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PART 1

1. INTRODUCTION

1.1 SCOPE OF CONSTRUCTION SUPERVISION MANUAL

This Manual describes procedures to be followed for Supervision of Bridge Replacement
and Bridge Rehabilitation projects undertaken by the Directorate General of Highways
(DGH}. Projects are usually carried out by contract but much of the content of this Manual
is also applicable to works carried out by force account.

The Manual is divided into two parts, Part 1 {Sections 1 to 11 covers administrative and
procedural matters associated with supervision of projects. Part 2 (Sections 12 to 26)
covers technical aspects of construction supervision.

1.2 OBJECTIVE OF MANUAL

The objective of the Construction Supervision Manual iste strengthen the managament of
the bridge construction process and improve the guality of bridge construction. The
Manual contains standard procedures and guideiines for the supervision of bridgs projects.
Apphcation of uniform and adequate supervision grocedures will assist to ensure bridges
are comgpleted within time and budget constraints, and will be constructed in accordance
with the specifications,

Improvement in the guality of construction will flessen the need for repair and rehabilitation
of bridges early in thair service life.

1.3 OUTLINE OF MANUAL

The Manual describes the components of the supervision process in a logical and ordered

marner. Standard forms are ingluded which can be used for inspection and testing carﬂed
out as part of the supervision of construction work.

EME3-M.E - Bridge Condieuseer Susarnsen Memeal - 25 Jenuary 1923 1_1
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1. INTRGDUCTION ] Part 1

The Manual is divided into the following sections: .

PART 1

introduction

General Aspects of Construction Supervision
Contract Administration

Praject Planning

Authority of the Supervising Engineer

Duties of the Supervising Engineer

Handling of Materials

Administrative Procedures for Supervision of Bridge Construction
Use of Reporting Forms

Periadic Reperting Procédures

Preparation of Project Completion Report
List of References

PART 2 @

HNomhsww -~

-

12 General Aspects of Technical Supervision of Bridge Construction
13. Setting Cut of Bridgeworks
14, Foundations
15, Concrete
186, Prestressed Concrete
17. Steel Structures
18. Bearings and Expansion Joints
14. Railings and Barriers
20. Timber Construction
21.  Temporary Bridging
22 Cofferdams
23 Design of Témporary Works
24, Epoxy Resins
25. Demelition and Remaval of Structures
26. Cleaning Up
List of References .

APPENDICES
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2. GENERAL ASPECTS OF CONSTRUCTION
SUPERVISION

2.1 GENERAL

Effective and uniform supervision and management of bridge construction activities
involvas financial, technical, scheduling and contractual controls.

This Ssction presents an overview of the suparvision procass and introduces the other
Sections of the Manual.

2.2 PLANNING AND SCHEDULING OF PROJECTS

Preject planning covers the planning that is necessary to ensure that a project is organised
and carried out in an efficiant manner.

If the construction warks are to be carried out in an organized manner, & Construction Time

. Schedufe is reguired. This shows the various tasks and activities raquired 1o complete the
bridge and the relaticnships between these tasks. The dependence of one task on another
dictates when individual tasks can be carried out.

If resources required for each task are included, Resouwrce Scheduwies can be prepared.

Section 4 of this Manual describss in rmore detail how the various Schedules are prepared
and how they are used as a contral device during construction. ’

2.3 RECORDING AND REPORTING

The collection and processing of data gathered during the supervision process is anintegral
part of supervision on gonstruction projects.

Supegrvision on a construction projeact requires

. . monitoring of the progress of the work compared to the Contractor’s
time scheduta

- monitering te ensure compliance with the technical requirements of the
Specification (Quality Controll, and

. monitaring the overall cost of the project.

The inspection reports and test results gathered by the Supervising Engineer and his staff
are used to assemble a picture of progress on the project. In addition, this data records
what occurs on the project as the work progresses. Details such as the effects ot weather,
industrial disputes, and delays due to the Employer's failure to provide materials on ume
etc,. arg recorded and may be used if a dispute arises with the Contractor to show what
actually did accur.

BMAE3M.E - Bridge Conprucuen Superyiaga Maausl - 21 Janeery 1393 2-1
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2. GENERAL ASPECTS OF CONSTRUCTION SUPERVISION . Part 1

This data is also used as the basis of Monthly Progress Reports and other Reports which .
are required by the Employsr from time to time.

Recording and reporting is described in more detail in Sections 9, 10 and 11,

2.4 PROJECT SUPERVISION

Project supervision includes not only Quality Control but also monitoring of the project in
general, the Contractor’s progress, and the methods used to carry out the work required
under the Contract.

Itis usual for the Supervising Engineer and his staff to monitar the progress of each activity
using the Time Schedule which was submitted by the Contractor as reguired by the General
Conditions of Contract. This Schedule is used as the basis against which progress is
comparead.

The Contractor shoutd be requested to supply detailed sehedules for ail major activities, in .
an approprate format,

The type, availabiiity and productivity of the Contractor's equipment should bs recorded
and reparted. Any significant changes should be discussed with the Contractor.

Information on the classification and number of labour used on the project is also gathered
to establish that the Contractor is able to complete the tasks on time and to the specified
guality. For example, if there are too few carpenters on the site, then there may be
potential problems with construction of formwark in the timeframe nominated by the
Caontractor.

Weather records should include the actual weather conditions such as the daily maximurm
and minimum temperatures, amount of rainfall ete. and alse should indicate the sffect on
the project. There can bequite a ditferent effect on the project caused by 50 mm of rain
falling at Gprm to that caused by 30 mm of rain falling at 7am. Details of the time last
fwhen the Contractor could not work) should be included.

Records should also be kept of the resources for major activities on the project. Activities .
such as concrete work on decks, erection of superstructure and pile driving etc should ba

analyzed. The number of manhours per unit of measurement, the number of equipment

hours per unit of rmeasurement and the output per umit of time (eg, the number of metres

of piling driven per hipurt should be recorded for future use.

These records are valuable in the case of a dispute with the Contractor over rate of
pragress, and will also be useful to Rrepare a database of information for usa by Engineers
in preparing future Owner's Estimates [OF). OF's are requirad for each project which goes
to tender. They are used in Bid Evaluation as one criterion for selecting the Contractor. -
Records from previous {similar} projects form the basis for the preparation of the OE’s for
future projects. This is a better method of preparation of an Owner’s Estimate than using
the unit rate from the previous project.

The authority and responsibilities of the Supervising Engineer and his staff are described
in Sections 5 and 6 of the Manual.
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Fart 1 2. GENERAL AEBPECTS OF CONSTRUCTION SUPERVISIDN

Section 8 of the Manual describes in datail the administrative procedures which should be
followed for sunervision of bridge construction projects.

2.5 QUALITY CONTROL

Quality Control means the assurance that all work carried out by the Contractoer and
accepted by the Engineer conforms to the requirements of the Drawings, Specificatinns and
other documents and instructions from the Engineer which may be issued as the Contract
progresses.,

By progressively carrying out checks and tests of the Contractor's work, the Employer can
be assured that the Works will be built to the specified standards of guality.

The level of quality achieved is often directly proportional to the amaunt of supervision
effort by the Engineer and his staff. The Contractor will generally try to satisfy the
requirements of the Specification with the mirimum of effert, and itis essential that the
Supervising Engineer and his staff ensure that these requirements are actually achieved.
Oftsn itis necessary to advise the Contractor that the quality target of the Specification
will be unlikely to be met if the Contractor does not alse meetinterim quality reguiremants,
2g. the specified standard of surface fimish of concrete reguires that the material used for
formwork does not have surface defects and other imperfections. The use of unsuitable
materials is not necessarily cause for rejection by the Engineer at the stage that the
material is used, but it may make compliance with the requirements of the Specification
axtremely difficult or parhaps impossible.

Most bridge contracts use large guantities of materials, The overall standard of bridge
construction work is largely controlled by the quality of the materials. Section 7 of the
Manual describes requirements for materials handling and control.

2.6 FINANCIAL CONTROL

Although the Rates or Sums fer the items of work bid by the Contractor are substantially
fixed, there are a number of matters in which the Supervising Enginear can sxercisse control
aver the final cost of the project.

Measurement of quantities is carried out monthly {or more often if required) as a check on
the progress of the wark and to verify the figures contained in the Contractor’'s claim for
his Progress Payment.

Measurements may be made separately or as part of a joint inspection. The accuracy of
these measurements will dictate the value of the payment to the Contracter in a Schedule
of Rates Contract.
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Z, GEMERAL ASPECTS OF CONSTRUCTION SUPERVISION ) Fart 1

If the Contractor is instructed to carry out additional work on a Cayworks basis, careful .
recording of eguipment labour and materials used is necessary to control the cost. As a
general rule, Dayworks should be avoided and a Variation to the Contract issued. The
Contractor usually inciudes rates for his equipment and labour in the Schedule of Dayworks
which are considerabiy higher than those used to make up his original bid. An agreed Rate
or Sum for a Variation is generally preferred unless the scope of the additional work cannot

be defined. In this case, there is no afternative to carrying out the work on a Dayworks
basis.

The Supervising Engineger should ensure that recerds of eguipment and labour praguctivity .
etc., are kept during normal operations 1o assist with the pricing of Variations.

The Supervising Engineer should ensure that all the Empioyer's obligations under the i

Contract are met in a timely manner so as not 1o give rise to any future claims for
additional costs and/or time,

2.7 FINALISATION OF PROJECT .

At the end of the Contract there are several administrative tasks which must be carried out

by the Engineer and his staff. These are described in more detail in Section 11 of this
Manual.
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3. CONTRACT ADMINISTRATION
| . 3.1

Administration of Contract Works is a complex procedure. The two main principtes which
should be remembered are :

GENERAL

. the Contractis a lsgally snforceable agreement betwsen two parties, the
Contractor and the Employer, wherain the Contractor agrees to carry out
certain Works which are detailed in the Contract Documents, in raturn for
payment by the Employer at rates or prices submitted in the Contractor's
Bid; and

- . the Enginser for the Contract is pot & party to the Contract. He must be
impartial and indgpendent. It is his responsibility to overses the correct
execution of the Contract. This means ensuring the Contractor carries
out the Works in accordance with the Drawings and Specification, and
that the Employer promptly and correctly pays for this work., The

. Employer is also obliped to provide explanations if discrepancies are
containad in the documents. This explanation will normally come frem
the Engineer. The authority of the Engingeris described in the Contract
Documents.

For Contracts awarded by the Directorate General of Highways, the Engineer is often an
employee of the Employer, so the rale of the Engineer is a difficult role. However, he must
strive t¢ préserve impartiality and must realise that he has no authority to amend or waive
any of the provisions of the Contract without the agresment of both parties to the
Contract.

The Engineer must be member also that the Contractor has signed the Contract and has
therefore agreed to carry out the Works in accordance with the Drawings and Specification
for the ameount in his Bid. -

The Enginesr may be responsible for coordination of several contractors on some projects.

