Amencan Society for Testing and Materials (ASTM) Publications:

ASTMC 150
ASTMC 114
ASTMC 185
ASTMC 115

ASTM C 204

ASTMC 151

ASTM C 109

ASTM C 266

ASTM C 191
ASTMC 33
ASTMC 136

ASTM C 117

ASTMC 28

ASTMC 128

ASTM C 87

ASTMC 88

ASTMC 142
ASTMC 97
ASTM C 127

ASTM C 535

ASTMC 88

ASTM C 131

ASTM C 84
ASTMD 512

ASTMD 516

Standard Specification for Portland Cement

Standard Method for Chemical Analysis of Hydraulic Cement

Standard Method for Air Content of Hydraulic Cement

Standard Test Method for Fineness of Portland Cement by the Turbidimeter

Standard Test Method for Fineness of Hydraulic Cement by Air-Permeability
Apparatus

Standard Test Method for Autoclave Expansion of Portland Cement

Standard Test Method for Compressive Strength of Hydraulic Cement
Mortars

Standard Test Method for Time of Setting of Hydraulic-Cement Paste
Gilmore Needles

Standard Test Method of Time Setting of Hydraulic Cement by Vicat Needle
Standard Specification for Concrete Aggregates
Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates

Standard Test Method for Materials Finer than 75 micron (No. 200) Sieve in
Mineral Aggregates by Washing

Standard Test Method for Bulk Density (Unit Weight') and Voids in
Aggregate

Standard Test Method for Density, Relative Density (Specific Gravity), and
Absorption of Fine Aggregates

Standard Test Method for Effect of Organic Impurities in Fine Aggregate on
Strength of Mortar

Standard Test Method for Soundness of Aggregates by Use of Sodium
Sulfate or Magnesium Sulfate

Standard Test Method for Clay Lumps and Friable Particles in Aggregates
Standard Test Method for Absorption and Bulk Specific Gravity of
Dimension Stone

Test Method for Specific Gravity and Absorption of Coarse Aggregate

Standard Test Method for Resistance to Degradation of Large-Size
Aggregate by Abrasion and Impact in the Los Angeles Machine

Standard Test Method for Soundness of Aggregates by Use of Sodium
Sulfate or Magnesium Sulfate

Test Method for Resistance to Degradation of Small-size Coarse
Aggregate by Abrasion and Impact in the Los Angeles Machine

Standard Specification for Ready-Mixed Concrete
Chioride lon in Water

Sulfaste lon in Water




ASTMAB15

ASTMA 370

ASTMA 510

ASTMASB

ASTM C 31

ASTM C 38

ASTMC 172

ASTM C 192

ASTMC 293

ASTMCT7S8

ASTMC 42

ASTMC 174
ASTMC 143

ASTM C 484

Standard Specification for Deformed and Plain Carbon-Steel Bars for
Concrete Reinforcement

Standard Test Methods and Definitions for Mechanical Testing of Stesl
Products

Standard Specification for General Requirements for Wire Rods and Coarse
Round Wire, Carbon Steel

Standard Specification for General Requirements for Rolled Structural Steel
Bars, Plates, Shapes, and Sheet Piling

Standard Practice for Making and Curing Concrete Test Specimens in
the Field

Standard Test Method for Compressive Strength of Cylindrical Concrete
Specimens

Standard Practice for Sampling Freshly Mixed Concrete

Standard Practice for Making and Curing Concrete Test Specimens in the
Laboratory

Standard Test Method for Flexural Strength of Concrete (Using Simple
Beam with Center-Point Loading)

Standard Test Method for Flexural Strength of Concrete (Using Simple
Beam with Third-Point Loading)

Standard Test Method for Obtaining and Testing Drilled Cores and Sawed
Beams of Concrete

Standard Test Method for Measuring Thickness of Concrete Elements
Using Drilled Concrete Cores
Standard Test Method for Slump of Hydraulic-Cement Concrete

Standard Specification for Chemical Admixtures for Concrete

ASTM C 1017 Standard Specification for Chemical Admixtures for use in

ASTM C 171

ASTM C 308

ASTM 5323

Producing Flowing Concrete
Standard Specification for Sheet Materials for Curing Concrete

