ASTM C 33 except for gradation which has been revised to meet local conditions unless
otherwise required by the Engineer, grading of find aggregate shall be as follows:

' ASTM Sieves % by Weight Passing |
' 9.5mm (3/8") ' 100
i No4 | 80-100 T
L No. 8 80- 100
= No. 16 50-90
i ~ No.30 25-60
Il = No. 50 5-30
~ No.100 ~ 0-10
a. Grading of fine aggregates shall be reasonably uniform and fineness modulus thereof

shall not vary more than 0.2 from that of the representative sample in which mix
proportions of concrete are based.

b. Due care shall be taken to prevent segregation.
WATER

The mixing water shall be clear and apparently clean. If it contains quantities or substances that
discolor it or make it smell or taste unusual or objectionable, or cause suspicion, it shall not be used
unless service records of concrete made with it (or other information) indicated that it is not injurious to
the quality, shall be subject to the acceptance criteria as shown in Table 6.3 and Table 6.4 or as
designated by the purchaser.

When wash water is permitted, the producer will provide satisfactory proof or data of non-detrimental
effects if potentially reactive aggregates are to be used. Use of wash water will be discontinued if
undesirable reactions with admixtures or aggregates occur.

Table 6.3 Acceptance Criteria for Questionable Water Supplies

~ Test Limits
Compressive strength, min. % 80
Control at 7 days

' Time of Setting deviation from control | from 1:00 earfier to 1:30 later

' Time of Setting (Gillmore Test)

Initial No marked change
| Final Set | No marked change
' Appearance - Clear -
Tcr a Colorless ]
‘dear— Odorless
Total Solids 7500 parts/million max
PH value | 45t0 85 B

Table 6.4 Chemical Limitation for Wash Water

. | Limits
. Chemical Requirements, Minimum |




Concentration
Chioride as C1"" expressed as a mass percent
of cement when added to the C1"" in the other
components of the concrete mixtures shall not |
exceed the following levels: '

1. Prestressed Concrete 0.06 percent

2. Conventionally reinforced concrete in a moist 0.10 percent
environment and exposed to chloride

3. Conventionally reinforced concrete in a moist 0.15 percent
environment but not exposed to chloride

4. Above ground building construction where No limit for corrosion
the concrete will stay dry

Sulfate as SO., ppm” 3,000

Alkalies as (Na.O + 0.658 K.0), ppm 600

Total Solids, ppm 50,000

Wash water reused as mixing water in concrete may exceed the listed concentrations of sulfate
if it can be shown that the concentration calculated in the total mixing water, including mixing
water on the aggregate and other sources, does not exceed that stated limits.

Water will be tested in accordance with, and shall meet the suggested requirements of AASHTO
T 26.

Water known to be of potable quality may be used without test.

CURING MATERIALS

1. Impervious Sheet Materials
ASTM C 171 type, optional, except that polyethylene film, if used, shall be white opaque.

2 Burlap of commercial quality, non-staining type, consisting of 2 layers minimum.

3. Membrane Forming Curing Compound
ASTM C 3089; submit evidence that product conforms to specifications.

JOINTING MATERIALS

1. Sealant
Sealant shall be multi-component, polyurethane base compound, gray in color, self-leveling
for horizontal joints, 2 part polythremdyne, terpolymer compound, gray in color; non-sag for
vertical joints.
Sealant shall be compatible with materials in contact and to perform satisfactorily under salt
water and traffic conditions, and be capable of making joint watertight and allow movement 25%
of the width of joint in any direction.
Sealant shall be guaranteed against leakage, cracking, crumbling, melting, shrinkage, running,
loss of adhesion for a period of five years from the date of acceptance of work.

2. Joint backing shall be expanded extruded polyethylene, low density, oval in shape to fit the
joints as indicated on the drawings and to be compatible with sealant.

3. Where required, primer shall be compatible with joint materials and installed in accordance
with manufaclurer's instructions.

4 Joint filler shall conform to ASTM D1751 (AASHTO M213) non-extruding, resilient bituminous

type. Filler shall be furnished for each joint in single piece for depth and width required for joint,



unless otherwise authorized by the Engineer. When more than one piece is authorized for a
joint, abutting ends shall be fastened and hold securely to shape by stapling or other positive
fastzning.

EPOXY BONDING COMPOUND

ASTM C 881. Provide Type | for bonding hardened concrete to hardened concrete; Type Il for bonding
freshly mixed concrete to hardened concrete; and Type Ill as a binder in epoxy mortar or concrete, or
for use in bonding skid-resistant materials to hardened concrete. Provide Class B if placement
temperature is between 4 and 16°C; or Class C if placement temperature is above 16°C.