. 3.2 TYPES OF CONTRACT

Two types of Contracts are commonly used for bridgework :
. Schedule of Rates Contract

The Emplayer prepares a Schedule of the estimated gquantities of the different components
of the Works, based on the Contract Drawings. The Contractor enters in his Bid a Rate of
Fayment against each item in the Schedule, and extends the itams to obtain the amount
of the Bid. in this type of Contract, the Rate governs, not the amount, and the Final Price -
is calculated by measuring the actual quantity of each item of work carried out and
applying the Bid Rates.
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3. CONTRACT ADMINISTRATHON ] Part 1

T . Lump Sum Contract .

With this type of Contract. the Contractor bids a single Lump Sum for carrying out the
Work shown in the Drawings.

A Schedule of Rates Contract allows more scope for changes which may be necessary
during construction. Changes are often required because it is difficult to inciude for all
contingencies at the bid stage. Under a Lump Sum Contract, the Bill of Quantities is used
as the basis on which the value of changes is determinad.

Lump Sum Contracts are especially useful for smalt jobs, where the Waork can be fully
detailed and there is little likelihood of any changes being required {eg. supply of bearings
or prestressed concrete heams).

If a Variation is required on a Schedule of Rates or a Lump Sum Contract and the

Contractor and Engineer cannot agree on the value of the Variation before the work is

carried out, then the work may be carried out on a Dayworks basis. Inthis case, careful

records must be kept of all labour, equipment and matarials used in executing the additional .
waork.

It is important that a comprehensive record is kept of all Varations and work that is likely
to be in dispute as a Variation. This will enable costing of the work to be carried out later
if necessary. These records should include the number of employees engaged on the work
and their trade classifications, the equipment being used ‘and the times it is used as well
as the time on standby, and materials used.

3.3 CONTRACT DOCUMENTS

The Contract Documents which constitute the offictal agreement between the Contractor
and the Employer usually consist of the following :

. Introductery Docwmentation

. General Conditions of Contract .
. Spegifications

* Bid Schedule {including Sehedule of Dayworks)

. Crrawings

«  Addenda.

3.3.1  Introductory Documentation

fnstructions for Bidders - lists the requirements for submission of a valid bid.
Form of 8id - the form on which the Bidder confirms his offer.
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Part 1 3. CONTRACT ADMINISTRATION

. Form of Agreement - the legally binding agreement between the
Emplover and the Contractor. |t is signed by hath
parties and js vsually executed undar seal.

3.3.2 General Conditions of Contract
The General Conditions of Contract are the legal basis of the Contract.

- They define the responsibilities, obligations, rights and privileges of all parties to the
Contract.

3.3.3 Specifications

The Specifications give a detailed, technical description of the waork to be carried out. The
Specifications normally define the required standards for materials to be incorporated in the

'. Works and, either the methods to be employed in carrying out various tasks or the
acceptance critetia for compieted work (the latter is preferable),

The Specifications for DGH Contracts generally comprise three Sections in two Volumes,

The First WVolume containg the main Specification clauses and the Special {project-specific)
Specification clauses relating to bridge works, The Second Yolume contains roadworks
Specification clauses,

The intent is that the same Standard Clauses are used on all Contracts, and that Project-

or Site-specific requirements (eq. locations of storage depots) are included in the Special

Specifications. The Special Specifications should also include modifications, additions or
- deletions to the Standard Clauses,

3.3.4 BID SCHEDULE

The Bid Schedule sets out the quantities of the differant types of work to be performed
. under the Contract. |t includes the Contractor’s Bid Rates for each itemn of Wark, which
are used when making payments under the Contract.

3.2.5 Drawings

The Drawings must give an accurate and unamhiguous picture of the Work to be carried
out. The Drawings must be kept up to date and superseded Drawings must be clearly
. rmarked.

The Drawings included in the Contract are the Drawings in the Bid. These should be
retained to assist in the costing of Variations ordered after the award of the Contract.
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2. CONTRACT ADMINIETRATION Fart 1

3.3.6 Addenda ' C ]

This part of the Contract Documents contains Addenda to the Contract issued during the
Bid period, and copies of correspondence exchanged between the parties prior to sighing
the Contract.

The Addenda may include letters of clarification submitted by the Contractor in response
to questions from the Employer during the Bid evaluation period.

3.4 SUBCONTRACTS

The Contractor is required to obtain the approval of the Engineer far any of the works
which are to be subcontracted.

MNotwithstanding such approval, a subcontractor who is selected and engaged by the

Contractor to execute portions of the Works on behalf of the Contractor is entiraly
responsible to the Centractor and has no legal relationship with the Employer. The .
Contractor is still responsible for the proper exacution of the Works.

Supervision of subcontracted work is carried out as if the work were being done by the

Contractor. All directions and orders by the Enginger are directed to the Contractor, not
to the subcontractor,
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4. PROJECT PLANNING

4.1 GENERAL

This Section describes the Programming and Scheduling processes. Some planning
aCtivities must be carried out if the project is to be axecuted on scheduls with maximum
efficiancy and minimum delay.

Mast of this work should be carrisd out by the Contractor, but the Engineer and his staff
must be aware of these tasks and should discuss pre-construction activitiss with the
- Contractor 1o ensure smooth commencement of the project.

) 4.2 PROGRAMMING AND SCHEDULING
4.2.1 General

The General Conditions of Contract require the Contractor to produce several Construction

. Schedules for the project. The format of thess Schedules should be as preseribed in the
Specifications. The Schedules should be presented in such a way 38 1o show the ordar in
which the various activities will be carried out and how the activities are interrelated. This
is often supplemented by sub-programmes which detail particular aspects of the
construction, 29. pile driving, superstructurg erggtion etc.

The Contractor should also be requested te provide a list of the resources to be used on

the most important activities. This allows the resource utilisation to be checked for any

significant clashes, eg. if the same resource is required to be used simuftaneously on two
T {or more} actvities.

Because the Contractor’s Schedules are an indication of how the work is expected to
proceed, they should be used as the basis for all reporting and monitoring.

The Engineer needs 1o carefully check the Schedules for logic efrors and omissions. It is
impartant that sufficient detail is inciuded in the Schedules to aliow progress on each
. structure ta be monitored, but not 50 much detail that the programme bacomes difficult to
tallow. The use of overall Schedules and sub-pregrammes is recommended, but care must
. be taken to ensure that dependencies of activities in different sub-programmes are reflectad
in the overall Schedule.

A Schedule of works (s essential to

. provide a plan for the execution of the work and the order in which it 1s
carried out within the specified time frame

. - identify the key activities
- communicate the plan to other parties
- measure and report on progress
. provide a tool for monitaring, and
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4. PROJECT PLANNING Part 1

- provide a basis for estimating fabour, eguipment and material .
requirements and for financial control.

Section 12 of the Construction Techniques Manual discusses basic scheduling technigques
and their appiication to DGH projects.

4.2.2 S-Curve

The rate of progress of a typical project is usually guite slow after commencement of waork, :
accelerates to & higher rate of production and then slows again near the completion of the
works. A plot of progress or cumulative value of payments against time will Qive a curve
which is a basic S-shape. This curve is usually referred to as an "S-curve” and it reflécts
the typical life cvcle of 3 construction project.

The use af the S-curve 10 monitar progress is widespread in DGH and indicates how the

Contractor is perfoming. The usual S-curve shape is modified if the Maobilisation Advance

is included because this figure may represent twenty percent of the Contract Value, .
Therefore it is usual to ignore the Mobilisation Advance when preparing an 3-curve,

A typical S-curve is shown in Figure 4.1
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Par 1 4_ PROJECT PLANNING

The Contractor usualiy prepares his Contractual Schedule in the form of a bar chart
showing the same activities as the Pay items in the Bid Schedule. This may be convenient
for monetary calcuiations but is not necessarily tha best presentation as several significant
work itermns may be agqgregated into one Pay ltem.

The Contractor calculates an equivalent rate of progress, usually on a pro-rata basis, for
each activity shown on the bar chart and this is used to calculate and plat the initial or
Programmasd S-curve.

AS construction progresses, the programme is updated by calculating the percentage
completion of each activity on the bar chart. A second ling is then drawn which indicates
the actual rate of progress. This may be compared with the Programmed curve and the
overall rate of progress assessed. |f the Contractor falls hehind his target (ie. the actual
S-curve is below the Programmed S-curve), then the Engineer should request the
Contractor to advise what action he proposes to take to make up the lest progress.

The S-curve is used as an indicator of lack of performance by the Contractor ang the
Engineer may call a "Show Cause Meeting” when the Contractor s between 10 and 20
percent behind his programme. I the Contract is less than 70 percent complete and the
Contractor falls 25 percent {or moret behind his programme, the Employer should give
consideration to terminating the Cantract in accordance with the prgvisions of Clause 59
of the General Conditions of Contract.

A summarised form of the S-curve is often used as the basis for reporting in the monthly
report of the Supervising Engineer. '

4.3 SITE PREPARATION

Before construction wark can be started, there are several aspects of the site which must
be considered. These are listed as follows <

- Right of Way

Where [and acquisition is required, it is necassary that the formailities be
completed prior to the start of construction. This will require certain
procedures to be foliowed and it s essential that the Engineer, as part of
pre-constructicn  planning, determines the current status of land
acnuisition and the effect, if any, of giving the Contractor possassion of
the site.

L Fencing

Feneing is not usually required on contracts awarded by DGH. Where
fencing is raquired sither to delingate the area of the works or to provide -
security, the standard and type of fence required should be determined
by the Engineer.
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4. FROJECT PLANNING Part 1

. Removal or Relocation of Services _ .

Although the responsibility for removing and/or relocating services is that
of the service authority concerned, there is obviously a need to
programme the relocation works so as to cause minimum delay to the
Woaorks. The Engineer should discuss the relocations with the Contractar
and ensure that adequate steps are taken to lizise with the appropriate
setvice authorities,

. Offices, and Acecommodation -

The Engineer should reqguest the Contractor as early as possible to

provide details of the location of his offices, accommodation etc. The N
Engineer is required to give his consent to these tocations. They should

be located as close to the bridge site as possible. There should be

suitable access from these facilitate to the nearest public road and to the

bridge site. Offices and accommaodation should be well-drainad.

4.4 CONTRACT REQUIREMENTS IN PRECONSTRUCTION PHASE

The Generat Conditions of Contract and the Specifications together prescribe the actions
te be carried out by the Contractor, the Enginesr and/or the Emplover prior to the
commencement of Waorks,

Many of these tasks are related to Bonds and Insurances being submitted by the

Contractor.  Others relate to tasks that the Enginger rmust perform, eg, Delegation of
Authority from the Enginesr to the Engineer’s Representativels).
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5. AUTHORITY OF THE SUPERVISING ENGINEER

5.1 GENERAL

The Engineer is ususlly the Project Manager for Bridge Replacement (Pemimpin Provek
Penggantian Jembatan).

The Enginger’s Representative is usually the Supervising Engineer, a Consultant appaintad
by DGH to carry out the supervision of the Contract. The Supervising Engineer has the
responsibility for the day to day running of the Contract but does not have the power to
approve Variations or to make Final Payments.

