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SECTION 03 CONCRETE WORKS

1. General

This Section includes the requirements for concrete work for pipelings ork,
runways, structures, water retaining structures, foundations and bases j and

equipment. Q

2. M aterials

2.1 Aggregates

Notwithstanding such compliance, th ur article shape of the aggregate must be
such as to ensure that:

a) The necessary strength anesmgrka@iity requirements can be met.

b) The Flakiness and El ndicates of the predominant size fraction in each
single sized coarse gggregare’ determined in accordance with BS 812, shall not

eight respectively

consigt of clean sand and be within Zone 2 and Zone 3

inBS EN 12620:2002.

ate shall, consist of crushed or natural gravel or single or of

e, to the Engineer’s approval.

Fine and coarse aggregates for concrete shal@ th BS EN 12620:2002
d

¢) The fine aggregat

d) The coar

concrgte. In particular, the following shall apply:

The sodium chloride content of the aggregate shall not exceed the following percentage
of the dry weight of the aggregates.

Fine aggregate 0.08%
Coarse aggregate 0.04%
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If the content of either aggregate exceeds these limits the material shall still be considered
acceptable provided that the total sodium chloride of the aggregates does not exceed
0.32% by weight of the cement in the mix.

The maximum sulphate content expressed as SO3 (sulphur trioxide) shall nojgexceed
0.25% of the dry weight of the aggregate, or it shall be such that the maxim |phate
content does no more than double the sulphate content already in the mix ich is
attributable to the sulphate (gypsum) content of the cement.

The allowable shell content, expressed as a percentage by weig regate, as
calcium carbonate shall not exceed the following: -

Table3.1
Nominal Size of Total Hollow
Aqggregate :
40 mm 6.02 1.0%
20 mm % 1.0%
Fine : 2.0%

The Contractor shall satisfy the ﬂ-- hat the proposed aggregate is compatible with
the cement and that its use wihl Rgt give rise to a chemical reaction between the alkali in
the cement and the aggr, hich would affect the durability of the concrete.

The Contractor shall e Engineer for approval full details of the aggregate he
] i ncrete being placed in the works. Such information shall at

h aggregate, current certificate of grading of the aggregate,
test certific sulphate, chloride and shell contents and alkali / aggregate
inp 0

Contr .

The source of aggregate shall not be changed without the approval of the Engineer.

The aggregate shall be stored on a concrete slab to prevent contamination and inter-
mixing of different aggregates. The aggregates shall be kept cool by shading the
stockpiles from the sun or by sprinkling them with water so that cooling results from
evaporation.
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2.2 Cement

221 GENERAL

Standard:

Ordinary Portland Cement
Sulphate Resisting Cement

Any bag or package or sample of cement whi 1S [
any way has deteriorated shall berej el an individual bag or package or asthe
whole consignment in which such sample is contained.

The Contractor shall keep records o s consignments of cement in store, giving
guantities received and used, and the s of the work in which the cement has been
used, on aweekly basis and maké return to the Engineer accordingly.

At the time any cement is usafPi works it shall be free from lumps.

2.2.2 Relevant Standakd

BS 12, Portland c@

BS EN 197-47200 land-blast furnace cement
% esisting Portland cement

BS 4550, Methods of testing cement

The Cement shall be obtained from an approved source, which shall not be changed
without the Engineer’s approval. The manufacturer’s test certificates shall accompany
every delivery of cement. If such certificates are not available, the contractor shall take
representative samples from different bags or containers of each consignment, which then
shall be packed and labeled and sent for testing to an approved testing laboratory for
compliance with BS12 or BS 4027, as appropriate, at the Contractor’ s expenses.
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For each variety of cement, separate storage shall be provided and contamination of one
type by another shall be scrupulously avoided.

224  Sampling

The methods of obtaining samples of cement for testing shall be carried ibed
in BS 4550 Part 1

The Contractor shall provide samples from each consignment, of -% d ed to the
dLfor thé Engineer's

Site, or as required by the Engineer. Fourteen days shall/be allo
review of these samples or otherwise as stated in the Contact.

225 Deélivery, Storage and Handling

contamination during transit and stor
sheds each large enough to allow pro &ka
storage shall also be arranged so ement is used in the order in which it was
delivered and in such a way that Ineer can readily identify any particular

consignment for sampling and tl"u ses. The floor of the shed shall be raised clear
fre

th

E
above the surrounding grou least 250 mm and any cement, which becomes
contaminated, shall be rem he site.

The Contractor shall g ghing machines which shall be kept permanently in each
shed for checking gle Wigight of the bags or barrels of cement. The weighing machines

Any pghment of cement not used within two months from the date of manufacture
and cement which in the opinion of the Engineer is of doubtful quality shall not be used
in the Works until it has been retested and test result sheets showing that it compliesin all
respects with the specification and relevant standards.
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2.3 Reinfor cement

2.3.1 Source of Reinforcement

The source of the reinforcement shall be subject to the approval of the Engin
All reinforcement shall comply with BS 4449:2005. If approval of reyife not
complying with the British Standard is requested by the Contractor, thé A

reimburse the Employer all costs incurred by the Engineer or e
carrying out such checks or tests as he requires to be done befbe a @
2.3.2 Bending Dimensionsand Scheduling

The Contractor shall provide facilities on site forRe accurate cutting and bending of
reinforcement in accordance with BS 8666:2000

Where fabric reinforcement is to begbent regquirements will be indicated on the
drawings. The fabric shall be bent to theéfpdi dimensions and wherever possible the
Contractor shall position the ben avoid welded transverse wires occurring
within four diameters of the start of . Where high tensile steel is specified the
Contractor may use either hot igh yield ribbed bars or cold worked deformed

bars. The Contractor shall or one type only.
Mild steel shall not be sub; ed Tor high tensile or vice versa.

233 Labeling e

All bars or hdficies ars shall have a waterproof label securely attached stated the
drawi mRer anfl bar mark.

Reififorcem shall be stored in a manner and place such that it is kept free from

ud, oil and any contaminants likely to impair its performance within the

234 Fixing

Immediately before fixing the contractor shall ensure that all bars are free from scale,
loose rust or any other matter which is likely to impair the bond with the concrete and
where necessary shall remove those using appropriate means.

Bars, which are damaged, shall not be used in the works. Any bars, which become
damaged after fixing shall be removed, and areplacement bar fixed in its position.
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The Contractor shall securely fix the reinforcement in the positions indicated on the
drawings and shall be responsible for maintaining it in this position until the concrete has
hardened.

