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1 SECTION 17 GENERAL
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GENERAL

All materials,equipmentand testing apparatusetc. to be furnishedand Worksto be executedby the
Contractor in this Contract shall conform to the requirements ofatest Kenya Standards, International
Standards Organisation (ISO) Standards, DBXitish Standardsrootherapproved applicabl8tandardn
Kenya, unless otherwisgpecificallystated.

Equipmento bepurchased shatlefrom well recognised manufacturesfioseproductsarestandardised
andcontrolledby anyrecognisedtandard©rganisation.

All dimensionandmeasurementnitsshallbein S.I. units.

The Contractormay proposeto the Engineeran alternativeStandarcbtherthan specified, in whictcasehe
shallsubmitsix (6) copiesof the Englishtranslationof the proposedstandard and atitherinformation
for the materials,equipmentandtesting, togetherwith written proof from a recognisedStandards
Organisation that thproposedtandards equivalenin all significantrespects to the Standaspecified.

Theequipment to be employed by the Contractor shall have sufficient perforroapaeityand durability
asto securethe completionof the Works within the constructionperiod stipulated under ti@ontract.All
materialsandequipmenshallbesubjectto inspectionr tests bythe Engineer aany time and in any state
of completion bothoff-site and orsite as he deems necessare Contractorshall furnish promptly,
without additional charge, all facilities, labour and matenatsonablyneededfor performingsuch
inspectionandtestsasmayberequiredoy the Engineer.

The Contractor shall make diligent efforts to procure the specified materials, buttiveraterials
specified are unavailable, for reasons beyond the control of timractor substitutesmaybe used with
prior written approvadf the Engineer.

OFFICE AND ACCOMMODATION FOR PROJECT ENGINEER

The offices for the Project Engineer on Site will be rented premises orasta@gemenprovidedby
the Contractor whawill furnish it as specifiedhereunder.

The ProjectE n g i n ddfieess ghall be regularly and properly cleanedto the satisfaction of the
EngineerA messengeaindteaboy!/ office cleaneishallbe providedby theContractorexclusivelyfor
theProjectE n g i nofiiees.Abse SecurityGuardsshallbe providedfor dayandnightsecurityatthese
offices. Theoffices, furnitureandequipmenshallbeinsuredagainst fire, theft and natural calamity.



PROVISION FOR PROJECTEN G| NE EXFBICE IN KIBERA

Furniture Oty.
Writing Deskwith 3 lockabledrawers 3Nr
Writing Deskwithout Locks 2Nr
Metal Chairswith armrests 5Nr
WoodenConferencelable,3.0mx 1.2m INr
WoodenTable,2.4mx 1.2m INr
Metal office chairswithoutarmrests 6 Nr
PlanChestwith 4 lockabledrawerssuitablefor Al size INr
Drawingrackssuitablefor A1 drawings 1INr
LockableSteelCupboardSizelmx 1.8mx 0.5mdeep) 1INr
Office paperpunch 2Nr
Pinboard2.4mx 1.2m 2Nr
Whiteboard 2.4mx 1.2m INr
Whiteboard 1.2mx 1.2m INr
Office Tray (3 tier) 3Nr
Office StaplingMachines 2Nr
HeavyDuty Stapler 1INr
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Furniture Oty.
SteelFile Cabinetwith locks/ 4 drawers( 6 Me ¢ 0

or equivalentapproved) 2Nr
0 C a isimiar smallportablescientificelectronic INr
0 C a iisimiar smallportableelectroniccalculator 2Nr
FirstAid kit (for 10 persons)n Metal Box INr
PotableFire Extinguisher(5 litres) 2Nr
Smalloffice scissors 2Nr
Wastepaperbaskets 2Nr
Electrickettle (capacityto make12 cupsof tea) INr
Coffee/Teamakingfacility including crockery forall
supervisorystaff 10 Nr. and 12 additional guests INr
Coffee/Teamakingfacility including crockeryfor all
supervisonystaff4nr.and4 additionalguests INr
Pedastatlectricfan, size400mm INr
0 S a noyeguivalentapprovedRefrigerator(0.2 INr
Woodenbook shelveswith lockableglassfrontage INr
Desktopi AiHP 0 or approved 6

GX520, Intel (R) Core (TM) i3, 2.4 GH,, 500GB

HDD, 4 GB RAM, DVD R/ICDRW

Opti cal Dr FlatRanel Monitor \WinlXP o INr
Professional

LaptopiiHPO or appr ove d62

Intel (R) Core(TM) i7-6700HQ CPU @

2.60GH;, 2.6GH;, 1TBHDD, 8

GB RAM, DVD + RW Opti cal Dr
Screen,WiFi / 56K Modem, Bluetooth, with Win XP 3Nr
Professionaland Microsoft Office 2014 or latest

Version

HP LaserJePrinterA4 INr
HP ColourInkjet PrinterA3 INr
HP ColourLaserJePrinter,1200x 1200dpi, 20ppm,

with Largest Supported Papeizei A3 INr
HP Inkjet CompactPrinterA4 1 Nr
Photocopier Nashuaor approvecequivalentA3, 18

pages per minute INr
PettyCashBox with securitylock INr
Wall Clock 2Nr
Ibico’ or approvedequivalentbinding machinesuitable

to bind upto40mmspirals INr
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Furniture Oty.
Flashlights(batterypowered) 3Nr
Digital Cameraasspecified 2Nr

TheContractorshallprovidea Secretarywho canspeakenglishandis conversanin theuseof above
mentioned software for the duration of the Contract.

Stationeryrequiredper month asfollows:

Stationery Oty.
PhotocopypaperA4 3 Reams
A3 paper 1Ream
Biro pensblue/black 1 Doz.
ClutchPencils 1 Doz.
Box files 4Nr
SpringFiles 2Nr
DocumentWallets 3Nr
Spirals(varioussizesof Reports) 2 Doz.
Embossedhardbackcover) 2 Doz.
Perspexcovers 2 Doz.
Cellotape(medium) INr
Masking tape(medium) 1INr
Staples 2 Pac.
Paperclips (varioussizes) 2 Pac.
Pencilleads(0.5/0.7) 2 Sets
C-DR (Packof 12) 1 Pac.
CD-RW (Packof 12) 1Pac.
Highlighters(setof all colours) 2 Sets
A6 hardcovemotebooks 2Nr
Soft PencilEraserqStaedtleror equivalent) 3Nr
Envelopeqall sizes) 3 Doz.
A4 Carbonpapers 1Doz.
Batteriesfor flashlights 3 Sets




Stationery Oty.
ColourandBlack ink cartridgedfor the A3 printer 1 Set

Black ink cartridgeftonerfor the A3 printer 3Nr

Supplyof cleantowelseverydaysoapjavatorypaperdisinfectanandcleaning materialds to beprovided
and maintainethroughouthe ContracPeriod.

The cost of all the abovaervices shall be included by the Contractor under item for maintenance
andattendancédor ProjectE n g i noffiees. Apart from theconsumables, theestof equipment
will revertto the Employerat the endof the Contract.

1.4 SURVEY EQUIPMENT

Listed belowarethe principalitemsof surveyequipmento be providedfor useduring the whole
durationof Project Implementation. Akquipmentshall be asnew andwith all necessancarrying
containers, manuals, insurances, etc. The Equipment to tev@dntractorat completionof all

Works.

Equipment Oty
Preciseautomaticlevelsincluding tripods(Wild or similar) INr
Total Stationincluding tripods,completewith reflectors polesand

bracketqWild or similar) INr
Metric extendinglevelling staffswith verticalbubble INr
30m(enamellecor otherwiseprotected)steelbands INr
3 metrerangingrods 6 Nr
Surveyumbrellaswith stand INr
5 metresteeltapes 2Nr
Buildersspirit levels1000mmlong INr
Hammers3 kg each INr

Supplyof pegscrayonsspraypaint,nailsandall otheritemsrequiredfor settingout and measuring
thework.

The Contractorshallprovidethe servicesof two Chainmerasandwhenrequestedor the soleuseof the
EngineeandE n g i nRegrasénttive fahe whole period dhe Contract.

1.5 OFFICE FOR CONTRACTOR

The Contractorshallhavean office on the site to be approvedoy the Engineerand which shall be
open and attended to at all hours during whichk is in progress. Notwithstanding anythiegntained
in Clause 67(1) of the General Conditions dfontract, any notice to be
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givento or serveduponthe Contractoshallbe deeme@nd taken to be efficiently giveor servedy the
deliverythereofatsuchoffice onthesite.

16 CONTROL OF TRAFFIC

In the event of single way traffic becoming necessanany particular section ¢fie Works, or on the
approaches to thé&/orks, the Contractor shall, in maintaining throutgaffic routes provide awidth of atleast
3 metresfor singleway traffic. He shallalso provideapprovecelectrically operatedsignalsfor traffic
controlon eachof the affected sectionsand anyadditionaltraffic signsasmay be directed inaccordance
with Clause

106. Signallights areto beoperatedoy competent operatorgrovidedby the Contractor,if andwhen
requiredby the EngineerManuallyoperatedi S t-G@apsignswill only be permittedif approvedoy
the Engineerandshallbe of the sizecolourand typeauthorised.The Contractor shalberesponsibldor
liaisonwith Police.

1.7 TEMPORARY DIVERSION OF TRAFFIC

Temporanydiversion ways, including those listed in @eedule to the Bibf Quantitieshallbe constructed
whenevethesiteis intersectedy existingpublic and privateroads, footpaths, cycteacks, farm accesses,
temporary and accommodatiooads.

Any diversionway shallbe of sucha standardf constructiorthatit is suitablein all respectdor the
classor classe®f traffic requiringto useit. It shallbe constructedn advanceof thetaking up of the
existing way and regularly maintained for so longeguiredin asatisfactory conditioall to theapproval
of theEngineer.

1.8 TEMPORARY TRAFFIC SIGNS

The Contractor shall erect and maintain on the Works and at prescribed points on the appooaches
theWorks,all traffic signsnecessarfor thewarning,directionandcontrolof traffic andthe size of all

such signs and the lettering and wordihgreonshallbereflectorised oadequatelylluminatedatnight

by approvedneans.

19 PROTECTION OF WORKS

The Contractor shall carefully protect from injury by weather all work and matewiaiish may be
affectedthereby.

1.10 SURVEY BEACONS

During theprogress of the Works, the Contractor shall remove, damage, alter destroyin anyway
whatsoever, any plot or survey beacons. He shall notify the Engiftbemeedto interfere with any
beacon.The Engineer shall authorise angmovalandreinstatementhat heconsidersiecessaryShould
anybeacorbefoundto be above or below the level of the finished work, the Contractor shall immediately
reportthe sameto theEngineer.
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Should any beacon be damaged or destroyedCdinractor shall forthwith report thdamage tahe Engineer
andto the Directorof Surveysandshallbe held liable for the costof reinstatementhereof.

1.11 DAMAGE TO LAND

Except wherespecified forthe properexecutionof the Works, theContractorshallnot interferewith any

buildings (both makeshift & permanerfgnce hedgetree,landor cropswithin, uponor formingthe

boundary of the site @lsewhereln the event of such interference, the Contrastalimakegoodtothe

satisfaction of the owner and the Engineer and shall pay towmersuchdamagessthe Engineer may
determine.

1.12  RIVERS AND DRAINS

The Contractorshallat all imesmaintainthefreeflow of riversanddrainsandpreventexcavatednaterial
fromtheWorksfrom beingdepositedn them.

1.13 REINSTATEMENT OF ROADSAND FOOTWAYS FORWATER MAINS
Water Mains laid under roads shall be of HDPE and ferrous material.

The Contractorshallallow in his ratesfor liaison with the relevantRoadsAuthority and obtaina Road
Opening Permit. Statutory fee for road crossings will be paid urgevanttemin theBills of Quantity.

The road crossings shall be constructed in the following specifications and anyeothiszment
stipulatedoy theRoadAuthority:

Excavatedvidth of thetrenchshallnotbelessthan1mto ensurecompactiorto requiredstandard
Protectiveconcrete raft slab shdle constructed faewerpipes agerdetailsgivenin thedrawings.
Backfilling shall be carriedut with suitableselected excavated material uptott@300mm, in layer
thickness not exceeding 150mm at optimum moistordgent
Thetop 300mm layeshallbe backfilledin two layersof 150mmeach comprisingf well graded
stabilizedgravelwith 3% cementcontentat optimummoisture content
Tarmacroadsshallbe reinstatetb theoriginal conditionusingapprovedasphalfrom a recommended
supplier.

S S S

The Contractor shall be responsible for all liaison with the Police for traffic control dex@uytion
of theworks.
1.14 TEMPORARY WORKS
The Contractor shall provide, maintain and remove on completion of the Works all temporary Works

including roadways, sleeper tracks and stagings etc., over roads, footpaths, sukafgleynespecto
carryall plantrequiredfor the workor for providing acces®r for anyotherpurpose.
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Detailsof TemporaryWorks shallbe submittedin advanceo the Engineerfor his approvaland the
approval shall not relieve the Contractor of complete responsibilityth&ir safety andsatisfactory
operation.

1.15 LIGHTING AND GUARDING OF OBSTRUCTIONS

The detailsof the methodf signingandguardingan obstruction taraffic caused inthe courseof the
execution of the Works shall be submitted to the Engineer for apfef@iethat portion of the
Works is commenced.

No greater area of the road than the Engineer considers necessary shall be dogedetime.
Temporary traffic signs shall comply with Clause 1@enerally thefollowing
precautionsvill berequired: Signing

An advance warning sign at least 1.22m x 0.92m in size and 70 metres in adverecelstruction
will be required, and where an appreciable change of directietisssargt the obstruction, a sign
(of the arrow or chevron type) at thbstructionitself. At particulardangeipointsmore comprehensive
signing maybe required.

Guarding

Theobstructiorshallbemarkedby postscarryingredflagsor reflectiveredmarkersandby red lampsThe
latter shall be spaced at 6 metirggrvals in the direction ofraffic flow and at 0.9 metres intervals across
this direction.At least 3 lamps shall bplaced across this direction of traffic flolhe flags and lamps
on the traffic side of thebstruction shall be at least 5 metfesm it.

Footpaths

Where a footpath is affected by an obstruction in any way it shall be separatdabtrarhstruction
and trafficby effectivebanners and red lamps spaced at 0.9 meitesvals.

1.16 SERVICES

Beforecommencing Works which include excavation or ground levelling by manuaécinanical
excavation the Contractor shall at his own expenses ascertain in wiritingthe KenyaPosts&
Telecommunicationgorporation, Kenya Power & Lighting Co. Ltd. and all other Public Bodies,
Companieandpersonsvho maybe affected the positionanddepthof their respectiveducts, cables,
mains,pipes,or otherappurtenancesie shallthereuporsearctfor andlocatesuchservices.

The Contractor shall at his ovexpense arrange to have effectually proppeadtectedunderpinned,
altered, diverted, restored and made as may be necessawat@ courses, pipesablesor ducts, poles or
wires or their appurtenances disturbeddamagediuring the progressof the Works, or in consequence
thereof.
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Exceptthatsuchservicesasrequireto beremovedor alteredby virtue of thelayoutof the permanent
work andnotthemannetin whichthework is carriedout, shall beso removedor altered athedirection
and at thexpensef theEmployer.

The Contractorshallbe liable for the costof repairsto any servicesdamagedsa resultof carrying
outthe Worksandexecutiorof theseéWorks.

1.17 PRIVATELY OWNED OR PUBLIC SERVICES

If any privately owned orpublic servicespassing through the site witie affected bythe Works, the
Contractor shall provide at his own expense a satisfactory alternative service in full wandeng
to the satisfaction of thewner of the services and tiingineerbeforethe cutting of the existing
service.Any damage to private or publgervicesshallbe madegoodby the Contractoiat his cost.

In case the remedial work is not executed promptly by the Contractor, the Engiagarake alternative
arrangementfor theexecutionof the workanddebitthe coststo theContractor.

1.18 WATER SUPPLY

The Contractor shall provide for all purposes of the work, an adequate supply offveatea suitable
source or sources approved by the Engintdemust pay the waterhargesif any,and make arrangements
for supply,transport andistribution.

1.19 ADDITIONAL LAND

The Contractor shall select and arrange at his own expensasyféemporaryoccupation of land outside
the site which he requires for the efficiexecution of theworks. TheContractor mustomplyfully with
all By-lawsandRegulationgurrentlyin forcein thearea.

1.20 USEOFHEAVY PLANT

In the event othe Contractor desiring to ukeavymachinery oplant, he shalfirst satisfythe Engineer
that they will be of such size and used in such a manner as oatise angisturbance odamagen
particularto buildings (both makeshift & permanentjater, electricityPost Officeor other mains, cables
andconnection®r to sewersgulvertsetc.or interferewith theline or positionof anyoverheadwires
and cables of any sort, telegraph poles, power s

The Contractowill be heldliable for anysuchdamageor disturbanceandshallpay thefull costsof
anyreinstatement, relaying, repairing refixing asmay be required, asgreecbetweerthe Engineer and
theowneraffected.

1.21 PROVISION OF INSTRUMENTS AND LABOUR

The Contractorshall provide at his own expensesll instruments, materialspols and otherthings
whichtheEngineerconsidersiecessarfor hispropersupervisiorof theWorksandshall maintairthesame
in goodorder.He shallalsoprovidematerialsan experienced Surveyand labourfor attendanceon the
Engineerand his representativesn carrying out operations
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connected with the supervision of the Workdl charges arising out of such services shall be de¢med
be included in his rates itheBill of Quantities.

1.22 ACCESSTO SITES

The Contractor shaltonstruct and maintain all temporary accesses required foexeeutionof the
Works. Access roads shall be constructed and maintained upsitetiodfice andProject / Assistant

Project Engi neostof@lsthesBbarksshalbede&nhedo becoveredby ratesandprices
quotedoy the Contractor.

1.23 POLLUTION

The Contractor shall ensure that during the course of his operations no pollutiorafidbghere,
rivers, reservoir catchment areas or groundwater is allowed to take place.

1.24 TREEPROTECTION

Trees within the permanent and temporary easement are the property of owners. (Bpesiilt
beidentifiedby theEngineerpriorto constructionandthe Contractor shall neitheemove nor cut their
roots unless otherwise directedthy Engineerif the roots of such treesppeamwithin thetrenchareas,
theContractoshallhandletherootswith maximumcaresothatno portionof therootswill bedamaged.
Duringtheexcavatiorof thetrench theexposedootsmayberemovedo apositionthatwill notdamage
therootsandwill notinterferewith the pipelayingDuring the construction, the roots shall be thoroughly
protected by appropriate covend wettedasdirected. After the pipes are laidhe moved roots shatie
placedback to the original locations and backfilled carefully by selected soft soil which can support
vegetation.

1.25 GEOLOGICAL DATA

Any geological data that is made available to the Contractor and is relevanitttks, will befor his
guidanceonly, andno guaranteas giventhatothergroundconditionswill notbe encountered. No
claimsbasednthegeologicaldataprovidedshallbeentertainedy the EngineerThe Contractoshall
bedeemed thave madeanyadditionalinvestigationgequired before submission of his Tender.

1.26  WATCHING, FENCING AND LIGHTING

The Contractor shafirrange to employ watchmen to guard the Waadth during thedayandnight from
the commencemenf theWorksuntil the substantialompletion ofthe Works.

Any excavation or othesbstruction likely to cause injury @amage to any person domestic animals
mustbefencedoff asdirectedby the Engineer.

1.27 TIPS
The Contractor shall be responsible fovision of all tips, at hiswn expensefor disposal of all spoil

or other rubbish collected during the construction of the WoAssy surplusexcavatednaterial not
required shall also be carted away to these tipssité@ef thetips mustbeapproved by the Engineer.
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1.28 TROPICALISATION

In choosingmaterialsandtheir finishes,dueregardshallbe givento thetropicalconditionsof the site
to which they will be subjected. The Contractor shall submit detatiésgfracticesvhich haveproven
satisfactoryandwhich herecommendsor applicationonthe partsof the Works which maybe affected
by the tropical conditions.

1.29 MONTHLY SITE MEETINGS

Throughout the project period, sit eoffice@edevenygs wi l | L
calendamonthto discussthe progressof the work, schedulefor the ensuingmonth, methodsf
constructionprocurementiransportationlabours etc. Thesemeetingscanbe calledat any othetime

intervals at theequest of theContractoior asdirectedoy the Engineer.

1.30 INSPECTION BY ENGINEER DURING DEFECTSLIABILITY PERIOD

TheEngineewill give theContractordue notice ohisintention to carryutinspectionduring theDefects
Liability Period and the Contractor shalpon receipt of such noticarrange for aesponsible
representative to be present at the times and dates named by the Engineer. This reprebafitatider
all necessary assistance and taiiceof all mattersandthingsto whichhis attentionis directedby the
Engineer.

1.31 SUBMISSION OF SAMPLES

Before incorporating in the finished work any materials or articles which he supplies thetermsof

the Contractthe Contractoshallsubmitt o t h e Repesentatieeifod lespproval a sample

of each respective material or article, anthsamplesshall be deliveredto and kept at his office for
referenceAll the respectivekindsof materialsandarticlesusedin anduponthe Works,shallbeatleast

equal in quality to the approved samples. Each and every sample shall be a fair average of the bulk
material or of the article whichite pr e s ent s . Réptesentdive gnayrdeciele tidesnethod by
which each sample tbe takenfrom the bulk matrial shallbeobtained.

1.32 RESPONSIBILITY FOR ORDERING MATERIALS AND MANUFACTURED ARTICLES
AND SAMPLES FOR TESTING

The responsibility for so ordering and delivering materials and manufactured articleanaids
that they may be tested sufficiently far in advance of the work as nieléy it, shall restiponthe
Contractor,and he shall not be entitledto any time credit for delay occasionetly his neglecto order
sufficiently well in advance or to effegiaymentof anycostshemayincurasaresultthereof.

With regardto any itemin the Bill of Quantities whichis the subjectof a P.C.Sum, theContractorshall
notify the Engineerof his requirementsasearly aspossibleleaving ampletime for the Engineer to
make any necessary arrangements so that no detaysin theprogressf the work.
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1.33 TESTSOF MATERIALS AND MANUFACTURED ARTICLES BEFORE USE

Any or all of thematerialsand manufactureaiticlessuppliedby the Contractofor use on any of the Works
throughout this Contract shall be subject in advance to testagde specified ithe relevantStandard
Specificationasmay from time to time be deemecdhecessaryy the Engineer. Samples of all such
materials and manufactureatticles, together with all theecessary labour, materials, plant and
apparatus fosampling and for carrying out of tests on #ite on all such materials amdanufactured
articles shall be supplied by the ContractonistownexpensesThecostof speciakestsorderecby the

Engineetto becarriedoutby anindependent person at a place other than the site or plat@nofacture
or fabrication shalbe borneby the Contractor.

1.34 REJECTED MATERIALS

Should any material or manufactured articles be brought on to the site of the Whidisarein the
judgemenbf the Engineerunsouncbr of inferior quality or in anyway unsuitedfor thework in which

it is proposed to employ them, such materialsnanufacturedrticlesshall not be used upon the
Works but shall be branded if, in tha@pinion of the Engineer, this is necessanglshallforthwith
beremovedromthesite of theWorks,allattheC o n t r axpdnge and i each case as the Engineer
shall direct.

1.35 QUALITY OF MATERIALS AND WORKMANSHIP

The materialsandworkmanshipshall be of the bestof their respectivekindsandshall be to the approval

oftheEngineerl n t he reading of thitdheSmppoeirfoivaadtshaibetthiee Ewma@i c
deemed to be included in the description of miaterials incorporatedin the Works, whether

manufacturedr naturalandin the descriptiornof all operationgor the dueexecutiorof the Works.

1.36  TEST RUNNING OF THE SCHEME

Uponsubstantiatompletionof theschemeandofficial inspectionwhichagreegothis, the Contractor
shalloperatgheentireschemdor thetestperiod indicated itheBill of Quantities.