The authority of the Supervising Engineer will usualiy be defined in the Contract Documents
{usually the General Conditions of Contract] or as delegated from time to time by the
Engineer. The supervisory staff must be fully aware of the limitations of their authority in
carrying out supervision of the Contract,

Delegation of authority from the Engineer to his Representative/must be notified in writing
to the Contractor, and the Supervising Engineer and must ensure that they act only within
the limits of the delegated authority. The authority delegated may vary from contract to
contract.

The job of the Supervising Engineer is to ensure that the weork is carrigd out in accordance

with the Drawings and the other Contract Documents within the limits of authoriry
deiegated.

5.2 AUTHORITY NORMALLY DELEGATED TQ THE SUPERVISING
ENGINEER -

Authority is normally delegated to the Supervising Engineer to

. approve shop and field drawings prepared by the Contractor
. prepare change orders for extra or omitted work
- prepare teports {including recommeandations! for the Enginesr aon

Contractar's claims

» prepare reports {including recommendations} on design changes
. prepare monthly Progress Payment Certificates

. accept or reject work done by the Contractor on the basis of compliance
or non-compliance with the Specificatians :
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5. AUTHORITY OF SUPERVISING ENGINEERS AND STAFF Part 1

5.3 AUTHORITY NOT NORMALLY DELEGATED TO THE ®
SUPERVISING ENGINEER

Authortity is generally not delegated to the Supervising Engineer for ths following :

. to approve design changes

. to approve Variations to the waorks

* to grant Extensions of Time

. to approve Progress Payment Certificates .
. to approve claims by the Contractor for additional payment

. to negatiate directly with the Contractor for new rates of payment for

extra work for which there is no applicable rate in the Schedule of Rates.
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6. DUTIES OF THE SUPERVISING ENGINEER

. 6.1 GENERAL

It is the duty of the Engineer to administer the Contract between the Employer and the
Contractor impartially, with no bias towards either party.

If it ia made clear from the commencement of the Contract that this is the Engineer's
intention, then a good working relationship with the Contractor will be established.

. The Engineer should firmiy apply the requirements of the Specification and must ensure
that the Contractor is notified of Drawing amendments as soon as possible.

' It is essential that the Supervising Engineer (as Engineers Representative) applies the
Specification in the manner in which it is actually written. The Engineer or Supervising
Engineer's must make all decisions promptly and firmly so as to cause minimum delay to
the Works. He should also ensure that the Contractor is paid promptly for all work
satisfactorily completed.

. If there is a dispute, such payments as are possible without prejudicing the position of
either party should still he made.

The Supervising Enginger and his staff must never place themselves under any obligation
1o the Contractor by accepting favours and should ensure that instructions are only issuad
to the Contractor or his official representative and not to any subcontractor or employee.
Allinstructions to the Contractor must be confirmed in writing, to minimise the possibility
of disputes.

Checkiists for Construction Superasion areincluded in Appendix 2.

6.2 SUPERVISION BY ENGINEER

6.2.1 General

The duties of the Engineer are as follows :

. ansure that all staff involved in supervision {including consultants) carry
out proper checks on the Contractor's work at all stages of construction’
and that approvals for ail stages of the work are carried out to accepted
procedures

. ensurg that progress 15 properly recorded on standard forms and to
standard formats

" monitor expenditure

. approve Progress Payments to the Contractor for campleted work

- ersure the requirements of the Specification are achieved

- monitor the time schedule of the preject and draw the Contractor's

attantion to delays
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£. DUTIES OF THE SUPERVISING ENGINEER Part 1

* cerrespond with the Contractor on matters of concern .

* preside over regular site meetings with the Contractor, Consultant and
senior site staff

. ernsure Progress Payments are based on measured quantities

» Issue acceptance certificates

. evaluate Contractor’'s claims for variations and extra payments -
6.2.2  Project Officer )

The duties of the Project Officer include:
* Liatson with the Supervising Engineer about variations in quantities.

. Liaison with the Supervising Engineer and the Engineer about charges to
design of the Works,

* Assistance to the Enginesr in the administration of the Contract.

6.2.3 Inspector

The duty of the Inspector on the Contract is to provide an mdependent report to the Project
Otficer on daily activities at the project sita.

6.3 SUPERVISION-BY SUPERVISING ENGINEER
6.3.1 General

The duties of the Supervising Engineer are as foliows - .
. provide clarfication of the Specification and Drawings if necessary.
. provide dnformation requested by the Contractar.
. mspect materials and waork promptly. -
. ensure testing of materials is carried out to acceptable standards.
. ensure materials are supplied an time and to the appropriate standard.
. check setting-out
. repart non-compliance with Government or ather regulations.
. notity the Contractor of non-compliance with the Drawings or

Specifications.

6'2 BRMSA-M.E - Badgs Cetstruztion Scpervisian dangal - 25 Jangary 1953

Dokumen ini tidak dikendalikan jika diunduh / Uncontrolled when downloaded




Part 7 E. DUTIES OF THE SUFERVISING ENGINEER

. » keep necessary records.
. supply measuremsnts and information for monthly Progress Payments.
. measurs extra and reduced waork as directed by the Engineer.
. caompiete As-Constructed Drawings
. gnsure the Engineer is informed of all developments on the project, by

- timely and adequate reporting.

These duties are detailed in following sub-Sections.

6.3.2 Drawings and Specifications

The Supervising Engineer must use the Specifications and Drawings as the main terms of

'. reference and should become familiar with them. Waorking through him in detail can be
tedious, but if the effort is made at the start of the Contract, it will assist him throughaout
the job.

If a discrepancy or ambiguity is noticed, or if any are found by the Contractor, they should
be immediately reported to the Engineer.

If thereis any doubt in the interpretation of the Drawings or Specifications, the Supervising
Engineer should seek advice from the Engineer.

6.3.3 Information requested by the Contractor

If the Supervising Enginger is unable to provide information requested by the Contractor,
reference should be made to the Enginesr. The information should be given pramptly (o
the Contractor to avoid delaying his work, All infgrmation requested and given should be
recorded with times and dates.

6.3.4 Inspection of Materials and Work

Inspection of materialsinciudes sampling and the carrying out of field tests (Refer Section
7). If the test procedures are set out in Standards {such as AASHTO) or Standarg
Specifications, copies should be kept on the site. It is impertant that procedures are
followed exactly as specified, otherwise the tests may be of little value. The Contractor
should be given access to the results of all tests, but results which may require skilled
. interpretation should not be supplied to him until they have been expertly examined.

The Supervising Engineer should forward all sampies for testing to the laboratory promptly.
It is particularly important that concrete samples be forwarded for testing at the appropriate
tirma {ie. concrate tests at 7 days ang 28 dayl.
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6. DUTIES OF THE SUPERVISING ENGINEER Part 1

Inspection of particular work such as formwork and reinforcement placing should not be .
delayed until completion. The Supervising Enginear should observe the work as it
progresses, and if it is obvious that the work is not correct, the Contractor’s enginaer or

foreman should be advised so as to avoid costly rectification later. The Supervising

Enginear and his staff must not issue instructions directly to workmen or sub-contractors

as this could be construed as an employer/amployee relationship and could lead to receipt

of claims from the Contractor and possibly the breakdown of the Contract.

6.3.5 Notification of Non-Compliance with Drawings and Specifications

Notification should be in writing and a copy of the notice to the Contractor retained. Even
mingr matters should be noted in the daily diary. If the Contractor does not rectity the
non-compliant Work, the Engineer must be advised.

6.3.6 - Checking of Setting-Out

Under the requirements of the General Conditions of Contract, the Cnntractc}r 15 required
to set out the work and take responsibility for its accuracy.

It is important to leave the responsibility with the Contractor even though the Supervising
Engineer is often asked to do setting out work for the Cortractor because the Contractor
has no skilled personnel on the site. The Contractor must be instructed to bring his
surveyor 1o the site 1o do the work.

it is important that bench marks are not established or transferred by the Supervising -
Engineer and his staff without the waork being checked by a Surveyor.
6.3.7 Non-Compliance with Regulations

Failure to comply with Government or other regulations should be reportad to the Engineer,

6.2.8 Keeping Records .

The types of records and methods of reporting are described in Sections 9, 10 and 11

6.3.9 Information for Monthly Progress Payments

At the end of each month, the Supervising Engineer should prepare a list of the guantities
of work completed for each item of the Contract Schedule. This is best carried out by
obtaining a copy of the guantities which the Contractor intends to include in his Progress
Payment Clairn and comparing them with the quantitias given in the measurament book,
The Contractor’s guantities should be checked and corracted if necessary. The guantities
should be certified correct by the Contractor and the Supervising Engineer.

The maonthly Prograss Payment certificate is prepared by the Supervising Enginser using
the standard format for the particular Contract (payrment in local currency or local and
foreign currencies). .
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Part 1 & DUTIES DF THE SUPERVISING ENGINEER

g 6.3.10 Variations or Changes to the Works

The Supervising Engineer usually does not have the authority to order extras and omissions
to the Contract. These are ordered by the Engineer and measured by the Supervising
Engineer and his staff. '

Changes to the Works - amendments, omissions and extra work - may be ordersd by the
Engineer at any time. The Engineer is given this power undsr the General Conditions of
Contract which provides guidelines on how changss to the work are to be handied.

In the case of extra work, every effort should be mads to mutually agree on the costs
before the work is begun.

All amendments occurring during construction must be adequaigly recorded by the
Supervising Engineer and his staff.

Fayment for extras and missions are made on the basis of :

. . - Rates in the Schedule of Rates
- Megotiated iterns or rates
. Diay Works Rates
a. Schedule of Rates

The Schedule Ratas are sat out in the Contractor’s 8id and these should be used to assess
the extras and omissions if the type of work is the same as that described in the Schedule.
If the increase or dacrease in the quantity of weork exceeds the limits st out in the General
Conditions of Contract,then a new Rate for those items may be required.

b. Negotiated ltems or Rates
If any of the work invelving &xtras is not of the same type of work provided for in the

Sechedule, or ifthere is no Schedule Rate for the work, the Rates 1o be paid are negotiated
. between the Contractor and the Enginear.

C. Day Works Rates

If the Contractor and Engineer cannot agree as to the price to be paid for any item of extra
work, the Engineer may dirgct the Contractor to carry out the wark by Day Works. In this
case, the Contractor is paid for the actual cost of the work plus a margin for overheads and
profit.

For Day Works, the Supervising Engineer and his staff must be careful to record :

. details of number of mean, houwrs worked and classification of each man

{skilled, unskilled, etc.),
- yuantity of materials used.
- the make, class and hour worked by each of equipment
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§. DUTIES OF THE SUPERVISING ENGINEER Part

6.3.11 As-Constructed Drawings .

As-Constructed Drawings show the location and dimension of all additional work and all

amendments to the Drawings. Detaiis of revised levels are recorded for alt footings, piles
and other foundations.

6.3.12 Reporting

Reports submitted by the Supervising Engineer to the Engineer are described in Section 10,
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7. HANDLING OF MATERIALS

. 7.1 PROCUREMENT OF MATERIALS

The Specification requires the Contractar to submit for the approval of the Enginser, datails
of materials, suppliers and samples of materials intended for use on the Contract.