The contractor shall provide sufficient support, by means of approved chairs, sand
any other means to ensure that all reinforcement is held in the correct po hilst
concreting is taking place. Reinforcement shall be rigidly bound t at ery
intersection of two bars by 1.6-mm soft annealed iron wire bi ndlng A barS'shall

besetin posmon prior to concretlng and securely held during conc

s rely fixed
o way inferior to

In some instances bends in hot-rolled
the application of heat. Such work m

Engineer. x
235 SurfaceConditionofl@ ent

Immediately prior to lacing the reinforcing steel shall be washed thoroughly
with potable water to r e deposited sdlts.

Reinforcement be from rust, oil, grease and other deleterious matter. Grit
blasting shal@ for this prepping process. All reinforcement shall be approved

be straightened or reworked with
led out except with the consent of the

by the in
2.3. Welding of Reinforcement

Following the establishment of a satisfactory welding procedure, each welder to be
employed on the Works shall carry out welder performance qualification tests on
reinforcing bars of the same metal and size as those on the Works. The requirements of
ASME Code Clause I X of 1959 shall be observed.

Reinforcing which is specified to be welded shall be welded by any process which the
Contractor can demonstrate by bend and tensile tests will ensure that the strength of the
parent metal is not reduced and that the weld possesses a strength not less than that of the
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parent metal. The welding procedure egablished by successful test welds shall be
maintained and no departure from this procedure shall be permitted.

2.3.7 Permitted Tolerances

Without affecting in any way the Contractor's responsibility for th f the
reinforcement, the position of the reinforcement, or the dimensions e
concrete, the cover to tolerance may vary in accordance with table 3.2.

Table3.2

Concrete Cover mm Permitted anc m
25 mm +5

From 25 mm to 55 mm -Sr%mm
Greater than 55 mm -5% Oomm

2.3.8 Testing
The Contractor shall supply rolling mill test certificates before any

reinforcement is used.

Periodic testing of all reinfo, on site will be required and will comprise:
a) Tensletests &
b) Bendtests
C) Rebendt

dIC tests will depend upon the total weight of steel used on site and
in accoréd ceW|th the followings: -

Upt — One tegt a the start of the works.

50 to 100 tones — One test at the start of the works and one other.

Over 100 tones— One test a the start of the works and one test for each 100 tones (i.e. for
460 tones — initial test plus 4 tests).

The periodic tests shall be spaced out over the duration of the works as directed by the
Engineer. Each time periodic testing is carried out a set of six test pieces of each diameter
and each type of bar delivered to site will be required. The length of each test piece shall
be the greater of twenty times the nominal bar size or 600 mm.
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From each set of six pieces, two pieces will be used for tensile tests, two for bend tests
and two for re-bend test. For each type of test the two pieces shall be taken from different
bars.

Tests and results shall comply with the requirements of the appropriate British dards
as follows: -

Cold worked steel bars BS 4461: 1978

Hot rolled steel bars BS 4449: 2005

Test results shall be collected together and dispatched with

In the event of a sample failing a test the batch repregented by A mple shaJI be
rejected.

The Contractor may be permitted to carry out, a wn expense, such additional tests as
required by the Engineer to etablish that the Is complying with the relevant

British Standard and that the rejection could b:f

2.4 Water

241 General O\’
This part coversthe use &or Concrete mixes and curing.

24.2 Relevant

24.3 Quality of Water

Mixing water for concrete and for spraying aggregates and shutters, for curing and like
purposes shall be from a source approved by the Engineer. The water shall be clean,
fresh, and free from oil, organic matter and other deleterious substances.

Prior to the commencement of concreting and subsequently once every three months the
Contractor shall sample and test the water supply for the presence of sulphate and

Page 8 of 36




STANDARD SPECIFICATION Page 9 of 36

OMAN WASTEWATER Document Number Date of issue Rev
SERVICES COMPANY saoc

PRJ - SS 02 -03 12/01/2008 01

chloride salts. The amounts of dissolved solids in the water shall also be checked on a
weekly basis by conductivity method during the period which concrete work is being
carried out, and any significant change in the amount of dissolved solids recorded shall
be immediately investigated by further testing for sulphate and chloride salts.

Water for concreting shall not contain more than 1000 parts per million of sulghaté(SO3)
nor more than 500 parts per million of chlorides.

outside the limits of 5.5 to 8.5 then the Engineer shall be informed 2
tested in accordance with the recommendations of B 1 '
determine the acceptability of the supply for further usefln the intépretation of the test
results the Engineer’ s decision shall be final Water shall otablefand shall comply with
the requirements of BS EN 1008:2002.

Water Temperature shall not be less than 5 0C ot more than 25 0C. Water may be
cooled by means of chillers or the addition of Ice

3. Admixtures \i?

Admixtures shall mean materials ad ot ncrete materials during mixing for the

purpose of altering the properties gigthe rete mix. In addition to the specified general
requirements for approval of efels, approval of admixtures shall be subject to

extensive trials to demonsiréte e Luitability, adequacy of dosing arrangements and
performance.

Approval of admixtur | D&"subject to extensive trials to demonstrate the suitability,
adequacy of dosin gements and performance. Where approved and or directed by
the Engineer, ad r all be used as a means of:

(@) 1mpedui e durability
(b) | ing Werkability of the concrete without increasing the w/c ratio

The methods of use and the quantities of admixture used shall be in accordance with the
Manufacturer’ s instruction and subject to the Engineer’s approval after evaluation in trial
mixes and shall in no way limit the Contractor’s obligations under the Contract to
produce concrete with the specified strength, workability and durability. The effects of
accidental overdose of the admixture and measure to be taken if an overdose occurs shall
be provided by the Contractor to the Engineer. No admixtures containing chlorides shall
be used. In particular, the use of acceleration admixtures containing calcium chloride
shall not be used.
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4, Mix Design

At the start of the construction period, the Contractor shall design a mix for each grade of
concrete listed in Table 3.3 or any other grades described in the contract document that
is required to be built into the Works or otherwise required for particular Contr

For concrete using other than ordinary Portland cement or incorporating
strengths shall not be less than those specified in Table 3.3, but the mi
revised and agreed with the Engineer.

Table3.3

Grades of Congliete

Min. Cement be Crushing at 28 d
Max. Size (Content kg/m3 Ma@n Trial Mix| Works
Concrete| Aggregate Type of f t| Test Test
Grade mm Cement O io MPa MPa
40/20 20 380 74-0.45 50 40
35/20 20 0.4-0.45 45 35
30/20 20 0 0.4-0.45 40 30
25/20 20 0.45-0.50 35 25
20/20 20 0 0.55 30 20
15/20 20 280 0.55 25 15

be used in each section of the work shall be designed to give a
MmN strength which shall be referred to by a number which denotes the
ing strength in Newtons per square millimeter which must be obtained
mm cube tested a 28 days together with a number to show the maximum

zeto be used.