REINFORCEMENT

Steel reinforcement, other than Steel for Pre-stressing, used in Reinforced Concrete, shall conform to
ASTM and PNS as follows:

ASTM Designation A615 - Deformed Billet Steel Bars for Concrete Reinforcement. Minimum
yield strength of 276 MPa (40,000 psi).

PNS 48 - Steel Bars for Concrete Reinforcement
TIE WIRE

Tie wire shall be plain, cold drawn annealed steel wire 1.6 mm diameter.

SAMPLES AND TESTING

1. Cement

Sampled either at the mill or at the site of work and tested by an independent commercial or
government testing laboratory duly accredited by the Bureau of Research and Standards
(BERS) of the DPWH, Department of Science and Technology (DOST) or the Department of
Trade and Industry (DTI) at no additional cost to PPA. Certified copies of laboratory test reports
shall be furnished for each lot of cement and shall inciude all test data, results, and certificates
that the sampling and testing procedures are in confermance with the Specifications. No
cement shall be used until notice has been given by the Engineer that the test results are
satisfactory. Cement that has been stored, other than in bins at the mills, for more than 3
months after delivery to the Site shall be re-tested before use. Cement delivered at the Site and
Ister found after test to be unsuitable shall not be incorporated into the permanent works.

2 Aggregates: Tested as prescribed in ASTM C 33

At least 28 days prior to commencing the work, the Contractor shall inform the Engineer of the
proposed source of aggregates and provide access for sampling.

Gradation tests will be made on each sample without delay. All other aggregates tests required
by these Specifications shall be made on the initial source samples, and shall be repeated
whenever there is a change of source. The tests shall include an analysis of each grade of
material and an analysis of the combined material representing the aggregate part of the mix.

3. Reinforcement

Certified copies of mill certificates shall accompany delivenes of steel bar reinforcement. If
requested by the Engineer additional testing of the matenals shall be made at the
Contractor’'s expense.

4. Concrete Tests

For test purposes, provide 1 set of three (3) concrete cylinder samples taken from each
day’s pouring and to represent not more than 75 cu.m. of concrete class or fraction thereof
of concrete placed. Samples shall be secured in conformance with ASTM C 172. Tests
specimens shall be made, cured, and packed for shipment in accordance with ASTM C 31.
Cylinders will be tested by and at the expense of the Contractor in accordance with ASTM




C 39. Test specimens will be evaluated separately by the Engineer, for meeting strength leve!
requirements for each with concrete quality of ACI 318. When samples fail to conform to the
requirements for strengths, the Engineer shall have the right to order a change in the proportions
of the concrete mix for the remaining portions of the work at no additional cost to the Authority.

Test of Hardened Concrete in or Removed from the Structure

When the results of the strength tests of the concrete specimens indicates the concrete as
placed does not meet the Specification requirements or where there are other evidences that
the quality of concrete is below the specification requirement in the opinion of the Engineer,
tests on cores of in-place concrete shall be made in conformance with ASTM C 42

Core specimens shall be obtained by the Contractor and shall be tested. Any deficiency
shall be corrected or if the Contractor elects, he may submit a proposal for approval before the
load test is made. If the proposal is approved, the load test shall be made by the Contractor
and the test results evaluated by the Engineer in conformance with Chapter 20 of ACI 318.
The cost of the load tests shall be borne by the Contractor. If any concrete shows evidence of
failure during the load test, or fails the load test as evaluated, the deficiency be corrected in a
manner approved by the Engineer at no additional cost to the Authority.

Chemical Admixtures/Additives

The admixtures/additives if approved shall conformed to ASTM C 494 and ASTM C 1017. The
testing shall be conducted with cement and aggregate proposed for the Project. The
admixtures/additives shall be tested and those that have been in storage at the Project Site for
longer than six (6) months shall not be used until proven by retest to be satisfactory

Samples of any admixtures/additives proposed by the Contractor shall be submitted for testing
at least 56 days in advance of use, which shall require approval of the Engineer. Testing of
admixtures/additives proposed by the Contractor including test mixing and cylinder test shall be at
the Contractor's expense.

Jointing Materials and Curing Compound Samples

At least 28 days prior to commencing the work, the Contractor shall submit to the Engineer

for his approval samples of the following materials proposed for use together with manufacturer's
certificate.

10 kg of joint sealant

1m length of joint filler

5 li. of curing compound
1m length of joint backing

a0 oW

The Engineer shall deliver to the Contractor his assessment on the materials within seven (7)
days after receiving them.

