with UL 96. Support air terminals by suitable brace, with
guides, not less than one-half the height of the terminal. {(20mm@ x 1000 m fong)

2. Ground Rods
Provide ground rods made of copper-clad steel conforming UL 467. Provide ground rods
that are indicated on the approved plan. Do not mix ground rods of copper-clad steel,
stainless steel, galvanized ferrous, or solid copper on the job. (20mm@ x 3.0m long)

3. Connections and Terminations
Provide connectors for splicing conductors that conform to UL 96, class as applicable.
Conductor connections can be made by clamps or welds (including exothermic). Provide
style and size connectors required for the installation.

4. Connector Fittings
Provide connector fittings for "end-to-end”, "Tee", or "Y™" splices that conform to NFPA 780.

5. Lightning Protection Components

Provide bonding plates, air terminal supports, clips, and fasteners that conform to UL 96
classes as applicable.

EXECUTION
INTEGRAL SYSTEM

Lightning protection system consists of air terminals, down conductors, ground connections,
grounding electrodes and ground loop conductor. Electrically interconnect lightning protection
system to form the shortest distance to ground. Do not use non-conducting parts of the structure as
part of the building's lightning protection system. Conductors are required to be in protective
sleeves.
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Technical Specifications
{Grounding System and Lightning Protection)

1. Air Temminals

Air terminal design and support conforming to NFPA 780. Rigidly connect terminals to, and
make electrically continuous with, down conductors by means of pressure connectors or
crimped joints of T-shaped malleable metal. Provide pressure connector or crimped joint
with a dowel or threaded fitting to connect ground rod conductor with air terminal. Set air
terminals at ends of structures not more than 610mm from ends of ridges. Where non-
metallic spires, is present, mount air terminal to the side. In addition, where spires project
more than 3050mm above the building, continue conductor from air terminal to nearest down
conductor securely connect thereto.

2. Down Conductors

Make down conductors electrically continuous from air terminals to grounding electrodes. An
equally and symmetrically spaced down conductors about the perimeter of the structure.
Protect conductors where necessary, to prevent physical damage or displacement to the
conductor.

a. Ground Connections

Securely connect conductor forming continuations of down conductors from structure to
grounding electrode in a manner to ensure electrical continuity between the two. Provide
clamp type connections or welds (including excthermic) for continuation. Attach down
conductor to ground rods by welding including exothermic, brazing, or clamping. Provide
clamps suitable for direct burial. Protect ground connection from mechanical injury. In
making ground connections, take advantage of all permanently moist places where
practicable, although avoid such places when area is wet with waste water that contains
chemical substances, especially those corrosive to metal.

b. Grounding Electrodes

Provide grounding electrode for down conductor. Extend driven ground rods into the existing
undisturbed earth for a distance of not less 3050mm. Set ground rods less than 610mm nor
more than 3050mm, from the structure. After the completed installation, measure the total
resistance to ground using the fall-of-potential method described in IEEE Standard 81.
Maximum resistance of a driven ground rod shall be 10 ohms, under normally dry conditions.
Make connections between ground conductors and electrically ground continuous.

FIELD QUALITY CONTROL
1. Grounding System Test

Test the grounding system to ensure continuity and that resistance to ground is not in
excess of 10 ochms. Test the ground rod for resistance to ground before making connections
to the rod. Tie the grounding system together and test for resistance to ground. Make
resistance measurements in dry weather, not earlier than 48 hours after rainfall. Include in
the written report: locations of ground rods, resistance, and soil conditions at the time that
measurements were made. Submit results of each test to the Engineer.

2. Lightning Protection System Inspection
Make visual inspections to verify that there are no loose connections which may result in

high resistance joints and that conductor and system components are securely fastened to
their mounting surfaces and are protected against accidental mechanical displacement.
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