For each specified mix, the concrete shall be such that it has the lowest cement content
and maximum practical size of aggregate which are necessary to attain the required
crushing strength and workability with minimum water/cement ratio in order to ensure
full compaction when used under the conditions that will be encountered in the work,
provided that the cement content, and where shown the free water/cement ration, are
within the limits given in Table 3.3
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The aggregate size to be used is added to the mix reference, e.g. Mix 25520 indicates 25
N/mmz2 concrete with sulphate resisting cement with 20 mm maximum sized aggregate.

The mixes shall be designed by the contractor and, before any concreting is commenced,
details of the mixes must be submitted, preliminary samples of the mixes preparegtand 28
days test results obtained for approval by the Engineer before any concrete ig placed in
the works.

The 28 day strength of trial mixes prepared in a laboratory shall be one- eaterjthan
the required works 28 day strength

5. Trial Mixes

As soon as the Engineer has approved the concrete mix h grade of concrete
and during or following the carrying out of thegarelimin s, the Contractor shall
prepare a trial mix of each grade in the presence e Engineer at least 35 days before
commencement of concreting.

Where ready mix concrete is being @e requirement may be waived at the
discretion of the Engineer if the Gont documented previous experience of a
particular mix design with test result

, t
;
all ghe:

in accordance with the Contéct@gs,aoproved mix design (or modified mix design after
preliminary tests), and sigw
of the fine aggregate and

The compaction fégor Opeach batch of each trial mix shall be measured immediately
after mixing hod described in BS 1881 and shall not be less than 0.85 nor
mp test measurements shall also be taken immediately after mixing.

ontractpr shall make three separate batches for each trial mix and six 150 mm

ig@’'test cubes shall be made from each batch in the presence of the Engineer.
Three cubes shall betested a 7 d and 3 at 28 d, after manufacture in accordance with the
method described in BS 1881. The value of the strength of the nine cubes tested at 28
shall meet the requirement of strength given in Table 3.3.
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Additionally, the Contractor shall measure the temperature, workability and density of
concrete in each batch

A full scale test of the workability of each trial mix of each grade of concrete shall be
made by the Contractor in the presence of the Engineer. The trial mix of each grade of
concrete shall be batched, mixed and then transported a representative distancedn the

in the Works. After discarding the first batch so made, the concrete frg
shall be placed and compacted in trial moulds both for reinforced and Ma %

dimensions typical of the Works. Q

The sides of the moulds shall be capable of being strippgd withou ue disturbance of
the concrete placed therein. The sides of the moulds sh i
has set and the workability judged on the compaction o

concrete, the trial mix shall be redesigned by t
workability test shall be undertaken for that tri

Redesign of the concrete mixes and the i testing of preliminary and trial mixes

of concrete shall be repeated for gragle of concrete until trial mixes of concrete

meeting the requirements of the Table having the workability required to place it
f

in the Works, as demonstrated j scale workability test described above, have

been established.

The Contractor shall u r@approved mix of each grade of concrete in the Works.
i i e uction of the Works the source of cement or aggregate is

the aggregate alters to such an extent that the fraction of

sieve cannot be maintained within two percent of the total

@\ cdarse aggregate when adjusted in accordance with this Clause, then
ot concrete shall be made, tested and approved for use.

ratory tests shall be carried out to determine the mixes to satisfy the
with the approved materials. Trial mixes shall be tested to determine the
following properties of mixes proposed for initial field tests:

a) bleeding in accordance with ASTM C232 (non-vibrating) shall not exceed 0.5 %.

b) drying shrinkage in accordance with BS 1881 Part 5 or BS 6073 Part 1, Appendix
D (c) air content to BS 1881 Part 106.

c) Freewater: cement ratio.

d) Workability to BS 1881 Part 102.
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€) Fresh and hardened concrete densities to BS 1881 Parts 107 and 114, respectively.
f) Compressive strength to BS 1881 Part 116.

If the values obtained are unacceptable, the mixes shall be redesigned.
Approval of the job-mix proportions by the Engineer or his assistance to the Contgactor in
establishing those proportions, in no way relieves the Contractor of the respgnsibility of
producing concrete which meets the requirements of this Specification

The Engineer may aso require practical tests to be made on the St [ling trial
moulds to confirm the suitability of:

a) Mix for the works

b) Type of plant used for mixing

¢) Faceintended for usein the works
d) Type of formail

e) Type of protective coatings.

All costs connected with the preparatigns of es and the design of the job mixes
shall be borne by the Contractor.

Whenever a change of brand or%(f any of the concrete ingredients occurs,
additional "preliminary tests' wi

6. Cubes Streng‘&&

In order to ensure e quality of materials and mix proportions are maintained
throughout peratlons sampling and testing shall be carried out using the
relev 0 set out in BS 812, BS EN 12620:2002 and BS 1881 and all other
rel t cod ed in this specification in accordance with a routine testing program

thatighall be agreed with the Engineer before the start of concrete work.

All testing specified shall be carried out at an independent testing Lab approved by the
Engineer, and immediately following the letting of the Contract, the contractor shall
submit for approval all the lab details.

Certificate copies of all test certificates and reports prepared by the Tester shall be

submitted direct to the Engineer Preparation and sampling of concrete shall be in
accordance with the requirements of BS 1881.
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The Contractor shall submit to the Engineer for approval the proposed mix design and
cube test results tested as per BS 1881. The cost of making and testing these cubes shall
be borne by the Contractor and shall be deemed to be included in his price.

Where ready-mixed concrete is used in the Works, the procedure for taking cu
down in this clause shall be followed regardiess of the supplier’s own testing
Test certificates of the supplier’stest cubes shall be submitted to the Engin

The design mix with admixtures, if any, together with test certificateS

cubes shall be submitted to the Engineer for prior approval.
The number of cubes taken of the concrete used in the W Wi X pef 120 cubic
meters of mass concrete, six per 60 cubic meters of reinfgfced congrete, and in very large

pours, such as large reinforced rafts, six cubes per 30 ic metgrs. Of each set of six
cubes three cubes shall be tested a seven days, angther at

7. Workability

The workability of fresh concrete sh be@e for the conditions of handling and
placing so that after compaction coggcretesur s al the reinforcement and completely
fills the formwork without void% mbing. The design slump range of the

concrete shall be the minimum r@r ensure the correct placement and compaction
of the mix.

The design Slump rang e between 50 mm and 100 mm. For difficult placements
with congested reinfor t Engineer may permit the formulation of a mix design
with adesign slum mm. Such permission shall be in writing and shall identify
the specific placi

Thed be carried out in accordance with BS 1881. Sampling of concrete for
the glump t be carried out in accordance with BS 1881 when sampling from a
mixg truck.

The Contractor shall arrange for the concrete to be tested for slump just prior to placing at
the site. The first truck of the pour shall be tested to verify the workability and thereafter
for every hour of production or every 30 m3. Slump values shall be written on the
delivery ticket with the time taken.