EXECUTION

DELIVERY, STORAGE AND HANDLING OF MATERIALS

1 M

Cement

Do not deliver concrete until vapor barrier, forms, reinforcement, embedded items, and
chamfer stnps are in place and ready for concrete placement. ACI 301 and ASTM A 934 for
Job site storage of materials. Protect materials from contaminants such as grease, oil, and dirt.
Ensure materials can be accurately identified after bundles are broken and tags removed.

Immediately upon receipt at the Site, the cement shall be stored separately in a dry
weathertight, properly ventilated structures with adequate provisions for prevention of
absorption of moisture. Storage accommodations for concrete materials shall be subject to
approval and shall afford easy access for inspection and identification of each shipment in
accordance with test reports.

Cement shall be delivered to the Site in bulk or in sound and properly scaled bags and while




being loaded or unloaded and during transit to the concrete mixers whether conveyed in
vehicles or in mechanical means, cement shall be protected from whether by effective coverings.
Efficient screens shall be supplied and erected during heavy winds.

If the cement is delivered in bulk, the Contractor shall provide, at his own cost, approved
silos of adequate size and numbers to store sufficient cement to ensure continuity of work
and the cement shall be placed in these silos immediately after it has been delivered to the Site.
Approved precautions shall be taken into consideration during unloading to ensure that the
resulting dust does not constitute a nuisance.

If the cement is delivered in bags, the Contractor shall provide, at his own cost, perfectly
waterproofed and well ventilated sheds having a fioor of wood or concrele raised al least 0.5m
above the ground. The shads shall be large enough to store sufficient cement to ensure
continuity of the work and each consignment shall be stacked separately therein to permit
easy access for inspection, testing and approval. Upon delivery, the cement shall at once be
placed in these sheds and shall be used in the order in which it has been delivered.

Cement bags should not be stacked more than 13 bags high. All cement shall be used within
two months of the date of manufacture. If delivery conditions render this impossible, the
Engineer may permit cement to be used up to three (3) month after manufacturing, subject to
such conditions including addition of extra cement as he shall stipulate.

Aggregate

All fine and coarse aggregate for concrete shall be stored on close fitting, steel or concrete
stages design with drainage slopes or in bins of substantial construction in such a manner as
to prevent segregation of sizes and to avoid the inclusion of dirt and other foreign materials in
the concrete. All such bins shall be emptied and cleaned at intervals of every six (6) months or
as required by the Engineer. Each size of aggregate shall be stored separately unless
otherwise approved by the Engineer.

Stockpiles of coarse aggregate shall be built in horizontal layers not exceeding 1.2 m in depth
to minimize segregation.

FORMWORK

1

Forms

Designed, constructed, and maintained so as to insure that after removal of forms the
finished concrete members will have true surfaces free of offset, waviness or bulges and will
conform accurately to the indicated shapes, dimensions, lines, elevations and positions. Form
surfaces that will be in contact with concrete shall be thoroughly cleaned before each use.

Design

Studs and wales shall be spaced to prevent deflection of form material. Forms and joints shall be
sufficiently tight to prevent leakage of grout and cement paste during placing of concrete.
Juncture of formwork panels shall occur at vertical control joints, and construction joints, Forms
placed on successive units for continuous surfaces shall be fitted in accurate alignment to assure
smooth completed surfaces free from imregularities and signs of discontinuity. Temporary
opening shall be arranged to wall and where otherwise required to facilitate cleaning and
inspection. Forms shall be readily removable without impact, shock, or damage to the concrete,
Form Ties

Factory fabricated, adjustable to permit tightening of the forms, removable or snap-off metal
of design that will not allow form deflection and will not spall concrete upon removal. Bolts and
rods that are to be completely withdrawn shall be coated with a non-staining bond breaker,
Ties shall be of the type which provide watertight concrete.

Chamfering




External comers that will be exposed shall be chamfered, beveled, or rounded by mouldings
placed in the forms or as indicated in the drawings.

Coatings

Forms for exposed surfaces shall be coated with form oil or form-release agent before
reinforcement is placed. The coating shall be a commercial formulation of satisfactory and
proven performance that will not bond with, stain, or adversely affect concrete surfaces, and
shall not impair subsequent treatment of concrete surfaces depending upon bond or adhesion
nor impede the wetting of surfaces to be cured with water or curing compounds. The coating
shall be used as recommended in the manufacturer's printed or written instructions. Forms for
unexposed surfaces may be wet with water in lieu of coating immediately before placing of
concrete. Surplus coating on form surfaces and coating on reinforcement steel and
construction joints shall be removed before placing concrete.