The Contractorshall supply all necessarypersonnelelectricity, fuels, oils and chemicalsfor the test
runningandtogethemith the ProjectEngineershallcompilea list of detailedoperating instructions
that shall bencorporated into the Operation andaintenance Manual. The Contracstrallfurther
bring to the attentionof the ProjectEngineerandof theE mp | o gperatiénabtaff any problemor

defectsheencountersluring this period of test running so tisaiutions may be found and any necessary
alterationgnade.

1.37 EQUIPMENT FOR THE PROJECT ENGINEER

The Contractor shall provide 3 Nr Digital Cameras, Sony or approved equivalent, Soité&lnastruction
Siteswith splashandshockproof casingfor exclusiveuseof the Project Engineeandhis staff for the
purposeof takingrecordphotographef the progresof theWorks. The Camerahouldhavepicture
captureresolutionof 7.1 megapixel®r more bothopticalanddigital zoomcapabilities, storage capacity
of 128 MB, downloadingfacility by meansf USB port, neckstrapandhardcoverpouch.The Contractor
shallfurtherprovidel1 Nr suitablephotoprinter withnecessarphotopaperandink cartridgesfor prints
production.The cost for this serviceis deemedto be coveredby the Contractorin his ratesin the Bill of
Quantities
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1.38 OPERATION AND MAINTENANCE MANUAL

A draft Operation and Maintenance Manuas been compilegrior to commencemenbf
constructiorof theWorks.

This Manual has to be revised and brought to a final draft state prior to the test rafirtimyscheme.
The Contractoris requiredto provide in triplicate, and in English, details of all the different
manufactured plant and components incorporated inWleks including but not limited to all
pertinentma n u f a dtoahures.r s 6

Substantiatompletionof the schemewill not be consideredintil suchdetailedinformationasis required
has beesubmitted to and accepted by the Engineer.

1.39 CONSTRUCTION PROGRAMME

The Contractor shall submit to the Engineer for approval, a revision of the ConstRictjvamme
attached in four (4) copies and after approval to the Employer in tweof#®sin thefollowing manner:

(1) Within thirty (30) days after receiving the Letter of Acceptance, the Contrattalt submitto the
Engineerfor approval,a detailedprogrammebasedn the key date statedhereinafteror other dates
which are givernn the Letter ofAcceptancen theform of a Critical PathMethod (hereinafter referred
to as CPMNetwork) showing the order of procedure in which he propimsearryoutthe Works including
design, manufacture, delivery to the site, transport, stors®gy, construction, commissioning and
maintenanceThis programme shaihdicateclearlyall activitiesandits durationalongwith theearliestand
the latestevent,times andhefirst andlastdatesof the submissiof the Drawingsand each date of
shopinspection by the Engineéar thesectionor portionof the Works.

The programmeso preparedshall be rearrangedn the form of a Time Bar-chart Schedule aihich
size shallbe 841mmx 594mm(A-1 size).This Time Bar chartScheduleshall be submittedto the
Engineettogethemwith the CPM Network.

(2) The CPM Network shall be in accordancavith commonlyacceptedoractices anghall show
graphicallythechainof activities/ subactivitiesandtheir sequentiafelationshipwith eachother fromthe
start of construction to theompletionof the Contract.The Time Bar-chartScheduleshownin weeks
shall list all mainactivitiesandits applicablesubactivities.

(3) In preparing the CPM Networlnd the Time Bachart Schedulethe Contractorshall make due
allowancedfor possibledelays.Underno circumstanceshall the CPM Network or the Time Barchart
Schedulesshowacompletionin excesofthef T i for€€ 0 mp | estatedm théFormof Tender.

(4) The programme once approved by the Engiskall thereafter be referred to as the Contractual

ProgrammeTheE n g i nappravaibfssuchprogrammeshallnotrelievethe Contractorof anyof his
duties omesponsibilitiesunderthe Contract.
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The ContractuaProgrammepprovedshallsupersedall otherprogrammesndshall be deemetb
betheprogrammennwhichthe Contractothasbasechis ContractSumandin accordanceith which
hewill undertakeéheexecutiorof theWorks. This Programmeshallbecome part of th€ontract.

The Contractorshall ensurethat all the Works especiallyElectricaland MechanicalWorks which
may be carriedout by the Electrical/MechanicaBubContractor,are well coordinatedwith the overall
Works under the Contract for tiedficient execution of théWorks, and shall clearly indicateemonthe
constructiorprogramme.

TheContractoshallalsodescribeheconditionsof working shifts,if necessarytp execute the Works
and whether work needs to be carried out at night and/or on Sundaislidags. TheContractor
shouldalsoindicate whichparticular Worksare subjecto thesdimingsin his construction programme.

Wheneveithe Contractomproposedo changethe ContractuaProgrammeapprovalof the revision
shall be obtained in writing from the Engineer.

If the ContractotasfallenbehindtheapprovedContractuaProgrammer canforeseedelay(s) therein, he
shall, immediately aftesuch default oevent occurred oforeseeror attherequest othe Engineesubmit
a revisionof the ContractuaProgrammeshowingthe reasonof such adelayandthe proposedneasures
to recoversuchdelayor to completethe Worksontime, for theapproval of the Engineer.
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2 CLEARING SITE

2.1

2.2

2.3

2.4

2.5

CLEARING SITE

The Contractor shall demolish, break up and remove buildings, walls, gates, fences, advertisements
andotherstructures andbstructions, grub uand remove treebedgesbusheandshrubsandclear
thesite of theworksat suchtime andto the extentrequiredoy the Engineetbut not otherwise subject

to the provisionsof Clause27 of the Conditionsof Contract: the materials so obtained shall so far as
suitable bereserved andtacked forfurther useall rubbishand materialsfor useshall be destroyedor
removedromthesite,asdirectedoy the Engineer.

Wheretop soil hasto be excavatedthis shall be removedand stackedn site. After completion of
construction, it shall be spread over the disturbed ground, any sisahgdisposedf asdirectedby the
Engineer.

Underground structures and chambers where required to be demolished, shall be denootisds
shown on drawings or as directed. They shall be properly cleaned obéckiiledandcompacted
with suitable material to the direction angprovalof the Engineer.

VEGETATION

No allowance will be made for the cutting and removal of crops, grass, weeds andvggatation.
The cost of all such work will be held to be included in the ratgsredn theBill of Quantities.

BUSHESAND SMALL TREES

All bushes and small trees, the main stem of which is less than 500mm girth at Alwogsground level
shall be uprooted (unless otherwise directed by the Engineerpant or otherwiselisposedff asdirected
by the Engineer.

HEDGES

Wheredirectedby the Engineer hedgesshallbe uprootedanddisposedff by burning.

FELLING TREES

Whereshownon the drawingsor directedby the Engineertreesshallbe uprootedor cut downasnearto
groundlevel asis possible.Theratesentered irthe Bill of Quantitiesshallincludefor cuttingdown,
removingbranchesandfoliage, cutting usefultimberinto suitablelengths,loading, transportingnot
more tharl km.andstacking ordisposingpff all asdirectecby the Engineer.

For the purpose aheasurement trees cut down shall be classified according todingsirat 1 metre above ground
level, the cost ofjrubbing up roots shall be deemedatwcoveredoy theratefor felling trees.
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2.6

2.7

GRUBBING-UP ROOTS

Stumps and tree roogball, unless otherwise directed, be grubbed up, blasted, burnt or removed and
disposed of in approved dumps to be provided by the Contractor. Where dingthedEngineer,

the holesresultingfrom grubbingup shallbefilled with approvedmaterialswhich shallbe deposited

and compactedn layersnot exceeding225mmloose depth, to the samedry density as that of the
adjoining soil. For the purposeof measurementree roots shall beclassifiedaccordingto the mean
diameterof thestumpmeasure@écrosshecut.

WEED CONTROL

The Contractorshall take all necessaryprecautionsagainstthe growth on the site of weedsand remove
themasnecessarghroughouthe period of works and maintenance.

Thefinishedbaseof all footwaysandelsewhereasdirectedshallbe sprayedwith an approved persistent
total herbicideattheraterecommendedly themanufacturerTheapplicationshallbe by anevensprayin
ahighvolumeof wateratabout0.7to 0.11 litres persquaremetre.After thisapplicationthefootways
shallreceiveatleasttwo furtherwateringsbeforethesurfaces sealed.
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3 EXCAVATION

3.1 DEFINITION AND CLASSIFICATION OF EXCAVATED MATERIALS
Excavationin theBills of Quantitiesshallbe classifiedin two categories:

A CommonExcavation

Any materiawhichin theopinionof theEngineecanbeexcavatedy useof pick axesandhandevers
shallbeclassifiedascommonexcavationWater loggedmaterial shall bencluded inthis class. Murram
in anyform shallbe classifiedas commonexcavation.

A Rock
The decision of the Engineer in classifying rock shall be final and bindkagk in the Billof Quantitieswill
beitemisedin threeclasses:
Classd A 6

Soft rock of the t ywhichik the apimionlobticeaEndinger Garsfme 6t uf f 6
considereds hard rock but which considerably increases the amount of labour feetiecemoval shall
beknownasClass6 A6 r oc k.

Classé B 6

Very weathereghonolitelavacontainingmanyfissuresandfaultsshallbe knownashardrock. Thistype
of rock containsstonesandbouldersof unweathere@r incompletelyformedblacktrap or lavaA boulder
or outcrop of hard rock 1.5 cubimetres or less and grey or green buildstgnein aformationwhichis
massiveandgeologicallyhomogeneousyill bedeemedobe Cl ass 6B& rock.

Class6 C 6

Phonolitein a formationwhich is massiveandgeologicallyhomogeneoushallbe knownasCl ass 06 Cd
rock.

3.2 STORAGE AND HANDLING OF EXPLOSIVES AND BLASTING

Theremovalof hard material®y useof explosives willnormallybe permittedsubjectto compliance by
the Contractoin all respects with the Explosives Laws of Kenya.

In the Bill of Quantitieshard materialis classifiedasrock whereblastingwill be permittedsubject
tothisclause.

The Contractor shall provide proper buildings or magazines in suitable positions ftotage of explosives
in mannerandquantitiesto be approvedie shallalsobe
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responsibldor thepreventiorof anyunauthorise@ssueor improperuse of anyexplosivesiroughton
theworksandshallemployonly licensedandresponsiblenen to handleexplosives for the purpose of the
works.

The shots shalie properly loaded artdmped and where necessary, the Contragitail useheavymesh
blastingnets.Blastingshallberestrictedo suchperiodsandsuch parts othe works as the Engineer
may prescribe. If, in the opinion of the EngindBastingwould be dangerouso personor property
orto anyfinishedwork oris beingcarriedoutin arecklessmannerhemayprohibitit, andordertherock

to beexcavatedy othermeansand payment will be made at the rate for rockeforavation where blasting
is permitted.The use of explosivelsy the Contractoin largeblasts,asin seamsgrifts, pits, or large
holes,is prohibitedunlessauthorised inwriting by the Engineer. Irthe eventof wastingof rock through
anysuchblasting,the Contractorshallif requiredby the Engineerfurnish an equivalentamountof
approvedmaterialsfor fill, 1 cubic metreof rock in-situ beingtaken to equal.5 cubic metre omaterial

in embankment.

3.3 EXCAVATION FOR FILL

Where excavation reveals a combinationsoftable and unsuitable materiateg Contractorshall,
wherever the Engineer considers it practicable, carry ouéxbavation in such a manner that the
suitable materials are placed separately foringbhe works withoutontaminatiorby the unsuitable
materials.

If anysuitablematerialexcavatedrom within thesiteis, with theagreementf the Engineertaken by
the Contractor for his use, sufficient suitable filling material to occupy sfiszified compaction, a
volume corresponding to that which the excavated material occghial,unlessotherwisedirectedby
the Engineerbe providedby the Contractorfrom hisown sources.

No excavated material shall be dumped or run to spoil except on the direction treygigrmission
of the Engineewho mayrequirematerialwhichis unsuitableto be retainean site.Materialused for
haul roads shatiot bere-used without thepermissiorof the Engineer.

3.4 COMPACTION OF FILL

All materials used in fill shall be compacted to specification by plant approved byrihmeer fotthat
purposeMaximumcompactedhicknesf suchlayersshallnotbe morethan200mm.

Work onthecompactiorof plasticmaterialdor fill shallproceedassoonaspracticableafterexcavation
andshallbecarriedoutonly whenthemoisturecontents notgreatethan2 percentabove the plastic limit
for that materialWhere themoisture content of plastic material as excavatetigherthanthisvalue
the materialshall be runto spoil andanequalvolumeof materialsuitablefor filling shallbe replaced,
unlessthe Contractoiprefers,at his own expenseto wait until thematerial has driedsufficiently for
acceptancegainassuitable material.
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Neverthelessf with anymateriathe Engineerdoubtswhethercompactiorwill beobtainedwithin the
above moisture limits he may requrempaction to proceed onlwhenthe limits of moisture content
for the compaction of neplastic materials are within the range of tgimummoisturecontentand
3 per centbelow the optimum moisturecontentas determinedby the laboratory compaction temethod
described inBritish Standard 1377: Methods of Test for Soilssification and Compaction.

If anysuch norplasticmaterial orexcavation igoowet forsatisfactoricompactionandthe Engineer
ordershemoisturecontento beloweredor raised suchwork shallbetreatedas includedn therates.
All adjustmentsf moisturecontentshallbecarriedoutin suchawaythatthespecifiedmoisturecontent
remainsuniform throughoutcompaction.

Work shall be continueduntil a stateof compactionis reachedhroughoutthefill, which shall have
relative compactiondeterminedaccordingto B.S. 1377 not lessthan 85% of maximum dry densityat
optimummoisturecontentsFor excavatiorunderRoads HouseDrivesandCar Parksthe backfilling
shallbecompactedn 150mmlayer to 100%maximumdry density.

If with non-plastic materials the compacted material has become drier in the intbetaleenthe
completion of compaction and the measurement of the state of comptitthe moistureontent
to beusedfor the calculationof theair contentshall bethe meanmoisturecontent for the compaction
of such materials as specifiethove.

3.5 EMBANKMENTS OVER SEWERS

In carrying embankments over sewer pipes, care shall be taltba Gpntractor thavethe embankments
brought up equally on both sides and over the top of any streietures. Earth embankments s/l
formed and compacted in layes6200mmas the Engineer may direct. The filling immediately adjacent
to structures Isall be depositedand compactedin accordance witlthe drawings andapprovedby the
Engineer. The cogtf these works shalle included irthepricesenteredn theBill of Quantitiesfor the
excavationgrom whichembankmentareformed.

3.6 STONEREVETMENTS (STONEPITCHING)

Whereshownon the drawings,the slopesof embankmentsijvers, streamswatercoursesndother
surfacesshall be protectedagainstwateror otheractionby handsetstonefacingset onend. The larger
stonesshallberoughlydressednthe bedandface,and roughlysquare tahefull depthof thejoints. No
roundedbouldershallbeused,or stonedessthan225mmin depthof 0.05cubicmetrein volume.The
stones shall be laid to break bond, and shall be lvegltied on to a 75mm layer gfavelor fine rubble
rammedto a uniform surfaceandthe whole work finished to the satisfaction of the Engineer. Where
required, a trench shall lexcavatedat the bottomof the slopeto sucha depthaswill ensureasafe
foundationfor the revetment.
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3.7 TIPPED REFUSEON SITE

Tippedrefuseotherthanartificial depositsof industrialwasteor shalefoundonthesite shallberemoved
anddisposedff in a spoilheapto beprovidedby the Contractor.

3.8 REMOVAL OFINDUSTRIAL WASTE, ETC.

Artificial deposits of industrial waste or shale found on the site shall be removedigpasedoff as
directed bythe Engineer. Shouldny particulardepositsconsistof or containmaterialwhich in the
opinionof the Engineets suitablefor incorporationn fills, all suchmaterialshallbe usedccordinglyand
depositedin layers and compactedas specified. The prices enteredin the Bill of Quantitiesfor the
excavatiorof the materialshallinclude loadingfransportation, disposaindcompactiorof sameasand
wheredirected.

3.9 LAND SLIPS

Remedial works and/ahe removal of materials in slips, slides or subsidemacesoverbreakof rock
extendingbeyondthe lines andslopes.or belowthe levelsshown on the drawingsor requiredby the
Engineerwill notbepaidfor.

3.10 CLASSIFICATION OF MATERIAL FROM SLIPS

The classification of material from slips or slides will be in accordantteits conditionat the timeof removal,
regardlesf prior condition. Measuremenof overbreakin rock excavationshall be thatof the space
originally occupied by the material before #leeoccurrecandregardlessf its subsequent classification.

3.11 BORROWPITS

Where for any reason, it becomes necessary to form borrow pits, these shall bediodtataork
executedn all respectgo theinstructionsof the Engineer.Theyshallbe regularin width and shape and
admit of ready and accurateeasurementandshall be properlygraded andirainedandfinishedwith
neatlytrimmedslopes.

3.12 STREAMS, WATERCOURSES AND DITCHES

Excavationgarriedout in the permanentliversion,enlargementgeepeningor straighteningpf streams,
watercourseyr ditchesshallbe performedasdirectedby the Engineer.The ratesfor such excavations
shall include forexcavated materials andll pumping,timbering works, and materialsnecessaryor
dealingwith the flow of water.

3.13 FILLING OLD WATERCOURSES

Where watercourses have to be diverted from the sites of embankments or other works, the original
channelshallbeclearedof all vegetablegrowthsandsoftdepositaandcarefullyfilled in with approved
materials deposited amdmpacted aslirectedby the Engineer.

3.14 OPENDITCHES
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3.15

3.16

3.17

3.18

3.19

3.20

Open ditches for drainage purposes shall be cut where and of such cross séutiéngmeer shall
direct and where so required by him they shall be constructed beforattihngsare openedor the
embankmentbegin.Thesidesshall be dressedair throughoutandthe bottom accurately graded so as
to carry off the watetto the outletto be provided. Thematerialexcavatedrom the ditchesshall be
disposedf asdirectedby the Engineer.

CLEARING EXISTING DITCHES

Wheredirectedby the Engineer,existing ditchesshall be cleared byemoving vegetablegrowths and
depositsThe sides shalle shaped fair throughout and the bottpnaperlygradedMaterialremoved
from existingditchesshallbedisposedf in tips providedby the Contractor. Theates includedh the Bill

of Quantities for clearing ditches shall include for maintainingand keepingclean untiland up to
maintenance@eriod.

EXCAVATION FOR FOUNDATIONS BELOW OPEN WATER

Theratesfor excavatiorfor foundationelowthewaterlevel shallincludefor thecost of all temporary
closetimbering and shoring, sheet piling, coffer dams, caissons, pamgpether speciabppliances
required and for the drainirgf any water in theexcavation.

TRENCHES OF GREATER WIDTH AND DEPTH THAN NECESSARY

The Contractor shall not be entitledgayment in respect of excavation to any greagtent,whether
horizontally or vertically, than is necessary to receive any structuravfoch theexcavation is
intended, except where a separate item is provideddditionalexcavationfor workingspacetimbering,
or othertemporarywork. Excavationto a greaterdepthor width than directedshallbe madegoodwith

suitablematerialgo thesatisfactiorof theEngineerandattheCont r act or 6 s cost .

SUPPORTSFOR TRENCHES

Thesidesof trenches shall where necessary be adequately supportedsatisiiactiorof the Engineeby
timberor otherapprovedneans.

PROVISION OF SPOIL HEAPS
The Contractor shall provide spoil heaps at his own expense for the disposal of siatphigdand
all rubbishcollectedvhenclearing thesiteandduringthe constructiorof theworks. Thesitesfor theseshall
beapprovecy the Engineer

USE OF VIBRATORY COMPACTION PLANT
Wherevibratoryrollers or othervibratory compactiorplantis usedthe mechanisnfor vibration shallbe
kept working continuously during compaction operations, exgeypngperiodswhenthe Engineepermits

or directsdiscontinuance ofibration.

Unlessotherwisepermittedby the Engineer, the frequencyfor vibrationshallbe maintainedwithin
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the range of amplitude and frequency recommended bn#mifacturers of the plant for the material to
becompactedThe frequency shalie recorded by a tacheometer indicating speed of rotation of any shaft
producingvibrations.

3.21 WATER IN EXCAVATIONS

All excavations shall be kept free from water, from whatever source, at all times domsigiction
of worksuntil in the opinion othe Engineer, any concreteaher worksthereinaresufficiently set. The
Contractords rates arwihtthiereqgorerdentt o cover compliance

TheContractoshallconstructanysumpsor temporarydrainsthatthe Engineemay deem necessary
and shall be responsible for the removal and disposal of all water enteriegcthations from
whatever source and shall deal with and disposgueh water in a manner approved by the Engineer so
as to ensure that excavatioasekeptdry.

The Contractorshallprovideall plant,labourand materialsequiredfor such workand all costsincurred
shallbedeemed tde included irhisrates forexcavation.
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4 CONCRETE

4.1 SCOPEOF SECTION

This section covers the materials, design of mixes, mixing, transport, plangpaction and curingf
concreteand mortarequired inthe Works. It also covergormwork andreinforcementor concrete.

4.2 DEFINITIONS

Structural concrete is any class of concrete which is used in reinforced, prestragsethfarced
concrete constructiowhich is subject to stress.

Non-structuralconcreteis composedof materialscomplying with the Specificationbut for which no
strength requirements are specified and which is used only for filling voids, blifodimgptionsand
similar purposesvhereit is notsubjectedo significantstress.

A formedsurfaceis a facewhich hasbeencastagainsformwork.

An unformedsurfaces ahorizontalor nearlyhorizontalsurfaceproducedy screedingor trowelling
to thelevelandfinish required.

A pour refers to the operation of placing concrete into any mould, bay or formworlaret@lso tahe volume
which has to bélled. Poursin verticalsuccession are referrdd aslifts.

4.3  THE DESIGN OF CONCRETE MIXES
a)  Classef concrete

The classes of structural concrete to be used in the works shall be those showDawings

anddesignated in Table 4.1, in whithe classdesignation includesvo figures. The first
figure is the nominal strength at 28 days expressed in R/amd thesecond figure is the
maximum nominal size of aggregate in the mix expressedliimetres.

b)  Designof proposednixes

The Contractor shall design all the concrete mixes called for on the Drawings, making use of the
ingredients which have be@pproved by the Engineer for use in the Works iarmbmpliance
with thefollowing requirements:
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Table4.1- CONCRETECLASSESAND STRENGTHS

Classof Nominal Maximum | MaximumWater/ Trial Mixes EarlyWorks| estsq
Concret |  Strength Nominal Cement Ratio TargetMean Cubes(Clau
e Size 401d)
N/mm¥ of A B Strength Any  Average
Aggregate (Clause401c) | one of any
mm N/mm? Cube Group
N/mm? of4
Cubes
N/mm?
10/75 10 75 0.60 0.55 135 8.5 133
15/75 15 75 0.60 0.50 215 12.8 20.0
15/40 15 40 0.60 0.50 215 12.8 20.0
15/20 15 20 0.57 0.50 215 12.8 20.0
20/40 20 40 0.55 0.48 315 17.0 27.5
20/20 20 20 0.53 0.48 315 17.0 27.5
20/10 20 10 0.50 0.48 315 17.0 27.5
25/40 25 40 0.52 0.46 36.5 21.3 325
25/20 25 20 0.50 0.46 36.5 21.3 325
25/10 25 10 0.48 0.46 36.5 21.3 325
30/40 30 40 0.50 0.45 415 25.5 37.5
30/20 30 20 0.48 0.45 415 25.5 37.5
30/10 30 10 0.47 0.45 415 25.5 37.5
40/20 40 20 0.46 0.43 515 34.0 475
40/10 40 10 0.45 0.43 515 34.0 475

NOTES: 1. Under water/cement ratio, column A applies to moderatentemchediate
exposure, and column B applies to severe exposure. See NOTE after Table
4.2.
2. In case of concrete having a maximum aggregate siZ@mim or less,
150mm cubeshould be used.