The Contractor may also be reguired to submit a programme showing timing of
procurement of the major materials to be used.

7.2 ° CONTROL OF MATERIALS

. Physical control is required to prevent materials heing wastad, damaged, last or stolen.

Responsibility for the contral of matarials until they are incorporated in the Permanent
Warks generaily remains with the Contractor. The Centractor _should have an inventaory
control system for materials which pass intoc and ocut of his storage areas.

. It payment is to be made for materials-on-site, an accounting system is needed to ensure
that the matarials paid for are in fact used in the Works. The Supervising Engineer and his
staff should have some identification and inventory system for such materials, It is
important that materials which require protection from sun and rain are stored under
suitable cover.

The Supervising Enginger and his staff should carry out periodic checks to determine the
guantty and condition of materials whigh have been paid for in previous Progress Payments
and which are still in storage pending future use.

» 7.3 STORAGE OF MATERIALS

The Contractor is raquired to store materdals to be usad in the Works in accordance with
the Specifications. Details of the storage method and the area te be used for the storage
should be submittad to the Enginger for his approval.

7.4 HANDLING OF MATERIALS

The method of handling many materials is covered in detail by the Specifications, in order
to avoid damage ‘due to impraper handling by ignorance or negligence. A typical case s
the methed of handiing and pitching precast reinforced concrete piles. M the piles are lifted
at the wrong points, saverg damage to the piles can result.

The Supervising Engineer and his staff should menitor the Contractor’s activities during
handling of such materials to ensure compliance with the Specification or recommended ©
procedures,

7.5 TESTING OF MATERIALS

Materials supplied by the Contractor for use on the Contract are required to comply with
the Specification,
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7. HANDI_|[NG DF MATERIALS Parn 1

Compliance testing of materials is carried out as part of the supervision process. In some .
instances, testing is limited to & visual examination, only whiist in others detailed laboratory

testing is required. Some materisis may be delivered to the site accompanied by
manufacturer’s test certificates and it is essential that the materials are matched with the
certificates.

Cn some Contracts, there will be a requirsment for the Contractor to erect a laboratary for

the Engineer, for him to carry out the usual tests on soils and aggregates togethar with

slump and compressive strength testing of concrete. More complicated tests on steel,

elastomers etc. are usually carried out in laboratories off site, sither at the DPU laboratory '
in the provincial capital or at a specialised laboratories elsewhera.

It is the responsibility of the Supervising Engineer to sample or supervise the sampling of .
materials in the correct manner and to ensure that representative samples are taken for
testing.

The method of sampling should be as set out in the Specifications er contained in the
appropriate AASHTO, ASTM or other Standard Test Methogd, .

The methods of sampling and testing described in the Standard ara to be strictly followed.
If this is not done, the results of the test will not give fair or consistent results. If the
Contractor or supplier is aware of deficiencies in sampling and/or testing, the results of the
tests will not be able to be used as the basis for guality control. |In addition, the results
from a sequence of tests may contain excessive errors due to the sampling and testing
being carried out incorrectly and a comparison of the results of different tests on
suppesedly similar materials will be meaningtess.
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8. ADMINISTRATIVE PROCEDURES FOR SUPERVISION
OF BRIDGE CONSTRUCTION

8.1 GENERAL

This Section covers a number of administrative aspects of Bridgs Supervision which are
comman 1o all projects. Technical Supervision procedures required for Bridge Construction
works are described in Part |l of the Manual.

82 PROGRAMMING AND CO-ORDINATION

. It is the responsibility of the Contractor to supply the Enginesr with a program for the
completion of the Works within the Contract period, and to adhere to this program. The
Enginger should ansure that matters which could give rise to claims for extension of time,
such as design changas or unforeseen foundation conditions, are shown on subsequent
updates to the Contractor’s program. The Contractor should provide sufficient data to
allow effective monitering of his activities to be carried out.

The actual format and minimum requirements of the program will be 8% st out in the
Specifications.

When a Contract includes a large amount of rnaterials (eg. stee!l superstructure

. components) to be supplied by the Employer, it isimportant that adequate thought be given
to timing. This wilt ensure that the Contracter is not delaved due to the lack of materials.,
The Contractar’s program should clearly show the dates he expects to receive materials
which are to be supplied by the Employer.

8.3 ACTION PRIOR TO COMMENCEMENT OF WORK
The Engineer and/ar the Supervising Engineer should:

{al Obtain a copy of the letter of Acceptance and note any special provisions
contained tharair,

. b Discuss the job with the design engineer to familiarise himself with
reasons for various design features.

{c) Satisfy himself that access is available to the site of the bridge and any
conditions which may rastrict access (such as heavy rainfall}.

{d Check that the Contract has bean sighed and Security Deposit lodged.

- {e) Request the Contractor to supply evidence that the insurance policies
required by the General Conditions of Contract have been effected. A&
copy of the Folicies should be abtained to ensure that they comply with
the requirements of the General Conditions.
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B. PROCEDURES FOR SUPERVISIDN OF BRIDGE CONSTRUCTION Fart 1

{f) Check on the existencs of utilities which may bg affected by the work.
Obtain copies of correspondence with utilities authorities. Where the
Employer is responsible for moving utilities, ensure that the work is done
in time to avoid delay to the contract works.

(g} Check that survey pegs are in position and, if necessary, arrange for their
re-gstablishment,

{h} Check matenals which are to be supplied by the Empioyer, to ensure
supply will be on time.

{il Arrange to send a letter delegating authority to the Supervising Engineer
{the Engineer’s Representative).

{j) Check with other engineers who have had dealings with the Contractor.
This may disclose particular aspects which will need close attention.

fk} Reguest the Contractor to supply samples of concrete aggregates and his
proposed concrete mix design at an sarly date. Otherwise, he may be
delayed awaiting approval for his mix design.

{) Arrange for an initial site meeting with the Contractor.

8.4 INITIAL SITE MEETING

The initial site meeting should be held well in advance of the commencement of work on
the site. This meeting should be attended by the Enginger, his assistants, the Supervising
Engineeris) and the Constractor's Representatives.

The purpose of this meeting is to discuss the Construction Schedule, equipment to be
used, and general organisation of the job.

The Contractor should be asked to supply the Construction Schedule and details of major
formwork and falsewerk for approval,

8.5 SITE MEETINGS GENERALLY

Site meetings should bBe arranged at monthly intervals to review progress and discuss
problems which arise. Special site meetings should also be called if necessary to deal with
specific problems.

Minutes of site meetings should he an accurate record of the proceedings of the meeting,
and should be written immediately following the meeting. A copy must aiways be sent to -
the Contractor with a covering letter requesting his comments as 1o their correctness.
Minutes of site meetings have considerable importance on matters in dispute, and it is
essential that the Contractor be given the opportunity to comment on their correctness.
Lack of comrment can be taken as agreement to the correctness of the record.
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Part 1 8. PROCEDURES FOR SUFERVISION OF BRIGGE CONSTRUCTION

8.6 SETTING OQUT

The Contracter is completety responsible for setting out the works with respect to position,
line, level, dimension etc., but the Engineer must instal the minimum number of basic
control points to enable setting-out to be carried out.

Caontrol peints should be permanent {eg. concrete blocks) in positions that will not be
disturbed by the construction operations. They should include markings on the centraline
each side of the bridge construction activities.

The Contractor’s setting-out should be periodically checked by the Supervising Engineer
and his staff. Approval to proceed with the work should be given only whan the checking
is successfully completed. Checking by the Supervising Enginesr does not relieve the
Contractor of ultimate responsihility.

Checking of setting-ocut may just involve the use of tape, level, plumb beb and stringline
or it may require detailed survey work. The Supervising Engineer should call for specialist
assistance if required.

8.7 SAFETY ON THE JOB SITE
8.7.1 General

The safety of employees on the job, and of the general public using areas adjacent to or
affected by the Works and the safety and adequacy of the Works thamselves, including
any temporary works, are the direct responsibility of the Contractor. It is the duty of the
Engineer to check and ensure that all necessary safety measure are taken. However, in no
way does this relieve the Contractor of complete responsibility for the Works.

The Contractor must comply with all statutory requirements covering the safety and well-
being of employees and sub-contractors. The Supervising Engineer should ensure that all
relevant notices required under the various requlations are given and requirements complied
with. If this is not being done, the Contractor should be instructed to immediately comply
and as a last resart, the Engineer may order that work be stopped until it is done.

i 1s important that public safety be guaranteed at all times and public inconvenience kept
o a minimum.  Subject to the requirements of the Specifications, the Contracter is
responsible for watching and lighting the Works and for all signing, lighting, barricading etc.
of any roads orpaths affected by the Works. This is especially impeortant where side
tracks and detours are involved and reference should be made to the Specifications for the
methods of signing to be used under the Contract. If, in the opinion of the Engineer,
measures taken by the Contractor to provide for public safety are inadequate, the
Contractor should be instructed to immediately make good the inadequacies. Failing this,

the Enginger may carry out the necessary work, at the Contractor’s cost. ’

BMSS-BAE - Bridge Congtrusioe Superertces: Manrol 21 Jenpary 1953 5-3

Dokumen ini tidak dikendalikan jika diunduh / Uncontrolled when downloaded




B, PROCEDURE:S FOR SUPERVISION OF BRIDGE CONSTRUCTION ] Part 1

The design of all temporary works, formwork, faisework, cofferdams etc. is the
responsibility of the Contractor but it is usual for the Enginger 1o require drawings of major
items to be submitted for checking in advance of censtruction. It is alsc important, aftar
checking, to ensure that the temporary works are built in accordance with the Drawings,
or approved variations, as temporary works often net changed during arection.

8.7.2 Job Safety

A safety program should be implemented at the preconstruction stage of planning to ensurs
compliance with statutory requirements and safs working standards.

A safety committee for 8 major project could be organised at this sarly 5tage, 1o review the
arrangements for sate working and to arrange for appropriate trainingif required.

Standard procedures for such things as scaffolding, rigging, maintanance of equipment,
disposal of rubbish, fire fighting, site communications and first aid facilities must be
formulated and maintained.

Safety training for job employees should generally concentrate on the need for the use of
personal protective equipment, carrect lifting procedures and good housekeeping practice,

Special courses for riggers, scaffoldars, plant operators, powdar monkeys and first ad
attendants can be arranged when required,

8.8 TRAFFIC CONTROL DURING CONSTRUCTION
8.8.1 General

Adequate provision should be made for the safe passage of all traffic. through or around
the site, with minimum delay. Pedestrian movement should also be considered.

Where an existing road is affected by the works and a separate side track is not provided,
the existing road must be maintained in a safe and trafficable condition.

If roads need to be closed 1o allow construction to proceed, advance warning should be
given to the public.

8.8.2 Travelling Public

Road users have the right to expect :

* Reasonable and safe passage through and around the site.
. ~ Mimmum inconvenience.
v To be guided by traffic control devices such as signs and barriers which

ciearly indicate the travel path, under both day and night conditions.