In the event of high variability of Slump values, the Engineer may instruct that each truck
of concrete is checked for slump at the plant. The Contractor shall carry out an
investigation to establish the cause of the high variation in slump and shall take any
necessary corrective action.
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8. Batching and Mixing

8.1 Relevant Standard

BS 1881, Methods of testing concrete >
BS 5328, BS EN 206-1:2000, BS 8500.

8.2 Mixing Q

All mixing carried out on site will be by power dri batcly machines having an

accurately calibrated device for the delivery water proved size and type
manufactured in accordance with BS 1305, and t in accordance with BS 3963.

The weighing and dispensing mechanisms shall ined in good order throughout
the contract. Their accuracy shall be withi ce described in BS 1305 and

checked against accurate weights and yQlum he mixer shall be properly maintained in
accordance with the manufacturer’ syec ns.

All congtituents shall be batched bN he weight of the fine and coarse aggregates
shall be adjusted to allow for th atér content in them.

The quantity of water to the mix shall be adjusted to allow for the free water
contained in the aggreg

ghall be placed directly from the bag into the intake of the
atch must contain one or more complete bags of cement. No
apacity of less than one-bag batch shall be used and the mixer shall
Kcess of its rated capacity.

Cement supplied }
mixing plant gag

shall be mixed to an even colour and consistency. The period of mixing
t to a minimum consistent with achieving satisfactory quality but not be less
than 1.5 minutes. Prolonged mixing must be avoided. The mixer shall be operated a the
manufacturer’ s recommended speed.
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Mixing plant that has been out of action for more than 30 minutes shall be thoroughly
cleaned before any fresh concrete is mixed in it. The first batch of concrete materials
through the mixer shall contain an excess of cement to coat the inside of the mixing drum
without reducing the required mortar content of the mix. When a change of mix is made
to one using a different type of cement, the mixing plant shall be thoroughly cl
all traces of the previously used cement, whatever the time interval between essive
MmiXes.

During hot weather the contractor shall take steps to reduce the concrete Perattire by
spraying the aggregates with water, shading the materials and mix& Qr any other
protection measures may be directed by the Engineer.

8.3 Ready mixed Concrete

Ready-mixed concrete shall not be used unless ggproved, and shall comply with the
requirements specified herein and those of BS 5828 &

Mixed Concrete (QSRMC) Technical Regujeti
mixer trucks shall be subject to approv m
Ready mixed concrete batched off gite 0 e used with the written approval of the
Engineer, who will lay down additio ndipons.

9. Transportation a Qof Concrete

Transportation deliv dling shall be in accordance with the requirements of
BS 5328 Part 3.

Concrete sha % ed from the mixer to its place in the works asrapidly as possible
iichvill prevent segregation or drying out and ensure that the concrete is
workability at the point and time of placing. The Contractor shall ensure
that \the tim: ween placing of different lifts or layers of concrete is short enough to
ormation of cold joints. The Contractor shall ensure that there is a back up
plant that can be used in the event of a breakdown, and that adequate provision has been
made for the number of delivery trucks.
The concrete shall be transported to the site in an approved type of truck mixer or agitator
truck. The discharge chute shall be washed down after delivery to prevent spillage on the
roads.
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The insides of concrete mix trucks shall be inspected periodically and any build up of
concrete that may impair the efficiency of the mixing action shall be removed.

Concrete shall be handled from the place of mixing to its place in the Works within 60
min unless retarders have been incorporated in the mix that have satisfactorily
demonstrated that workability and other properties can be retained, and that approval is
obtained in writing from the Engineer.

10. Pumped Concrete

Mix design details for pumped concrete must be submitted t
14 days before it is proposed to use the pump mix.

Cement slurry shall be pumped through the concrete pu
The first 0.25 cubic meters of concrete passing through t
shall not be incorporated in the works.
Access for the pump shall be checked prior to the poli If access cannot be assured, the
Contractor shall not continue with concreting ope m g

Where concrete is conveyed by chutingyr p@ the plant shall be of a size and design
to ensure continuous flow in the chute ipemiPhe slope of the chute or the pressure of

the pump shall allow the concrete to ut the use of any water additional to that

approved by the Engineer to prodyggth uired consistency and without segregation of
the ingredients. The delivery ee chute or pipe shall be thoroughly flushed with
O

water before and after eac g period and kept clean. The water used for this
purpose shall be disch side and away from any permanent works.

The free fall height or chutted concrete shall not exceed 2.0 meters

11. Forr@

11. Gengral

Formwork shall include all temporary or permanent moulds for forming the concrete,
together with all temporary construction required for their support. The contractor shall
be entirely responsible for the sufficiency of the formwork and shall submit detailed
formwork drawings for approval. The drawings submitted shall show all general fixing
and support details. The Engineer’s approval does not absolve the contractor of his
responsibility. All timber used for forms, false work and centering shall be sound wood,
well seasoned and free from loose knots, shakes, large cracks, warping and other defects.
The formwork shall be so designed and constructed that the concrete can be properly
placed and thoroughly compacted.
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All form work whether metal or timber shall be securely placed and supported to prevent
sagging. All joints are to be closed to prevent leakage of liquid from the concrete, with
specia care being taken where vibration of concrete will take place. Formwork panels
shall have true edges to permit accurate alignments at sides and to provide a cl line at
construction joints in the concrete.

Formwork shall be so designed that no damage to the concrete shall whef the
formwork is removed. It shall be constructed such that the formwo S of
members can be removed without disturbing the soffit formwork orts. Props
and supports shall be designed to allow the form work to b€ curaiely to line
and level, and due allowance shall be made for any settlgment or deffection of the form
work that may arise during construction so that the har rete conforms to the
specified line and level.

Formwork shall be treated on those surfaces agaifist Wich the concrete is to be poured

with approved formwork release agent. To facjljta
out holes isto be left where access is difficul

The responsibility of the removal e f ork shall rest with the Contractor, and in

no circumstances shall the form work D&rembved until the concrete has reached adequate

strength to resist damage. The % ime that must elapse between casting of the
\

concrete and removal of fo is given only for the Contractor’s guidance as
follows:

wall, columns, & 5 days

Soffits of slabs (preps) —10days

Soffits of r —14 days
sh

Formwior emoved without shock or vibration, which may damage the concrete.

Formwork, which is to be re-used, must have its surfaces scraped smooth and clean and
be readr Where concrete is to form a finished surface spacers used for positioning
reinfo t are to be of the same mix as that used in the concrete so as to present a
uniform appearance. All exposed concrete corners are to have 25 x 25 mm chamfers
unless specified otherwise.
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11.2  Ties

The Contractor shall submit to the Engineer for approval details of any tles or cast in
fixings that he proposes to use in connection with his formwork. Any embed metal
ties shall not have any part of the tie closer to the finished concrete surf the

gpecified thickness of cover to the reinforcement. Holes left after re ties
shall be filled with an approved mortar.