In caseof concretehavinga 75mmor largeraggregate200mmcubesshouldbe used.
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The aggregate portion shall be well graded from the normagimum
sizeof stonedownto the 150micronsize.

The cementcontentshall be suchasto achievethe strengthscalled for in

Table 4.1 but inany case not lesgthan the minimum necessaigr
impermeabilityanddurability shownin Table4.2.

The workability shall be consistent with ease of placing and proper
compaction having regard to the presence of reinforcement and other
obstructions.

V) The water/cement ratio shall be the minimum consistent adéguate
workability but in any case not greater that that shownahle 4.1 taking
due account of any water contained in the aggregates. The Contractor
shall take into account that thisguirenent may in certain cases require the
inclusion of a workabilityagent inthe mix.
V) The drying shrinkage determined in accordance with BS 1881 shall not be
greater than 0.05 percent.
Table4.2- MINIMUM CEMENT CONTENT
Minimum Cement Contentkg/m? of Compacted
Concrete
Classof Concrete Moderate Intermediate Severe
Exposure Exposure Exposure
10/75,15/75 200 220 270
15/40,20/40,25/40,30/40 240 270 290
15/20,20/20,25/20,30/20 260 300 330
40/20 300 320 330
20/10,25/10,30/10 300 340 390
40/10 310 340 390

Note the minimumcementcontentsshown in the above table are requirediderto achieve
impermeability and durabilityin order to meet the strength requirements irSipecification
highercontentsmayberequired.

The categories

Moderateexposu

Intermediate

exposure

applicable to the Works are based broadly on the factorsdisi@ader:
re Surfaceshelteredrom severeain;

buriedconcrete concretecontinuouslyunderwater

Surface exposed to driving rain; alternate wetting and drying;
traffic; corrosivefumes;heavycondensation
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Severeexposure Surfaceexposedo seawater,moorlandwaterhavinga pH of
4.5 or less,groundwatecontainingsulphates.

c)  Trial mixes

At least six weeks before commencing placement of concrete in the Permanentriélarkges
shall beprepared for each class of concrete specified.

For each mix otoncrete fowhich the Contractohasproposed a desigihge shall prepare
three separate batches of concrete using the materials, which have been dpprmeal
theworksandthe mixing plantwhich he proposego usefor the Works. The volumeof each
batchshallbethecapacityof the concretemixer proposedor full production.

Samples shall be taken from each batch and the following action takermcatbidance with
BS 1881:

) The slumpof the concreteshallbe determined.

ii) Six testcubesshallbe castfrom eachbatch. Inthecaseof concrete having a
maximum aggregate size of 40mm or less, 150mm csihabe used.In
the caseof concretecontaining75mmor largeraggregate, 200mm cubes
shall be used and iaddition, any pieces @ggregate retained on a 53mm BS
sieveshall be removed from the mixedncretebeforecastingthecubes.

i) Three cubes from each batch shall be tested for compressive sta¢agtren
daysandtheremainingthreeat28 days.

V) Thedensityof all thecubes shalbe determinedefore the strengttestsare
carriedout.

Subjectto the agreemenbf the Engineer the compactingfactorapparatusnay be used in
place of a slump cone. In this case the correlation between slungprapdctingactorshall
beestablisheduringpreparatiorof thetrial mixes.

Theaveragestrengthof the nine cubegestedat 28 daysshallbenot lessthanthe targetmean
strengthshownin Table4.1.

The Contractor shall also carry out tests to determine the drying shrinkagecohthete
unless otherwise directed by the Engineer.

Based on the results of the tests on the trial mixes, the Contractor shall subdeitzilgdof
his proposals fomix design to the Engineencluding the typend sourceof eachingredient,
the proposegroportionsof eachmix andtheresultsof thetestson the trial mixes.

If the Engineerdoes not agree to a proposed concrete rfox any reason, th&€ontractor
shall amend his proposals and carry out further trial mixes. No mix shakidgkn the works
withoutthe written consent of tengineer.
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d)  Quality controlof concretgproduction
i) Sampling

For each class of concrete in production at each plant for use in the works, sangdesrete
shallbetaken athe pointof mixing and/orof deposition asnstructed bythe Engineerall in

accordancewith the sampling proceduresdescribedin BS 1881 and with the additional
requirementsissetoutbelow.

Six numberl50mmor 200mmcubesasappropriateshallbe madefrom eachsample and shall
be cured and tested all in accordance with BS 1881, two at seveanditlgsotherfour at28
days.

Eachsampleshallbe takenfrom onebatchselectecat randomandatintervalssuch that each
sample represents not more than 20ficoncrete unless the Engineer agteesamplingat
lessfrequentintervals.

Until compliance with the Specification has been established the frequesampling
shall be three times that stated above or such lower frequency as may be instructed by the

Engineer.
) Testing
1) The slumpor compactingfactor of the concreteshall be determinedor each batch

from which samplesare takerand inadditionfor otherbatches at the frequency
instructecby the Engineer.

The slump of the concrete in any batch shall not differ from the eatablished
by the trial mixes by more than 25mm or one third of the vallecheveris the
greater.

Thevariationin valueof the compactingactor, if usedin placeof aslumpvalue,
shallbewithin thefollowing limits:

For value of 0.9 or more +0.03
For value of between 0.8 and 0.9+0.04 For
valuesof 0.8 or less +0.05

2) The water/cement ratio as estimated from the results of (a) above, detebysetiples
from anybatchshallnotvary by morethanfive percentfrom the valueestablished
duringthetrial mixes.

3) The air content of aentrained concrete in atatchshallbe within 1.5 unitof the
required value and the averagevalue of four consecutive
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measurements shaewithin 1.0unit of the requiredvalue,expressed as percentage
of thevolumeof freshlymixedconcrete.

4) Until such time asufficient test results are available to apilg method otontrol
describedn (e) below, the compressivstrength of theconcreteat 28 daysshallbe
suchthatnosingleresultis lessthanthevalueshownin Table
4.1 under the headingearlyworkse st cubesd and alokaoyfourhat the av
consecutiveresultsis not lessthan the value shownin Table4.1 underthe same
heading.

The7-daycuberesultmaybeusedasanearlystrengthindicator,atthediscretion
of the Engineer.

5) When test cube results are available for at least 20 consecutive batelmgsabéiss
of concrete mixed in any one plant, the average of anycfmsecutiveesultsat
28 daysshall exceedthe nominal strengthby not lessthanhalf the currentmargin
(Table4.3)andeachindividual resultshallnotbe lessthan85 percentof thenominal
strength.

The current margin shall be defined as 1.64 times the standard deviation of cube tests
on at least 20 separate consecutive batches produced froptanbevera period
exceeding fivelaysbutnot exceedingix monthsor onat leasb0separateonsecutive
batchesproducedfrom one plant over a period not exceeding 12 monthdf both

figures are available, the smaller shalitaken.

Thecurrentmarginshallin any casenot be lessthanthefigure givenbelow:

Table4.3- MINIMUM CURRENTMARGIN FORTESTCUBES

Minimum CurrentMargin for

10N/mn® 15N/mn? & 20N/mm?
above
After 20 batches 3.3 5 7.5
After 50 batches 1.7 2.5 3.8

Failureto complywith requirements:

If any onetest cubaesultin a group of fourconsecutiveesults idess than 85% of

the nominal strength but the average of the group of which it is part satisfies the
strength requirement, then only the baicm which the faileccubewastakenshall
bedeemed nato comply withthe Specification.

If morethan onecube result in a group &ur consecutive results Isssthan 85%of the
nominalstrengthor if theaveragestrengthof thegroupfails to satisfythestrengthrequirement
then all the batches between those represented by the first and lasircubesgroup shall be
deemednot to comply with the Specification,and the
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Specification, and the Contractor shall immediately adjust the mix design subjecagréement
of the Engineer to restore compliance with the Specification. Atie@stment of the mix
design the Contractor will again be required to comply with stduses 401(tgnd401(c)of this
Sectionof the Specification.

The Contractor shall take necessary action to remedy concrete which does not witmphis
SpecificationSuchactionmayincludebutis notnecessarilgonfinedto the following:-

) Increasingthe frequencyof samplinguntil controlis againestablished.
i) Cuttingtestcores fronthe concreteandtesting inaccordance wittSRN
117.

i) Carryingout strengtheningr otherremedialwork to the concrete where
possible oappropriate.

V) Carryingoutnon-destructivetestingsuchasload testson beams.

V) Removingthe concrete.

44 MIXING CONCRETE

Beforeanyplantfor batchingmixing, transportingplacing,compactingandfinishing concretes ordered
ordeliveredo site,theContractoshallsubmitto theEngineeffull detailsincludingdrawingsof all the
plantwhich he proposes to use and treangementkeproposeso make.

Concretedor theWorksspecificallyfor TreatmentVorksUnits andStorage Reservoirshall beand mixed
using an automatic batching plant in one or more central locdfitie Contractoproposeso useready
mixed concretehe shallsubmitto the Engineer for his approvélll detailsandtest results of the
concrete mixes. ThEngineemayapprovethe useof readymixed concrete provided that:

a) theproposednixes,the materiato be used and theethodof storageand mixing complywith the
requirementsf the Specification;

and

b)  adequateontrolis exercisediuring mixing.

Approval forthe use of ready mixed concrete may be withdrawn if the Engineer gatistiedwith the
controlof the materialdeingusedand controburingmixing.

The mixing of concrete shall be carried out at central plant located at a site remgpéatrerafdischarge
of mixed concreteThe mixed concrete shall be transporfiesin thecentralplant usingransitlorry mixers
and/oragitatortrucks.

Batching and mixing plants shall be modern efficient equipment complying with the requirements
SRN118andcapableof producingauniformdistributionof theingredientghroughouthemass Truck
mixesshallcomplywith therequirement®f SRN 121 andshallonly beusedwith the prior agreemenbf
theEngineerlf theplant proposedy the Contractordoes
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not fall within the scope of SRN 118, it shiaflve beentestedn accordancavith SRN119and shalhave
amixing performancavithin thelimits specifiedin SRN118.

All' mixing operationsshallbe underthe controlof anexperiencedupervisor.

Theaggregate storagensshallbeprovidedwith drainage facilitiesrranged sthat drainage water is not
discharged to the weigh hoppers. Each bin shall be drawn datvieast once per weeknd any
accumulation®f mudor silt removed.

Cementand aggregate shall be batched by weigtdter may be measured by weight/olume.

The weighing and water dispensing mechanisms shall be maintained in good ordeacqdureny
shall be maintained within the tolerances describeé8RN 118 andtheckedagainstaccurate weighand
volumeswhen required byhe Engineer.

The weighsof cementandof eachsize of aggregatasindicatedby the mechanismemployedshall be
within a toleranceof plus or minustwo percentof the respectiveweightsperbatchagreedoy the
Engineer.

The Contractor shafirovide standard test weightsleast equivalent to the maximuworkingload used

on the most heavily loaded scale and other auxiliary equipment required for chlibekiatisfactory
operationof eachscaleor othermeasuringlevice.Testsshallbe made by the Contractor at least once

a week or at intervals toe determinedoy the Engineerand shall be carried out in his preseriea. the
purposeof carryingout thesetests,there shall be easy access for personnel totbigh hoppers.

The Contractorshallfurnishthe Engineer with copies of the complete results of all check tests and
shall make anwdjustmentstepairsor replacementsiecessarjo ensuresatisfactoryperformance.

The nominal drum or pan capacity of the mixer shall not be exce&tedurning speed@ndthemixing
time shallbeasrecommendedly the manufacturerputin addition,whenwater isthe last ingredient
to be added, mixing shall continter atleastoneminuteafterall thewaterhasbeenaddedo the drum
or pan.

Theblades of pan mixers shall be maintained within the tolerances specified by the manub&cturer
themixerandthe bladesshallbe replacedwhenit is nolonger possibléo maintainthe tolerancedy
adjustment.

Mixers shall be fitted with an automatic recorder registering the number of bdisblearged.

The water to be added to the mix shall be reduced by the amount of freeavddémed irthecoarse
andfine aggregatesThis amountshall be determinedby the Contractor by anethod agreed by the
Engineer immediately before mixing begieschday and thereafterat leastonce per hour during
concretingandfor eachdelivery of aggregates during concretififhen the correct quantity of water,
determined as set out in the Specification, has adeedo the mix, no further watershallbe added,
eitherduringmixing or subsequently.

After mixing for the requiredtime, eachbatchshall be dischargeccompletelyfrom the mixer
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beforeany materialsfor the succeedindgatchareintroduced.

Mixers which have been out of use for more than 30 minutes shall be thoroughly dietomeany
freshconcrete isnixedandthereaftethefirst batchof concretethrough themixersshallcontainonly half
thenormalquantityof coarseaggregateThis batchshallbemixedfor one minute longer than the time
applicable to a normabatch.

Mixers shallbe cleanedout beforechangingto anothertype of cement.

45 HAND-MIXED CONCRETE

Concrete for structural purposes shall not be mixekiamd.\Where norstructural concrets
required handmixing maybecarriedoutsubjecto theagreemenof the Engineer.

The mixing shall be doneon a hardimpermeablesurface. The materialsshall be turned
overnot lesshanthreetimesdry, watershallthenbe sprayean andthe materials again
turned ovenot less than three times in a wet condition and wotdgether until a mixture of
uniform consistency is obtained.

For hand mixed concrete the specified quantities of cement shall be indogd€@andnotmore
than0.5 cubic metreshallbe mixedat onetime. During windy weather efficienprecautions
shallbe takento preventcementrom beingblown awayduring theprocess of gauging and
mixing.

4.6 TRANSPORT OF CONCRETE

Theconcreteshallbedischargedrom themixerandtransportedo the Worksby meanswvhich shall
prevent adulteration, segregation or loss of ingredients, and vdtiah ensurgéhatthe concretds of
therequiredworkability atthepointandtime of placing.Thelossof slumpbetweerdischargérom
themixerandplacingshallnot excee@5mm.Themixedconcreteshallbetransportedisingagitator
trucksor transittruck mixers. The agitatingspeedof the drum shall be betweer2 and4 rpm. The
interval betweerfeedingof waterinto themixer drumandfinal dischargingof the concreteshallnot
exceecnehour.

The time elapsed between mixing and placing a batch of concrete shall be as short as practicable
and in any case not longer than will permit completion of placingcampactiorbeforetheonset

of initial set.If theplacingof anybatchof concretas delayedeyond this period, the concrete shal

beplaced inthe Works.

4.7 PLACING OF CONCRETE
a) Consenfor placing
Concrete shall not be placed in any part of the W
in writing, and the Contractor shall give the Engineer at least 1 full workiagynotise of his

intentionto placeconcrete.

If concrete placingisn@ o mmenced within 24 hotheCentractor t he Engi
shallagain request consent as specified above.
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b) Preparatiorof surfaceto receiveconcrete

Excavatedsurfaceonwhich concretds to bedepositedshallbe preparedassetoutin Section
3 of this Specification.

Existing concrete surfaces shall be prepared as set out in Clause 414.dBpdeit@®dn
of further concrete they shall be clean, hard and sound and shall be weittboat any free
standing water.

Any flow of waterinto anexcavatiorshallbedivertedthroughpropersidedrainsto asump, or
be removed by other suitable methods which will prevent washing away the

freshly deposited concrete or any of its constitueAtsy underdrains constructed ftmis
purposeshall be completely grouted up when they are no longer required by a method agreed
by the Engineer.

Unless otherwise instructed by the Engineer surfaces against which concrete is to be placed shall
receive a priocoating of mortar mixed in the proport®aimilarto thoseof the fines portion in

the concrete to be placed. The mortar shall be kept aheadawitceete Themortarshallbewell
workedinto all partsof theexcavategurfaceand shalhot be less than 5mm thick.

If any fissureshavebeen cleanedutasdescribed irSection3 of this Specificationtheyshall
befilled with mortaror with concretasinstructedoy theEngineer.

The amount of mortar placed at any one time shall be limited so that it does notdrgeitefore
beingcoveredwith concrete.

¢) Chutes

In generaltransportatiorof concreteby theuseof chuteswill notbepermittedunlessapproved

by the EngineerThe chute shall have a section with round corners and shall have a proper
fixed slope so as to allothe concrete to flow satisfactorily and without segregaticre

lower end of chute shale provided with a drop chuteot less than 0.6m in height to avoid
segregation of falling concret@he height of drogshall not exceedl.5m. Chutesshallbe
protecedfrom directsunlight,wind and rain.

d) Concretepumpor placer

The type and capacity of pump shall be determined to meet the speeti@ments,
taking into account the placing speed, construction schedule, quatipnofete, location to
which concrete is poured, etc. Diameter of the delivery mphegbenotsmallerthan3 times
of themaximumsize ofaggregateto beusedin theconcrete.

Delivery pipesshallbesoinstalledasto permiteasyremoval Beforestartingthe pump or
placer operation, about one cubic metre of mortar with the same proportieaterf,admixture,
cementand fineaggregateas designatedor the regularconcretemix shall be passed
throughthe pipe. The pipe shall be set as straightand
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horizontallyaspossibleto preventcloggingof the concretemix in the pipe. Thesupports

of the pipe line shall be stiff enough to fix the pipes firmly without adverse effect on forms
and reinforcing steel already set in positi@are shdlbe taken topreventleakage of the
concrete miXromthe pipe line or any othgart.

Air boostersshall not be usedexceptin conditionswhere the outlet of the pipe is
completelyembeddedtleast 2 metres in fresh concrete.

e) Placingprocedures

The concrete shall be deposited as nearfyoasiblen its final position .t shallbeplaced so

as to avoid segregation of the concrete and displacement oitiiercement, other
embedded items, or formwork.shall be brought up in layers approximately parallel to the
construction joint planes and not exceeding 500meompacted thickness unless otherwise
permitted or directed by the Engineer, but kigers shall not be thinner than fotimes the
maximumnominal size of aggregate.

Layers shall be placed so that they do not form feather edges nor shall they beoplacedevious
layer which has taken its initial set. In order to comply with tégsirement, a layer may
be started before completion of the preceeding layer.

All the concrete in a single bay or pour shall be placed in a continuous opeltasioall be
carefully worked round albbstructions, irregularities in the foundaticarsdthe like sothat
all partsarecompletelyfull of compactecconcretewith no segregatior honeycombingit
shall also be carefully worked round and between waterstepgorcementembedded
steelworkandsimilaritemswhich protrudeabovethe surface of the completed pour.

All work shall be completed on each batch of concrete before its initial set commemzes
thereafterthe concreteshall not be disturbedbeforeit hassethard. No concretethat has
partially hardened during transit shaé used in the Workand the transporf concretefrom
the mixerto the point oplacing shalbe such thathis requirementanbecompliedwith.

Concrete shalhot be placed during rain which is sufficienthyeavyor prolonged aso wash
mortarfrom coarseaggregat®n theexposedacesof freshconcreteMeansshallbeprovided
to removeanywateraccumulatingonthe surfaceof the placedconcrete.Concreteshallnot
bedepositednto suchaccumulatiorof water.

In drying weathercoversshallbeprovided forall fresh concretsurfacesvhicharenotbeing
workedon. Watershallnotbeadded taoncreteor anyreason.

Whenconcretas discharge@boveits placeof final depositionsegregatioshallbe prevented
by theuseof chutesdownpipestrunking,bafflesor otherappropriatelevicesasapproved
by the Engineer.

Forms for walls, columns and other thin sections of significant height shall be prowitied
openingor otherdeviceghatwill permittheconcretdo beplacedn amannethat will prevent
segregation and accumulations of hardecatrete on the formworlor reinforcement above the
level ofthe placed concrete.
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When it isnecessary to place concrete under water the Contractossbaiit to theEngineer
his proposaldor themethodandequipmento beemployed.Theconcreteshallbe deposited
eitherby bottomdischargingvatertightcontainersr throughfunnelshaped tremies which
are kept continuously full with concrete up to level abtivewaterandwhich shallhavethe
dischargingbottomfitted with atrapdoorandimmersed in the concrete anderto reduce to
a minimumthe contacbf the concretevith the water. Specialcareshall be takento avoid
segregation.

If the levelof concrete in dremie pipe isallowed to fallto such an extent that watenters

the pipe, the latteshallbe removed fronthe pourand filled with concretdeforebeing

againloweredinto theplacingposition.Duringandafterconcretingunder water, pumping
or dewatering in the immediate vicinity shall be suspendéieikeis any dangerthatsuch

work will disturbthefreshlyplacedconcrete.

f)  Interruptionsto placing

If concrete placing is interrupted for any reason andithiation of the interruption cannio¢
forecasoris likely tobeprolongedtheContractoshallimmediatelytake thenecessargction

to form a constructiorjoint soasto eliminateasfar aspossible feather edges and sloping top
surfaces and shall thoroughly compact the concadteadyplacedin accordancewith
Clause406.All work ontheconcreteshallbe completedwhile it is still plasticandit shall
notthereaftebedisturbeduntil it is hardenough to resist damage. Plant and materials to comply
with this requirement shall beadily available at all imes during concrete placing.

Before concreting is resumed after such an interruption the Contractor shall caricbut
remove alldamagedor uncompacted concretéeatheredgesor any otherundesirable
features and shall leave a clean sound surface against which theoinesétenaybeplaced.

If it becomes possible resume concrete placing without contraveningSibecification
and theEngineerconsentdo a resumptionthe new concrete shalbe thoroughlyworkedin
andcompacteagainstheexistingconcretesoasto eliminateany cold joints.

g) Dimensionsof pours

Unless otherwise agreed by the Engineer, pours shall not be more than two metres high and
shall as far as possible have a uniform thickioess the plan area of twur. Concreteshall
beplacedo thefull plannecheightof all poursexceptin thecircumstances described in sub
clause 405(d).

The Contractoshallplanthe dimensionsand sequence gioursin sucha waythatcracking
of the concrete does not take place due to thermal or shriskagses.

h) Placingsequence

The Contractor shall arrange that as far as possible the intervals between placing successive
lifts of concretein one sectionof the Works are of equalduration. This
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duration shall normally be not less than three or more than seven daydeummbzate
weather conditions unless otherwise agreed by the Engineer.

Where required by the Engineerto limit the openingof constructionjoints due to
shrinkage concreteshallnot be placedagainstadjaceniconcretewhich is lessthan21 days
old.

Whenthedrawingscall for contractiongapsin concretetheseshallbe of thewidths and in the
locations shown on the drawings and they shall not be filled until théni@intervalshown
onthedrawingshaselapsed.

48 COMPACTION OF CONCRETE

The concrete shall be fully compacted throughout the full extent of the placed |afell be thoroughly
worked against the formwork and around any reinforcement atiier embeddedtems, without
displacing themParticular care shall be taken at arises and other cordpasgsSuccessivdayers

of the samepour shall be thoroughlyworkedtogether.

Concreteshallbe compactedvith the assistancef mechanicalmmersionvibrators, unlessthe Engineer
agrees to another method.

Immersionvibrators shall operateat a frequencyof between7,000and 10,000cycles per minute. The
Contractor shall ensurethat vibrators are operatedat pressuresand voltages not less than those
recommendedy the manufacturetin orderthat the compactiveeffort is notreduced.

A sufficient numberof vibratorsshall be operated tenablethe entire quantity of concretebeing
placedto be vibratedfor the necessarperiodand,in addition,standby vibrators shall be availablefor
instantuseat eachplacewhereconcretes beingplaced.

Where the concrete contains aggregate with a nominal size of 75mm orviboagorswith a diameteof
100mmor moreshallbeused.

Vibration shall be continued at each point until the concrete ceases to contractiegéhiof mortahas
appearean the surfacandair bubbleshave ceased to appeafibratorsshallnotbe used tanove concrete
laterally and shall beithdrawn slowly to prevent the formation of voids.