Removal of Forms shall be done in a manner as to prevent injury to the concrete and to insure
complete safety of the structure after the following conditions have been met. Where the
structure as a whole is supported on shores, forms for beam and girder sides, and similar
vertical structural members may be removed before expiration of curing period. Care shall be
taken to avoid spalling the concrete surface or damaging concrete edges. Wood forms shall
be completely removed.

Minimum stripping and striking time shall be as follows unless otherwise approved by the
Engineer.

Vertical sides of beams, walls, and columns, lift not 12 hours exceeding 1.2 m

Vertical sides of beams and walls, lift exceeding 1.2 m 36 hours Softiifts of main slabs and beams
(props left under) 5 days

Removal of props from beams and mains slabs and other work 10 days
Control Test

If the Contractor proposes to remove forms earlier than the penod stated above, he shall be
required to submit the results of control tests showing evidence that concrete has attained
sufficient strength to permit removal of supporting forms. Cylinders required for control tests
shall be provided in addition to those otherwise required by this Specification. Test specimens
shall be removed from molds at the end of 24 hours and stored in the structure as near the
points as practicable, the same protection from the elements during curing as is given to those
portions of the structure which they represent, and shall not be removed from the structure for
transmittal 1o the laboratory prior to expiration of three fourths of the proposed period before
removal of forms. Cylinders will be tested by and at the expense of the Contractor. Supporting
forms or shoring shall not be removed until control test specimens have attained strength of at
least 160 kg/sq cm. The newly unsupported portions of the structure shall not be subjected to
heavy construction or material loading.

REINFORCEMENT

1

Reinforcement

Fabncaled to shapes and dimensions shown and shall be placed where indicated.
Reinforcement shall be free of loose or flaky rust and mill scale, or coating, and any other
substance that would reduce or destroy the bond. Reinforcing steel reduced in section shall not
be used. After any substantial delay in the work, previously placed reinforcing steel for future
bonding shall be inspected and cleaned. Reinforcing steel shall not be bent or straightened
In @ manner injurious to the steel or concrete. Bars with kinks or bends not shown in the drawings
shall not be placed. The use of heat to bend or straighten reinforcing steel shall not be permitted.
Bars shall be moved as necessary to avoid interference with other reinforcing steel, conduits,
or embedded items. If bars are moved more than one bar diameter, the resulting arrangement
of bars including additional bars necessary to meet structural requirements shall be approved
before concrete is placed. In slabs, beams and girders, reinforcing steel shall not be splicad at
points of maximum stress unless otherwise indicated. Unless otherwise shown in the drawings,
laps or splices shall be 40 times the reinforcing bar diameter.




2 The nominal dimensions and unit weights of bars shall be in accordance with the following

table:
' Nominal Diameter | Nominal Perimeter | Nominal Sectional Unit Weight |
| (mm) (mm) Area (kg/m) ;
L | . | (sg. mm) .
10 | 314 | 78.54 0616
T 2 ' 77 | 113.10 . 0838
16 T 503 | 201.10 | 1579
20 . 628 | 31420 . 2486
25 T 785 | 430,90 | 3854 |
I 28 | 88.0 615.70 " 43833
32 ' 1005 804.20 5313
B s 1131 1,017.60 7 991
40 ' 1257 | 1,256.60 = 9.864
50 A 1,963.50 ' 15413

3. Welding of reinforcing bars shall only be permitted where shown: all welding shown shall be
performed in accordance with AWS D 12.1

4 Exposed reinforcement bars, dowels and plates intended for bonding with future extensions
shall be protected from corrosion.

5. Supports shall be provided in conformance with ACI 315 and ACI 318, unless otherwise indicated
or specified.

B. Concrete Protection for Reinforcement

a. The minimum concrete cover of reinforcement shall be as shown below unless otherwise
indicated in the drawings.

b. Tolerance for Concrete Cover of Reinforcing Steel other than Tendons.

Minimum Cover

7.5cm or more (marine structures and concrete cast against and permanently exposed
to earth)

DESIGN STRENGTH OF CONCRETE

Concrete for structural parts or members such as beams, slabs, curtain wall, pile caps and
fender/mooring blocks shall develop a minimum 28-day compressive cylinder strength of 24 MPa
(3,500 psi) as indicated in the drawings. While for pre-stressed concrete piles a compressive strength
of 35 MPa (5,000psi).

TRIAL BATCH FOR CONCRETE

Thirty (30) calendar days before the start of concreting works, the Contractor shall submit design mixes
and the corresponding test result made on sample thereof. Sampling and testing shall be in accordance
with the ASTM Standard procedures for sampling and testing for the particular design strength(s)
required.