11.3  Built in -fixingsand Sundry Items

The Contractor shall be responsible for accurately castin@in the cpncrete work or fixing

to the formwork any fixings, ties, dowels, sots,_holdin Its, etc required for
securing blockwork, precast concrete work, ork or electrical and mechanical
services for other trades and suppliers.

Provision shall be made for forming holes, du ates, the building in of pipes,
conduits and other fixings as shown q@n th . Holding down bolts and washer
plates shall be firmly set in the for Kk boxes, polystyrene blocks or other
approved sleeves as shown on the in

After concreting, but before the concr asket, the bolts shall be turned and loosened so

that they are free to move in the rk.

Except where shown on the d o fixtures shall be attached to the concrete by shot
fixing or drilling witho ¥al of the Engineer. Notwithstanding any such
authorization, the Contrggtor be responsible for all damage so caused to the concrete
and shall make good

114  Surfa

a) Fafr Faced

Wh e shrface finishes are described on the drawings as ‘fair faced’ the Contractor

shall obtain an even finish to the concrete by the use of a good quality plywood having a
clean smooth impervious surface, free from all defects and with true clear arises.

The resulting concreting shall be free from honeycombing, stains, lipping nail or screw
marks, raised grain marks or any other imperfections and shall be of a uniform surface
texture and colour.
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Only very minor surface blemishes caused by entrapped air or water will be accepted
provided that they shall not be concentrated in a manner such that they are noticeable.

No attempt shall be made to rub down or fill blemishes without the prior approval of the
Engineer.

b) Covered Concrete Surfaces (F2 Formwork)

The formwork for all concrete, which isto be covered by render, plaster o
hidden, shall be constructed in wrought board or other suitable materials.

minor fins or form marks shall not be required, but all holes, cavitigs aRl irfegularities
shall be made good after inspection by the Engineer and to JS"app %

¢) Exposed Aggregate Finish

The Contractor shall be required to produce a
appearance, free of construction and formwork joiff
be free from honeycombing, stains or other imperf

posed aggregate finish of uniform
) addition the resulting finish shall

uc he use of concrete retarders and brush
and wash techniques. The contrac re that when placing the concrete care is
taken to see that the concrete is not againg the treated face of the formwork
and that vibrators do not come ~ with the treated face. The Contractor must

The exposed aggregate finish isto he

also ensure that close contractgsWoai ntgined between the fresh concrete and the retarder.
The contractor shall profiide t ngineer with details of any proposed concrete retarding
agent, together with Lis p methods of application and shall obtain the Engineer’s
approval before thafet is applied to the formwork.

%

Subject th of the Engineer an exposed aggregate finish may be produced by
i Pasaering or sand blasting but at no extra cost to the contract.

forming the exposed aggregate finish shall not change during the contract
prior approval of the Engineer.

At the start of the contract the contractor shall produce a sample panel, not less than 1.0
meter square, of the exposed aggregate finish he intends providing throughout the
contract. He shall seek and obtain the Engineer’s approval before any such finish is
incorporated into the works.
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The approved sample shall be retained on site and shall form a reference sample. The
Engineer reserves the right to instruct for the removal and reinstatement, at no extra
charge to the contract, of any areas of exposed aggregate finish, in the works which, in
his opinion, fail to reach the standard

115 Tolerance for Concrete Surfaces

The tolerances of concrete surfaces shall be in accordance with the fol Io 5

Foundations and other in situ buried concrete : BS560

Exposed concrete : BS 5606

Floor slabs self levelling epoxy +4 mm

Floor slabs with concrete wearing surface with | toler of of £8 mm: BS 8204 :
Part 2.

rebuilt at the Contractor’s expense. Ng, cutti or making up of hardened concrete
' al.

set out of the buildings which can be readily

work shall be allowed without the
The Contractor shall adopt methods
and repeatedly checked by the Eﬁ.
12. Grouting up of Base Pl

Where holding dow {s, plates or other fixings are to be grouted up after erection,
an approved gro al used to the approval of the Engineer, mixed as thickly as
' he required fluidity. It shall be poured under a suitable head and

possible consigte
tamp til @ e or voids have been completely filled. Where necessary, temporary
should¥9eserSed to retain the grout.

Any work, which is significantly out of level t, shall be liable to rejection and
V.

rinkage grout has to be used it shall be to the approval of the Engineer and
the grouting shall be in accordance with the manufacturer recommendations.
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13. Curing

Curing shall comply with BS 7542 requirements
Freshly placed concrete shall be protected from sun, wind, exposure and excessivg drying
out and cured continuously for a minimum period of 7 days.

Covering the surface of the concrete with wet hessian and then covering the with
polythene to reduce evaporation should carry out curing. Additional g ould be
introduced when necessary to keep the hessian thoroughly and permagent

Sprayed curing compounds will not normally be permitt n ch are to
receive an applied finish. Where permitted they shall contéin a fugitferdye to give visual

indication of even and complete application. Where
Contractor shall develop a suitable QA procedure
application that shall be approved by the Engin

ray cufing is permitted the
od Statement for its

Water used for curing shall be fresh well water. er is used for curing concrete
work buried in the ground, care should be t id excessive curing water from
running below the foundation of the fogting.

S

All concrete during setting and hgideni protected from shock, vibration or
damage from any cause. Where dam oeSpccur, all remedial works and consequential

delays shall be at the Contractorgn
Curing procedures shall be mediately on completion of compaction. Protection

from direct radiation inds shall be in place within 30 minutes of completion
of final compaction shi ng.

Joint

alsduring Concreting

The timetable for the depositing of concrete between construction joints should be so
arranged that no face of concrete shall be left for more than 20 minutes before fresh
concrete is deposited against it. Pauses for meals, servicing of machines, changes of shift,
etc., and the distribution of concrete among the positions where work may be proceeding
simultaneously must be carefully organized to ensure that the above mentioned interval
shall not be exceeded.
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14.2 Construction Joints

Construction joints shall be as shown on the Drawings or as directed by the Engineer. If
the Contractor wishes to make additional construction joints he shall obtain the prior
approval of the Engineer. Such approval may include the provision and pléging of
additional reinforcement at the Contractor's expense.

boaitls to
Drawings
gum tensile

Construction joints shall be formed by inserting temporary vertical stoppi
form a key or as shown in the drawings. Unless otherwise ShOWdgaOMW
construction joints shall be located as near as possible to the gositi@

stress in the concrete.