. To be warned of dangers and changes in the road ahead.
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fart t & PROCEDURES FOR SUFERVISION OF BRIDGE CONSTRUCTION

. . Courteous treatment and co-operation from employeas of DPU, the
Consultant and the Contractor.

Property owners have the right to expect reasonable access to their propsrty. Disturbance
or darmage te their access must be made good, ta a condition at least aqual to or berter
than its condition bafore work commenced. The aim is to receive the owners co-
aperation. The best way to achiave this to discuss the matter with them before the work
commeances and o :

- . Advise them of the nature of the proposed weork znd the intended
construction program.

. . Assure them that every effort wiil be made to cause the least possible
iNCoNvenience,

. Encourage them to discuss any problems they anticipate ar encounter at
any time during the coursa of the work.

8.8.3 Side Tracks

Side tracks should be cleared, aligned, formed, graded, and drained o enable the vehicles

using the road o travel freely and without difficulty.. Clearing should be extended to give

8 2 m minimum clearance each side of the track and a 8 m vertical clearance to any

overhang, The surface of the side track should be constructed with a crossfall of not less

than 2% for drainage and should be sealed or otherwise treated to reduce dust and to
. restrict ingress of moisture during the planned life of the sidetrack.

Temporary culverts or adequately concreted or gravelled floodways must be provided at

. watercourses, whether running or dry, over the full width of the formation, together with

. suitable guide posts [ocated at the limits of the construction.  Guide posts at submersible
| crossings should be marked with paint to indicate the depth of water at the crossing.

The standard of formation and paving used for the side track will depend on such factors
as tratfic volume;, commergial vehicle use and job duration. If a side track on a heavily

. trafficked road is to be used for a long period, the sidetrack and its approaches should be
sealed and line marked.

Where biturminous surfacing of side tracks is intended, the preparation and compaction of
the gravel pavement and the surfacing should be carned out to appropriate standards,

- All side tracks and crossings of watercourses should be maintained in good condition with
a smooth running surface. Consideration should be given to the required flood immunity
standard of the side track in order to reduce tratfic disruption to a minimem.

The increased cost of construction to a higher standard should be considered in relation to .
expected frequency and duration of inundation,

Provision must be made for early warning when the side track is inoperable.
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8. PROCEDURES FOR SUPERVISION OF ERIDGE CONSTRUCTION Far1 1

2.8.4 Detours .

The requirements for side tracks should generally be applied te traffic detours.

Detours must be ciearly sign posted in accordance with appropriate standards. In built-up
areas, where there are alternative route choices the preferred route should be clearly
defined by adeguate direction signs.

Consideration must be given to the effect of traffic on the detour, in particular with respect
to damage to the road pavement and also the effect of the generated traffic on local
inhabitants.

Approval to use a particular road as a detour must be sought from the authority which
controls the road, and agreement reached on compensation for any damage resulting from
the redirected traffic.

8.8.5 Warning Devices .

Work being undertaksn on a road under traffic requires the use of temporary warning
devices and traffic contrellers to give advance warning of hazards and guide traffic safely
past the site, and to protect workmen. These arrangements are necessary for both small
isalated groups of men are carrying out minor maintenance and when major construction
wark is in progress.

Warning devices such as delineators, pavement marking signs, lights and barricades shiould
be provided and located to provide adequate warning and guidance to traffic.

Where bridgework is in progressabove a roadway carrying traffic, adequate precautions
must be taken to safeguard against falling rocks or other materials.

Termporary warning lights are required during the hours between sunset and sunrise, in
addition to normal signs, barriers and other traffic control devices. Lights shall be kept lit
at all times and shall be of an approved design emitting either a flashing light or a steady
light. as required.. The light sheuld be of sufficient intensity to be visible from a distance
of at lzast 100'm under normal atmospheric conditions during the hours of darkness, .

Signs which are to be used for the warning and guidance of traffic at night should be retra-
reflactive and be regularly ¢cleaned. :

When blasting operations are being carried out, all traffic must be stopped at 3 safs
distance, but not less than 200 m from the site of blasting, The road should preferably
be completely barricaded across and signs such as "Blasting-Stop", "Await Signal”, etc.
erected at the barricades. A workman dressed in a highly visible safety jacket is necessary .
at each barricade to ensure that the signs are displayed in a suitable manner and that the ©

ratfic complies.  He can also remove the warning sign whan the "All Clear” has baen

given and signal the traffic to proceed when conditions are safe.

Where electric detonators are being used, WEATTING SIgns such as "Blasting Area”, "Switch
Qff Radio Transmitters” and "End of Blasting Area” are to be erected on each appioach,
at teast 200 m on either side of the blasting area. The signs are to be kept in pasition until
all the electric detonators have been fired or have been removed frorm the site.
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Part 1 ] 8. PROCEDURES FOR SUPERVISION DF BRIDGE CONSTHUCTION

. Where a singla lane is used to carry traffic in both directions, it is necaessary to provide
facilities to permit the traffic to be alternatety stoppad or 1o proceed. Contrgl of the traffic
can be carried out using traffic controllers, temporary traffic signals or police, as
appropriate.

Each traffic controlter should wear a coloured safety jacket (fitted with retro-reflective
markings if used at nightl. He should use a suitable sign board painted red {for STOP) on
one side and green {for SLOW) on the other side.

Defective signs, lights or barriers should not be used on the work at ahy time. Warning

devices should bz retained in their correct position, day and night. If necessary, chacks

on the warning devices should be arranged outside normal working hours to ensure thair
. sffectiveness,

Only competent persons should be appointed as traffic controllers and they should be
proparly instructed in the correct procedures in cantrolling traffic.

. All t|'arrmu::raa|.r1,'r warning devices should be removed promptly when it is safe to do sa.

In cases where traffic is permitted to use any portion of the gxisting read or bridge deck
during construction, all movable equiprment must be removed from ths roadway or deck at
night. When it is unavoidable to leave equipmant at night within 7 m of the edge of the
traffic route, it must be lit by a suitabie number of red lights.

In addition to the normal safety pracauticns, when eguipment is operating at night on roads
under traffic, it may be necessary to floodlight the work area.

8.8.6 PBridge Widening

If it is not possibie to detour traffic off a bridge during widening, special precautions must
be taken to protect bothithe workman and the traffic and to ensure the integrity of the new
work. Frecautions must to be taken to prevent premature encroachment of traffic on to
the new work and to minimise the effects of vibration caused by passing vehicles. These
requirements can be achieved by the use of one or more of the following:

{a} Placing substantial barriers between old and new work.
{b) Leaving encugh space between the barrier face and the new work.
fch Restricting the speed of traffic to less than 5 km/hour, especially during
. ' placement of fresh concrete. in some cases it may be necessary to stop
the traffic entirely for a short period and, in this case, it is advisable 1o

give as much advance warning as possible.

{d} Working, at night when the volume of traffic is low.
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8. PROCEDURES FOR SUPERVISION OF BRIDGE CONSTRUCTION Part 1

As much of the widening work as possible should be carried out before the old kerb and .
fence are removed. For example, it is often possible to complete the substructure for the

widaning before it is necessary to disrupt the traffic flow over the existing structure. It

should be remembered however, that confusing and dangerous conditions for motorists can

ariss in bridge widening work and every precaution should be taken to avoid the possibility

of zccidents.

8.9 FINAL INSPECTIONS

The situation should be avoided whereby the Contractor is continually being reguested 1o
return to cany out correction work.,

The following procedurg is recommended

fal the standards of finish required should be established at-an early date.
At this stage, the Engineer should satisfy himself that the Supervising .
" Engineer is achizving the standard required.

{b} The Supervising Engineer should inspect each sectien of the work in
detail. and should not allow scaffolding te be removed until be is
satisfiad that each section is up to standard.

e Frior to issuing the Certificate of Substantial Completion, the whole of
the works should be inspected by the Enginegr. At this stags, the
Contractor should be given a written list of the work remaining to be ’
completed. This work must be done before the Cartificate of Fimal
Completion is issued.
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9. USE OF REPORTING FORMS

8.1 GENERAL

The establishment and maintaining of a good system of recording and reporting by both the
Engineer and the Supervising Engineser and his staff is vary important. This becomes very
apparent if a dispute arizes, when all forms of recards, from official correspondence,
supervisor's diaries, test rasults, ate. are used to establish what actually did taks place.

Great care is needed to ensure that reports and Minutes of meetings are written in clear
concise terms.  Only matters which are factual shouid be described, without emotional
expressions of opinion. It is most important to understand that in legal proceedings, the
meaning of a report can only be based on the words and expressions used. Any ambiguity

’ : in writing can be seized upon and a suitable interpretation presentad to an arbitrator. Any
matters included in reports which have been based on hearsay without acknowledgement
af the source can also be misinterpreted as fact, in legal proceedings,

Examples of various reporting and recording forms are included in Appendix 1.

9.2 DRAWINGS AND SPECIFICATIONS
9.2.1 General

The Supervising Engineer must make himself thoroughly familiar with the Drawings and
Specifications for the Works, and the requirements of the General Conditions of Contract.
He should report immediately to the Engineer any discrepancy or ambiguity he may
discover in these documents.

The Supervising Enginser’s copy of the Drawings and Specifications must not be altered
unless authorised in writing by the Engineer. Any doubt in the intarpretation of the
Crawings, Specifications or other matters connected with the work should be referred to
the Engineer for his dagision.

. 9.2.2 Drawings Issued

A detailed record including Date of 1ssue must be kept of all revised drawings issuad to the
Contractor, as these can have an important bearing on Contractor's claims.

X 9.3 ADMINISTRATIVE FORMS
9.3.17 Diary

The Supervising Engineer and his staff must keep diaries to record the day-to-day prograss
of the job, including notes on all discussions with the Contractor. 1tis especially important
that on-site supervisors keep a detaifed, daily record of job progress with notes on the
number of men, types of plant etc. on site. This infermation can be very valuable for
determining the validity of any future claims for additional payment.
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5. USE OF REPCRTING FORAMS Part 1

The Supervising Enginesr must keep a daily diary which will provide 2 permanent detailsd .
record of the progress of the work. The following information should be recorded:

v numbers and c¢lassifications of men and gquipment engaged and their
locations on the site

* materials supplied to the Contractor and Materials-on-Hand
{see alse Section 2,.3.3)

. deiivery, installation and removal of Contractor's equipment, and details '
of major plant breakdowns and return to service;

* location arid description of operations carried out each day: *
. dates of commencing and finishing various sections of the work;:
. details of dates of notification of authorised amendments to the

Drawirngs or Specification: .
. details of any instructions or warnings given to, and impaortant

conversations held with the Contractor of his Rapresentative:

. date and method of despateh of test samples:

’ resuits of field and laboratory tests on_materials:

* details of materials rejected or work condemned, and disposal of rejected .
materials;

. particulars of detours including their condition and the date of opening “
or closing:

. particulars of any restrictions on horizontal or vertical clearance, including

dates imposed and removed:

. photographs taken at the direction of the Engineer {eg. photographs of .
worksin dispute; temporary signs indicating their locations: and existing
signs, pavement markings, boundary fencing and other items to be
removed or replaced):

. weather conditions, including approximate rainfalf and temperature
readings and their effect on the progress of the work, including any
standdown period:

* flood levels and times:

. details of any emergencies or accidents:

. details of any delays which occur on the work and the reasons for them;

- details of any unusual features of the work or associated incidents:
9_2 BMS3-ME - Bridga Consizpction Superasicn Manual « 31 fanuary 1983
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Part 1 ) % USE OF REPCRTING FORMS

. . dates of visits to the site by the Engineer, other DPU staff and important
members of the Contractor’s company;
. instructions received fram the Engineer; and
L] where similar materials are drawn from differant sources, the locations

of these materials in the Works.
Ciaries are to be written using a standard format,

Atintervals required by the Engineer, the Supervising Engineer should ferward the eriginal
sheats of his diary to the Engineer. The carbon copy of his diary is be kept on the site until

u the completion of the work. The diaries can be used in the preparstion of reguiar Progress
Reperts by site staff to the Engineer.