Standard Specification for Liquid Membrane-Forming Compounds for
Curing Concrete

Standard Test Methods for Sealants and Fillers, Hot Applied, For Joints and
Cracks in Asphaltic and Portland Cement Concrete Pavements

ASTM D 5167 Standard Practice for Melting of Hot Applied Joint and Crack Sealant and

ASTMA 706

Filler for Evaluation

Standard Specification for Low-Alloy Steel Deformed and Plain Bars
for Concrete Reinforcement

ASTM A 966 Standard Test Method for Magnetic Particle Examination of Steel

Forgings using Alternating Current

ASTM C 1084 Standard Test Method for Temperature of Freshly Mixed

Hydraulic-Cement Concrete

ASTM C 1077 Standard Practice for Laboratories Testing Concrete and Concrete

Aggregates for use in Construction and Criteria for Laboratory
Evaluation



ASTM C 1107 Standard Specification for Packaged Dry, Hydraulic-Cement Grout
(Non-shrink)

ASTM C 1116 Standard Specification for Fiber-Reinforced Concrete
ASTM C 1157 Standard Specification for Hydraulic Cement

ASTM C 138 Standard Test Method for Density ("Unit Weight"), Yield, and Air
Content (Gravimetric) of Concrete

ASTMC 173 Standard Test Method for Air Content of Freshly Mixed Concrete by
the Volumetric Method

ASTM C 260 Standard Specification for Air-Entraining Admixtures for Concrete

ASTM C 295 Petrographic Examination of Aggregates for Concrete

ASTM C 33 Standard Specification for Concrete Aggregates

ASTM C 42  Standard Test Method for Obtaining and Test Drilled cores and Sawed
Beams of Concrete

ASTM C 469 Static Modulus of Elasticty and Poisson's Ratio of Concrete in
Compression

ASTM C 595 Standard Specification for Blended Hydraulic Cements

ASTM C1116 Standard Specification for Fiber-Reinforced Concrete and Shotcrete

ASTM C 1751 Preformed Expansion Joint Fillers for Concrete Paving and Structural
Construction. (Non-extruding and Resilient Bituminous Types).

ASTM D 1179 Fluoride lon in Water

ASTM D 1190 Standard Specification for Concrete Joint Sealer, Hot-Applied
Elastic Type

ASTM D 1751 Standard Specification for Preformed Expansion Joint Filler for
Concrete Paving and Structural Construction (Non-extruding
and Resilient Bituminous Types)
ASTME 329 Standard Specification for Agencies Engaged in the Testing and/ or
Inspection of Materials used in Construction
American Welding Society (AWS)

D12 Welding Reinforcing Steel, Metal Inserts and Connections in  Reinforced
Concrete Construction.

Philippine National Standard (PNS)
PNS 49 Steel Bars for Concrete Reinforcement
DPWH Standard Specifications
All other standards hereinafter indicated.
The edition or the revised version of such codes and standards current at the date twenty

eight (28) days prior to date of bid submission shall apply. During Contract execution, any
changes in such codes and standards shall be applied after approval by the Owner.




SUBMITTALS

1. Test Reports and Certificates shall be furnished and approval received before delivery of
certified or tested materials to the Project Sites.

a. Submit Test Reports for the following:

a.l

az

a3

a4

as

Concrete mixture proportions

Submit copies of test reports by independent test labs conforming to ASTM C
1077 showing that the mixture has been successfully tested to produce
concrete with the properties specified and that mixture will be suitable for the job
conditions. Test reports shall be submitted along with the concrete mixture
proportions. Obtain approval before concrete placement. Fully describe the
processes and methodology whereby mixture proportions were developed and
tested and how proportions will be adjusted during progress of the work to achieve,
as closely as possible, the designated levels of relevant properties.

Aggregates

Submit test results for aggregate guality in accordance with ASTM C 33. Where
there is potential for alkali-silica reaction, provide results of tests conducted in
accordance with ASTM C 227 or ASTM C 1260. Submit results of all tests
during progress of the work in tabular and graphical form as noted above,
describing the cumulative combined aggregate grading and the percent of the
combined aggregate retained on each sieve.