At a construction joint, the face of the previously placed
skin or laitance or loose material by brushing withwire br I other approved method
and washing with clean water. Loose aggregate g removed. Excess water shall be
removed" and the surface while still wet shall be cred with 1.2 cement mortar which
Ans of a suitable stiff brush, the

must be vigorously stippled into the surf

depositing of the fresh concrete folldwinggefosdly or by applying approved bonding
agent

14.3  Expansion Jointsand CQ&X\W Joints
i

Expansion and Contractiof joi all be congdructed a postions shown on the
Drawings or as direct th ineer and shall be formed according to the instructions

and dimensions sho n awings.
&I ng

The folldWing standards are referred to in this part of the specification:

BS 1881, Methods of testing concrete
BS 4408, Recommendations for non-destructive methods of test for concrete
BS 6089, Guide to assessment of concrete strength in existing structures
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a)
b)
0)
d)
€)
f)

9)

h)

)

16.

16.1

General

The Contractor shall submit to the Engineer his quality assurance procedures for
the particular parts of the testing work that will be carried out.

The Contractor shall submit for the Engineer’s approval the currj vitae
(CV) of the supervisor proposed for the work.

The Contractor shall prepare a report that identifies the test metjag the
test results.

The report shall also identify any unusual results or rgleva @ relating
to the testing.

For each of the test results the Contractor

repeatability of the particular sampling and testin
All field and laboratory testing of concretgghall be out by an independent
laboratory approved by the Engineer.
If the 28 d works test cubes fail to meet t

direct the Contractor to carry out in sigpt 8
coreresults.

The parts or elements of th e from the defective batch or batches of
concrete as represented by th cubes shall be identified by the Engineer

and based on this informgli@ ngineer shall instruct the Contractor on the
required number and posi 8f cOncrete cores.

The Engineer shall SMipthe’ concrete core test results in conjunction with BS
6089
Based on this t the Engineer shall decide the acceptability of the

concreteint uct®fal element and may either:
- t concrete

all identify the precision or

um criteria, the Engineer may
g and testing to obtain concrete

ict that certain remedial works should be carried out
Struct that the element is replaced

ective Coating of Concrete

General

This Part covers the materials and application requirements for coatings for concrete

The Contractor shall submit manufacturers specifications, installation instructions and
other datato show compliance with the requirements of this part of the specification and
the Contract Documents. The Contractor shall submit samples of all materials to be used
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in the works before delivery of material to Site. The Contractor shall submit
comprehensive test results for the protective coating system.

Protective coating shall be applied where designated in the contract specific
documentation. All protective coating systems to be used shall be applied grictly in
accordance with the manufacturers recommendations.

The Contractor shall take all necessary precautions against fire and other hazards dyring
delivery, storage and installation of flammable materials specified herein mply
with Omani occupational Health and Safety regulations.

16.2  Surface Preparation

a) Before application, all surfaces must be dry free frpm oil, grease, loose
particles, decayed matter, moss or algae growth energl curing compounds.

b) All such contamination and laitance must fde remo the use of grit blasting,
high pressure water jetting or equivalent mesiignical means.

¢) Blow holes and areas of pitting shall be made god with an approved material and
allowed to cure in accordance with thgsgs rer's recommendations.

d) In particular, the application Aghall ' accordance with the manufacturer's
recommendations, with r t e

um application thickness.
16.3 PVC Lining
The material used in manuf tutha liner and all joint, corner and welding strips shall

be a combination of ol chloride resin, pigments and plasticizers, specialy

compounded to retaig flexibility. Polyvinyl chloride resin shall congtitute at least 99
percent by weight resin used in the formulation. Copolymer resins will not be
permitted.

a. Ten 'i;peci mens shall be prepared and tested in accordance with ASTM D412

Weight change specimens shall be 25 mm by 75 mm sample of the sheet
fCkness. Specimens may be taken from sheet and strip a any time before final
acceptance of the work.

b. Liner plate locking extensions embedded in concrete shall withstand atest pull
of at least 1790 kg per meter applied perpendicularly to the concrete surface for
a period of one minute, without rupture of the locking extensions or withdrawal
from embedment. Thistest shall be made at atemperature between 21 degrees
to 27 degrees Cinclusive.
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All plagtic liner plate sheets including locking extensions, all joint, corner and
welding strips, shall be free of cracks, cleavages or other defects adversely
affecting the protective characteristics of the material. The Engineer may
authorize the repair of such defects by approved methods.

The lining shall have good impact resistance, be flexible and have aneloggation
sufficient to bridge up to 6 mm wide settling cracks which may after
installation, without damage to the lining.

The lining shall be capable of being repaired at any time duri life of the
structure.

GRP Linings

The waterproof liner shall consist of a mini
plastic (GRP) laminate. The GRP laminat
thickness layer of minimum 29 percent glass’to a maximum 71 percent resin
content base layer, and aresin 2\a ick outer layer (layer in contact with

liquid) consisting of an appr gster resin with at least two layers of "C"
glass vell meeting 90 percent r to ercent "C" glassratio by weight.

The GRP liner shall beshm ch the required dimensions and
. h)
t alo

#Mthickness of 7 mm glass reinforced
w shall be composed of a 4 mm

configurations, as show, frawings, and installed in Clauses, as required for
proper concrete plac RP field jointing techniques. Each GRP liner shall
also be equipped olded pipe openings, such that proper bonding can be
obtained betw liner and the pipe as otherwise specified, and as shown
on the drawi ield bonded GRP joints shall meet the minimum
require% liner and be installed such that the bond is watertight and no

h”occurs through the joint. Field applied joint strips shall be a
mm wide, 6 mm thick, laminate consisting of 71 percent vinyl ester
resin comtent to 29 percent "E" glass.

internal faces of manholes or other sewage retaining structures the joint
strips shall be applied to the concrete side of the GRP liner. Immediately
before taking over by the Employer and after inspection for leakage an additional
joint strip shall be fixed on the internal face of the GRP liner.

Prefabricated GRP liners shall have bonding lugs (concrete anchors) consisting of
100 mm long GRP strips or GRP round studs, bonded to the concrete
adjacent face of each GRP panel, not to exceed 500 mm x 500 mm approximate
spacings.
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The shape of each bonding lug shall be such to produce a secure bond in the cast-
in-situ concrete such that the GRP liner is held firmly in place, in contact with the
concrete surface, aleviating any tendency of the liner to become unbonded and
"float" away from the concrete.

The prefabricated GRP liner shall be adequately braced and carefully handl&d such
that excessive deflections, breaking, or cracking of the liner does not uring

handling, installing and pouring concrete.

A non-dlip finish shall be placed on horizontal benching surfz orms and
step points by dusting the surface of the laminate wijth si Sand on asthe
resin has set to a soft gel. Surplus sand shall th e brished/no than 24
hours later.

17. Hot Weather Concreting

Concrete shall not be mixed or placed when I temperature on site is 40°C or
above unless the contractor has demongtrat echial measures to ensure that the concrete
is satisfactorily placed, compacted temperature of the fresh concrete shall
i hat at a higher temperature for the in-situ
concrete strength and durability will no mpromised.