Vibration shall not be applied by way of reinforcementnor shall vibrators be allowed to touch
reinforcement or other embedded items. The vibrators shall be ingertedlly into theconcreteo
penetratethe layer underneathat regularspacing.The spacingshall not exceedthe distance from the
vibratorover which vibration is visiblyeffective.

4.9 CURING OF CONCRETE

a) General

Concrete shalbe protectedduring thefirst stageof hardeningrrom lossof moistureandfrom
the developmerdf temperature differentiaisithin the concrete sufficierio
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causecracking. The methodsusedfor curing shall not causedamageof any kind to the
concrete.

Curingshallbecontinuedor aslongasmaybenecessaryo achieveheaboveobjectives
butin any casdor at leastsevendaysor until the concretels coveredby laterconstruction
whicheveris theshorterperiod.

The above objectives are dealt with in siiuse 407(b) and (c) but nothing shalevent
bothobjectiveseingachievedy asingle methoavherecircumstances permit.

The curing process shall commence as sodheasoncrete itiardenough to resisiamage
from the process, and in the case of large areas or continuous pourspsimadince on the
completed section of the pour before the rest of the pour is finished.

DetailsoftheC 0 n t r @roposalgodcsrringconcreteshallbesubmittedto the Engineer
before the placingf concreteeommencesn the Works.

Formed surfaces may be cured by retaining the formwork in place for the requiiad
period.

If theuseof theforegoingmethodss inappropriatesurfacesvhichwill nothavefurther
concrete bonded to them and whiafe not to receive an application of a finish may be cured by
the application of a curing compound having an efficiency index #axt90 percent.Curing
compoundshallcontaina fugitive dyeto enabletheextent of the spread to be seen easily.

Curingcompounds usedon surfaceexposedo the atmospherahall containsufficient
finely divided flake aluminium in suspension to produce a complete coverbtiee surfacewith
ametallicfinish whenappliedatthe raterecommendedy the manufacturer.

Curing compounds shall become stable and impervious to the evaporation ofrovatie
concrete surface within 60 minutes of applicatidhe material shall not reachemicallywith
theconcretesurfacedor atleastthefirst four daysof thecuringperiod.

If instructedby the Engineerthe Contractorshall,in additionto the curingprovisions sebut
aboveprovide a suitableform of shadingto preventthe direct rays of the sunreachingthe
concretesurfacedor atleastthefirst four daysof the curingperiod.

b) Lossof moisture

Exposed concrete surfaces shall be closely covered with impermeable sipeetiedy
secured to prevent its removal by wind and the development of air spaces iiedeattsin
thesheetinghallbelappedoy atleast300mm.

If for somereason iis notpossible taiseimpermeable sheetintie Contractoshallkeep the
exposedsurfaces continuously wet by means of a water spray or by covering
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with a waterabsorbent material which is kept wet, unless this metioodicts withsub
clause407(c).

Waterusedfor curing shalbe ofthe same qualitgsthatused forconcretemixing asstated in
subclause 702(g).

c) Limitation of temperaturalifferential

The Contractor shall limit the development of temperature differentials in concrete after placing by
any means appropriate to the circumstances including the following:

) Limiting concretetemperaturest placingassetout in sub-clause409(b);
i) Useof low heatcementsubjectto the agreementf the Engineer;
i) Insulation of exposed concrete surface by insulating blankets bfunets

shallhave annsulationvalueatleastequivalent t&Ommof dry mineral wool;

V) Leaving formwork in place during the curing period. Steel forms shall be
suitably insulated on the outside;

V) Preventingrapid dissipationof heatfrom surfacedy shieldingfrom wind;

Vi) Avoiding theuseof watersprayswhensuchusewould causerapid cooling
of thesurface.

4.10 PROTECTION OF FRESHCONCRETE

Freshlyplacedconcreteshallbe protectedrom rainfall andfrom waterrunningover the surfaceuntil it is
sufficiently hard taresistdamage from these causes.

No traffic shallbeallowed on anyconcrete surfacantil suchtime as itis hardenoughto resistdamage
by suchtraffic.

Concreteplacedin the Worksshallnot be subjectedo anyloadinguntil it hasattained at leastits nominal
strengthasdefinedin Clause401.

If the Contractordesirego imposeloadson newly-placedconcreteheshallmakeat leastthreetest cubes
and cure them in the same conditions as the concrete they representubbgseall be tested singly
at suitable intervals in order to estimatee time at which the nominatrengths reached.

4.11 CONCRETING IN HOT WEATHER

a) General

The Contractorshall preventdamageto concretearisingfrom exposureo extreme temperatureand
shall maintainin good working order all plant and equipment
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requiredfor this purpose.

In the event that conditions become such that even with the use of the equipement
requirements cannot bmet, concrete placing shall immediately cease until such timgthe
requirements caagainbe met.

b) Concreteplacingin hotweather

During hot weather th€ontractor shall take all measures necessary to ensure thaniperature
of concreteat the time of placingin the Works doesnot exceed30 degrees centigrade
and that the concrete does not loose any moisture dugngportingandplacing.

Suchmeasuresnayincludebutarenot necessarilyimited to the following:-
vii) Shieldingaggregate$rom directsunshine.
viii) Useof amistwatersprayon aggregates
iX) Sunshieldson mixing plantsandtransportingequipment.
X) Cooling the mixing water. If ice is used for this purpose it should preferably
bein flake form. Lumpice shallnotbeallowedto enterthetank supplying the

mixer drum.

Xi) Covering skips closely with polythene sheet so that the latter is in contécthe
concrete.

Areas in which concrete is to be placed shall be shielded from direct sunshine and rock or
concrete surfaces shall be thoroughly wetted to reduce absorptiatesffromtheconcrete
placedon or againsthem.

After concrete in any part of an area has been placed, the selected curing procdss shall
commence@ssoonaspossiblelf anyintervaloccursbetweercompletionof placing and start

of curing, theconcrete shalbe closely covered durintpe intervalwith polythenesheetto
preventiossof moisture.

4.12 FINISHES ON UNFORMED SURFACES

Horizontalor nearlyhorizontalsurfacesvhich arenot castagainsformwork shallbe finishedto the class
shown orthedrawings andlefined hereunder.

UF 1 Finish

All surfaces on which no higher class of finish is called for on the dravongstructed
by the Engineeishallbe givena UF 1 finish.

Theconcrete shabelevelledandscreeded tproducea uniform plain orridgedsurface,
surplus concrete being struck off by a straight edge immediatelycaftgraction.
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UF 2 Finish

This is a floated finish for roof or floor slabs and other surfaces where a hard trosuetfetdas
notrequired.

The surface shall first be treated as a Class UF 1 finish and after the conciiededbasd
sufficiently, it shall be floated by hand or machine sufficiently only to prodaesiformsurface
freefrom screednarks.

UF 3 Finish

This is ahard trowelled surface for use where weather resistance or appearance is important,
orwhichis subjecto highvelocity waterflow.

Thesurfaceshallbefloatedasfor a UF 2 finish butto thetolerancestatedoelow. When the
moisture film hagdlisappeared and the concrete has hardened sufficiently to prevent laitance from
being worked to the surface, it shall be steel trowelled under firm pressure to padierese,
smooth uniform surface free from trowel marks.

Table4.4- SURFACETOLERANCES

Classof Tolerancein mm. Seenotes
Finish A B C
UF1 N/A 10 +200r-10
UF2 Nil 10 +200r-10
UF3 Nil 5 +12.50r-7.5

Notes:

1. Col. A is the maximumallowablevalueof anysudderchangeof levelin the

surface.

2. Col.B is themaximum allowable value ainy gradual irregularity of theurface,
asindicatedby the gapbetweerthe surfaceanda threemetrelong straightedge or
correctlyshapedemplateplaced on the surface.

3. Col. Cis the maximum allowable value of the difference in level or podititween

a three metre long straight edge or correctly shaped template macte surfacand
the specified levedr position of thasurface.

Where dimensionaltolerancesare given on the drawingsor in this Special
Specificatiortheyshalltakeprecedence ovénosegivenin Table4.4.
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413 MORTAR

This clause covers mortar for use ahead of concrete placing, and other uses notetsaehede in
the Specification.

Mortarshallbecomposeaf fine aggregateomplyingwith sub-clause702(c)andordinary Portland
cement complying with SRN 103. The mix proportions shall be as stateddnatriagsor elsewhere
in this Specification oif notstated shalbe one partof cemento two parts of fine aggregate by weight.

Small quantities omortar may be hand mixdalit for amounts over 0.5 cubic metrengechanicamixershall
beused.

Thewatercontentof the mortarshallbe aslow aspossibleconsistentvith the usefor whichiit is required
but inanycasethewater/cement ratio shaibtbemorethan0.5.

Mortarwhichis specifiedasé d p § cskaBbemixedwith sufficientwaterfor themix to become cohesive
but notplasticwhen squeezed in the hand. Dry pack mortar dbafammed intahe cavityit is required
tofill, usingahandrammewith sufficientforce to ensurdull compaction.

4.14 CONCRETE FOR SECONDARY PURPOSES

a)  Nonstructuralconcrete(NS concrete)shall be usedonly for nonstructural purposes where
shown on the drawings.

NS concreteshall be composedf ordinary Portlandcementcomplyingwith SRN 103 and
aggregatesomplyingwith SRN108-111includingall-in aggregatevithin thegrading limits of SRN
109 and SRN 111.

The weight of cement mixed with 0.3 cubic metres of combined-an atjgregatshallnot be
less than 50 kgrhe mix shall be proportioned lweightor by volume. The maximumaggregate
sizeshallbe40mmnominal.

The concrete shall be mixed lnyachine or by hand to a uniform colour acwhsistencybefore
placing. The quantity of waterusedshall not exceedhatrequiredto producea concretewith
sufficientworkability to be placedand compactedvhererequired.

The concreteshallbe compactedy handor by mechanicalibration.

b)  No Finesconcrete (NF concreté intended folusewhere goorous concretés required anghall
only beusedwhereshownonthedrawingsor instructedby the Engineer.

The mix shall consist adrdinary Portland cement complying with SRN 115. The aggregate
size shall be 40mm to 10mm only. The weight of cement mixed with 0.3 méire of
aggregateshall not belessthan50 kg. The quantityof watershallnot exceedhatrequiredto
producea smoothcementpastewhichwill coatevenlythewholeof the aggregate.
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4.15 RECORDSOF CONCRETE PLACING

Recordsin aformagreedy the Engineershallbekeptby the Contractoof the detailsof everypour
of concreteplacedn theWorks. Theserecordsshallincludeclassof concrete|ocationof pour,date
of pour, ambienttemperatureand weatherconditionsduring mixing and placing and concrete
temperaturat time ofplacing,moisturecontentof aggregatesietails of mixeshatchnumbers, cement
batch number, results of all tests undertaken, locatitiestcubesamplepointsanddetails of anycores
taken.

The Contractoshall supply to theEngineer four copies of these recomschweek coveringwork
carriedoutthe preceedingveek.In addition,he shallsupplyto the Engineemonthly histogramsof
all 28-daycubestrengthgogethemwith accumulativeandmonthlystandardieviationsand any other
information that the Engineer magquireconcerningheconcreteplacedn theworks.

4.16 CONSTRUCTION JOINTS

Wheneverconcreteis to be bondedto otherconcretewhich hashardenedthe surfaceof contact
betweerthesectionshallbedeemed constructionfoint.

Whereconstructionjoints are showron thedrawings,the Contractoshall form such joints in those
positions. The location of joints which the Contractor requires to rakthe purposeof construction
shallbe subjecto theagreement aheEngineerConstruction joints shall ba verticalor horizontal
planesexceptin sloping slabsvheretheyshallbe normalto the exposedsurfaceor elsewheravhere
thedrawingsrequireadifferentarrangement.

Construction joints shall be so arranged as to reduce to a minimum the effelotislafgen the
concreteafter placing,andshallbe placedin the mosiadvantageougpositionswith regard to stresses
the structures anthe desirability ofstaggeringjoints.

Feather edges of concrete at joint shall be avoided and any feather edges whidvenfoymed where
reinforcing bars project through a joint shall be cut back snotindconcretehasbeenreached.

Theintersectiorof horizontalor nearhorizontaljoints andexposedacesof concreteshallappeaias
straightlines producedy useof a guidestrip fixed to the formwork at thetop of the concrete lift, or by
other means acceptable to the Engineer.

Constructiorjoints formed as free surfaces shall not exceed a slope of 20 pdroreriie horizontal.
Thesurfaceof the freshconcreten horizontalor near horizontaljoints shall be thoroughlycleaned
androughenedy meansf highpressuravaterandair jetswhentheconcretas hardenough to withstand

the treatment without the leaching of cemefibe surface of vertical amear vertical joints shall be
similarly treatedif circumstancespermit the removal of formwork atsuitable time.
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Where concrete has become too hard for the above treatment to be successful, thefsttfatermed
orfreeis to bethoroughlyscrabbledy mechanicainean®r wet sandblastedandthenwashedvith clean
water. The indentationproduced byscrabblingshallbenotless tharlOmmdeepandshallnot extend
closerthan40mmto afinishedface.

If instructedby theEngineethesurfaceof the concreteshallbethoroughlybrushedwith athin layer

of mortar composed of one part of cement to paots of sand by weigtgnd complying with

Clause 411 all as set out in sclause 405(b) immediatelgrior to thedeposition of fresh concrete.

The mortar shall be kept just ahead of the fresh concrete being placed and the fresh layer of concrete
shall bethoroughly andsystematicallyibratedto full depth to ensure completend with theadjacent

layer.

No mortar or concrete maye placed in position on against a construction joiantil thejoint hasbeen
inspectedandpassedy the Engineer.

4.17 EXPANSION AND CONTRACTION JOINTS

Expansion and contraction joints are discontinuities in concrete designed to allow threothal
movements in the concrete.

Expansiorjoints areformedwith agapbetweertheconcretdacesto permitsubsequent expansion
of theconcrete Contractionjoints areformedto permitinitial contractionof the concreteand may
include provision fosubsequent filling.

Expansion and contraction joints shall be formed in the positions and in accond@hd@e details
shown on the drawings elsewhere ithe Specifications.

418 WATERSTOPS
All referencego waterstopsncludegroutstops.

Waterstops shall be of the material and form shown on the dravilegaaterstopmaterial shall be
brought on the sitentil the Contractor has submitted full details thie materialshe proposes to use,
including samples, and these have been teste@ppibved by the Engineekll sampleshallbeof adequate
lengthfor testing.

Waterstops shall be made of materials which are resistant to chlorides, sulphates, degletvus
substances which may be present in the environment of the Works.

Rubbemwaterstops malgeof naturarubberandshallhave arelongatioratbreaking stresf atleasts00
percentat25degreesentigradeandshallallow ajoint movemenbf atleastsOmm.

Polyvinyl chloride (PVC) waterstopsshall be extrudedfrom an unfilled plasticisedPVC polymer or
copolymerwhich doesnot containany reclaimed orscrapPVC. PVC waterstopsshall have an
elongation at breaking stress of at least 225 percent degfeesentigradeand shallallow a joint
movemenbf atleastlOmm.
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Low moduluswaterstopshallbeof rubberor PVC asdescribedibovebutshallhaveanelongation
of atleast200perceniat 25 degreesentigradeundera tensilestressof 6 N/mm¢ andshallallow a joint
movemenbf atleastsOmm.

Waterstops shall be supplied in lengths as long as possinisistent with ease of handling and
construction requirements.

In rubberor plastic materials,joints other than butt joints shall be supplied ready made by the
manufacturer. Butt joints shall be made on site in accordance witmthen u f a anstructioasr 0 s
andwith equipmensuppliedfor the purposeby the manufacturer.

Waterstop material shalbe stored carefully on site to avoid damage amtitamination with oilgreaseor
otherpollutants.Rubberandplasticwaterstopshall be storedin cool well ventilatedplaces away from
direct sunlight.

Rubberand plasticwaterstopsvhich areembeddedn oneside of a joint morethan one month
beforethescheduledlateof placingconcreteontheotherside,shallbeprotected from the sun.

Waterstops shall be firmly fixed in the formwork so that they cannot be displaced during concrete
placing and shall be completely free of all dirt, grease, oil, etc., befa@ng concrete Where
eyeletsareprovidedtheseshallbefully wiredto the reinforcemenandbe the only means whereby the
waterstop is fixed. In na@ircumstances shall a waterstoppuecturedvith nailsetc. asa meanf

fixing.

Concreteshallbe placedcarefullyroundwaterstopssoas to avoiddistortionor displacement and shall
be fully compactedWhere waterstops lie in a horizontalr@arlyhorizontalplane theContractorshall
ensurethatnovoids are left on the undersideof thewaterstop.

Formworkaround waterstops shak carefully removed tavoiddamage. If waterstops suffany
damage whicttannotbe properlyrepaired insitu the Engineemmayrequirea section ofconcrete to
be removed anthe waterstop replaced.

419 GROUTING OF POCKETS AND HOLES AND UNDERPINNING OF BASEPLATES

Pockets and@iolding-down bolt holes shall be thoroughly cleaned out using compragsed water jet.
Holes drilled by a diamond bit shall be roughened. pbekets and holes shall fifed with groutconsisting
of cementandcleanfreshwatermixed in proportionof two partsby weightof cemento onepartby
weightof water.Thepouringof liquid groutshallceaseas sooraseachholeis filled andanyexcess
groutonthesurfaceof the concretdoundationshallbe completelyremovedandthe surfacedried off
beforethe nextoperatiorproceeds.

The space between the top surface of foundation concrete and the undersidmsdpiates shall
be filled with a special mortar made up in the following proportions:

7 PortlandCement............cccceunn.. 50kg.
1 Fineaggregate............ccceeeuueee 50kg.
1 An additiveacceptabldo the Engineerto counteracshrinkagein proportions

51



recommendedby the manufacturer.

The specialmortar shall be mixed with the lowest watercementratio which will result in a
consistencyf mix of sufficientworkability to enablemaximum compactioto be achieved.

Thespecialmortarshallthenbewell rammedn horizontallybelowthebaseplatand from oneedgeonly
until it is extruded from the other three sid&he mortar whicthasextrudedshallthenbe rammed back
to ensure completsupport without voids.

420 REMEDIAL WORK TO DEFECTIVE SURFACES

If on stripping any formwork the concrete surface is found to be defective in anyhe&gnntractor
shall makeno attemptto remedysuchdefectsprior to the E n g i niaspectidr&ndthe receipt of any
instructions which th&ngineer mayjive.

Defectivesurfaceshallnotbe madegoodby plastering.

Areas of honey combing (of a mild nature) which the Engineer agrees may be rephakde cut backto
soundconcreteor to 75 mmwhicheveris the greatedistance. Inthe caseof reinforced concretéhe area
shall be cut back to d&ast 25mntleardistancebehindthe reinforcementor to 75mm,whicheveris the
greaterdistanceThe cavity shall have sides at right angles to the face of the conévigde cleaning out
with water and compressed air, a thin layer of cergentit shall be brushed on to tbencrete surface
in the cavity and it shall then be fillédmediately with conate ofthe same class as the main body but
with aggregate larger tha20mm nominal sizeremoved.A form shall be usedagainstthe cavity,
providedwith alip to enable concrete to be placed. The fehallbe filled to a point above the top
edge of thecavity.

After sevendaysthe lip of concreteshall be brokenoff and the surfacegroundsmooth.

Surfaceirregularitieswhich areoutsidethe limits of tolerancesetoutin Clause410shall be ground
downin themannerandto theextentinstructedoy theEngineer.

Severehoneycombing@nddefectsotherthanthosementionedaboveshall be dealtwith asinstructed
by the Engineer.

4.21 BENDING REINFORCEMENT
Unlessotherwiseshownon the drawings,bendingand cutting shall comply with SRN 129.
The Contractor shall satisfy himself as to the accuracy of any bar bending scheygisdand shall be
responsible forcutting, bending, andixing the reinforcement inaccordance with thelrawings.Any

discrepancieshouldbe broughtto the attentionof the Engineerprior to orderingthereinforcement.

Barsshallbe bentcold by the applicationof slow steadypressureAt temperaturebelow5 degrees
centigradeherateof bending shalbe reduced necessaryo prevenfractureof the steel.
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After bending, bars shalie securelytied together inbundlesor groupsandlegibly labelledassetoutin
SRN129.

Reinforcementshall be thoroughly cleanedand all dirt, scale,loose rust, oil and othercontaminants
removedbeforeit is placedin theWorks.

4.22 FIXING REINFORCEMENT

Reinforcemenshall be securelyfixed in positionwithin a dimensionakoleranceof 20mmin any
directionparallel to a concrete faead withina tolerance of 5mratright angles to a face, provided
that the cover is not thereby decreased below the minishawn on thelrawings, or if not shown
shall be not less than 25mm or tiemeter of the bar, whichever is the greafaver on distribution steel
shall not beless than 15mm or the diametertbk bawhicheveris thegreater.

Unlessotherwiseagreedy the Engineerall intersectingbarsshalleitherbetied togethemwith 1.6mm
diametersoft annealedron wire andthe endsof thewire turnedinto thebody of the concretegr shallbe
secured witha wireclip of a typeagreedby theEngineer.

Spacer blocks shall be used for ensuring that the correct cover is maintainedenfoheement.
Blocks shall be as small as practicable and of a shape agreed Engfeeer.They shall be madeof

mortarmixedin the proportionsof onepartof cemento two partsof sand.Wirescastinto theblock
for tying in to thereinforcementshallbe 1.6mmdiametersoft annealed iron.

Alternatively anothertype of spacerblock may be used subjectto the Engi neer 0s
agreement.

Reinforcemenshall be rigidly fixed so that no movementcan occur during concreteplacing. Any
fixings madeto theformwork shall notbewithin thespacdo be occupiedby theconcretecurrentlybeing
placed.

No splices(laps)shallbe madein the reinforcemenexceptwhereshownon the drawingsor agreed
by theEngineer Splicelengthsshallbeasshownon the drawings.

Reinforcemenshallnotbeweldedexceptwhererequiredby the Contractor agreedby the Engineer.

If welding is employed, the procedures shall be as set out ing8RNor gasvelding or SRN 919 for
metal arc welding. Full strength butt welds shadlly be used for steel complying with SRN 126, and if
used orhigh yield deformecbarscomplyingwith SRN126the permissiblstresses in the vicinitgf the
weld shallbereducedo thoseapplicableto plainbars complying with that Specification.

Mechanicalsplicesshallnotbe usedunlessthe Engineeragreestherwise.

The Contractor shall ensure that reinforcement left exposed in the Works stalffeotlistortion,
displacementr otherdamage. Wher is necessaryo bend protrudingreinforcemenaside temporarily, the
radius of the bend shall not lessthan four times the bar diameter for mild steel bars or six times the bar
diameter forhigh yield barsSuch bends shall be carefully straightebetbreconcreteplacing continues,
without leavingresiduallinks or damaginghe
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concrete around them. In rarcumstances wilheating and bending of high yield béespermitted.
Barscomplying with SRNL27 or otherhightensilebarsshallnot be bentafterplacingin the Works.

Before concrete is placed in any section oMfarks which includes reinforcemetibereinforcement
shallbe completely clean and free fradhcontamination includingoncretavhich mayhave beedeposited
on it frompreviousoperations.

TheE n g i nappeowafios concreteplacingis to besoughtn writing for eachpour, leavingadequate
time to inspectand rectify any defectsnotedin the formwork, falsework, reinforcementscaffolding,
concretingarrangementstc.
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5 FORMWORK

5.1

5.2

FORMWORK FOR CONCRETE Definitions

Formwork meansthe surfaceagainstwhich concreteis placedto form a face,togetherwith all the
immediatesupportdo retainit in positionwhile concretes placed.

Falseworkmeansthe structuralelementssupportingboth the formwork and the concreteuntil the
concretedbecomeselfsupporting.