The particulars of the mix such as the slump and the proportionate weights of cement, saturated surface
dry aggregates and water used shall be stated.

The design mix for concrete to be used shall be submitted together with at least three (3) standard
cylinder samples for approval at least one (1) month prior to the start of each concreting schedule. Such
sampies shall be prepared in the presence of the Engineer.



Standard laboratory strength tests for the 7, 14 and 28 days periods shall be taken to all concrete
samples in addition to routine field tests, at cost to the Contractor. Only design mixes represented by test
proving the required strength for 7, 14 and 28 days tests shall be allowed.

The cost of sampling, handling and transporting samples from jobsite to the laboratory and the cost of
subsequent tests made until the desired mix is attained shall be for the account of the Contractor.

Slump Test shall be made in conformance with ASTM C143, and unless otherwise specified by the
Engineer, slump shall be within the following limits:

i Slump for Vibrated Concrete
Structural Element _
Minimum Maximum

Pavement Concrete 25mm 50mm
' Pre-cast Concrete 50mm 70mm

Lean Concrete 100mm 200mm

Sacked Concrete ' © 25mm | 50mm '
" All other Concrete ‘ 50mm 90mm

Sampling :

concrete for the Contractor's quality control and the Engineer's quality assurance testing.
All necessary platforms, tools and equipment for obtaining samples shall be furnished
by the Contractor.

MIXING CONCRETE

1. GENERAL

Concrete shall be thoroughly mixed in a mixer of an approved size and type that will
insure a uniform distribution of the materials throughout the mass.

All concrete shall be mixed in mechanically operated mixers. Mixing plant and equipment
for transporting and placing concrete shall be arranged with an ample auxiliary
installation to provide a minimum supply of concrete in case of breakdown of machinery
or in case the normal supply of concrete is disrupted. The auxiliary supply of concrete
shall be sufficient to complete the casting of a section up to a construction joint that will
meet the approval of the Engineer.

Equipment having components made of aluminum or magnesium alloys, which would
be in contact with plastic concrete during mixing, transporting or pumping of Portland
cement concrete, shall not be used.

Concrete mixers shall be equipped with adequate water storage and a device for
accurately measuring and automatically controlling the amount of water used.

Matenals shall be measured by weighing. The apparatus provided for weighing the
aggregates and cement shall be suitably designed and constructed for this purpose. The
accuracy of all weighing devices except that for water shall be such that successive
quantities can be measured to within one percent of the desired amounts. The water
measuring device shall be accurate to plus or minus 0.5 percent. All measuring devices
shall be subject to the approval of the Engineer. Scales and measuring devices shall be
tested at the expense of the Contractor as frequently as the Engineer may deem
necessary to insure their accuracy.

Weighing equipment shall be insulated against vibration or movement of other
operating equipment in the plant. When the entire plant is running, the scale reading at
cut-off shall not vary from the weight designated by the Engineer by more than one
percent for cement, 1-% percent for any size of aggregate, or one percent for the total
aggregate in any batch.



g.

Manual mixing of concrete shall not be permitted unless approved by the Engineer.

MIXING CONCRETE AT SITE

a.

Concrete mixers may be of the revolving drum or the revolving blade type and the
mixing drum or blades shall be operated uniformly at the mixing speed
recommended by the manufacturer.

The pick-up and throw-over blades of mixers shall be restored or replaced when any
part or section is wormn 20 mm or more below the original height of the manufacturer's
design. Mixers and agitators which have an accumulation of hard concrete or mortar
shall not be used

When bulk cement is used and the volume of the batch is 0.5 m® or more, the scale and
weigh hopper for Portland cement shall be separate and distinct from the aggregate
hopper or hoppers.

The discharge mechanism of the bulk cement weigh hopper shall be interlocked against
opening before the full amount of cement is in the hepper. The discharging mechanism
shall be interlocked against opening when the amount of cement in the hopper is
underweight by more than one percent or overweight by more than 3 percent of the
amount specified

When the aggregates contain more water than the quantity necessary to produce a
saturated surface dry condition, representative samples shall be taken and the
moisture content determined for each kind of aggregate.

The batch shall be so charged into the mixer that some water enter in advance of cement
and aggregates. All water shall be in the drum by the end of the first quarer of the
specified mixing time.

Cement shall be batched and charged into the mixer by such means that it will not
result in loss of cement due to the effect of wind, or in accumulation of cement on
surfaces of conveyors or hoppers, or in other conditions which reduce or vary the
required quantity of cement in the concrete mixture.