Reinforcement shall be kept i e for a minimum period of 4 hours before
concreting. Any formwork pmal etal, concrete or other material of high thermal
capacity shall be cool water before concrete is placed againgt it. Only water
meeting the requiremeniSfor ater shall be used for washing and cooling forms, etc.

18. Water Retai n@ztures

struction shall prevent water from passing through the concrete from
onegde to th er. Thiswill be considered to have been achieved if no running water,

The specification clauses listed hereunder are to be read in conjunction with and shall
prevail over those of the section in the specification for concrete work for concrete for
water retaining structures.

The aggregates shall be gravel natural sand both in accordance with BS EN 12620:2002
and having a low drying shrinkage and absorption not greater than 3% measured in
accordance with BS 812.

The grading sand shape shall be such as to produce a concrete which with the specified
essential requirements will have a consistency suitable for the work in hand and will
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readily work into position without segregating and can be readily compacted into a dense
impervious mass.

18.1 Jointing

Prior to purchase and delivery of materials, submit the following obtary the
Engineer's approval:

a) Technical data by the manufacturer of the proposed materi
b) Manufacturer's printed preparation and application instrgCtions

The Contractor shall accurately form recesses at expansi
faces of the concrete work except on the undersidggf floor

d contraction joints on both

The Contractor shall prepare the surfaces of the re
fill or caulk the recess completely with it. One
Over and above the sealant all exp
membrane.
Sealants shall be obtained from ma
used in accordance with the ma
application of any priming ma
commenced without the appr@Va Engineer.

The Contractor shall M manufacturer's test certificates for each type of joint
sealant delivered to all if requested supply to the Engineer sufficient samples
of each type and igrngent for confirmatory test to be carried out in accordance with

the appropri ure.
Seal I laced when the air temperature is more than 300C
nc

All rete substrates shall be primed, prior to application of the sealant. The primer
shal specially formulated grade suitable for hot climates, one-part chemically
active brush applied material. The primer shall be from the same manufacturer as the
sealant.

One part polyurethane base compound for joint sealing shall comply with U.K.
Agreement Board 83/1106 and shall be "gun grade" except that the application life shall
not be less than 4 hours. The total curing time shall be not more than 30 days. The
system shall be approved by WRC for use in contact with potable water.

The movement capacity of the sealant shall be at least 20 percent of the joint width. The
final method of application shall be established by site tests to ensure that there is no
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sagging. All surfaces shall be clean, dry and free from all loosely adhering particles
before receiving sealant.

All joint sealants where specified shall be two part poly-sulphide sealants conforming to
BS EN ISO 11600:2003 “ Specification for Two Part Poly-sulphide Based Sealants’, and
shall be designated as suitable for use in hot climate.

Expansion joints fillers shall be non-absorbent, semi-rigid, closed cell h
polyethylene filler board or other similar material approved by the Engi
filler shall be non-tainting in accordance with BS 6920 and WRC appraV
The joint filler shall be fully compatible with the surface seal
sealants are used the joint filler shall act as a bond breaker.

18.2. Waterstops

Wherever possible waterstops and associated mate
single manufacturer. The manufacturer

all be sourced and supplied by a
gte a Quaity System which is

Shop drawings for waterstop netw

registered to 1SO 9001.
by Engineer. Technica back-up

manufacturer on site a no

Waterstops shall be extrud

which contains the nec
to meet the performanc
provide better water
The waterstops

extra

(0]

ui

ed by the manufacturer and approved
during application to be supplied by

h grade elastomeric polyvinyl chloride compound
asticizer, resins, stabilizers and other materials necessary

g than dumbells.
designed that a fully continuous and coordinated ribbed type

ents of this specification and shall be the ribbed type to

waterstop net provided throughout the structure. All waterstop intersection
and tr r’ shall be factory produced molded and or prefabricated segments of

mize site jointing and simplify site assembly and shall have long legs
ield butt splicing when required.
s shall be WRC or equal approved for use in contact with potable water.

Before waterstop material is installed in any structure current test reports and written
certificates must be submitted to the Engineer indicating that all waterstops meet the
following physical properties:
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a) External Waterstops

External waterstops shall be extruded from high quality polyvinyl chloride compounds,
tensile strength 13.8 N/mm2 elongation at break 300%. Shore A hardness 80-90,
compound to be tested in accordance with BS 2782 and BS 6920.

Waterstops in base slab expansion joints shall be minimum 250mm wide wi

and parallel lines of fins, the height of ribs shall be 25 mm. The centre box shall
be 25mm wide and flat to accept afiller board. The waterstop shall hav ter ndiling
flange with a reinforced and profiled edge to resist tear when fixed ing"with
double headed nails, and provide additional key when cast into the >

Waterstops in base slab construction and contraction joi d@ni m 250mm
wide with four ribs and parallel lines of fins, the height offibs shall mm.

The waterstop shall have an outer nailing flange wvith a and profiled edge to
resist tear when fixed to shuttering with double nails, and provide additional key

when cast into the concrete.

b) Internal Waterstops

All wall and roof expansion jot atenstops shall be extruded from high quality
polyvinyl chloride compounds havi a’minimum tensile strength 13.8 N/mm2,
elongation at break 300%, Shor d 80-90, compound to be tested in accordance
with BS 2782, US Corps of ecification CRD-C572-74 and BS 6920.
Waterstops in wall and rogllexpafsion joints shall have a centre box to accommodate
movement, be minimunigs0 ide with four ribs and parallel lines of fins, the height
Th tre box section shall be flat to accept afiller board. The
ith athickened central section to transfer stresses to the centre

The w oﬂ
wat sasi#ion.

thick entral section to transfer stresses to the centre bulbs. The waterstop shall have
areinforced eyeleted outer flange for secure fixing of the waterstop into position.
Waterstops and reinforcement shall be so arranged that there is at least 25mm clearance
between them. The waterstops shall not be nailed or damaged in any way and the
Contractor shall ensure that the concrete surrounding the waterstop is fully compacted
without the waterstop being displaced.
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18.3

Concrete for Water Retaining Structures—Workmanship

Placing and Compaction

Concrete shall be mechanically compacted using immersion
suitable size and in suitable numbers for the work in hand.

The vibrator does not come into contact with the op.

Joints

Joints shall be formed at the location: the drawings.

Before pouring any concretethe shall ensure that the water stop is

clean and is properly fix
the line of the joint. Th
moving during the pouring

Any work in which th stOp is not disposed symmetrically about the joint
line will be liable toffej@ation. The Contractor is advised that such rejection will
involve demoliti the work back to the next sound joint.

The Contr ri

i iti hat it is symmetrically disposed about
h f Tixing shall prevent the water stop from
action of the concrete.