A formedfaceis onewhich hasbeencastagainstormwork.

An exposedaceis onewhichwill remainvisible whenconstructiorhasbeencompleted.

CONSTRUCTION OF FORMWORK AND FALSEWORK

Beforeconstructionbegins the Contractorshall submitto the Engineerdrawings showingdetailsof the
proposedormworkandfalsework.

Formworkandfalsework shalbe so constructed that they will support the ldagsosedon them by
the fresh concrete together waklditional stresses imposed kiprating equipment and by constructitraffic,
sothat after the concrete hdsardenedheformedfacesshallbein the positionsshownon the drawings within
the tolerancesetoutin Clauses06.

Groundsupportsshallbe properlyfoundedon footingsdesignedo preventsettlement.

Jointsin formwork for exposedacesshall, unlessotherwisespecified,be evenly spacedndhorizontal or
vertical and shall be continuous forma regulaipattern.

All jointsin formworkincludingformwork for constructiorjoints shallbetight againstheescapaf cement,
waterandfines.Wherereinforcemenprojectsthroughformwork, theform shallfit closelyroundthebars.

Formworkshallbesodesignedhatit maybeeasilyremovedrom thework without damageo thefaces of the
concrete.lt shall also incorporate provisions for makimginor adjustments iposition if required,to ensure
the correctlocationof concretefaces. Due allowanceshall be madein the position of all formwork for
movementnd settlementinderthe weightof fresh concrete.

Whereoverhangsn formwork occurmeansshall beprovidedto permitthe escapef air andto ensure that
the space is filled completely with fully compactezhcrete.

Formworkshall be providedfor concretesurfacesat slopesof 30 degreego the horizontalor steeper.
Surfacesat slopedessthan20 degreesnay be formedby screedingSurfacest slopeshetween 20 degrees
and 30 degrees shall generally be formed unless the Contractieranstratéo the satisfactiorof
the Engineerthatsuchslopescanbe screedeadvith the useof specialscreedboardsto hold the concreten
placeduringvibration.
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Horizontalor inclined formwork to the uppersurfaceof concreteshall be adequatelysecured against
uplift dueto the pressure of fresh concrétermwork tovoidswithin thebodyof the concreteshallalso
betied downor otherwisesecurechgainstfloating.

Theinternalandexternalangleson concretesurfaceshallbe formedwith fillets andchamfersof the sizes
shown on the drawings unless otherwise instrubiethe Engineer.

Supportdor formwork for nonwaterretainingstructuresnaybe bolted to previouslyplacedconcreteprovided
thetypeof bolt useds acceptabléo the Engineerlf metal tiesthroughthe concreteareused in conjunction
with bolts, the metal left in shall ndie closethan50mmto thefaceof theconcrete.

Supportdor formwork for waterretainingstructuresnaybeboltedto previouslyplacedconcrete provided
thetypeof boltsandpositionsof fixing areacceptabléo theEngineerAfter concreting the Contractshall
removeall supportbolts and sealall holes withwell rammed cement/sand mortaontainingapproved
waterproofingcemeniadditive. Metal tieswhichwould beleft in the concretshallnotbe permitted.

Formworkshallnotbere-usedatfterit hassuffereddamageavhichin the opinionof the Engineetis sufficient
to impairthefinishedsurface®f the concrete.

Wherecircumstancegpreventeasyaccesswvithin the form for cleaningand inspectiontemporary openings
for this purposeshallbe providedthroughthe formwork.

Shearkeysshallbe providedin all constructiorjoints of thesizeandshapedndicatedonthe drawings.

Where precastconcreteelementsare specified for use as permanentormwork, or proposedby the
Contractorandagreedy the Engineer they shallcomply with the requirement®f the Specification.
Suchelementshallbesettrueto line andlevel within thetolerancegrescribedor theappropriateelassof

finishin Clause506and fixed sothattheycannotmovewhenconcretds placedagainsthem.

5.3 PREPARATION OF FORMWORK

Beforeanyreinforcements placedinto positionwithin formwork, the lattershallbe thoroughlycleaned
andthen dressed withrelease agenfTheagent shabeeither

a suitableoil incorporatinga wetting agent,an emulsionof water suspendedh oil or a low viscosity oil
containingchemicalagentsThe Contractorshallnot use aemulsionof oil suspendeth waternorany
release@genthichcausestainingor discoloratiorof theconcreteair holesontheconcretesurfacepr retards
thesetof theconcrete.

In orderto avoid colour differenceon adjacentconcretesurfacespnly onetype of releaseagentshallbe
usedn anyonesectionof theworks.

In cases where it is necessary to fix reinforcement before placing formwork, all qudpaeation
of formwork shall be carried out before it is placedinto position. The Contractorshall not allow
reinforcemenbr prestressingendongo be contaminateavith formworkreleaseagent.
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5.4

Before placingoncrete all dirt, constructiatebrisand otheforeign matter shable removeccompletely
fromwithin theplacingarea.

Beforeconcreteplacingcommencesall wedgesandotheradjustingdevicesshallbe securedagainst movement
duringconcrete placingnd the Contract@hall maintaina watchontheformwork during placingto ensurghat
nomovemenbccurs.

REMOVAL OF FORMWORK

Formworkshallbe carefullyremovedwithout shockor disturbanceo the concrete No formwork shallbe
removeduntil the concretehasgainedsufficient strengthto withstandsafelyany stresses tavhich it may
therebybesubjected.

Theminimumperiods whictshallelapsébetween completioaf placingconcreteand removalof forms are
given in Table 5.1 and apply to ambient temperatures higher than 10 degmégsadeAt lower
temperaturesrif cemenbtherthanordinaryPortlandareinvolved,the Engineemayinstructthatlonger
periodsheused.

Alternatively, formwork may be removedwhen the concretehasattainedthe strength setout in Table 5.1,
providedthat the attainedstrengthis determinedoy making test cubesand curing them underthe same
conditions as theoncrete to which thegefer.

Compliancewith theserequirementshallnot relievethe Contractorof his obligationto delayremoval
of formwork until theremovalcanbe completedwithoutdamageo theconcrete.

Table5.1- MINIMUM PERIODSFORFORMWORKREMOVAL

Positionof Formwork Min. periodfor Strengthto
tempoverl0 beattained
degrees

Vertical or nearverticalfacesof massconcrete
24hours 02C

Vertical or nearverticalfacesof reinforcedwalls, 48 hours 0.3C

beamsandcolumns

Undersidef archesheamsandslabs 4 days 05C

(formworkonly)

Supportdo undersideof archespeamsand 14days C

slabs

Archedliningsin tunnelsandundergroundworks 24 hours 4N/mme

Note: Cisthenominalstrengthfor the classof concreteused

If the Contractomishesto strip formwork from theundersideof archespeamsand slabsbefore theexpiry
of the periodfor supportssetout above,it shallbe designedsothatit canbe removedwithout disturbing
thesupportsTheContractoshallnotremovesupportgemporarilyfor the purposeof strippingformwork
andsubsequentlyeplacethem.
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As soon as the formwoitas been removelpltholes in concrete facesherthan constructiorjointswhich
arenot requiredfor subsequenbperationsshall be completelyfilled with mortar sufficiently dry to
preventany slumpingat the face. The mortar shall be mixed in the samproportionsasthe fine
aggregatandcemenin thesurroundingoncreteandwith the samematerialsandshallbefinishedflush
with thefaceof theconcrete.

5.5 SURFACEFINISHES ON FORMED SURFACES Classe%f finish
Thesurfacdinishto beachieven formedconcretesurfaceshallbeasshownonthe drawingsanddefined
hereundek:

a) ClassF1finish

Thisfinishis for surfacesagainstvhich backfill or furtherconcretewill beplaced Formworkmaybe
sawnboardssheetmetalor any othersuitablematerialwhich will preventthelossof fine materiafromthe
concretébeingplaced.

b)  ClassF2finish

This finish is for surfaces which are permanently exposed to view but where the tugeird ofinish is not
required Formsto providea ClassF2 finish shallbefacedwith wroughtthicknessed tongueahdgrooved
boardswith squaresdges arrangeid a uniform patternandclosejointedor with suitablesheeimaterial. The
thicknesof boards or sheetshallbesuchthatthereshallbeno visible deflectionunderthe pressurexertedoy
the concreteplacedagainstthem. Joints betweenboards or panelshall be horizontaland vertical unless
otherwise directedlhis finish shall besuchasto requirenogenerafilling of surfacepitting, but fins surface
discoloration anadther minodefectsshallbe remediety methodsgreedy theEngineer.

¢) ClassF3finish

Thisfinishis for surfacesvhichwill bein contactwith waterflowing athighvelocity,andfor surfaces
prominentlyexposedo view wheregoodappearances of specialimportance To achievethisfinish,
whichshallbefreeof boardmarks theformwork shallbefacedwith plywoodcomplyingwith B.S. 1088 or
equivalentmaterial inlarge sheetsThe sheetshallbearranged in ampproved pattern. Wherevpossible,
joints betweersheets shall be arranged to coincide aitthitecturafeaturesor changesn directionof the
surface.

All joints between panels shall be vertical and horizontal unless otherwise diggtatlgoints shall
be provided between sheets maintainaccuratealignment in the plane of theheetsUnfaced
wroughtboardingor standardteelpanelswill notbepermittedfor ClassF3finish. The Contractor shall
ensure that the surface is protectexin rustmarks,spillagesandstainsof all kinds.

d)  Curvedsurfaces

ForcurvedsurfacesvhereF2or F3finishesarecalledfor, the formwork faceshallbe built up of splines cut
to make a tight surface which shall then be dressed to producedoéedfinish.

Alternatively, single curvaturesurfacesmay be facedwith plastic or plywood linings attachedo the
backingwith adhesiveor with escutcheopinsdrivenflush. Linings shall not bulge, wrinkle or
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otherwisedeformwhensubjectedo temperatureand moisture changes.

5.6 TOLERANCES

All partsof formed concretsurfaces shabe in thepositions showion the drawingsvithin the tolerances

setoutin Table5.2.

In casesvherethe drawingscall for tolerancestherthanthosegivenin Table5.2the tolerances showon

thedrawingsshalltakeprecedence.

Whereprecasunitshavebeensetto a specifiedtolerancefurtheradjustmentshallbe madeas necessaip
produce a satisfactory straight or curved line. When the Engiresapprovedhealignment, the Contractor

shall fix theunitsso that there is no possibilityf furthermovement.

Table5.2- TOLERANCES

Classof finish Tolerancesn mm(SeeNote)
A B C
F1 10 10 +25t0- 10
F2 5 10 +or-15
F3 2 5 +or-10

Note: Thetoleranced\, B andC givenin thetablearedefinedasfollows:

1. Column A is an abrupt irregularity in the surface due to misaligned formarork

defectsn theface oftheformwork.

2. Column B is a gradual deviation from a plane surface as indicatedtgigit
edge3mlong. In the caseof curvedsurfaceghe straightedgeshall bereplacedoy a
correctlyshapedemplate.

3. ColumnC istheamountby whichthewholeor partof aconcretdaceis displaced

from the correcpositionshownonthedrawings.
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6 MASONRY

6.1 GENERAL
All masonrywork shallbe constructedrom building stoneasspecifiedin Clause804.

For culvertheadwallsandothersmall works, the stoneshall, unlessotherwisespecified,be rough dressed.
For walls, facing and other exposedworks the stoneshall unlessotherwisespecified,be mediumchiset
dressed.

6.2  WORKMANSHIP

The Contractorshallprovideandusepropersettingoutrodsfor all work.

Stonesshallbe well soakedbeforeuseandthetopsof walls shallbe keptwet asthe work proceeds.
The stones shall be properly bonded so that no vertical joint in a ciswgtein 115mmof ajoint in theprevious
course Alternatecoursef walling atanglesandintersectionshallbe carriedthroughthefull thicknessof

theadjoiningwalls. All perpendgevealsandotheranglesof thewalling shallbebuilt strictly trueandsquare.

Thestonesshallbe beddedjointedandpointedin mortarl to 3 in accordancavith ClauseZ07 with beds
and joints 9mm thick flushed up and grouted solid as the work proceeds.

All' masonrywork shallbe curedin accordancevith therelevantrequirement®f Clause 409.

6.3 CAST STONEWORK

Caststone shalbeasspecified in Claus&11. Facing stoneshallbebroughtup in courseo a heighnot
exceedingl metreat a time the concretebacking beinghenbroughtup andwell incorporatednto and
roundthe backsof the stonesandthe projectingmetaltiesto ensurea complete bond. The stones shall be
bedded and jointecs showron thedrawings.

All materialsmoulds mixing, castingandsurfacereatmentsetting jointing andpointing, and allcentering,

scaffoldingandlabourrequiredto completethe caststoneworkspecifiedor asshownonthedrawings shallbe
includedin theratesfor suchwork.
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7 MATERIALS

7.1 GENERAL

Theapprovalin writing or otherwiseby the Engineerof any materialsshallnotin anyway whatsoeverelieve
the Contractorfrom any liability or obligationunderthe Contractand no claim by the Contractoron
accounbf thefailure,insufficiencyor unsuitabilityof anysuchmaterialswill be entertained.

a)

b)

All items shall be suitable for water works purposes and for use with coldingigdiation and
operation being in a tropical climate.

All itemshereinaftespecifiedshallbeto suchotherStandarcbr Specificatiorwhichin the opinion

of theEngineerprovidesfor a quality of materialandworkmanshimotinferior to the Standard
ReferencéNumber (SRNYjuoted. The Standarcbr Specificatiormustbe submittedo the Engineer
for approvalbeforecommencemerdf work.

All ferrouspipesandfittings shallbe coatedwith a protectivepaintsuitablefor usein and transport
througha tropicalclimate.

The Contractor shall supply to the Employer a certificate stating that each stguplied has been
subjected to the tests hereinafter ld@ivn and conforms all respectdo thesaidSpecification.

The Contractor shall provide adequate protection to all piping, flanged igmsalvessoasto
guard effectively against damage in transit and stoaagingressof foreign matteinsidethe
valves.

All pipeworkandfittings shall be subjected to a works hydrostatic f@®ssuravhich shallbe not
lessthantwice the maximumoperatingpressure.

The Contractorshouldexercisediligenceto providethe bestmaterial.

Whereapplicablethema n u f a cSpegificaiondsisouléiccompanyall offers. The nameof the
manufacturemustin everycasebestated.

Wherenecessaryhe Contractorshall providerubbergasketdo complywith SRN208 and all
other bolts, nutsyashersetc. to undertake jointing at fittingstc.

Any articlesrequiredunderthis Contractwhicharefoundto befaulty dueto a crack,
flaw or any otherreasoror is notin accordancevith the Specificationstipulated will
not be accepted nor withe Employer be liable for any chargesrespectof suchan
article. Whereanysuchrejectedarticlecan,in the opinionof the Engineerbe rendered
usable, the Contractonay deal with it accordinglyandincludeit in the Contractta
priceto be mutuallyagreedStraightpipeswhich have been cut will be accepted at the
discretion of théengineer, providethe lengthis not lessthan4 metresor two thirds

of the standardength
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whicheveris the lesserandwill bepricedpro-rata.

)  Wherevemossible,samplesof pipesandfittings shallbe submittedfor approvalof the Engineer
prior to the Contractorobtainingthetotal requirements.

7.2 GALVANISED PIPESAND SPECIALS

All piping shall conform to SRN 823 aldRN 903 f or A Meedpipesmniiallb@scrpwedagd
sockettedcoupledorflanged.

All specialshallbeof suchdimensionsaswill matewith thepiping supplied. Screvdownstopvalves
shallconformto SRN 826. Barrelnipplesshall conformto SRN823and all otherspecialsshall conformto
SRN824.

All pipes supplied shall be certified by the manufacturer to have been teségandancevith the relevant
Standardpecification.

7.3 DUCTILE IRON AND CAST IRON PIPESAND SPECIALS
All castiron piping andfittings shallconformto therequirementsf SRN200.

Ductileiron pipesandfittings shallcomplywith SRN202.Whererequiredthe pipesshallbeprotected
asspecifiedby the manufactureof the pipes andshall be usedas recommendedly the manufactureof the

pipe.

Wheretherequirementsncludefor thesupplyof flexible couplingsthe Contractoshall submitfor approval
by the Engineer full details of the type of joint offered and a full descritidime methodof jointing
prior to arrangingor thedeliveryof goodsonsite.

All flexible couplings shall be protected from corrosion by wrapping with Denso pastetagrebr by some
similarapprovednaterial.

Thequalityof metalusedfor themanufacturef thepipesshallbeof goodquality grey castiron andsubject
to the variousquality control testsasspecifiedin the relevantStandards.

All piping and fittingsshallbe coated internallwith cement mortalining to SRN211. Cementmortar
lining shallnot contain any constituents soluble in water nor iagyedientwhich couldimpartanytaste
or odourwhatsoeveto thewateraftersterilizationandwashingout of themains. Externgbrotectiorto beas
specifiedin SRN258.

The flangesof straightpipesshall be at right anglesto axis of the pipe andthe facesof the flangesshallbe
parallelandmachinefinished.

The faces of the flange fittings shall be at right angles to the directional axis. The holesshall beconcentric
with the bore and located symmetrically off the centre line.
In flangedpipeworkthe holesin oneflangeshallbelocatedin line with thosein the other. All flangesshallbe

drilled to SRN207,unlesotherwisedetailed.
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Theweightsof the pipeandfittings shallcomplywith the Specificationin therelevantStandard.

7.4 ASBESTOSCEMENT PIPES AND SPECIALS
All piping andbendsshallbe plain endedsuitablefor usewith flexible couplingsand shallcomplywith the
requirement®f SRN 401. Fittings shall be of ashestogementor cast iron complyingwith requirementsf

SRN201,or mild steelcomplyingwith SRN210.

Wherepossible fittings shall haveplain endsof anexternaldiameterequalto thatof the ashestogement
pipes and shall be suitable for use with asbestos cement, cast iraiidosteelmechanicaloints.
Where compatible external diameters of fittings and pigg@otbe supplied suitablesteppedouplingsof
approvednanufactureshallbeused.

Flexible couplingsshallbe suppliedcompletewith bolts, nuts,washersandjoint ringsasmay be required.
All metalpartsof thejoints shallbeadequatelyrotectedvith rustproof paint.

Thecouplingsshall,if requiredoy the Engineer pe protectedrom corrosionby wrapping with Densopasteand
tapeor by somesimilarapprovednaterial.

TheContractoshallsubmitfull detailsof thetypeof joint anda full descriptionof the methodof jointing.
Thelengthsof piping suppliedshallbein accordancevith SRN401.

All pipes and bends supplied shall be certified by the manufacturer to have been tastedlance
with therelevantlause®f Standardpecification.

Unlessspecified,the pipes,joints and bendsshall be coatedinternally with cement mortafining
complyingwith SRN 212. This lining shouldnot impart any tasteor odourto the water. External
protection for pipes, joints and bertdsbe as specified in SRN 212.

Precautions shall be taken to avoid damage to the pipedittingsduring handling andstoringand during
laying, all to thesatisfaction othe Engineer.

Where ferrules are tapped into the piping, saddles should be used, otherwisecsanédctiongan
beincorporatedy useof suitabldongcollarjoints.

7.5 STEEL PIPESAND SPECIALS

All piping shallbe plainendedunlessotherwise specified argliitable fouse withflexible mechanical
couplings.The grade of steel used shall comply with theguirementef SRN213.

Thepipesshallbe weldedor seamlesandshallconformto SRN210.

All thepipesshallbeinternallyprotectedvith cemenimortarlining in accordancevith SRN212.External
protectiorto beasspecifiedn SRN241.

All joints shallbe of the flexible mechanicatype andshallbe suppliedcompletewith all bolts, nuts,washers
andjoint ringsasmaybe required.All metalpartsof joints shallbeadequatelyrotected
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with rustproofpaint. Thejoints shallbe protectedrom corrosionby wrappingwith Densopasteandtape
or by somesimilar approvednaterial.

All fittings andspecialsshallbe of suchdimensionsaswill mateup with the piping supplied.

Flangedadaptorsshall be piecessuitablefor connectinga flangedgatevalve etc. to the type of piping
suppliedandshallbe suppliedcompletewith all bolts, nuts, washerandjoint rings.

The spigot ends of all Teesshall be suitable for connectionto the pipework supplied using the
aforementioned flexible mechanical joinBranches shall be flanged witangesdrilled to NP 16in accordance
with SRN207,unlessotherwisedetailed.

All flangeson specials shationform to NP 16 in accordance with SRN 207, untgkerwisedetailed.

All flanged joints shall be protected from corrosion by wrapping with Denso pastdaelor someimilar
approvednaterial.

7.6 UNPLASTICISED uPVCPIPES
Unplasticised?VC piping shallbein accordancgvith SRN300.

The maximumsustainedvorking pressureo whichthe pipesand fittings willbe subjecteds basecn
waterat a temperaturef 20 degreesentigrade.

The Contractorshallsubmitfull detailsof thepipesheintendsto supply.

The pipesuptoandincluding40mmdiametercanbe of a solventweld type. The pipe shallbe supplied
with interchangeablsocketgreformedat thefactoryandof suchinternaldiametetthatit takestheplainend
of thepipewith thesamenominal diameter.

The jointshall sustain the end thrugd which the pipe shabe subjected.The Contractorshall supply
sufficientquantityof the cleaner anddhesive which shall be requiredrtakethejoints with the pipes.

The pipes of 50mm diameter and over shall consist of a grooved socket at one englipétfiéesocket shall
be designed to give a cleararfiteon the outside diametef the parentpipe. The sealingmediumwhich
shallseatin thegrooveshallbea rubbering.

If theformationof the socketandgrooveresultsin the thinningof the original wall thickness othe
pipe, it shall be compensated for by shrinking on to the outside sbttketareaa reinforcingsleeve
of thesamematerialasthepipe.

Thesocketandgrooveshallincorporateno sharpangleswherethe stresgpointsare created.

Thejoint shalltake 10% deformationof the spigotat the point whereit entersthe socket without leakage
from thepipe whersubjected to the test pressure specif@dhe pipe. Thermalexpansiorof the pipeshallbe
accommodateth thejoint. Thejoint shall becapableof lineardeflectionupto3 degrees.
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Thesealingring shallbe of first gradenaturalrubberandthe physicalpropertiesof the mix shall meethe
requirementsf SRN222.

TheContractoshallsupplysufficient quantity of any lubricant or other material whittallbeneeded to
makethejoint whichshallbeassemblethy hand.

The Contractorshall submit full detailsof the typeof joint offeredand a fulldescriptionof the methodof
jointing.

Thefittings shallhave the same typ# joint as forthe pipesto be used. Th€ontractorshall submitfull details
of the materials dimensions ardstpressures athe fittings offered.

Precautionshallbe takento avoid damagéo the pipesandfittings.

In handling and storing the pipes and fittingserycare shalbe taken to avoid distortiorflattening,scoringor
otherdamageThe pipesandfittings shallnot be allowedto dropor strike objects.Pipelifting andlowering
shallbe carriedoutby approvedquipmenbnly.

Specialcareshallbe takenin transit,handlingandstorageto avoid any damageto the ends.

Pipesandfittings shallbe marked at not greater than one metre intesialaiing theirclassanddiameter.

7.7 G.R.P.PIPESAND SPECIALS

GlassReinforcedPlastingpiping shallbein accordancevith SRN317.

7.8  GATE VALVES
Gatevalvesshallcomplywith therequirementef SRN501.

The gate valves shalke suitabldor use in pipelinesindfor the operating pressure @ head of 16@netresof
water(NP 16).

Thegatevalvesshallbedoubleflanged. Thedimensionsinddrilling of flangesshallbe inaccordance
with SRN207. Flangesshallbe machinediat. Flangesshallbe NP 16 complyingwith SRN207.