9.3.2 Correspondence

. A complete record of correspondence seni to and received from the Contractor must be
‘?Haintained, This will include letters sent issuing Drawings,. giving ar confirming site
tnstructions, giving details of progress payments and canfirming Extensions of Time.

The Supervising Enginger rmust keep copies of his outgoing correspondence in an
interlzaved correspondence book,

Correspondence received must be keptin a filing system, and copies must be sent to the
. Engineer.
. 9.3.3 Measurement Book
The Superviging Engineer should make all necessary measuremeants and keep records of
receipt and use of matetials toenable him to certify that the specified amounts of the
various materials have begn incerporated in the Work. He must ensure that the Contractor

understands the basis of measurement in each case,

Far this purpose, he should keep aninterleaved measurement book to record (in duplicatel:

. all measurements of completed work;
. quantities and types of materials as they are received;
«  details of duly authorised deductions and extras;
) . details of any work being carried out by the Contractor on an actual cost -~

basis, with a reference to the authority for the work; and

. details of the materials rejected or work condemned, and disposal of
rgjected materials.
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8. USE OF REPORTING FORMS ) Fart 1

In recording details of work carried out by the Contractor on an actua! cost basis, the .
Supervising Enginser must show separately, for each job:

- the number of men engaged, the hours each man works, his
classification and the rate of pay;

. the amounts of materials used and their cost to the Contractor at the
work site:
. the make, class and other relevant particulars of each equipment item -

used, and the time worksd by it; and
. a description and final measurement of the work completed.

The Supervising Emgineer should indicate the source of his information for the items
mentioned above and must check the items with the Contractor, or his Hepresentative,
who is required to acknowledge the correctness of the information by signing the record
of work carried out. .

Qn the first day of each costing period, the Supervising Engineer should send the original
records for the previaus costing peried to the Enginger, and retain the carbon copy for his
own use.

9.3.4 Payments

A comprehensive record of detalls tar Progress Payments must be kept. This includes '
details of measured quantities, Variation Orders and Dayworks Orders. Details of the
Cantractor’s caiculations and the Supervising Engineer’s calculations should also be kept
on file.

8.3.5 Security

The Supervising Engingeer must ensure that all reasonable precautions are taker to maks
his site office secure against breaking and entering. Particular attention shoufd be paid 1o .
the security of valuable items, such as survey instruments and camaeras, which should not

be left in the office overnight or at weekends and public holidays. When the office is

unoccupied for a long period. it must to be kept locked.

The Project dairies, contract carrespondence, and copigs of any reports 1o the Engineer .
must be treated as confidential and kept in locked drawers or cabinets when not in uUse.

9.4 TECHNICAL FORMS

Appendix | contains examples of standard technical forms which can be used for the
supervision of bridgeworks.
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Parl 1 9. USE OF REPORTING FORMS

. Some of these forms relate to the resuits of standard tests carried out either by the
Supervising Engineer and his staff on site or in the site laboratary or in other laporateorigs.
Othar forms relate to the results of inspections carried out by the Supervising Engineer and
his staff during the project. Not all of the forms are required on every groject and the
Supervising Engineer will normally determine which forms are to be used and will
sumrmarise the requirements of the Specification as to the types and frequency of testing
and inspection. Examples are the number of test specimens to be taken per cubic metre
of concrete placed (obtained from the Specification) and the stages at which the
Contractor's setong out is to be checked {a procedural raquirement laid down by the

- Engineer or the Supervising Enginesr).

The use of these forms is discussed in more detail in other sections of the Manual.

9.5 TEST RESULTS

Copies of all materials test results {for example soil compaction, aggregate gradings etc.)
should be kept on site. Otherimportant on-site measurements such as pile driving records,

. prestressing strand tensioning ete. should alse bs kept.. These results confirm that the
structure complies with the Spemflcatmn and also serve as useful references if there are
any future prablems.

it is usual to give the Contractor a copy of all test resuhts, both successful and
unsuccessful, which enables him 1o modify his construction methods if necessary.

. 9.6 PHOTOGRAPHIC RECORDS

Regular dated photographs should be taken to build up a pictarial history of progress and
- 10 assist in providing evidence in the case of disputes.

Step-by-step photographs of innovating of interesting construction technigues are useful.

Video records are also valuable for photagraphic records.

9.7 JOINT INSPECTIONS

Joint inspections are dnspections carried out jointly between the Engineer and the
Contractor {or more usually between the Supervising Engineer’s siaff and the Contractor's
staff),

Joint inspections offer several advantages over inspections carried cut independently by
the Engineer and the Contractor,

If the two parties agree that the method and location of testing is appropriate, then the
results of such tests are hormally beyond dispute.

Independent testing often gives rise to the argument that the tests were improperly carriad
out and/or that the locations of the tests were not representative of the element of work
being tested.
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9. USE OF REPORTING FORMS Part 1

In many instances the testing process involves considerable sffort and independent tests .
may require repetition of such tests before agreement between the partias is reachsd.

The most useful application of joint inspections is in the area of measurement. if the
Supervising Engineer and the Contractor carry out joint measurements and aaree on the
measuramants then it)s ondy the actual calculation of the guantity which can be in dispute.
This usually requires considerably less effort to reconcile differences than repeating the
whale measurement process,

The Supervising Engineer and his staff must resist the attempts of the Contractor to use -
these 'joint inspections’ as an easy way to get work done by the Supervising Engineser. A
particular instance of this is in setting-out the bridge works.

Notwithstanding the above, it must be remembered that uitimately it is the responsibility
of the Engineer to inspect and measure the Works.
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10. PERIODIC REPORTING PROCEDURES

10.1 REPORTING BY THE SUPERVISING ENGINEER AND HIS STAFF
10.1.1 Progress Reports

The Supervising Enginger should, at monthly or other intervals directed by the Engineer,
make a Progress Report with the required number of copies and in the appropriate format.
He should retain one copy and farward the remaining copies to the Engineer.

The Report may be in the form of a brief written summary, suppiementad by a reduced
scale Drawing of the side elevation and plan of the bridge, coloured to show the work dene
to date.

QOther records should atso be sent to the Engineer, including weather records, plant and
labour returns, productivity figures for the period being reported, copies of the daily diary
and weekly summary, and any other items of significance. Details of Variations and design
changes should alse be included.

10.1.2 Progress and As-Constructed Drawings

The Supervising Engineer should mark progressively on his ¢opy of the Drawings, or on
progress charts, details of the work completed. He should also plat {in a distinctive colour)
an his copy of the Crawings, all amendments to the Contract.

The amendments should be plotted and dimensioned 50 as to permit accurate computation
from the Drawings alone of all extra or reduced guantities of matenal, excavation, etc.,
involved. On completion of gach portion of the structure containing an extra or deduction,
a separate computation should be recorded in duplicate in the Measurement Book and
initialled by the Contractor or his Representative. Any additional work done by the
Contractor for his own convenience and net ordered by the Enginger should be shown in
the Measurement Book and separately marked on the Drawings. At the conclusion of the
wark, the Drawings must be forwarded to the Engineer who will arrange for the preparation
of As-Constructed Drawings.

10.2 REPORTING BY THE ENGINEER

The Engineer’'s Representative should produce a Monthly Progress Report on the bridge or
bridges being constructed and forward the required number of coapies to the Enginzer.

The general format of these Reports is as follows:

i} . Cescription of the Project
. Progress this month
. Status of each bridge in the project
. Monthly Cartificate and Progress Payment
. BMSES-M.E - Bredge Construction Supsrvigion Manysl - 21 Janusy 1893 10-1
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160. PERIODIC REPORTING PROCEDURES Part 1

. Program for naxt month .
Appendices:
* Location Map
- Projected and Actual Progress of Mobilisation
* Contractor's Equipment
. Cantractor's Labour h
. Projected and Actual Frogress of Constouction :
. Cortractor’'s F’mgrammé
. Fecord of Meteorological Data

. Surmmary of Change Grders .
* Sumrmary of Contractar’s Claims

’ Summary of Escalation Payments
. Summary of Dayworks Crders
L Summary of Contract Vaiue .
" Fhotographs of Project site{s)

This Report will be the only source of information about the project for many persons and
the Report needs 1o be bath. complete and concise to provide details of the status of the
construction works.

The Report should highlight any anticipated problems as well as any current problems.
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11. PREPARATION OF PROJECT COMPLETION REPORT

11.1 FINALISATION OF CONTRACT
11.1.17 General

At the end of the Contract the Enginger must ensure that all details of the Contract are
finalised as quickly as possible,

- 11.1.2 Provisional Handover

On BGH contracts, it is usual to have a Provisional Handover Committes consisting of
representatives from the Employer, the Engineer and the Contractor which carries out a
| formal inspection of the Works prior to the issue of the Certificate of Substantial or
! Practical Completion by the Enginear .

; The Project Manager sends a standard letter to the Contractor and formaily sets up the

I . Comrnittes. The Provisional Handover Committee issues a process~verbal {in ong or more

' parts} setring out the resuits of the visual examination and quality controt testing of the
Works, and informs the Contractor as to the defects and deficiencies which require
remedial action.

A grace period may be given to the Contractor to comply with thase requests. A
subsequent process-verbal declares that the Works are complete and nominates the date
of Provisional Handgver. This date marks the start of the Maintenance or Warranty peariod.

- The process of inspection and repair of the Works is set out in the General Conditions of
Contract,

A final measurament of the Works must be agreed and the Contractor paid any outstanding
monies, including refund of Retention Mongy as required by the General Conditions of
Contract. Generally afinal Change Dider is issued to inglude all Day Works, delete the
balance of any remaining contingency items etc. and to confirm the final Contract Sum.
i there are any matters of dispute stili outstanding, payrment should be made where
possible without prejudicing the Employer's position and a statement of the position made
. so that any remaining action is then in the hands of the Contractor.

At the conclugion of the Contract the Engineer shauld ensure that the As-Constructed
Drawings and the Bridge Completion Report have been finalised.