Where required, synthetic fibrous reinforcement shall be added directly to the concrete
mixer after placing the sufficient amount of mixing water, cement and aggregates.

The entire contents of a batch mixer shall be removed from the drum before materials
for a succeeding batch are place therein. The materials composing a batch except
water shall be deposited simultaneously into the mixer.

All concrete shall be mixed for a period of not less that 3 minutes after all materials,
including water, are in the mixer. During the period of mixing, the mixer shall operate at
the speed for which it has been designed.

Mixers shall be operated with an automatic timing device that can be locked by the
Engineer. The time device and discharge mechanism shall be so interlocked that during
normal operation no part of the batch will be discharged until the specified mixing time
has elapsed.

The first batch of concrete materials placed in the mixer shall contain a sufficient
excess of cement, sand, and water to coat the inside of the drum without reducing the
required mortar content of the mix. When mixing is to cease for a period of one hour or
more, the mixer shall be thoroughly cleaned.

In case of rubble concrete, proper mixture and placing of concrete and stones/rocks shall
be in accordance to the approved plan. Methodology of work shall be approved by the
Engineer

MIXING CONCRETE IN TRUCKS

Truck mixers, unless otherwise authonzed by the Engineer, shall be of the revelving



JOINTS

i

drum type, watertight, and so constructed that the concrete can be mixed to insure a
uniform distribution of materials throughout the mass. All solid materials for the concrete
shall be accurately measured and charged into the drum at the proportioning plant.
Except as subsequently provided, the truck mixer shall be equipped with a device by
which the quantity of water added can be readily verified. The mixing water may be
added directly to the batch, in which case a tank is not required. Truck mixers may be
required to be provided with a means by which the mixing time can be readily verified by
the Engineer.

The maximum size of batch in truck mixers shall not exceed the minimum rated
capacity of the mixer as stated by the manufacture and stamped in metal on the mixer.
Truck mixing shall, unless otherwise directed, be continued for not less than 100
revolutions after all ingredients, including water, are in the drum. The mixing speed shall
not be less than 4 rpm, nor more than 6 rpm.

Mixing shall begin within 30 minutes after the cement has been added either to the
water or aggregate, but when cement is charged into a mixer drum containing water or
surface-wet aggregate and when the temperature is above 32 °C, this limit shall be
reduced to 15 minutes. The limitation in time between the introduction of the cement to the
aggregate and the beginning of the mixing may be waived when, in the judgment of the
Engineer, the aggregate is sufficiently free from moisture, so that there will be no
harmful effects on the cement.

When a truck mixer is used for transportation, the mixing time in stationary mixer may
be reduced to 30 seconds and the mixing completed in a truck mixer. The mixing time in
truck mixer shall be as specified for truck mixing.

No reinforcement, comer protection angles or other fixed metal items shall be run continuously
through joints containing expansion-joint filler, through crack-control joints in slabs on grade and
vertical surfaces.

Preformed Expansion Joint Filler

Joints with Joint Sealant

At expansion joints in concrete slabs to be exposed, and at other joints indicated to
receive joint sealant, preformed expansion-joint filler strips shall be installed at the
proper level below the elevation with a slightly tapered, dressed-and-oiled wood strip
temporanly secured to the top thereof to form a groove. When surface dry, the groove
shall be cleaned of foreign matter, loose particles, and concrete protrusions, then filled
flush approximately with joint sealant so as to be slightly concave after drying.

Finish of concrete at joints

Edges of exposed concrete slabs along expansion joints shall be neatly finished with a
slightly rounded edging tool.

Construction Joints

Uniess otherwise specified herein, all construction joints shall be subject to approval of
the Engineer. Concrete shall be placed continuously so that the unit will be
monolithic in construction. Fresh concrete may be placed against adjoining units,
provided the set concrete is sufficiently hard not to be injured thereby. Joints not
indicated shall be made and located in a manner not to impair strength and appearance
of the structure. Placement of concrete shall be at such rate that the surface of
concrete not carried to joint levels will not have attained initial set before additional
concrete is placed thereon. Lifts shall terminate at such levels as are indicated or as to
conform to structural requirements as directed. If horizontal construction joints are
required, a strip of 25mm square-edged lumber, beveled to facilitate removal shall be
tacked to the inside of the forms at the construction joint. Concrete shall be placed to a
point 25mm above the underside of the strip. The strip shall be removed one hour after
the concrete has been placed. Any irregularities in the joint line shall be leveled off with



a wood float, and all laitance removed. Prior to placing additional concrete, horizontal
construction joints shall be prepared.

Construction Joint which is not indicated in the Drawings shall be located as to least
affect the strength of the structure. Such locations will be pointed out by the Engineer.