Admixtures

Submit test results in accordance with ASTM C 494 and ASTM C 1017 for concrete
admixtures, ASTM C 260 for air-entraining agent, and manufacturer's literature
and test reports for corrosion inhibitor and anti-washout admixture. Submitted data
shall be based upon tests performed within 6 months of submittal.

Cement

Submit test results in accordance with ASTM C 150 Portland cement. Submit
current mil data.

Water

Submit test results in accordance with ASTM D 512 and ASTM D 516.

b. Submit Certificates for the following:

b.1

b2

b.3

Curing concrete elements

Submit proposed materials and methods for curing concrete elements.

Form removal schedule

Submit proposed materials and methods for curing concrete elements.

Concrete placement and compaction

Submit technical literature for equipment and methods proposed for use in
placing concrete. Include pumping or conveying equipment including type, size

and material for pipe, valve characteristics, and the maximum length and height

concrete will be pumped. No adjustments shall be made to the mixture design to
facilitate pumping.



Submit technical literature for equipment and methods proposed for vibrating and
compacting concrete. Submittal shall include technical literature describing the
equipment including vibrator diameter, length, frequency, amplitude, centrifugal
force, and manufacturer's description of the radius of influence under load.
Where flat work is to be cast, provide similar information relative to the
proposed compacting screed or other method to ensure dense placement.

b4 Mixture designs

Provide a detailed report of materials and methods used, test results, and the field
test strength (fcr) for marine concrete required to meet durability requirements.

2. The Contractor shall submit shop drawings and erection drawings for formwork and
scaffolding at least 14 days prior to commencing the work.

Each shop drawing and erection drawing shall bear the signature of a Contractor's qualified
Engineer. Details of all proposed formwork to be prefabricated and formwork to produce special
finishes shall be submitted to the Engineer for approval before any materials are ordered. If the
Engineer so requires, samples of proposed formworks shall be constructed and concrete placed
at the Contractor's expense so that the proposed methods and finished effect can be
demonstrated.

The Contractor shall submit shop drawings showing reinforcing bar placing and bar lists for
the Engineer's approval. Such shop drawings shall show also supplemental bars for forming,
strengthening frames of bars of sufficient rigidity to withstand forces during placing concrete. If
necessary, shaped steel may be added to improve rigidity of the frame of bar.

Such shop drawings shall clearly indicate bar sizes, spacing, location and quantities of
reinforcement, mesh, chairs, spacers and other details to be as per AC| Manual of Standard
Practice for Detailing Reinforced Concrete Structures.

Details shall be prepared for placement of reinforcement where special conditions occur, including
most congested areas and connection between pre-cast concrete and concrete in-situ.

All shop drawings shall be reviewed by the Engineer within seven (7) days after receiving them.

At least two (2) days prior to pouring concrete, the Contractor shall submit to the Engineer
a pouring permit for his inspection and approval

MATERIAL REQUIREMENTS
CEMENT

Unless otherwise specified in the Drawings, only one (1) brand of cement shall be used for any
individual structure. In determining the approved mix, only Portland cement shall be used as the
cementitious material.

1 Portland Cement: ASTM C 150

Type | (for general use in construction)

ADMIXTURE (IF NECESSARY)

Unless otherwise required by field conditions, admixture may be used subject to the
expressed approval of the Engineer. The cost of which shall already be included in the unit cost
bid of the Contractor for the concrete.

1. Air Entraining Admixture shall conform to ASTM C 260.
2. Admixture other than air entraining agent shall conform to ASTM C 454,

3. Admixture containing chloride ions, or other ions producing deleterious effect shall
not be used.




AGGREGATES
1. Crushed Coarse Aggregate
Conforming to ASTM C 33 and having nominal sizes passing 38.0 mm to 19.0 mm, 19.0 mm to
9.5 mm to No. 4 sieve. The material shall be well graded between the limits indicated and
individually stockpiled. it shall be the Contractor's responsibility to blend the materials to meet
the gradation requirements for various types of concrete as specified herein.