11.1.3 Final Handover

. The only remaining matter to finatise the Contract is a thorough check of the job at the and
of the Warranty Period. Any defects must be corrected by the Contractor, The Certificate ~
of Final Completion is then issued and the balance of Retention Menies and Security or
Maintgnance Bond refunded to the Contractor.
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11. PREFARATION OF FROJECT COMPLETION REFORT Part

11.2  AS-CONSTRUCTED DRAWINGS ¢

The. marked-up copies of the Supervising Emginger's Drawings are forwarded to the
Engineer to allow preparation of the As-Constructed Drawings (Refer 10.1.2).

11.3 COMPLETION REPORT

A Bridge Completion Report is required for every individual bridge, regardless of the ease
of its construction or the good performance of the Contractor,

The content of the Report will depend upan the nature of the bridge and the difficulties
encountered in its construction. Simpie bridges will only require the recording of essential
details while complex bridges and Contracts with major variations will reguire extensive
reperting,

Reports should generally be divided into four major sections as described below. Colour
photagraphs of the completed structure should be attached, as well as photographs taken .
during significant stages of construction. A copy of the General Arrangement Drawing

from the As-Constructed Drawings should also be attached.

The Bridge Completion Report will provide data on the complated structure for input to the

Bridge Management System and reporting of costs, time of construction stc. will ba
contained on standard report forms for each bridge.

1%.3.1 Contract Details i

This section of the Report is a brief summary of the contract details in a form suitabte for
future reference or for incorporation into a database.

The details required are -

{a) Names of Contractor and approved sub-contractors. For combined road
and bridge contracts, the Contractor listed should be the firm that
actually constructed the hridge. .

4} initial design criteria, type of contract and references to standards, codes
and spacifications ete,

(e} Cost of contract including details of increases in cost and factors related .
- thereto,
(d} Changes in the scope of the Works during construction and the reason(s) -

for such changes.

{e) Criginal Construction Schedules and any dewviation there from and the
reasons for the dewiations.

{f) Contract Period including approved extensions.
{gl Actuat duration of the Contract.
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part 1

11. PREFARATION OF PROJECT COMPLETION REPORT

. This data will be required for each bridge and is to be filled out on standard report forms.

11.3.2 Construction Details

This section lists basic information for future reference.

Details required are :

. {a}
M (b}
(el

{d}

(e}

{f)

actual contract levels for piles and footings {an A3 copy of the relevant
sheet of the As Constructed Drawings s satisfactory);

any significant variation from the Drawings, such as deck levels,
concrete strength, prestressing arrangement, ete which may affect future
maintenance or upgrading of the bridge;

details of actual iterms installed where ‘approved. altematives are
permitted by the Contract Documents, €.g. aluminium/steel railing,
bearings, expansion joints and other proprietary items; and

any instrumentation or permanent measuring devices installed on the
bridge.

zoil and material data.

technical problems and remedial measures taken.

11.3.3 Comments on Design and Canstruction

Im this section are hated @

{a}

9 (b)
e

‘ {d)

{e)

any significant changes to the design or specified construction procedure
which werg approved, and the banefits

any areas where changes 1o the design or specified construction
procedure could have saved time, expense of unnecessary repairs;

any gonstruction difficulties for which there appear to be no practical
solutions;

any innovative construction procedures adopted by the Contractor.
Photographs should be provided where appropriate; and

any difficulties attribured to defects or omissions in the Bid Documents, -
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11. PREFARATION OF PROJECT COMPLETION REPORT Farr 1

11.3.4 Comments on Contractor's Performance .

If this section of the report is critical of the Contractor to such an extent that the
Contractor's future prospects of work may be affected (by reduction of prequalification,
for example), then it should be written as a separate. confidential supplement, personally
signed by the Engineer. It should be noted, however, that any farmal action proposed as
a result of the Contractor’'s poor performance should be the subject of a compistely
separate submission.

The Contractor’s performance should be assessed in the following areas :

{al Organization and planning - was the Contractor ablie to complete the
Works within the Centract Period {including approved extensions) and
without causing excessive variations, and did the Contractor provide
evidence of a sound planning base by supplying  credible bar
charts/programmes, etc throughout the Contract ?

fh) Physical capacity - did the Contractor supply appropriate plant and .
sufficient manpower to complete the contract on time ?

(el Technical capacity - did the Centractor employ suparvisors with
sufficient technical expertise to ensure the work was carried out
satisfactorily 7

{d) Attitude - did the Contracter appreach the contract with a spirit of co-
aperation or confrontation ?

This saction should conclude with a recommendation as ta the suttakiiity of the Contractor

for future works. This recommendation could alsgaddress, with regard to the Contractor's
performance, the appropriateness of the Contractor’s current prequalification limit,
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PART 2

‘@ 12. GENERAL ASPECTS OF TECHNICAL SUPERVISION
OF BRIDGE CONSTRUCTION

Fart 2 of the Construction Supervision Manual covers the technical supervision of bridga
construction. Part 1 containg the administrative proceduras and guidelines to be used for
supervision of construction projects.

This Part of the Manual considers the major types of work associated with bridgeworks
{replacement, rehabilitation or repair} and discusses some of the problems and solutions

- that arise in the normal course of construction. It is assumed that problems are not related
1o management of the projeet {these are addressed in Part 1} but that they are related to
technical matters.

Several standard forms have been suggested for use by engineers and supervisors on
bridge works. These forms cover the major areas of inspection which are carried out to
ensure the quality standards required by the Specification and.are included in Appendix 1.

. Not all of the forms are needed on every project and it is up to thé Supervising Engineer
to0 decide which forms are to bs used and to assign responsibilities for the supervision and
inspection of the different parts of the bridge works.

The following sections contain basic descriprions of varipys construction methods and
- technigues and the carresponding supervision and inspection required to ensure the finisheg
product is of the reguired guality.

A muore detailed descripticn of some canstruction technigues and methods, many of which
are specific to Indonesian practice and the types of bridges constructad in Indonesia, is
included in the Bridge Construction Technigues Manual.
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13. SETTING-OUT OF BRIDGEWORKS

13.1 INTRODUCTION

The construction of a bridge requires the construction of all its structural eilements in the
carrect position.

The transformation of a design represented on a set of Orawings into 3 structure on the
ground reguires that .

. there must be a set of ground survey control marks the location of which
15 retated 1o & consistent reference system;

. the bridge design must be related to the same reference system.

By measuring and levelling from the survey control marks, temporary site control marks
can be established near the bridge site from which the final position of elements can be set
ot

If the setting-out information shown on the Drawings is not clear ofis ambiguous or is not
in a form convenient for setting-out, the site engineer should refer the matter to the
designer for clarification. The Contractor is responsible for the setting-out but the site
sngineer must ensure that the correct information is availabis to the Contractor and that
sufficient contrel marks have been installed.

13.2  HORIZONTAL GEOMETRY

Horizontal geometry is based on either a eontrol ling system or a system of coordinates or
sometimes a combination of both systems.

13.2.1 Control Line Systemn

In this system, the setting-out geometry is related to a reference line which in many
instances is the centreling of the bridge. Offset control lines may also be used.

Key points ‘on the setting-out diagram are located by chainages, by offsets and by direct
measurement of distances and angles along the reference line.

Control lines need nodt necessarily be straight; they often mcorporate circular or spirai
curvature. In these cases, a tabulation of the critical point coordinates, chainages,
bearings and curvature data is included on the alignment drawings.

13.2.2 Coordinates System _ '

in this system, coordinates define the key points an the setting-out diagram. To locate
these pasitions in the field, distances fram survey control marks are calculated using the
morthings” and "eastings’ (X and Y co-ordinates) specified.
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13. SETTING OUT OF BRIDGEWORKS Port 2

13.3 VERTICAL GEOMETRY

Levels are detgrmined from bench marks. Construction control banch marks may be placed
either on a local datum or on an integrated datum.

The vertical geometry of the control line is usually defined. This information details the
VEFtical tangent pont chainages, finished surface levels and grades. Vertical curve
geometry is often omitted if the vertical geometry is regutar, and reduced levels are given
at regular short intervals along the design lines,

13.4  SURVEY CONTROL MARKS

A survey control network is established to cover the whole site and marks are placed in
PUBIiONS approptiate: 1o the construction involved. Distances between control marks
should normally be of the order of 50 metres.

Survey control marks should be located close to the bridge site but elear of the works area
to avoid disturbance by mobile plant and equipment. They shaould be checked regularly.
Movement of survey control marks may also occur in tidal and reclaimed areas, in
embankments overlying compressible soils, and in ground subject to large variation in
Moisture content.

13.5 SETTING-OUT OF STRUCTURAL ELEMENTS

13.5.1 General

The location of major elements such as abutments, piers, and the superstructure arg
defined relative to the adopted reference system.

Oifset reference marks should be established for each pier and abutment. The position of
gach reference mark should be carefully described on site to provide convenient re-
establishment of pier and abutment positions throughout the construction warks, and so
that they are unlikely to be disturbed.

Minor elements such @s kerbs, parapets and drainage pits are set out relative to the major

elements by measurement.

All setting-out of major elements must be checked. Check surveys should be independent
le. carried out by the Engineer’s staff and using instruments other than those wsed in the
original setting-out

Itis also advisable for the Contractor 10 check his own setting-out using a method different
from that originally used. To aveid errors of incorrect identification of pegs. incorrect
marking or errrs in the original survey, measurements of length and levels should be
checked through the job from one end to the other and tied into the original survey.
Measurements should not be made from one end only or from both ends separately.

The basic principles of surveying should always be used, particularly over large distances.
Instruments should be levelted accurately and angles measured on both face-right and face-
left.  Survey instruments shouid be checked regularly for adjustment. In fevelling,
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Pan 2 13. SETTING OUT OF BRIDGWORK S

‘backsight and foresight distances should be approximately equal whenever possible.

13.5.2 Piles

Setting-out of foundations is critical. Dimensions such as distance between pile Caps
should always be checked in relation to the superstructure dimensions before COMMEencing
construction, particularly if the superstruciure is not horizontal.

Special care should be taken when a control line is offset from the bridge centreline. Care
should also be taken to ensure that skew angles are turned from the correct line espacialty
when skews are between 409 and 50°.

Pile locations are normally defined at the plare of the underside of pile cap or abutment,
Therefore, when setting-out raked piles, adjustmant of the pile position at natural surface
or pile frame |ocation rmust be made to account for the level difference betwesn the
undersige of pile cap or abutment and the natural surface or pile frame.

Control of pile location after driving has commenced is difficult ang judgement is often
required with initial set-up of raked piles to ensure that the driven position is locatad as
specified. Raked piles tend to move in the direction of the rake with driving. They often
tend to increase in rake. Adjustment to raked outer piles in @ group may be warranted, to
minimise the risk of the pile being too close to the edge of the pile cap necessitating
erlargement ¢f the pile cap (see aigo Section 141 The first raked gile driven may be ussd
tc.check the amount of movement from the design rake. ’

13.5.3 Footings and Pile Caps

Reference lines should be established on the facting or pilz cap centreline and the colurmn
centrefimgs. Reference poiits estatilished before the pile driving commences should be
rechecked after driving to ensure that ne disturbance has occured.