PREPARATION FOR PLACING

Hardened concrete, debris and foreign materials shall be removed from the interior of forms and from
inner surfaces of mixing and conveying equipment. Reinforcement shall be secured in position,
and shall be inspected, and approved before placing concrete. Runways shall be
provided for wheeled concrete-handling equipment. Such equipment shall not be wheeled over
reinforcement nor shall runways be supported on reinforcement.

Notice of any concreting operations shall be served to the Engineer at least three (3) days ahead of each
schedule,

PLACING CONCRETE
Handling Concrete

Concrete shall be handled from mixers and transported to place for final deposit in a continuous
manner, as rapidly as practicable, and without segregation or loss of ingredients until the
approved unit of work is completed. Placing will not be permitted when the sun, heat, wind or
limitations of facilities furnished by the Contractor prevent proper finishing and curing of the
concrete. Concrete shall be placed in the forms, as close as possible in final position, in
uniform approximately horizontal layers not over 40cm deep. Forms splashed with concrete
and reinforcement splashed with concrete or form coating shall be cleaned in advance of placing
subsequent lifts. Concrete shall not be allowed to drop freely more than 1.5m in unexposed
work nor more than 1.0 m in exposed work; where greater drops are required, tremie or other
approved means shall be employed.

2. Time Interval between Mixing and Placing

Concrete mixed in stationary mixers and transported by non-agitating equipment shall be placed
in the forms within 30 minutes from the time ingredients are charged into the mixing drum.
Concrete transported in truck mixers or truck agitators shall be delivered to the site of work,
discharged in the forms within 45 minutes from the time ingredients are discharged into the
mixing drum. Concrete shall be placed in the forms within 15 minutes after discharged from
the mixer at the jobsite.

3. Hot Weather Requirements

The temperature of concrete during the period of mixing while in transport and/or during
placing shall not be permitted to rise above 36 “C. Any batch of concrete which had reached
a temperature greater than 36 °C at any time in the aforesaid period shall not be placed but shall
be rejected, and shall not thereafter be used in any part of the permanent works.

a. Control Procedures

Provide water cooler facilities and procedures to control or reduce the temperature of
cement, aggregates and mixing handling equipment to such temperature that, at all
times during mixing, transporting, handling and placing, the temperature of the concrete
shall not be greater than 36 °C.

b. Cold Joints and Shrinkage

Where cold joints tend to form or where surfaces set and dry too rapidly or plastic
shrinkage cracks tend to appear, concrete shall be kept moist by fog sprays, or other
approved means, applied shortly after placement, and before finishing.

c Supplementary Precautions
When the aforementioned precautions are not sufficient to satisfy the requirements

herein above. they shall be supplemented by restricting work during evening or night.
Procedure shall conform to American Concrete Institute Standard ACI 305.




Conveying Concrete by Chute, Conveyor or Pump

Concrete may be conveyed by chute, conveyor, or pump if approved in writing. In
requesting approval, the Contractor shall submit his entire plan of operation from the time of
discharge of concrete from the mixer to final placement in the forms, and the steps to be
taken to prevent the formation of cold joints in case the transporting of concrete by chute,
conveyor or pump is disrupted. Conveyors and pumps shall be capable of expeditiously
placing concrete at the rate most advantageous to good workmanship. Approval will not be
given for chutes or conveyors requiring changes in the concrete matenals or design mix for
efficient operation.

E Chutes and Conveyors

Chutes shall be of steel or steel lined wood, rounded in cross section ngid in
construction, and protected from overflow. Conveyors shall be designed and operated
and chute sections shall be set, to assure a uniform flow of concrete from mixer to final
place of deposit without segregaticn of ingredients, loss of mortar, or change in slump.
The discharged portion of each chute or conveyor shall be provided with a device to
prevent segregation. The chute and conveyor shall be thoroughly cleaned before and
after each run. Waste material and flushing water shall be discharged outside the forms.

b. Pumps shall be operated and maintained so that a continuous stream of concrete is
delivered into the forms without air pockets, segregation or changes in slump. When
pumping is completed, concrete remaining in the pipeline shall be ejected and
wasted without contamination of concrete already placed After each operation,
equipment shall be thoroughly cleaned and the flushing water shall be splashed outside
the forms.

Wall and Abutments

No load shall be placed upon finished walls, foundations or abutments until authorized by the
Engineer. Minimum time before loading shall be 7 days.