Spindlesof thegatevalvesshallbeprovidedwith castron capsconformingto the requirementsisspecified
underfi V a ICa pis SRN501or handwheelsf sospecified.

The spindles of the gate valves shall be of theniging type and screwed so asclose the valvewhenrotated
in aclockwisedirection.Thedirectionof closingshall beclearlycastonthevalvecapor handwheel.

Thegatevalvesshallbesubjectoii C| cEedd @ s ih acaprdancevith the proceduresetoutin SRN
501.

The gate valves shall be suitable for opening and closing against an unbalancby imeadal
operation.
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7.9  FIRE HYDRANTS

Fire hydrantsshallbein accordanc&ith SRN509. Theyshallbefor installationundergroungndshall
bein accordancevith SRN509.

Thespindleshallbe providedwith a castiron capconformingto dimensionginderi S p i Gad ¢
in SRN501.

Thespindleof thefire hydrantshall be of the nonising type andscrewedsoasto closethe hydrant
whenrotatedn aclockwisedirectionviewedfrom above The directionof closingshallbeclearlycastonthe
valvecap.

Theflangedoutletof the outletbendshallhavea BayonetJointOutletfor a 63mmstandpipeThe outletof
thehydrantshallbeof thehookedtypewith hooks112mmapart.

The outlet shall havea gun metal standpipeseatingand be coveredby a loosecast iron capwhich shallbe
attachedo thehydrantby meansf achain.

Both flangesshallbe 63mmdrilled to requirementsf SRN207.

The outlet bendsshall be subjectto a hydrostatictestin accordancavith proceduresetoutin SRN509and
shallbewatertight againsiatestpressuref 1.85Pa.headof water.

7.10 AIR VALVES

TheContractorshallprovideair valvesto suitthesite onwhich themainis locatedandthe maximum
waterpressurepecified. Thebodyandcoverof air valvesshallcomplywith SRN906andSRN 916.

Thebody,cover,splashcowl andjoint supportring of theair valveshallbe of mechaniteastiron with
flangedrilled to SRN207.

Theinternalscrewedsolatingvalve shallhavethevalve andseatingof gunmetal, operatingscrews of
bronzehuts of gurmetal,and glands and cap of mechanite.

Thelargeorifice valveshallhaveavulcanitecoveredall closingonamouldeddexineseatring. The
bushmaybein gunmetal.

Thedoubleorifice typeof air valveshallcompriseasmallandlargeorifice unitwith commonconnection
to themainandscrewdown isolatingvalveto permit inspectiorof the valve.The spindleof theisolatingvalve
shallbescrewedsoasto closethe valvewhenrotatedin a clockwisedirectionandbe providedwith a
SpindleCapto dimensiongasspecifiedin SRN501.

Designof the air valves shall be such that the balls do not blow shut under any workésgconditions
whenlargevolumesof airarebeing released.

7.11 WATER METERS
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All watermeteraupto50mmsizeshallbeof therotarypistonpositiveactiontypewith all movingpartscomposed
of non-corrosivematerial.

75mmdiameterandovermetersshallbe of theinferentialhelix full flow type.

Thebody of the 12mmto 25mmsizeof metershallbe of brassthelargersizesin castiron. The external
surfaceof the brassbodiesshallbe coatedwith baked enamedndthe castiron bodiesshallbepaintedto
suit.

Theworking chambeiof the rotary type metershallbe madeof bronzeor similar non corrosivematerial
andthepistonshallbe ineboniteor similarmaterial.

Theworking parts of the Helix typmeter shall facilitateemoval forrepair orreplacementvithout
removing the meter body from the pipelin€he working partsshall be inter-changeableand the working
chambesodesignedsto befull of water underall conditionsof flow.

Thedial of the metershallbe of the directreadingtype registered in cubimetreswith suitablelid locking
device.

The capacitief the pistontype metershallnot be lessthanthe following amountspermonth:

1 12mmmeter 250cubicmetres
T 18mmmeter 350cubicmetres
1 25mmmeter 600cubicmetres
1 38mmmeter 1100cubic metres
1 50mmmeter 1700cubicmetres

The Helix type metershall be capableof continuousworking with a headlossnotexceeding
300mmatthefollowing ratesof flow:-

9 75mmmeter 22.5cu.m./hr
 100mmmeter 45cu.m./hr
 150mmmeter 90cu.m./hr

All metersshallbeaccurateo within + 2% overtherangeof the meterupwardsfrom the minimum

flows givenfor eachsize:
T 12mm 23 litres/hour
1 18mm 28 litres/hour
T 25mm 32 litres/hour
1 38mm 110litres/hour
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T 50mm 190litres/hour

1 75mm 2.5cu.m./hr
T 100mm 2.8cu.m./hr
1 150mm 45cu.m./hr

Meters above 150mutiametes houl d conform to manuf abytheirer6s spec
Engineer.

The 12mmand 18mmsizesshall be guaranteedo registercommencingat 5 litres/hour.

Themetersshallbetestedo a headof notlessthan16bar.

7.12 STOPVALVES

All stop valves shall be in accordance with SRN 826. Samples of valves shall be sulomttésthnd
approvatotheEngineer.

7.13 CHECK VALVES (DIRECTIONAL VALVES)

Checkvalvesshall comply with the requirementf SRN 505 with castiron body and cover,gun metal
doorswith bronzefacingringsandflangedconnectionsn accordancewith SRN207,NP 16.

7.14 PENSTOCKS

Castiron penstockshallbeall in accordancevith SRN906andSRN916. Seatingfacesshallbegun
metalor bronze.

Spindlesshall be threadedas necessanand nonrising unlessotherwisespecified.Spindlesshallbe of
aluminiumbronze manganesbronzeandextensiorspindlesmaybeof mild steel.

Handwheelsshall be of castiron andwordsii O P E &hd i S H U markedon upperside with
appropriatelirectionarrows.

7.15 FLANGED JOINTS

All flangesonfittings andpipeworkwhereflanged connectiorare requireanustcomply with therequirement®f SRN
207and drilledto NP 16,unless otherwisspecified.

Inspectiorgasketdor flanged jointsshallbe rubbereinforced with cotton, 3mithick and shall bein accordance
with SRN208. Bolts, washerand nutdor flanged jointsshallbe of mild steelcomplyingwith SRN914.

7.16 FLEXIBLE JOINTS
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All flexible couplings (Viking Johnson atherapproved type) shall be supplied completgh rubber gaskets,
bolts,nutsand washersAll couplingsshallbecoated with red oxidgrimerandbituminouscompositiorsuitable
for usewith potablewater.

7.17 PRESSEDSTEEL TANKS AND TOWERS

Thepressedteeltanks(or similarapproved)iowersandassociatedaterialsandfittings shall complywith
SRN909andSRN863.

Detaileddrawingsof the steelankshouldbe submittedio theEngineeffor approvaprior to acceptance.

Thepressed ste¢ankto SRN909 (B.S.1564Type A(2) or similarapprovedshallbe suppliedcomplete
with:-

a) All stays, cleats, bolts, nuts, washers, jointing compound and associated
materialsandfittings.

b)  Connectiondor inlet, outlet,washoutandoverflow.
¢) Galvanisedaccesdadder450mmwide.

d)  Steelroof coverto fit the tank completewith accesamanholeand mosquitoproof
cowl ventilators.

e)  Waterlevelindicator.

Jointingmaterialto the tankto bea nontoxic plasticcompoundvhich doesnotimpart taste colour
norodourto thewater.

Connections to the tank shall be welded to the outside of the tank plate and drilteghpado suitflanges
to SRN207,NP 16 unlesotherwisestated.

Thecoverto thetankshallbeof mild steelcamberedor externaluseandadequatelysupported byolled
steelor pressedteebearerortrusses and to be surface finished by hot dip galvanizing.

Thetanktowershallbesuppliedcompletewith:-
a) Anchorbolts.
b) Bolts, nuts,washersandassociatednaterialsandfittings.

C) Accesdadderd50mmwide extendingrom groundlevel to thetop of thetank. Safety
ringsshallbe atl.2m centres.

Thesupportdo thetankshallconsistof steeljoints designedo carryimposedoadundereachtransversgoint and
thetwo endsof thetank.

Thecolumnsof thetankshallconsistof rolled steeljoist sectionsor similar. Foursuch columnsshallbe
providedwith adequatéracing.
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Internalsurfacef thetankshallbe paintedwith approvechonttoxic primerandnon toxic bituminouspaint.

Externalsurfacesof the tank andtower shallbe paintedwith approvedorimerandapproved bituminous
aluminiumpaint.

7.18 PAINTS

All priming, undercoating@ndfinishing paintsshallbein accordancevith SRN8770or SRN878as
appropriate.

Thepaintingof all building works shall comprisespecial paintecommended for externabrk while
all otherpaints plasticemulsioncoatingetc.areto beof anapprovedmanufacturerAll paints distemper®tc.
shallbedeliveredonsiteintactin theoriginal drums or tins, and shall mixedandapplied in accordance
wi th the mamed ti@atidnalhe enlydadditiorwhichwill be allowedto be madewill be
liquid thinners driersetc.suppliedoy themakersfor the purpose.

All surfaces must be thoroughly cleaned down prior to painting and decorating wonkcaexternalpainting
shallbecarriedoutin rainy weatherAll paint must bethoroughlywell workedon andexces®f paintin
anycoatmustbeavoided.

All colourswill beselectedy the Engineerfrom the standardangeof colours.

7.19 MARKER AND INDICATOR POSTS

Markerpostsshallbeerectecht changes directionof watermainsasdirectedby the EngineerIndicator
postsshallbeerectedat valvesandotherfittings asdirected

Marker and indicator posts shall be embedded in concrete as shown on drawirsilabevibrated
precasteinforcedconcreteas peidimensions showan drawingsTheyshouldbe paintedn coloursas
indicatedonthedrawings.

7.20 POLYETHYLENE (PALOTHENE, PEH) PIPES

PolyethyleneHigh Density pipes shall comply with SRN 307 for testing, storage,handling, laying and
backfilling. Contractoshallconformto requiremenindicatedfor PVC pipes.Jointsshallbe required
to sustairtestpressuresimilar to which the pipe shallbe subjected.

Contractor shall complwith all instructions issued by the manufacturers and shiinit full detailsof the
type,class dimensionsandtestpressuresf the brasdittings to the Engineefor approval.

7.21 PRECAST CONCRETE UNITS

Precastoncretecoversto be precastinitsfor use in thavorks, whetheinstructedunderthe Contractor
proposedy theContractor.
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a) Formworkfor Precastinits

Moulds shall be so constructed that they do not suffer distortion or dimensiamgles
duringuseandaretight against lossf cement grout ofinesfrom theconcrete. Mouldshallbeset
uponfirm foundations s¢hatnosettlemenbccursunder theweightof thefreshconcrete.

Moulds shall be constructedso that units may be removedfrom themwithout sustainingany
damage.

Releaseagentsused fordemouldingshall not stainthe concreteor affect its propertiesin any
way.

b) Reinforcementor Precastnits

Reinforcement in precast units shall comply with the requirement of Cla@6esd419-420.
When preformed cagese used the cages shial madeup on jigs toensuredimensional
accuracy and shall be carefully supporteithin thecouldin such a way that they cannot move
when concrete is place®Reinforcement complying witBRN 126 maybetackwelded where
barscrossto provide rigidity in tle cage buteinforcementomplyingwith SRN127shall not
bewelded.

Cover to main reinforcement shall be as shown on the drawings, or if not shown shall be

not less than 25mm or the diameter of the bar, whichever is the greater. @over
distribution steel shall not be less than 15mm ordiaeneterof the bar whicheveris the
greater.

Barsshallbe spacedsothatthe minimum cleardistancebetweerthemis the maximumnominal
aggregate size plus five millimetres but in any casdesstthan the diameter ghe bars.

Barsmay be placedin pairsprovidedthatthereareno lapsin the pairedlengths.
c) Castingof Units

Concretéor precasunitsshallcomplywith Clauses’24and401-410using the
classof concretespecifiedon thedrawings.

If lightweightaggregatearespecified theyshallcomplywith SRN 147.

The area inwhich units are castshall be adequatelyprotected fromthe weather so
thatthe process notaffected byrain, sunor drying winds.

d) CuringPrecast)nits
Requirementsor curingshallbegenerallyassetoutin Clause407.

The Contractorshallensurethatunits do not sufferanylossof moistureor suddenchanges
of temperature foatleastfour daysaftercasting. Ifa waterspray is usedbr
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curing, the water shall be at a temperaturawvithin 5 degreescentigradeof the temperaturef the
unit being cured.

If Contractoproposeguringatelevatedemperatureghe methodshallbe subject to theagreement
of the Engineer and shall include means whereby units are heateabaaguentlgooledevenly
withoutsudderchangesf temperature.

e) DimensionalTolerance®f Precastinits

Units shallbe accuratelyformedto the dimensionsshownon the drawingsunless
closer tolerances are called for by the Engineer.

f) SurfaceFinishof Precastnits

The formed facesf precasunits shalbe finished to Class F3 astoutin Clause
505(C)unlessanother classf finish is specifiedonthedrawings.

Freefacesshallbefinishedto ClassUF2 unlessanotherclassof finish is specified
on the drawings.

In cases where a special finish is required a trial panel shall be constructed by the
Contractor which after approval by the Engineer shall be kept availalilesfoectionat
theplaceof castingandproductionunitsshallthereaftematchtheapprovedattern.

Those parts of the unit which are to be joined to other units ordituirtoncrete
shall be brushedwith a stiff brush before the concretehas fully hardened.
Alternatively, if the concretehasbeenallowed toharden,the surfacesshall be

roughenedy sandblastingor by theuseof aneedlegun.

g) HandlingandStorageof PrecastJnits

Precasunits shall be handled in a manner which will not cause damage ¢fradhgnd shalbe
storedonahardimpermeabléase.

Prestressednits andlargeprecasnormally reinforcedunitsshallbe handledandstored so that no
stresses shall be induced in excess of those whictwiflegcur in their final positionsn theWorks
unlesgtheyhavebeendesignedto resistsuchstresses.

Units shall be provided with adequate lifting holes or loops, placed in the localionsion
thedrawingsor agreedy theEngineerandtheyshallbe lifted only by suchholes or loops. Where
it is not possible to provide holes tmops, suitablsling positions shalbeindicatedin paintonthe
units

Units shallbe markedindelibly with the referencenumberanddateof castingandshallbe stacked
on suitablepackerswhich will not damagethe concreteor stainthe surfacesNot morethan two
packers shall bglaced under eactunit andtheseshall be locatedeitherat the positionsof the

permanensupport
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points or in positions such that the induced stresses in the unit withio@raum.
h) TestingPrecastnits

Precasunitsshall be capableof safelysustaininghe loadswhich theyhave beendesigned
to carry.The Contractor shafiubject unitselected byhe Engineetto load testsimulatingthe
working conditions. Details of such tests shall be agreedbetween the Engineer and the
Contractor.

In the case of units subject to bending loads the test piece shall be suggdutedpan and a
loading equivalent to 1.25 times the sum of the live and dead loads which were assumed
in the design shall be maintained for one heitihouttheappearancef anysignsof distress.
Therecoveryonehour after theremoval ofload shallbe not lessthan75 percentof thefull

load deflection.

If theunit fails to meettheaboverequirementsfurthertestsshallbecarriedoutontwo more
units. If either of these fail the whole batch of units will imgected.

If theEngineersorequiresatestto destructiorshallalsobecarriedoutwhich onunitssubjectto
bendingshallbeas follows:

The units shall be supported at full span and a load applied in increimenisted by the
Engineer up to 95 per cent of the designed ultimate [baidload shalbeheldfor 15minutes
without failure of the unit. The deflectionat the endof this period shall be not more than
1/40th of the spanThe load shall then be furthieicreased until failure occurs.

If the unit fails to sustain the required load for the prescribed period or dfefffection
exceedshespecifiedamountthe Engineemayordertwo furthertests,andif eitherof these
fail, thebatchof unitswhichtheyrepresenmaybe rejected.

7.22 FILTER MEDIA
The grading of filter media shall be in accordance to the table of gradings shalrawomngs.

Filter mediamustbe free from fines which would clog the sjgaces, anfilee fromdirt, silt andall foreign
matter.

Themediashallbedeliveredn cleanvehiclesandif storedt shallbeplacedonacleanandfirm surfaceand
if it is liable to be contaminatedprotectedwith sheetsDifferent sizesof mediashallbekeptstrictly
separate.

The uniformity coefficientasindicatedin the drawingsshouldbe adheredo and Contractorto submit
samplesaandcarry out sieveanalysisorganic contentriability tests, etc.to the satisfactionof the Engineer.
Thesetestsareto be carriedout beforethe mediais placedin filters. All costsarisingto beborneby the
Contractor.
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7.23 SUBMISSION OF SAMPLES

As soon as possibiterthe contrachas been awardethe Contractoshall submit tothe Engineera
list of the suppliersrom whomhe proposego purchasehe materialsnecessarjor the execution of the
Works. Each supplier must be willing to admit the Engineer ordisesentativeso his premises
during ordinary working hours for the purposeof obtaining samples of thematerials in question.
Alternatively, if desired by theEngineer the Contractorshall deliverthe samplesf the materialsto the
En g i noffiee withsutcharge.

The information regarding the names the suppliers may be submitted at differéintes, as may be
convenient,but no sourceof supply shall be changedwithout the E n g i n prierragpsovaloncea
supplier, source anaterialhasbeerapproved.

Sampleof materials approved will be congpletanofthecbntradt. t he Engi
Samplesnaybetestedo destruction.

All materialsdeliveredto sitemustbeat leastequalin all respectgo approvedsamplesptherwise
theyshallberejected No specialpaymentwill be madefor compliancewith clausesspecifying tests etc.
to ensurequality control etc. unless specifically itemisedBills of Quantities.

7.24 MATERIALS FORCONCRETE
a) General

TheContractorshallsubmitto the Engineerfull detailsof all materialsvhichheproposes

to usefor makingconcrete.No concreteshall be placedin the Works until the Engineerhas
approvedthe materialsof which it is composedApproved materials shall not thereafter be
altered or substituted by othmiaterials without the consenttbie Engineer.

b) Cement

Cement shall comply with the following Kenya Standar&RN

103 for OrdinaryPortlandcement.

SRN103for Rapid Hardening Portland cement plus all specialconditionsto itsuse
stipulatedoy themanufacturer.

SRN 104 for SulphateResistingor High Alumina cement.

Cement shall be free flowing and free of lumps. It shall be suppliedméhe uf act urer 6s
sealedunbrokerbagsor in bulk. Bagged cemersthallbe transported imehicleswith effective
meansf ensuringthatit is protectedrom the weather.

Bulk cementshall be transportedin vehiclesor in containersspecially built andequipped
for thepurpose.

Cementin bagsshallbestoredin a suitableweatherproostructureof whichthe interior
shall be dry and well ventilated at all timd@e floor shall be raised above the surrounding ground
level and shall be so constructitt no moisture rises through it.
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Each delivery of cement in bags shall be stacked togathene placeThe bagsshall be
closely stacked so as to reduce air circulation but shall not be stacked ageongsidewall. If
palletsare used,they shall be constructedsothat bagsarenot damagediuringhandling
andstacking.No stackof cementbagsshallexceed metres in heightDifferent types of
cement in bags shall be clearly distinguishedibiple markings and shdlk stored in separate
stacks.

Cement from broken bags shall not be used in the WGHsent
in bagsshallbe usedin the orderin which it is delivered.

Bulk cement shall be stored in weatherproof silos which shall bear a clear indicat@tygie of
cementontainedn them.Differenttypesof cemenshallnotbemixedin the same silo.

The Contractorshall provide sufficient storagecapacity on site to ensurethat his
anticipatecbrogramme or woris notinterrupteddue tolack of cement.

Cement which has become hardened or lumpy or fails to comply with the Specificatiamy
way shallbe removedrom thesite.

All cementfor anyonestructureshallbe from the samesource.

All cementused in the Works shalle tested bythe manufactureor the Contractor in a
laboratoryacceptable to the Enginedihe tests to be performed shall be those@sein SRN
103 and the Contractor shalipply two copies of each certificate to tegineer.

Each set of tests carried out by the manufacturer or Contractor shall relate to not more than one
dayo6s o uh gemdnt ptait, arelll be made on samples taken froementwhichis
subsequentlyeliveredio thesite. Alternatively,subjectto theagreement of the Engineer,

the frequencyf testing shalbe one set dsts forevery 20Qtones of cemerdelivered to site
fromeach cemenlant.

Cement which is stored on site for longer than one month shalltestesl in thdaboratory
of the Materials Branch of thBlinistry of Transport & Communications or tite KenyaBureau
of Standards cat any otheapprovedaboratory athe rate obnesetof testsasshownin SRN
103for every200tonnesandatmonthlyintervalsthereatfter.

Cementwhich doesnot comply with the Specificationshallnot be usedin the Works andit
shallbedisposeaff by theContractor.

The Contractor shall keep full records of all data relevant to the manufacture, déegtiryy and
use ofall cementused in the Workand shalprovide the Engineexith two copiesthereof.
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c) FineAggregate
Fine aggregate shall lotean, hardind durable and shall be natural sand, crugheeklsand
or crushedrock sandcomplyingwith SRN 108. All the material shall passthrough a 5mm
standard sieve and the gradsigall bein accordancavith Zones 1, 2or 3 of SRN 109In order
to achieve an acceptable grading, it may be necesshlgridmaterial§rom morethanone
sourceFineaggregatdor mortaronly shall complywith SRN135.

Thefine aggregatehall not containiron pyritesor iron oxides.It shall not containmica,

shale, coal or other laminar, soft or porous materials or organic matter unless the Contractor can
show by comparativéests, on finished concrete as set out in SRN ttigt, the presence of such
materials does not adversely affect the progeiof theconcrete.

Otherpropertiesshallbe assetout below:

Content passing @ micron standareieve shalhotexceed 3 per cent for naturalcrushed
gravelsandor 15 percentfor crushedrock sand.

Chloridessolublein a 10 percentsolutionby weightof nitric acid shallnot exceed
0.05percentby weightexpressedschlorideion whentestedassetoutin SRN107, subject also
to the further restriction given in the note on total chloride content inckaibse 724 (d).

Sulphates soluble in a 10 per cent solution by weight of hydrochloric acid shelceet 0.4
per cent by weight expressed as SO3, when tested as set out in SRNGOEtalso to the further
restrictiongiven in thenoteon totalsulphate content isub- clause 724 (d).

SoundnessAfter five cycles ofthe test INAASHO T104 or anapprovedequivalent,the
aggregate shatiot show aveight lossof morethan10per cent.

7.25 Organic impurities:
If thetestfor presencef organicimpuritiesin aggregatedescribedelowshowsthatmorethan a trace
of organic impurities is present, the fine aggregate shall not be st Works unlessthe Contractor
canshowbytestsonfinishedconcreteassetoutin SRN117thatthe presence of organic impurities
does not adversely affect the properties ofcihecrete.

Testfor presencef organicimpuritiesin aggregates:

This test is designed to indicate the presence of organic impurities in aggregate®useking
concrete.

A 350 cc graduated bottle shall be filled to the 120 cc mark with a sample afgtiegate to be
tested and a 3% solution of sodium hydroxide in water added untitdheme of aggregatendliquid
aftershakinggivesatotal volumeof 200cc. The bottleshallbe stopperedhakerthoroughly and
allowed to stand foR4 hours.f, after24hours,the colour of the solution is not darkerthan a
pale brown, the aggregateundertest may be
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deemedsatisfactory.
a) Coarseaggregate

Coarseaggregateshall be clean,hardanddurablecrushedrock, crushedgravelor natural

gravel complying with the requirements of SRN 1TBe material shalhot contain any iron
pyrites, iron oxides, flaky or laminated material, hollow shells, coadtber soft orporous
material, ororganic matter unless the Contractor can show by comparative tests on finished
concrete as set out in SRN 117 that the presensectimaterialsdoesnotadverselyaffect
thepropertiesof theconcrete. Theiecesshallbeangular, rounded aregular aglefinedin SRN

107.