Nominal sizes for combined gradation shall be as follows:

Nominal Size of Coarse Aggregates

ASTM Sloves % by Weight Passing |
40mm 25mm | 19mm [ 10mm
' 50.0mm (2°) 100 | - = =
| 38.0mm (1 1/27) 95-100 100 5 — =
31.8mm (1 1/47) - 30-100 | 100 i i
| 250mm (1) - | - ‘ 90-100 - |
19.0mm (3/4°) | 35-70 25-90 ! - 100
16.0mm (5/8") E = : 20-55 85-100
95mm (3187 [ 10-30 " 0-10 | 0-10 ' 0-20
No. 4 ' 0-5 J

2. Fine Agaregate

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:

ASTMSieves | %by Weight Passing
9.5mm (3/8") 100
| "No4 80- 100
| No. 8 ' 80- 100
i No. 16 50- 90
| No. 30 25-60
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. % Q0
Control at 7 days
' Time of Setting deviation from control | from 1:00 earlier to 1:30 later

‘Time of Setting (Gillmore Test) |
Initial No marked change

Final Set No marked change '
' Appearance  Clear }
Color Colorless
' Odor Odorless ]
i Total Solids | 500 parts/million max.

"PHvalue 451085

Table 6.4 Chemical Limitation for Wash Water

| ~ Limits

Chemical Requirements, Minimum |

Concentration
Chloride 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: I

|

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 & moist | 0.15 percent

| environment but not exposed to chlonde
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 28.

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



CURING MATERIALS

ik

Impervious Sheet Materials

ASTM C 171 type, optional, except that polyethylene film, if used, shall be white opaque.
Burlap of commercial quality, nen-staining type, consisting of 2 layers minimum.
Membrane Forming Curing Compound

ASTM C 309; submit evidence that product conforms to specifications.

JOINTING MATERIALS

1.

Seszlant

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.

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.

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

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
fastening.

EPOXY BONDING COMPQUND

ASTM C 881. Provide Type | for bonding hardened concrete to hardened concrete; Type |l 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 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).

PMNS 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
(BRS) 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 include all test data, results, and cerlificates
that the sampling and testing procedures are in conformance 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
later found after test to be unsuitable shall not be incorporated into the permanent works.

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

Reinforcement

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

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 level
requirements for each with concrete quality of ACl 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 Authonty.

Chemical Admixtures/Additives

The admixtures/additives if approved shall conformed to ASTM C 484 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 Centractor 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 Contracter'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

aoow

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

Cement

Do not deliver concrete until vapor barrier, forms, reinforcement, embedded items, and
chamfer strips 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 sealed 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 floor of wood or concrete raised at least 0.5m
above the ground. The sheds 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. Upen 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 matenals 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
ctherwise 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 irregularities 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 subseguent 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 Softlifts 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 period 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 to the laboratory prior to expiration of three fourths of the proposed penod 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 matenal loading.

REINFORCEMENT

1.

Reinforcement

Fabricated 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 inspecied and cleaned. Reinforcing steel shall not be bent or straightened
in a 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 spliced at
points of maximum stress unless otherwise indicated. Unless otherwise shown in the drawings,
iaps or splices shall be 40 times the reinforcing bar diameter.

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)
| (sq.mm) l .
10 314 78.54 0616 ‘
12 377 11310 0.888
16 [ se3 | 20110 1579
20 | 62.8 " 314.20 2466
25 - 785 490 80 3.854
' 28 ' 88.0 T 81570 4833 |
32 100.5 804.20 | 6.313
36 -5 1,017.60 7.991
40 125.7 1,256.60 9.864
T 50 157 1 ' 196350 15.413




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.

6. 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
samples 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:

Slump for Vibrated Concrete
Structural Element -
Minimum Maximum
Pavement Concrete  25mm Bl 50mm
Pre-cast Concrete ' 50mm [ 70mm
' Lean Concrete o 100mm: 200mm
' Sacked Concrete ' 25mm 50mm

" All other Concrete ~ 50mm S0mm




Sampling :

Provide suitable facilities and labor for obtaining representative samples of
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

a

g

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.

Materials 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.

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 worn 20 mm or more below the criginal 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 hopper. 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 quarter 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 direclly 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

a.

Truck mixers, unless otherwise authorized by the Engineer, shall be of the revolving
drum type, watertight, and so constructed that the concrete can be mixed to insure a
uniform distribution of materials throughout the mass. All solid matenals 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 2 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
hammful effects on the cement.