Concrete Placing on Wharf
When placing concrete on wharf decks, the Contractor shall:

Ensure that rate of placing is sufficient to complete proposed placing. finishing and
curing operations within the scheduled time; that experienced finishing machine
operators and concrete finishers are provided to finish the deck; that curing equipment
and finishing tools and equipment are at the site of work and in satisfactory condition for
i

Immediately prior to placing, the Contractor shall place scaffolding and wedges and
make necessary adjustments. Care shall be taken to ensure that settiement and
deflection due to added weight of concrete will be minimal. The Contractor shall provide
surnable means to readily permit measurement of settlement deflection as it occurs.

Should any event occur which, in opinion of the Engineer, would prevent the concrete
conforming to specified requirements, the Contractor shall discontinue placing of
concrete until corrective measures are provided satisfactory lo the Engineer. |f
satisfactory measures are not provided prior to initial set of concrete in affected areas, the
Contractor shall discontinue placing concrete and install a bulkhead at a location
determined by the Engineer. Concrete in place beyond bulkheads shall be removed. The
Contractor shall limit the size of casting to that which can be finished before beginning of
initial set.

COMPACTION

1

Immediately after placing, each layer of concrete shall be completed by internal concrete
vibrators supplemented by hand-spading, rodding, and tamping. Tapping or other external
vibration of forms will not be permitted unless specifically approved by the Engineer. Vibrators
shall not be used to transport concrete inside the forms. Internal vibrators submerged in
concrete shall maintain a speed of not less than 7,000 impulses per minute. The vibrating
equipment shall at all times be adeguate in number of units and power to properly
consolidate all concrete.




2 Spare units shall be on hand as necessary to insure such adequacy. The duration of vibrating
equipment shall be limited to the time necessary to produce satisfactory consolidation without
causing objectionable segregation. The vibrator shall not be inserted into the lower courses
that have begun to set. Vibrator shall be applied vertically at uniformly spaced points not
further apart than the visible effectiveness of the machine.

EPOXY BONDING COMPOUND

Before depositing new concrete on or against concrete that has set, the surfaces of the set concrete
shall be thoroughly cleaned so as to expose the coarse aggregate and be free of laitance, coatings,
foreign matter and loose particles. Forms shall be re-tightened. The cleaned surfaces shall be
moistened, but shall be without free water when concrete is placed. ASTM C 881. Provide Type | for
bonding hardened concrete to hardened concrete; Type Il for bonding freshly mixed concrete to
hardened concrete; and Type lll as a binder in epoxy mortar or concrete, or for use in bonding skid-
resistant maternials to hardened concrete. Provide Class B if placement temperature is between 4 to
16 °C,; or Class C if placement temperature is above 16°C.

FINISHES OF CONCRETE

Within 12 hours after the forms are removed, surface defects shall be remedied as specified herein.
The Temperature of the concrete, ambient air and mortar during remedial work including curing shall
be above 10 °C. Fine and loose material shall be removed. Honeycomb, aggregate pockets, voids
over 13mm in diameter, and holes left by the rods or bolts shall be cut out to solid concrete, reamed,
thoroughly wetted, brush-coated with neat cement grout, and filled with mortar. Mortar shall be a stiff
mix of one part Portland cement to not more than 2 parts fine aggregate passing the No. 16 mesh
sieve, with a minimum amount of water. The color of the mortar shall match the adjoining concrete color.
Mortar shall be thoroughly compacted in place. Holes passing entirely through walls shall be
completely filled from the inside face by forcing mortar through the outside face. Holes which do not
pass entirely through wall shall be packed full. Patchwork shall be finished flush and in the same
plane as adjacent surfaces. Exposed patchwork shall be finished to match adjoining surfaces in texture
and color. Patchwork shall be damp-cured for 72 hours. Dusting of finish surfaces with dry material or
adding water o concrete surfaces will not be permitted.

CONCRETE FINISHING DETAILS
1. Concrete Paving

After concrete is placed and consolidated, slabs shall be screeded or struck off. No further
finish is required.

2 Smoacth Finish

Required only where specified; screed concrete and float to required level with no coarse
aggregate visible, After surface moisture has disappeared and laitance has been removed, the
surface shall be finished by float and steel trowel. Smooth finish shall consist of thoroughly
wetting and then brush coating the surfaces with cement to not more than 2 parts fine aggregate
passing the no. 30 mesh sieve and mixed with water to the consistency of thick paint.

3. Broom Finish

Required for paving; the concrete shall be screeded and floated to required finish level with
no coarse aggregate visible. After the surface moisture has disappeared and laitance has
been removed, surface shall be float-finished to an even, smooth finish. The floated surfaces

shall be broomed with a fiber bristle brush in a direction transverse to the direction of the main
traffic.