Coarse aggregate shall be supplied in the nominal sizes called for in the Contrabtléine
graded iraccordance with SRI11 foreachnominal size.

Otherpropertiesshallbeassetout below:

The proportionof clay, silt andotherimpuritiespassinga 75 micronstandardieveshallnot
bemorethanonepercentby weight.

The content of hollow and flat shells shall be such as will not adversely affect the concrete
quality whentestedassetoutin SRN 117. Thetotal contentof aggregateshallnot be more
thanthe following:

9 40mmnominalsizeandabove2% of dry weight
9 20mmnominalsize5% of dry weight
9 10mmnominalsize15%of dry weight

Chloridessolublein a 10 per centsolutionby weightof nitric acid shallnotexceed

0.03 per cent by weight, expressed as chloride ion when tested as set out in SBNdiGject also
to the further restriction under the note on total chloride cohemetnder. Sulphatssluble

in al10percentsolutionby weightof hydrochloricacidshallnotexceed.4 percentby weight
expressedsSO; whentestedassetoutin SRN 601 subject also to the further restriction
given in the note on total sulphate contesteunder.

SoundnessAfter 5 cycles of the test in AASHD104, the aggregate shall not showight lossof
morethan 12per cent.

Whentestedin accordancevith testC289of the AmericanSocietyfor Testingof Materials,
theaggregatshallbenonreactive.

Flakinessindex whentestedin accordancavith SRN 113 shall be as setout hereunder:
9 For40mmstoneandabove not morethan40
M For 20mmstoneandbelow, not morethan35

If the Flakinesdndexof the coarseaggregateariesby morethanfive unitsfrom the average

value of the aggregataisedin the approvedtrial mix, thena newsetof trial mixesshall be
carriedoutif theworkability of the mixeshasbeenadverselyaffected
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by suchvariation.
Impactvalue Not morethan45 per centwhentestedin accordancevith SRN 107.
Ten percent fines valueNot less than 50kN when tested in accordance with $&N

Shrinkage When mixed with other ingredients in the approved proportionsofarete
and tested as set out in SRN 117, the shrinkage factor shall not excepe:0dnt.

Organicimpurities If thetestfor presencef organicimpuritiesin aggregateshowsthat more
than a trace of organic impurities is present, the aggregate shall not barutieeWorksunless
theContractorcanshowby testsonfinishedconcreteassetoutin SRN117thatthepresence
of organicimpuritiesdoesnotadverselyaffectthe propertief theconcrete.

Waterabsorption Theaggregatshallnot havea waterabsorptiorof morethan2.5 percent
whentestedassetoutin SRN112.

Aggregate Crushing Value (ACV)Not more than 3per centLos
AngelesAbrasion(LAA): Not morethan50percent.
NOTE: Total chlorideandsulphatecontent:

The total chloride content,expresseds chloride ion, arising from all ingredientsin a mix
including cement, watendadmixtureshallnotexceedhefollowing limits, expressed as
a percentagef the weight of cement in the mix:

For prestresseaoncrete, steamcured concreteor concretecontainingsulphate resistingr
supersulphateccement: 0.05percent.

For any otherreinforcedconcrete0.3 per centin 95 per centof all testresultsprovidedno
result ismorethan0.5percent.

Thetotal sulphate contergxpressed as SOf all the ingredients i mixincludingcement,
water and admixtures shall not exceed 0.4 per cent by weight agdregate or 4.0 per
cent of the weight of cement in the mix, whichever islésser.

b) TestingAggregates _
i) Acceptancdesting

The Contractor shall deliver to tigineer samples containing fess tharb0 kg of
any aggregate which he proposes to use in the Works andgspalysuchfurther
samplesasthe Engineemmay require.Eachsampleshall be clearly labelled to show
its origin andshall be accompanied by all tirdormation called for iSRN 107.

Teststo determinecomplianceof the aggregatesvith the requirementsf sub
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clause 724(c) and (d) shall be carried out by the Contractor in a laboratory
acceptable to the Engineer. If the tested materials fail to comply with the
Specification, further tests shall beade inthe presenceof the Contractorand the
Engineerandacceptancef the materialshallbebasecnsuchtests.

A materialshallbe acceptedf notlessthan threeconsecutivesetsof testresultsshow
compliance witithe Specification.

ii)  Compliancetesting

The Contractoshall carry out routine testing of aggregatesor compliance withthe
Specification during the period that concrete is being produced for the VWbiks.
testssetout below shall be performedon aggregatefrom each separate source on
the basis ofone set of tests for each day on which aggtesaredeliveredto site
providedthatno setof testsshallrepresent morthan250tonnesof fine aggregate

nor morethan500tonnesof coarseaggregateand provided also that the aggregates
are of uniform quality. If th@ggregate from any source is variable, the frequency of
testing shall béncreaseasinstructedoy the Engineer.

1 Grading SRN107
9 Siltandclay contents SRN107
1 Moisturecontent SRN107

9 Checkon organicimpurities

In addition to the above routine tests, the Contractor shall carry out the followingatehis
frequenciestated:

Moisture content As frequentlyas may be requiredin orderto control the watercontent of
theconcrete as required Iiige Specification.

Chloride content As frequentlyas may beequiredto ensure that thproportionof chlorides in
the aggregates does not exceed the limit stated in the Specification.

The Contractorshalltakeaccountof the fact thatwhenthe chloride contentis variableit maybe
necessaryto test every load in order to prevent excessiveamounts of chloride
contaminating the concrete. For this purpose the Contractor shall use thietdpebt(the
Quantaltest).In theeventof disagreememegardingheresultsof thefield test,thechloride
contentof theaggregatehallbe determinedn thelaboratory as described in SRN 107 (the
Volhard test).

c) Deliveryandstorageof aggregates

Aggregates shall baelivered to site in clean and suitable vehicles. Different types or aiizes
aggregatshallnotbedeliveredn onevehicle.

Each type or size of aggregate shall be stored in a separate bin or compartmermtiyasang
suchthatcontaminatiorof the aggregates preventedDividing walls betweenbins shall be
substantiaknd continuousso thatno mixing of typesor sizes
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occurs.

Thestorageof aggregateshallbearrangedothatasfar aspossible rapidryingout in hot weather
is prevented in order to avoid sudden fluctuations in water cotemage of fine aggregates
shall be arranged so that they can drain sufficiently befee@ order toprevent fluctuationg
watercontentof the concrete.

d) Waterfor concreteandmortar

Seawater or brackish water containing more than 1,000 ppm chloride ion or 2,060iphate ion
shall notbeused for mixing or curing concrete.

Water shall be cleanand free from harmful matterand shall comply with therequirements of
SRN 114.

The Contractorshall carry out testsin accordancewith SRN 114 to establish compliance
with the Specification.

e) Admixtures
i) General

Theuseof theadmixturesn concretemayberequiredunderthe Contracto promote
speciabproperties in the finished concrete or nyproposed by th@ontractor to assist
him to comply with theSpecification.In all cases the Contractor shall submit to the
Engineer full details of the admixture peposeso useandthe mannerin which he
proposego addit to themix. The informationprovidedshallincludebut notbelimited

to:-

a)  The typicaldosagethe method oflosing and theetrimental effects
of anexces®or deficiencyin thedosage.

b)  The chemical names of the main active ingredients in the
admixture.

c)  Whetheror not the admixture contains chloridesnd if so the
chloride ion content expressed as a percentage by weight of
admixture.

d)  Whethetheadmixture leadso theentrainmenbf air whenused at
the manufacturerds recommended dosag
which it does so.

e)  Detailsof previoususesof the admixturein Kenya.

The chlorideion contentof any admixtureshallnotexceed? percent by weight of the
admixture no0.03 percent byweightof the cemenin themix.

Admixturesshall not be mixed togetherwithout the consentof the Engineer.
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Calciumchlorideor admixturescontainingcalciumchlorideshallnot beusedin prestressed
concrete.

ii)  Workability agents

Workability agents shall comply witSRN 149 andshall not have angdverse effeadn
thepropertiesof theconcrete.

7.26 BUILDING STONE

All building stone shall be capable of withstanding when wet a crushing stresskgf/4g4nmhe
sourceof stoneshallbeapprovedy theEngineerandstonesupplied therefrorshallbe freefrom Magadi,
overburdenmudstonegracks,sandholesyeins, laminationsor otherimperfections.

Thestone shall be chisel dressed into true rectangildaks, with each surface evandatright angles
to all adjoiningsurfacesto the sizespecified.For exposedtonework the maximumpermissiblevariation
of anyof the specifiedlimensions shalbe 6mmprovidedthatcut stone,suppliedaso r d cakstené
maybehammerdressedn onefaceonly, or on onefaceandoneend,if in otherrespectst conforms
with this specification Stonesshorterthan375mmwill notbeaccepted.

Unlessthe Engineerallows otherwisethe Contractoishallat his own expenserovide anddresgour
100mmcubesof stonefor testing.

Thestoneshallbe soundwhentestedn accordancevith SRN870excepthat:
i) Thetreatmenshallberepeatedor 10 cyclesonly; and

ii) Theseconctriterionof failure shallbeamendedo allow for alossof weightof notmore
than 20%of its original weight.

7.27 STONEDUST

Stonedustfor blinding shallbeblacktrapscreenedo thefollowing grading:

PassinglOmmsieve 100%
PassingNo. 4 sieve 85%- 100%
PassingNo. 100sieve 5% - 25%

7.28 MURRAM

Murramshallbe from anapprovedsourcequarriedsoasto excludevegetablenatter,loam,topsoil or clay.
The California BearingRatio of the murram,asdeterminedor a samplecompactedo maximumdensity
(asdefined under SRN 60&nd allowed to soakn water for four daysshall notbeless than 30%rhis C.B.R.
is a guide to quality onlyandthecompactionin thework will be judgedby density.
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7.29

7.30

7.31

1.32

7.33

7.34

7.35

WATER FOR CEMENT TREATED MATERIALS

| f water for the works is not avail abImestbbabminedt he
regardingthe sourceof supplyandmannerof its use.Waterto be usedwith cementor lime shallbe free
fromsalt,oil, alkali, organicmatter andotherdeleteriousubstancedf thewateris requirecto betestedthis
shallbe donein accordance wittERN 114: Testsfor Waterfor Making Concreteall to thecostof the
Contractor.

CEMENT MORTAR
Cementmortarshallconsisif proportiondy volumeasspecifiedbf PortlandCementndnatural sand
or crushed natural stone or a combination of both as specified in138ANdSRN 136: Building Sandgrom
NaturalSourcesThe constituenmaterialsshall beaccuratelygaugecandmixedin anapprovednanner.

Cement mortar shall be made in small quantities only as and when required, andrearywhichhas
begun to set or which héxgen mixed for a period of more than drirshallberejected.

HYDRATED LIME

Hydratedime shallcomplywith SRN801: Building Limes,andshallbe of thesemt hydratedype.

CALCIUM CHLORIDE

Calciumchlorideshallbeof goodindustrialgrade andshallbe obtainedrom anapproved source.

LIME MORTAR

Lime mortarshall consist of proportionsy volume aspecified of hydrated lime angaturalsand/or
crushedaturalstoneora combination of both as specified for cemeatrtarin Clauser29. Theconstituent
materialsshallbeaccuratelygaugedandmixedin anapprovednanner.

CEMENT -LIME MORTAR

Cemendime mortarshall consistof PortlandCement hydratedlime andnaturalsandor crushednatural
stoneoracombinatiorof both,asspecifiedor cemenimortarin Clause707. Theconstituenmaterials
shallbeaccuratelygaugecandmixedby volumein an approvedmanneiin theproportionsspecified.

Cementlime mortarshallbe madenly in smallquantitiesasand when requiredny mortar whichhas
begunto setor which hasbeen mixed foa period of more than twhoursshallberejected.

CEMENT GROUT
Cemengroutshallconsisiof PortlandCemenandwatermixedin theproportionof onepartby volumeof
cementandoneanda half partshy volumeof water. The groutshall be usedwithin
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onehourof mixing.

7.36 CAST STONE

Cast stone shall be manufactured by an approved manufacturer to the shaliessidnshown
on the drawings,andshallconformto the requirement®f SRN871: CastStone.lt shallhaveadense
andevensurfaceof the textureandcolour detailedon the drawingsor requiredby the EngineerWhere
indicated exposefacesof the stoneshallbeformedof a speciallygradednix. Metal bondtiesof approved
manufactureshall be castin with the stoneasshownon the drawings.Samplesof the completedstone
shallbesubmittedfortheE n g i npeier approval.

All stonesshall be protectedrom damageduring transportandanderectionby meansof cement
slurry coatingsor by otherapprovednethods.

71.37 REINFORCEMENT FOR CONCRETE

Reinforcement which shaltomply with the following Standards, coverplain and deformed bar
reinforcementandsteelfabric to be castinto concrete inany part of theWorks but doesnot include
prestressingendonsor anyotherembeddedteel.

1 SRN126for hotrolled plain barandhigh yield deformecdbar
9 SRN127for cold workedsteelbar
1 SRN128for steelmeshfabric

All reinforcemenshallbefrom anapprovednanufactureand,if requiredoy the Engineerthe Contractor
shallsubmita testcertificatefrom themanufacturer.

All reinforcementor use intheWorksshallbe testedor compliance witttheappropriateBritish Standard
in alaboratoryacceptabldo the Engineerandtwo copiesof eachtestcertificateshall be suppliedto the
EngineerThefrequencyof testingshallbeassetout in therelevaniStandard.

In addition to the testing requirements described above, the Contractor shall cadgitiohaltestsas
instructecby theEngineer.

Any reinforcementvhich doesnot comply with the Specificationshallbe removedfrom site.

All reinforcement shall be delivered to site either in straight lengths or cut and beetnflikcement
shallbeacceptedn long lengthswhich havebeentransportedentover double.

Any reinforcementvhichis likely to remainin storagefor along periodshallbe protectedfrom theweather
S0 as to avoid corrosion and pitting. All reinforcement which has becomededor pittedto anextent
which, in theopinionof the Engineerwill affectits propertiesshall eitherberemoved from site or may
be tested for compliance with tppropriateéStandarcaittheCo nt r axpenser 0 s

DowelBars

Dowelbarsandtie barsshallconsistof mild steel,or deformedbarsof highyield steelall
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complying with SRN 126 and they shall be free from oil, paint other than-brgakingcompound,
dirt, looserustandscale.

Dowel bars and tie bars shall be of sizes as shown on the drawings and directe&gitieer andshallbe
straight, free from burrededges,or otherirregularitiesand shall havetheir sliding endssawnor, if
approvedsheared.

Bond breaking compound for dowel bars shall consist of 66 per cent of 200 pen bitleneedhotwith 14
percentlight creosoteoil and,whencold, broughtto the consistencyf paint by the additionof 20 per
centsolventnaphthaor otherapproveccompouncdneetinghefollowing requirements.

i) It shallnotretardor in anyotherway affectthe settingof concrete.

ii) The average bond stress on bars coated with the compound witndiallength
cast into concrete specimens and subject to pull outaegtslaysshallnotexceed
0.14newtongpersquaremillimetre andthe totalmovemenbof the dowel bar relative
to the concrete shall not be less than @nbmetres at that stress. The concrete
specimens shabie 150 millimetres by 150 millimetres in section and 0.45 metre
longandmadewith thesame mixproportions asisedin the Works.

7.38 STRUCTURAL STEEL FORWELDED WORK

Structuralsteelfor rivetedandweldedwork shall comply with the requirementof SRN 125 :
Structural Steel, SRN 126The Useof Structural Steel in Building anfbr WeldedWork, SRN
125 : High Yield Stress and High Tensile Structural Steel, High Te(fSilsionWelding
Quality) StructuralSteelfor Bridges,etc.andGeneraBuilding Construction.

7.39 WATERPROOF UNDERLAY

Waterproof underlay shall consistof either waterproof paper complying with SRN 856 :
Waterproof Building Paper, containing approved fibrous reinforcement, or 500 gauge polythene
sheetingasstatedn theBill of Quantities.

7.40 PREFORMED JOINT FILLER
Preformedoint filler shallbe of thethicknessshownonthedrawingsor asstatedn the Bill of Quantities.
The material comprisingjoint filler shall be as statedon the drawingsor approvedby the Engineer.

7.41 JOINT PRIMER

Joint priming compound shall be entirely in accordance with the manuf actureros
recommendation®r the joint sealanto beused.
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7.42 JOINT SEALING COMPOUND

Poured joint sealing material shall consist of an approved rubberbitumen compound, complying
with the requirementof SRN 879, or a two componentcold applied compound complyingvith SRN
879asstatedn theBill of Quantities.TestCertificates, preparedy anapprovedestinglaboratory shall
besuppliedoy the Contractorto show thatthe materialdoesin fact comply in respect afone penetration, flow
and bond withtheundermentionedequirements:

TestCone Penetration Hot-poured Cold-poured
Materials Materials

0.15kg. For5 secsat 25 centigradausing Penetrationnot to Penetrationto be

standargyreaseone exceed®dmm notlessthan5mm
not more than
27.5mm

Flow

Ona plane inclined at P50 the horizontal, 5 Flow not to exceed  Flow not to exceed

hoursat60r centigrade 5mm 20mm

Bond

25mm wide joint extended 12mm at ratedohm Five  cycles of Three cycles of

perhourat 18 centigradeNo more than one extension and extension and

specimen in three to develogickseparation recompression recompression

or otheropening moréghan4mmdeep

Approved
hot-pouredmaterialsshall also comply with aequirement whereby when heateda periodof 6 hours
atatemperaturef 80degreesentigradeboverecommendegouringtemperaturer 30degreesentigrade
belowthe safeheatingtemperatursvhicheveis thegreatershallstill complywith theflow requirements
of this clause.

In addition to materials complying with SRN 879, the Engineer may approve the alteradtive
materialsprovidedthatthey meetthe requirement®f this clauserelatingto cold- pouredjoint sealing
compounds.

7.43 CONCRETE PIPESAND SPECIALS

Concrete pipes and specials shall comply with the requirements of SRN 840. Thegagaltherelevant
Standarddnstitution registrationcertificationtrademark, or test certificatesshall be furnishedby the
manufacturers.

7.44 CONCRETE POROUSPIPES

Concreteporouspipesshallcomplywith the requirement®f SRN410 : Concretéorous Pipesfor Under
drainage.

7.45 CONCRETE DRAIN INVERT BLOCKS

Precastoncretanvertblocks shalbe manufacturetb thedetaildrawingssuppliedfrom concrete Clasg0/10
asspecifiedin Table4.2 usingmaximuml12mmsizeaggregatedf required,cubetestcertificatesshallbe
suppliedby the manufacturer.
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7.46

1.47

7.48

7.49

7.50

7.51

1.52

7.53

CONCRETE SLABS FOR OPENDRAINS

Precastconcrete slabsor lining opendrains shall be manufacturedo the detail drawings suppliedfrom
concreteClass20/10asspecifiedin Table4.2 usingmaximuml2mmsizeaggregateslf required, cube
test certificates shall be supplied by the manufacturer.

AGRICULTURAL TILES AND PIPES
Agricultural tiles and pipes shall be best wlirnt earthenware, true and circular in baredwith an external
flat bottomand plainendssuitablefor layingwith open orbutt joints.

MANHOLE COVERS AND FRAMES

Manholecoversandframesshallbe inaccordancevith therequirement®f SRN846: CastManhole
CoversRoadGully GratingsandFramedor DrainagePurposegxcepthatthe manholecovers shall
be constructed of mild steel, concrete filled, in accordanik thestandarddetaildrawings.

Foul watersewermanholeshallhavetriangularGradefi A lieavyduty coversandframes.Circular
manhole covers and frames shall be used on surface water s@méples.

GULLY GRATINGS AND FRAMES

Gully gratingsandframesshallbe basicallyin accordancavith the requirement®f SRN 846, nominal
size500mmx 350mmexceptthatthe gully gratingsshallbe constructedf mild steelconcretdilled in
accordancevith thestandardletaildrawings.

Where indicated as being kerb inlet type, the gullies shall conform to the shaganansions
givenon the detaitlrawingssupplied butin respecbf materialsand workmanshipconformto SRN846.

PRECAST CONCRETE MANHOLES AND INSPECTION CHAMBERS

Precastconcretemanholesand inspectionchambersshall comply with the requirementsof SRN 854:

Concrete Cylindrical Pipes and Fittings including Manholes, Inspection Chamb&gregidGullies,
and they shall carry the relevant Standard Institutemistered certificatiorirademark,or test

certificatesshall be furnishedby the manufacturer.

PRECAST CONCRETE GULLIES

Precastconcretegullies shall be unreinforcedand shall comply with the requirementof SRN 854:
Concrete Cylindrical Pipes and Fittings including Manholes, InspeClimmbersindStreetGullies.

MANHOLE STEPIRONS

Stepironsof generalpurposetype shallcomplyin all respectavith SRN 845: MalleableSteplrons.

TIMBER
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Timbershallbe soundwell seasonedndentirely free from worm, beetle warps,shakes splits,and all
forms of rot and deadwood.

Where required, all timber shall be treatedwith creosote, as specified in SRN 872: Coal Tar Creosote
for the Preservation of Timber @nalternativeapproved timbepreservative.

7.54 WATER BARS
Waterbar s s hal | tydeand Gelatrhle $yhthietic rubbesr extruded PVC.They shallbeflexible,
tough, elastic and durable and of dimensions detdilegly shouldbeunaffectecbn contactvith diluteacids
or alkalis. Jointsandjunctionsshall, when possible, be prefabricated e manufacturer, but if made at

site the manufacturer 6s iadhedveswshatl beofoll@ved anded. udi ng
Samples shall be submitted for approval of Engineerbeforeuseof any material.

7.55 CONCRETE BLOCKS
Solidandhollow concreteblocksfor walling shallcomplywith SRN904in everyrespect.

All solidandhollow concreteblocksusedin the walling mustbe capableof withstandinga crushingpressure
of notlessthan 0.35 kg per squangillimetre after 28 daysThe blocksshallbe castin Metric sizes.

7.56  HDPE PE 100PIPES MANUFACTURED ISO 4427:2007STANDARD

1 Compound The materiaffrom which the pipesaremadeshallbe in accordancevith 1ISO 44271.

Material All pipes shall bemanufacturedisingpre-compoundedcarbon black, bimodal, high densitypolyethylene
MRS 10.0 material (PE100)

Theuseof naturalPE100with a Carborblackmastebatchis strictly not allowed. Carbonblackshouldbe well
dispersed t@ive outstandingUV resistance, andhould have aninimum carbon contenof 2%.

2 Identification The compoundusedfor identification stripesshallbe manufacturedrom a PE polymer
compound manufacturedrom the sametype of basepolymerasusedin the compoundor pipe production.
3 General Whenviewedwithout magnification,the internalandexternalsurfacesf pipesshallbe smooth,

appearance clean and free from scoring, cavities and other surface defects such as would prevent coofdhagype
to ISO 4427. Theipeends shall beut cleanly and squate the axis of th@ipe.

4 Colour The pipesshallbe blackwith colouredidentificationstripes(blue for potablewater)with protection
from UV light.

5 Test The HDPE pipes must undergo and pass the following test after manufacturing arettiéisatesshall
beprovided

5a | Hydrostatic Pipesshallwithstandwithoutburstingor leakagehehydrostaticstressnducedby internal hydrostaf
Pressurdest pressure when tested in accordance with ISO 11163ing the test conditiorspecifiedin section 7
(e.g. 124bars @ 20 degrees Celsius for 100 hour$t#100)
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Dimensional Classes

6a

General

The dimensiongf the pipe shall be measuredn accordancavith 1ISO 3126. Manufacturingshall
beto 1SO 4427 Standardasper annexeddimensional chart.