0

that the joints must be positioned exactly according to

the drawig@s the lines of the expansion joints in any special finishes are
maintai he joints in the concrete.

h of the concrete facing onto the joints shall be left as struck.
Cuping

All concrete shall be maintained in a moist condition for a period of not less
than 7 days from the time of casting. In hot direct sunlight horizontal surfaces
shall be protected from excessive temperature rise by “ponding” or other
suitable methods.

ASTM C309 approved standard product fugitive-dye resin or silicone type, free
of wax or oil, compatible with subsequently applied finishes or coverings, not
deleterious to bond of cementitious materials to concrete, and delivered in
unopened |abeled containers.
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Curing shall be effected by the use of imperforate polythene sheeting of suitable
thickness held in close contract with the concrete surface and securely fixed at
the edge so that air cannot circulate between the concrete and the polythene.
The contractor shall arrange his work so that the polythene sheeting is not
removed, disturbed or damaged for the whole of the specified curing period.

Sprayed curing compounds shall only be permitted with the Contr ethod
Statement and QA procedure is approved by the Engineer.

Shutter Ties

Internal shutter ties shall remain embedded in the copcretg
specifically intended by the supplier for use in cgricrete st
pressure.

The ties shall be so constructed that no part
portion is closer than 50mm to the concrgie faces.

e use of shutter ties shall be
a¥ thoroughly compacted into the

of atype
ed to hydrostatic

manently embedded

Any holes or depression resulting frg
completely filled with 1:4 cement/sand g

hole or depression.

Use of Joint Fillers

The joint filler shall be fix&hto face of the concrete already cast with a
waterproof adhesive.

Where polysul phide e to be used to sed joints containing afiller the

Contractor shall epdlirethai#the joint filler in use is a suitable backing material
for the sealant ot invalidate the supplier’ s warranties.

Polysulphi
Polysul

ants shall be mixed and used strictly in accordance with the
manyfasiulr instructions. The sealant shall in no circumstances be less than
and for joints exceeding 25mm wide the minimum thickness shall
be no™ESs than half the width of the joint.
Thefaces of the concrete in contact with the sealant shall be primed according
e supplier’s recommendations. The concrete shall be clean and dry when
the primer is applied. If necessary the concrete shall be dried locally using a hot
air gun or gas torch taking care not to overheat the concrete (The contractor
shall note that the aggregates in concrete are likely to explode if allowed to get
too hot and protective clothing and goggles must be worn).
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Preliminary I ngpection

After completion of the tank and before any finishes are applied the contractor
shall prepare the structure for inspection by the Engineer so that a checl¢ can be
made on the exclusion of any external ground water which may be t. For
the purpose of this inspection any collected water must be re d all
surfaces dried off. If the roof has not been constructed the contr all alow
for protecting the tanks from rainfall.

Any work which shows visible signs of water penetgatio %
be rejected. The contractor shall obtain the c

remedial methods, which he proposes to use
rejected.

ining will
Nt of\ike Engirieer for the
ore making good any work so

When the tank are shown to be exclu external water as described in the
preceding paragraph the tanks shall be for water tightness when filled
with water.

19. Testing and Water Tightness%s
19.1 General @

a)

b)

x&e which are sub-divided into individual tanks (such asthe

individual tank shall be tested separately. In the case of
semi-underground structures, the testing is to take place before
drain or filter material or backfilling is placed against the walls.

the Engineer has given his written approval and acceptance of the tank as
wapertight.

The testing shall not be undertaken until the structure to be tested has been
completed structurally (including roof if any) and has been passed by the
Engineer inwriting as satisfactory in all respects other than water-tightness,
especialy in regard to the final finish of the work, the filling shall not take place
earlier than 28 days after the casting of the final sections of the structure which
will be stressed by the filling of the structure.
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C) Before and during testing, flows in the reservoir underdrainage shall be
monitored, measured and recorded. Each underdrain shall be numbered and
observations reported by underdrain number to facilitate analysis of the data
All leaks shall be repaired within one month of their detection.

d) Two sets of evaporation trays shall be provided along with two ran
gauges. Levels in the trays and reservoir shall be made and r by a ook

gauge with vernier attachments.
i a@ ex ing one
ch tim he Engineer may

r at stage, the remedial

e) The structure shall be filled with potable water,

works shall not gart until reaching to thefinal fil

19.2  Tedting of Structures

a) After completion and cleanin@of tRe’reservoir and all associated pipework, the
Contractor shall fill the regerv I er up to top water level and leave for
7 days. Water shall be ad& 1S period to maintain the top water level.

The Contractor shall ensure, es and specials are available in ample time ahead
of testing.

b) On the e &WO shallow watertight evaporation trays of area 0.4 s
meters be WHed with 75 mm depth of water and placed to float in the tank.

The |egels shall be recorded and the test commenced and carried out over
e ays. Readings of the water levels in the reservoir and trays shall be
mad recorded every 24 hours over this period.

C) fall of water level in the tank over the test period of 7 days, after allowing
or evaporation and rainfall shall not exceed 1/500 of the average water depth of
the full reservoir or 10mm whichever is less.

d) Notwithstanding the satisfactory completion of the 7 day test, any leakage,
cracks, wet/damp patches and sweating visible on the outside faces of the
structure shall be rectified from the water face as directed by the Engineer, a
repair making the outerface only watertight will not be accepted, this applies to
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bobbin holes also. The structure shall be re-tested until the water-tightness is

approved by the Engineer.

f)

9)

h)

)

19.3

The roofs of reservoirs and tanks shall be tested for water tightness by
the roof slabs to a minimum depth of 50 mm for a period of 72 hours:

soffit.

Should the part of the structure under the test fail the abo respect,
the Contractor shall immediately take such st ]
ascertain the nature and positions of any defegfs or | ! shall empty the
structure, and remedy the defects in a manf\@ approyed by the Engineer,
employing men or afirmwho are specialjstsint of work.

When the remedial work has been co
Engineer, the testing and if nec
satisfactory test is achieved. %
If necessary, in extreme% ack of water tightness, the Engineer may
reject the structure or or section of a member of the structure.

All expenses n
other costs ifgludi

[ ncluding the supply of water) plant, labour and all
overheads and profit if required involved in the
tness testing of all the water-retaining structures in the
luded in the rates entered by the Contractor in the relevant
of Quantities.

above, incurred by the Contractor in remedial or replacement
workgpegessary to achieve the satisfactory testing shal be entirely at the
expense of the Contractor.

eof Testing

The Contractor shall obtain the agreement of the Engineer to the time during the Contract
Period a which the testing takes place. In no circumstances will testing be

permitted before 28 days have elapsed from the time of placing the final concrete in the
tank construction.
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194  Water for Testing

The Contractor shall be responsible for obtaining and disposing of the water used during

the tests. He shall obtain the consent of the Engineer and of the appropriate

to the test period.

water used for testing shall be potable water. The cost of obtaining thi

borne by the Contractor at his expense.

\\6
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