6b

Lengthsand
coils

Wherecoiling is possible the minimuminternaldiameterof the coil shallbe notlessthan18d.

Thelengthsshallbe suppliedto minimize the numberof joints to be donein the field, andthe size
thatis allowedto be legally transportedn Kenyanroadshy thetraffic department.

09 ®min 100mlengthcoils;

110mmin 50mlengthcaoils;

andO 1 2 5 md2mlengthcoils or lengths

Markings

General

All pipesshallbe permanenthandlegibly markedin sucha way thatthe markingdoesnot initiate

colourof theproduct. Themarkingshall be suckhat it is legiblewithout magnification.
The frequency of marking shall not be lessthan onceper metre.

cracks or other types of failure and such thatmal storage, weathering, handling, installation and use d
not affect the legibility of the marking. The colour of the printed information sfifiér from the basic

7.57 SUBMERSIBLE PUMPS

Pump make

Preference is for PENTAIR or equivalent.

Pump setcapability
1. Marking should be achieved through engrave printing on corrosion resistant niaterianetal plates) appropriate for

the local conditions; name plates should be securely attached (riveted name plates) on the pumps and motors. Figures
below provide examoles of recommended markina on the bumos and motors.

' aCPU,
c € 123 Street Side, City Country H
2016 T— 2

10 — KimWate P1002-40 S.N.23151 765 T 3
® — 71 P-No. 77823456-000103
g —1Q 305l/s H 63m T 4
7 —tN 987 1/m Imp. Dia. 0.54m T °
6 —+ Gew. 1090kg
1- Manufacturer’s address and LOGO 6- Gross weight
2- Year of supply 7- Speed
3- Serial number 8- Flow rate
4- Head 9- Order number
5- Impeller diameter 10- Designation of the pump set
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o oMoy, +— :
c € 123 Street Side, City Country oﬂ

14 —t KimWate M1002-40 2016 T 2
138 — 3~ Volts 220-240D/380-415Y T 3
12 — P-No. 77823456-000103 | Amps 5.90/3.40 o 4
11 —+S.N.291 56 124 HZ 50 +— 5
10 —} Gew. 1090kg cos ¢ 0.85-0.79 T 6©

9 —} N2840-2870 1/m Eff. %\94 P15kwWw T — 7

=~
8

1- Manufacturer's address and LOGO | 8- Efficiency

2- Year of supply 9- Speed

3- Voltages 10- Gross weight

4- Currents 11- Serial number

5- Frequency 12- Order number

6- Power factor 13- Phase

7- kW 14- Designation of the motor set

Theyea of manufacturendserialnumbermustbe indicated

Minimum hydraulic pumpefficiency of 70%

Pumpgrade2B for pumpswith shaftpower>10kW andO 1 K@/

Hydraulic minimumefficiency index (MEI) ©0.7 accordingto ErP Directive 2009/125/ECQCommission
Regulation(EU) 547/2012]

6. Degreeof Protectionotherwiseknown asingressProtection minimum|P 68 required.

ok w

Pump i assemblyand maintenance

1. Fully submersible, multistage, submersible pump with NEMA coupling (6" and 8") or standard con(®@tjoand
radial or semaxial impellers for vertical or horizontal installation.

2. Integratednonreturnvalve

3. RewindablethreephaseAC motorwith PVC-isolatedwinding anda waterglycol filling for directstarting

4. Hydraulic connection as NEMA (6" and 8") or standard connection (188aling of motor shaft with a mechanical
seal Self-lubricating motor bearing. Thrust bearing with rockersaosorption ohigh axialthrust- Negative
axialthrustis absorbedy therotatingsealbearing
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5. The pump material should be ntoxic, norcontaminating, and biologically inert. (The supplier shall list all the
materials used for the pumpuwing, impeller, lantern, pump shaft, mechanical seal, etc.)
a. Impellersmadeof stainlesssteelAISI 304
b. Motor Housingmadeof stainlesssteelAISI 304
¢.  Pumphousingmadeof stainlesssteelAISI 304L
d. Shaftmadeof AISI 420stainlesssteelfor directconnectiorvia NEMA coupling
e. Motor shaftmadeof 1.4301stainlesssteel.
f.  MechanicalSealmadeof EPDM (EP 851)i.e. B-carbonor silicon carbide(AQIEGG)

6. Mechanicalsealsshallbe providedunlessapprovedotherwise.

7. If alternativematerialsare proposedhis shall be so statedin the bid submissiordocuments.

8. The pump casing, bearing, shaft, impellers and gaskets must be made of materials suitable for 16qmamsiotis
operation in water system.

9. The duty performance curves, efficiency curvasd power demand curves (characteristies/es) shall accompany
the tender with clear indications of the capacity and efficiency of the pump with the specified head. The duty chart shall
indicate the duty points i.e. proper NPSH curves showing flow, head, impétiey shaft power andydraulic
efficiency.

10. The pumpshallbe ableto operatewith waterat 50°C.

Motor
1. The motor shall, unless otherwise stated, be suitable for 415/240 volts 3 phase 50 cycles (S0iz)awer

supply. The motor shall have a soft starter which shall not ex286@ RPM. The motor shall be foot mounted,
squirrel cage, damp proof or totally enclosed suitable for an antigemperaturef 30°C.

2. The motor shall be designed for continuous running. Insulation Cla€sf@0motor protection from power surges
is required.The motor shall be capable of an overload of 10% above its rated outptiiearatedvoltagefor a
periodof onehourwithoutsustaininglamage.

3. The motor is cooled by the pumped fluid. Therefore, the unit must always be operated imrieveeder, a
selfcooling motor is highly preferred and recommended

Spare Parts
The sub contractor shall submit with his tender a list of the recommended spare parts for a period of 1Uhesn

contractorshallprovidea guarantedrom the supplierthata sufficientnumberof sparepartsfor the maintenance of the
equipment.

Maintenance Manual
Upon completion, the subontractor shall furnish the Engineer with three copies of a manual size A4 ofdadsgpe

containingall the following items:

Descriptionof equipment

Full operationand maintenancenstructions
Faultfinding chart
Emergencyprocedures

e

89



5. Maintenanceandserviceperiod

6. Primaryandsecondanspares

7. Recordingdrawing- sizeAd

The maintenance manual shall be specially written (in English) and not a standard manufacturersinbessial
approvedytheEngineerAll instructionsshallbewritteninto themanuabwith referenceo thedrawings. All valves,
terminals, controls of the pump set shall be labelled to correspond with maintenaraggeaation manual. The work shall
not be considered to be complete for purposes of taking over until such instractioinawingshavebeensuppied to
theclient.

Certificates
1. The manufacturer of the pump shall hold a certificate for the standard ISO 5199:2012 and should hold certification

corresponding to standard Quality System Certificate ISO 9001:2015; the environment standt@0$2015
and occupational safety and health standard BS OSHAS 18001:2007.

2. Additionally, the specific pump/motor model purchased shall be certified according to applicable standards (e.g., ISO

9906:2012- Rotodynamic pumps- Hydraulic performance acceize tests- Grades 1, 2 and
3. Theacceptancgradeshallbe asfollows: 2B for pumpswith shaftpower>10kW andO 1 K&/
3. Thesuppliershouldprovidethe specificma n u f a catithorizationto sell the products andthe relevant
KEBS/ERCEnergyEfficiency LabelunderKS 24491:2013andKS 24492:2013Standards.
4. Foranyparametethatc a rbéverified physically,ama n u f a ccertificate sha@ukisuffice

Performance requirement for Borehole pump

Provide, install and commissiorcamplete submersible pump (including draw pipes, cables, pump protection devices,
control panel & sundries) capable@élivering 15.4m3hr against a head of 130 mapprovedbefore procurement by
Engineer.

A test certificate from the factory should aoggany the pump to verify specifications, which cannot be verglegsically.

Equipment
1. Lifting equipment/truck

2. Light Duty Truck (Pick-up or similar)
Personnel

Required Key PersonnBlosition | Requiredqualifications

ProjectManager 1 BScDegreein Mechanical/ElectricaEngineering

1 Minimum 5 yearsrelevantexperiencen water projects

Technician 9 Electromechanicatechnician

9 Minimum 4 yearsof experience
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7.58 SURFACE PUMPS
Pump setcapability
Preference is for PENTAIR @quivalent.
Pump setcapability

1. Marking should be achieved through engrave printing on corrosion resistant material (e.g., metal plates) appropriate for
the local conditions; name plates should be securely attached (riveted name platepuompiand motors. Figures
below provide examples of recommended marking on the pumps and motors.
1

' aGPU,
c € 123 Street Side, City Country Hg
2016 T 2
10 —t KimWate P1002-40 S.N.23151 765 T 3
g — P-No. 77823456-000103
g —1Q 305l/s H 63m T 4
7 —+ItN 987 1/m Imp. Dia. 0.54 m T 5
6 —+ Gew. 1090kg
MO T 1!
c € 123 Street Side, City Country ?Goro’
14 —+ KimWate M1002-40 2016 T— 2
18 — 3=~ Volts 220-240D/380-415Y T 3
12— P-No. 77823456-000103 | Amps 5.90/3.40 i ¢
11 —+S.N. 29156 124 HZ 50 T 5
10 —+ Gew. 1090kg cos ¢ 0.85-0.79 i °©
a — 1+ N2840-2870 1/m Eff. % 94 P15kW T — 7
X
8
1- Manufacturer's address and LOGO | 8- Efficiency
2- Year of supply 9- Speed
3- Voltages 10- Gross weight
4- Currents 11- Serial number o1
5- Frequency 12- Order number
6- Power factor 13- Phase
7- kW 14- Designation of the motor set




© N oo

The motor MUST be rated and a display plate or engraving for international efficiency (IE) class nmuthted

motor (riveted name plate with Apunchemadufactaré mustbat i on t ha
indicated also as well as the serial numeg. IE3 95.8%

Motorsratedbelow IE 3 arenot acceptablePumpgradelB for pumpswith shaftpower>100kW.

Motor efficiency lower than93% or a powerfactor of 0.93is not acceptable.

Hydraulic minimumefficiency index (MEI) ©0.4 accordingto ErP Directive 2009/125/ECQ[Commission
Regulation(EU) 547/2012]

Degreeof Protectionotherwiseknown asingressProtection,minimum P 55 required.

The pumpshallbe coupledto the motor shaftby flexible couplingasper SO 9905requirements.

assemblyand maintenance

The pumps shall be of the centrifugal type with cast iron casings. The shaft shall be prepared fomiection
via flexible couplingof themotor.
The pump material should be néoxic, norcontaminating, and biologically inert. (The suppkéall list all the
materials used for the pump housing, impeller, lantern, pump shaft, mechanical seal, etc.)

a. Impellers, stage chambers and pump housing made of 1.4301 (AISI 304 standard) or 1.44844AISI

standard) stainless steel

b. Shaftmadeof AISI 304 or AISI 316L stainlesssteel

c. MechanicalSealmadeof EPDM (EP 851)i.e. B-carbonor silicon carbide(AQIEGG)

d. Bearingis preferablytungstencarbideor aluminumoxide

e. Pumpbasealuminium
Pump casing shall have interchangeable, bronze wear rings. The impellers shall be of bronzgradbgsst
iron dynamicallybalancedo ensuresmoothrunning.
The propeller shaft shall be of steel (AISI 316L) and fitted with renewable bronze protgetngsvherever
it is in contactwith the pumpedwater.
Mechanicalsealsshall be providedunlessapprovedotherwise.
If alternativematerialsare proposedhis shall be so statedin the bid submissiordocuments.
For this horizontal type pumghe propeller shaft shall be carried by oil or grease lubricated ball orlmeeings.
The pump casing bearing, shaft, impellers and gaskets must be made of materials suitable for manfy years
continuousoperationin watersystemIn this casea minimumof 10 years.
The duty performance curves, efficiency curves, and power demand curves (characteristics curves) shall accompany
the tender with clear indications of the capacity and efficiency of the pump with the specified
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head. The diy chart shall indicate the duty points i.e. proper NPSH curves showing flow, head, irspeeleshalft
power anchydraulic efficiency.

10. The pumpshallbe ableto operatewith waterat 50°C.

11. An excel sheet showing the life cycle costs of the pump over its life time. 85% of the total life cycletbespomp
is directly attributed to electricity. (Purchase price 7% and O&M is 8%).

Motor
1. Themotor shall, unlessotherwisestated be suitablefor 415/240volts 3 phase50 cycles(50Hz) 4 wire power

supply. The motor shall have a soft starter coupled with a variable speed drive whichchedteed 2,900 RPM.
The motor shall be foot mounted, squirrel cage, damp proof or totally edcogeable for an ambient
temperature of 30°C.

2. Themotor shallbe designedor continuousrunning.InsulationClassF for motor protectionfrom power surges
is required. The motor shall be capable of an overload of 10% above its rated outihe r@teldvoltagefor a
periodof onehourwithoutsustaininglamage.

3. The rated output of the motor shall be the maximum horsepower absolveduynpainder the described
conditions of head and discharge plus an allowance for loss of power in the coupling.

4. The electrically driven pump shall, unless otherwise stated, be directly coupled via a flexible céaffi@gnotor.
The motor and pump assemtshall be fitted to a common rigid steel frame bolted tmacrete plinth. Proper
alignment of motor and pumpsust be guaranteed.

Spare Parts
The sub contractor shall submit with his tender a list of the recommended spare parts for a period of 10 years. The sub

contractor shall provide a guarantee from the supplier that a sufficient number of spare partnéinteeance of the
equipment.

Maintenance Manual

Upon completion, the sutontractor shall furnish the Engineer with three copies of a manual size A4 ofdadsgpe

containingall the following items:

1. Descriptionof equipment

Full operationand maintenancenstructions
Valvesoperation
Faultfinding chart
Emergencyprocedures
Maintenanceandserviceperiod
Lubricatinginstructions
Primaryandsecondaryspares
Recordingdrawing- sizeA4

©W oo N WD

The maintenance manual shall be specially written (in English) and not a standard manufacturerauinessial
approvedytheEngineerAll instructionsshallbewritteninto themanuabwvith referenceo thedrawings. All valves,
terminals, controls of the pump set shall be labelled to correspond with maintenaraggeaation manual. The work shall
not be considered to be complete for purposes of taking over until such instractioinawingshavebeensupgied to
theclient.
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Certificates

1. Themanufactureof the pumpshallhold the for the standardSO 5199:2012for manufacture opumps, and should
also hold certification corresponding to standard Quality System Certificate 1ISO 9001:2015; the environment standard
ISO 14001:2015 and occupational safety and health standard BS OB3(%88.:2007.

2. Additionally, the specific pump/motor mebpurchased shall be certified according to applicable standards (e.g., ISO
9906:2012 Rotodynamic pumps- Hydraulic performance acceptance testSrades 1, 2 and
3. Theacceptancgradeshallbe asfollows: 2B for pumpswith shaftpower>10 kW andO 1 (kW/; and 1B
for pumpswith shaftpower>100kW.

3. Thesuppliershouldprovidethe specificma n u f a catithonzation® sell the products and the relevant
KEBS/ERCEnergyEfficiency LabelunderKS 24491:2013andKS 24492:2013Standards.

DN 15,20,25,32AND 40 SINGLE JET METERS

Evaluation
Technical Description (Requirement
Requirement fulfilled -
Yes/No)

-ISO 9001:2008 (ISO 9001:2015 is an added advantage);
14001:2004 (ISO 14001:2015 is an added advantage); BS O
18001:2007,

Typeapprovakertificate(eitheraccordingo EN 1SO4064:20140r OIML
R49: 2013) from 286-2017 listed OIML Issuing Authoritiesaboratories
Required |I-€- NMI-Australia; PTBGermany; KIWA or NMiCertin- Netherlands

Certificates | FORCE Certification A/fDenmark; LNEFrance;NMIJ/AIST-Japan,
NMRO-UK; RISE-Sweden,

- MID alsoaccepted

- Manufact r e Authaizationto sell
- KEBS certificate

- Manuf a cQalibratomCérsficate

Type of Water | Single Jet (Mechanical or with AMR enabled * [SmarthutomaticMeter
Meter Reading or Smart Water Meter

The value of the ratio R=Q; shall behave a preferred accuracyR¥00for
DN15andR160for DN 20, 25,32 & 40mm.

(LetterV or H should be marked onscribed orthe metefor the Rvalue,
if themetercanonlybeoperatedn thevertical or horizontal position. e.g

Class of Water | R200H andR40V)

Meter Qs = StartingFlow rate.

DN | mm| 15 20 25 | 32 40

L mm | 110 | 190| 260 | 260 | 300
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Technical
Requirement

Sizing of Water
Meter

Meter
Application

Description

Q | m¥h| 25 | 4 63 |10 | 16

Q/Q1| R | 200 | 160| 160 | 160 | 160

Q | I/h <6 | 12| 20 |40 | 60

Q IlIh | 125 | 25| 39.3 | 62.5| 100

Q | Ih 20 | 40| 63 | 100 | 160

Qs | m¥h| 3125 5 | 7.875|125| 20

DN 15,20,25,32 & 40.

The meter size will belesignated by the nominal size of its inlet and oy
threaded or flanged connectors. Both the inlet and outlet Sieabf the sam¢
size aninthe same axis.

For each meter size designated,the correspondingfixed set of
dimensionsmust correspond to BS 5728/1, ISO 4064 2014 and nc
deviations from this shalle accepted
(DN 15mm,20, 25,32 & 40mm)

WaterUtility requestor AccuracyClass2 water meters

The meter manufacturer shall specify the accuracy t&Gs

40641:2014 Section 4.2
Accuracyclassandmaximumpermissibleerror (MPE)

4.2.1 General

A watermetershallbedesignedandmanufactureduchthatits errors (of
indication) do not exceed theaximum permissible errors (MPEs) as defin
in 4.2.2 or 4.2.3 under rated operating conditignsvatermetershallbe
designatedseitheraccuracyclassl or accuracylass2, accordingto the
requirementsf 4.2.20r4.2.3.

4.2.2 Accuracyclassl watermeters o

TheMPEfor theupperflow ratezone(Q. OQ OQq) is +1 %, for
temperaturerom0,1°Cto 30°C, and+2 % for temperaturegreater tha
30 °C.

The MPE for the lower flow ratezone(Q; 0Q <Qy) is +3 %

Evaluation

(Requirement
fulfilled -
Yes/No)
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Technical
Requirement

Material
Requirements

Description

regardles®f the temperatureange.

4.2.3Accuracyclass2 water meters
A water meter shall be designated as accuracy class 2. This requir
Maximum Permissible Error (MPE) tee +2 % (for temperaturefom 0.1 °C
to 30 °Cand+3 %for temperaturegreaterthan30 °C) for the upper flow
rate zone. As the temperature in Kenya is grehter30 °C, a MPE oft3
% s acceptable. The MPE for the lowfow ratezoneshallbe+5 %.
The MPE for the upperflow rate zone(Q: OQ OQu) is +2 %, for
temperatures from 0,1°C to 30 °C, and+3 % for temperatures g
than 30 °C.

The MPE for the lower flow rate zone(Q1 0Q <Q) is #5 %
regardless of the temperature range..

The material should be resistant to normal exposures. The hatgn
shall be UV stabilized (¢p polymer, NOT plastic.The copolymer
meter will only have copolymehreadqThe meter bodynaterial to be
specified in the brochure)

Threaded meters shall be supplied complete with a set of conndtidesre
madeof copperalloy or equivalentmaterialresistanto corrosion, rus
and damage due to shock or vibration. Ttenectors shall be thread
to the correct male size, comprising aays, linings and fiber sealing
washers.The meterlinings shall have adequate provisions to safegu
againstampering. Ensure adequate thread tape is provided.

Only copolymerthreadsareallowedfor co-polymermeters.
The metersshouldhavethreadcapsto preventthreaddamaging.

Strainersfor DN15,20, DN25,DN32and DN40only

In-built sieves/strainershall be incorporatedin consumerflow
meters.

All meters shall be provided with effective inlet strainers which shall &
rigid construction, close fitting and designed fasy removalinlet
strainersshall be of nickelplated copper, stainlesssteel or other
materials having satisfactory characteristics. The strainer $tafe an
effectivestrainingareaof atleastthreetimesthatof the meter bodinlet
diameter. Tenderers shall provide detailsf the materials of
construction, aperture size and desigsti&iners.Larger size metere
flanged.

Suitablein-built strainer(0.75mmaperture&2,844 mm2 mesh(made

Evaluation
(Requirement
fulfilled -
Yes/No)
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Technical
Requirement

Description

of stainless steel) area) shall protect the measuring mechanism. For large
suppliers shall submit the required strainer aperturena@gh sizes

Non-return Valvesfor DN15,20, DN25,DN32and DN40only.

All meters shall be supplied with integral Aturn valvesTenderers
shall provide detailsof the materialsof constructionand design of non
return valves. A sample provided of the Naturn valves alsorequested
LargersizemetershavenoNRV 6 s .

End Connectors

All_metersof size 15 to 40mmdiametershallbe suppliedcompletewith a
set of copper alloy connectors (linings and cap nuts) threaetl 0BSP
malecontainingnolessthan57%copperandrubber sealing washers

ISO 40641:2014 section 6.1.7A water meter shall be of siegign,
composition, and construction that it does not facilitateptbrpetration
of fraud. A visible indicator showing any form ¢dmpering is 8
requirement.

The metershall be deliveredcalibrated.

In additionto the inscriptionrequiremenin 1SO 40641:2014 Section

6.6 (see Annex F, Marks and Inscriptions), the nominal diameteris

required to be marked on the meter. As the recommended tempe
class, T50, differs from T30, it should be indicated additionally.

Furthermore, the abbreviation of the specific WSP di@éngraved to redu
thechance otheft.

Marks andinscriptions

6.6.2 A water meter shall be clearly and indelibly marked with
following information, either grouped or distributed, on the casiing
indicating device dial, an identification plate or the meter coveritifs not
detachable. These markings shall\bgible without dismantling the
water meter after the instrument has been placethemarketor putinto
use.

a) Unit of measurement.
b) Accuracyclass,whereit differs from accuracyclass2.

¢) Numericalvalueof Qsandtheratio Qa/Qu: if themetermeasureseverse
flow and thevaluesof Qs andthe ratio Q3/Q: are differentin the two
directions, both values s andQs/Q: shall be inscribecthe direction of

flow to which eachpair of valuesrefersshall be
clear. The ratio Q3/Q: may be expresse@sR, e.g.fi R 1 610tige.

Evaluation
(Requirement
fulfilled -
Yes/No)
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Technical
Requirement

Description

meter has different values Q&/Q: in horizontal and verticaositions,
both values 0fQy/Q: shall be inscribed, and the orientatittn which each
value refers shall be clear.

d) Type approvalsign accordingto nationalregulations.
e) Nameor trademarkof the manufacturer.

f) Year of manufacture, the last two digits of the year of manufaaturbie
month and year of manufacture.

g) Serialnumber(asnearaspossibleto theindicatingdevice).The serial
numbemaybeengravear laserprintedin adatamatrix format(article
code +serial number) for auto reading of the senamber.

Marking of approvinglaboratorywith approvalnumber

Indelible marking of QR data matrix showing meter serial number,
tracebility of order frommanufacturer.

{ Data Matrix codeis a two-dimensionabarcodeconsistingof black and
white "cells” or modules arranged in either a squarer@stangular
pattern, also known asraatrix. The information to be encoded can be
or numeric data.)

h) Direction of flow, by meansof anarrow (shownon both sidesof the
body or on onesideonly providedthe directionof flow arrowis easily
visible under all circumstances).

i) Maximum admissible pressure (MAP) if it exceeds 1 MPa (10 loar),6
MPa(6 bar)forDNO5 0 O .

J) Letter V or H, if the meter can only be operated in the verticg
horizontalposition.

k) The temperaturelasswill be T50.

Class MATOC MAT ©oC

T30 0.1 30

Evaluation
(Requirement
fulfilled -
Yes/No)
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