The formwark for the starters or aibs of columns should be carefully set. If the column
starter is located precisely and accurately dimensioned, wverticatity of the column can be
controlled directly from the starter,

13.5.4 Columns

Verticality may he controlled from accurately-constructed column starters as described
above, or with plumb lines, or where possible, with theodolite observations in two
directions.

Spirit 'evels should not be used ta chieck verticality. Plumb lines suspended over the full -
height of the column provide the best form of control and can even be used for the

construction of taper columns.

Column height may be controlied by either tape measuremeant or by levelling.
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13. SETTING CUT OF BRIDGEWORKS Part 2

13.5.5 Crosshead

The horizontal logation of a crosshead ma\,r' be set from fixed statians on the taps of
columns using coordinates, or from centrelines transferred from the baseline by theodolite.

Soffit formwork is set using a level and staff, with allowance being made for expected
seftlerent and deflection of {alsework and formwork.

Bearing pedestals are sometimes ¢ast monoiithically with the crosshead. but because of
the tight tolerances required in positioning pedestals, itis preferable 1o cast them after the
crosshead. Where dowel holes are to be formed in the crosshead, these should be located
carefully and checked using direct measurement from pier to pier 1o ensure the proper
fitting of beams.

Except in special cirgumstances, the upper surface of bearing pedestals is harizontal, The

reduced level of beanng pedestals to support prestressed concrete girders may require
adiustment 1o account {or unexpectad vasiation in girder hog. 1Referte Section 13.5.8.)

13.5.6 Bearings

Bearings are accurately positioned on the bearing pedestals on which centreline marks have
begn previously established.

Some designs requirg beams or girders to be supported on temporary bearings., Setting-out
of temporary bearings 15 carried out in the same way as permaneant hearings.

13.5.7 Beams and Girders

Marks for setting-cut beams are transferred from the ground to the crosshead.

For segmental girders post-tensionsd on falsework, initial profiles should be specified on
the Drawings to provide for the design profile after stressing.

Cast-in-place saperstructures are set out from fixed stations on the crossheads of columns.
For the level gcontrol of cast-in-glace box girders, a arid is marked out an the soffit
tormwork which 1s adjusted while 3 staff is observed at the grid points. Allowance must
e made for settlement and deflection of falsework and formwark.

13.5.8 Decks and Parapets

Harizontal deck geometry is set out §tom the centreling of the bridge transferred to .

convenient locations on permanent work such as crossheads, curtainwalls, deck siabs and
S0 0N,

The vertical profile of decks in which prestressed beams are used can vary from the design
profile due to factors such as age of units, construction fimes and ciimatic conditions. To
achieve the correct deck profile it may be necessary to adjust the design deck leveis to
FCCOUNT Tor vanations in beam hog from design values, by adjusting the tevels of baaring
pedestals or varying the thickness of the deck stah. Any adjustment proposed must be
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Part 2 . 13. SETTING QUT OF BRIDGWORKS

appreved to by the Enginser.

Where the vertical prafile of the dack does not match the design profile, adjustment to the
dapth of kerbs and parapets may also be necessary to improve appearance.

Adjustments should be made for long term creep and shrinkage deflections as these can
ke significant.

When forming kerbs and parapets, it is good practice to extend and align formwork as far
beyond the construction joint as practical, so that lines and levels set by measuremsnt can
be checked by eye.

Kerbs and parapests should not be set out umtil after the deck soffit formwork and faisewark
have been released and the resulting settlement taken place.

It is goed pracuice to crivcally appraise lines by eye. Inspection may pick up errors in
setting-eut. A good ‘rule-gi-thumb' is that i & ling or curve lebks wrong, itis likely to be
wrang.
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14. FOUNDATIONS

14.1 GENERAL

The capacity of a bridge to carry heavy traffic and to withstand the effects of flaods elc.,
depends 10 a large degree on the integrity of its foundations. Although allowance is
sometimes rmade for minor settlemant in simply-supported bridgas, large settlement of a
pier or an abutment inevitably causes over-stress and damage to bridge elements. if a
bridge has been designed as a continuous structure, settlement of the substructure may
lead to a reversal of stresses in the bridge girders and the deck. If excessive, these
settlements will result in damage to the structure.

The aim of the bridge builder is to construct unyielding foundations, a task that demands
the utmost care during each stage of bridge foundation work. Precautions should be taken
at the time of construction to prevent faults developing during ths life of the bridge. It
should bs remembered that once a bridge is opened to traffic, repair or strengthening of
its foundations is usually a difficult task.

Faults to be avoided include the following:

. the founding of friction piles at insufficient depth;
. the over-driving of piles founded on hard rock:
. the use of excessive dhiving enargy when penetrating relatively soft

ground, resulting in the cracking of concrete piles;

- damage to concrete piles caused by improper handling and pitching and
driving methods;

. the corrosion of unprotected steel piling due to aggressive water or
ground conditions;

. the corrosion of reinforcement resulting from insufficient concrete cover;

. instability in'a pier or abutment caused by water flowing at high velacity
and scouring material from around the piles or footings;

N the inclusion during construction, of 20nes of weak concrete or of forsign ..
material during the casting of insitu piles:

. neglect of protective treatment of timber piles which may be subject to
terrmite attack and marine borers;

. the shifting ot foundations due to ground movement;

. settlement or retaticn of spread footings due to insufficient bearing
capacity or inadequate removal of loose or unsuitable materiafl;

- the failure of piles due to down-drag caused by the settlement of
approach embankments;
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14, FOUNDATIONS ) Part 2

. the failure of expansion joints caused by clogging with foreign material, .
or the faflure of bridge "bsearings resulting in overstress in the
substructure,

14,2 SPREAD FOOTINGS
14.2.1 General ‘

Spread footings, as distinet from piled foundations which transmit loads to greater depths, .
distribute |oad directly onto the soil at relatively shallow depths.

Fram the available gectechnical information, the designer determines the design bearing
capacity of the soil or rock. This capacity is usually shown on the Drawings. Based an
that value, the size of the footings is calculated. The bridge builder then has the
responsitility to check that the foundation matensl on which the fooungs =re to be
constiucted measures up to the designer’s estimate of bearing capacity. :

As a guide to field identification, "rule of thumb™ metheds for estimating the bearing .
capacity of non-cohesive soils, cohesive scils and rock, are given.in Tables 14.2.%, 14.2.2
and 14.2 3 respactively,

It ts emphasised that these estimated values should net be used for design purposes. -

14.2.2 Soils : i

It may be necessary 1o make adjustment to the allowable bearing pressure to take account
of the effects of the presence of groundwater, an adjscent slope, inclined or eccentric
Ioads, and underiying softer soils,

When dealing with soils of lawer strength {very soft to firm cohesive soils and very loose
10 medium dense cohesion soils), settlement and not bearing capacity may be the principle
criterion governing the design.

Small instruments such as a pocket shear vane or pocket penetrometer may be useful in .

as5es53ing the properties of cohesive materials.

14.2.3 Rock

The values given in Table 14.2.3 are for unfractured and generally defect-free rock.

Reductions to the values must be made to account for ciay seams, highly weathered zones -
and fracturing. Bearing pressures of the magnitude given in the Table should only be used

in eonjunction with unconfined compressive and point load tests, '
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Part 2 14. FOUNDATIONS

14.2.4 Trimming and'Preparatian Wark

Excavation is usually taken at least 150 mm into solid strata. After the base has been
ievelled and the sides of the excavation cut to the dimensions shown on the drawings, the
bottom is swept and hosed to expose the surface for inspection. It May be necessary at
this stage, for heavily |oaded footings, ta take cores below the base of the footings for
examination. The recommended depth is 1.5 times the least dimension of the footings.
Thesa may be supplemented by small diameter drilled holes from which SCrapings are
taken. If the rock quality is in question, unconfined compression tests on cared samples
may be required. In general, the heaviar the loading on a footing, the greater is the need
for proving tests. Visible clay seams in rock should be cleaned out and replaced with mass
concrete. |f poor quality material has to be removed from one area of g footing, the base’

of the footing should be stepped vertically, the stepped areas being infilled with mass
concrate.

A blinding’ layer of mass concrete, 50 mm thick, is aften placed over the base of the
footing excavation to form a clean level surface on which 10 ommence construction.
Provision should be made for drainage of the excavation by providing a sumgp below the
footing level. ‘If foundation material is seif supporung, the footing can he cast dirsctiy
against the sides of the excavation. In this instance, careis needed n carrying out the
excavation to minimise overbreak.

Whera footings are required 10 be keyed into the founding matenal to resist sliding, it is
imperative that the key be cast directly against the sides af the excavation.

Precautions should be taken 1o prevent excavated or embankment material sliding into, or
being washed by rainwater into the excavation, particularly after reinforcement has been
placed. It farmwark is to be used around the full perimeter of the footing, the biinding
layer of conerete should be constructed accurately to shape, line and level. The side forms
can then be placed hard-up against the edge of the concrets blinding layer. This practice
speeds up construction and helps to minimise loss of martar at the base of the formwark
during concreting.
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14. FOUNDATIONS Part 2

Table 14.2.1. - Non-Cohesive Materials {Gravels and Clean Sands} .
e—_ m— o | ——
Allowable
Density Fule of Thumb Field |dentification Bearing Pressure
{ (kPa}
WVery Loose Almuost ng resistance 10 shovelling 50
Lense Easily penetrated with 12 mm bae pushed by hand, a0 )
Small resistance to shovelling., 1o
, 100
Medwm Dense Easily penetrated with 12 mm bar driven with 2kg 100 I
hammer, ta
Considerabie resistance 1o shovelling. 200
Dense Hard penetration with 12 mm bar 1o 300 mm, driven 200
with 2 kg hammer. L [
Hand pick reguired for excavation, 350
Very Dense Penetration omly up 1@ 7% mm wath 12 mm bar driven 380
with 2 kg hammer. ta .
Power tools required for excavation, GO0
— —— — —— —

Table 14.2.2. - Cahesive Materials {Silts, Claya, Saady Clays)

Allowahle l *
Consigtency Ruie ol Thumb Identification Bearing Pressure
kPa)
— —_— ——
WVary Soft Easily mouldes by fingers. Distinct hegl marks l2f on 25
freshly exposed surface. Geologist's pick can be easily
pushed up to its handie.
Soit Easily penetrated with thumb, Moolded with strong 25
pressure. Faint heelrnarks on freshly expoged surface. ta
Geologist®s pick {sharp end] can be pushed w up to 30 50
mrm ar 40 .
Firrm Indent by thumi with effort. Very difficuit to mould with RO .
fingars. 2]
Geologisi’s pick (sharp end) can be pushed up to 10 mm 100
Slight peretration with hand spade.
Stif Panetration by thumb nail. Cannot be mowded with 100
fingars. Geologist’s prok [sharp end) makes slight 1o
metentaton when pushed. Hand pck required for 200
excavation.
Very Snff Indgrtation by thumb nail diffieult.  Slght mndertaton 2040
with blow of gealogist’s gick (sharp end). Pawer tools e
requisad for axcavation. 400 .
Hard 400
14-4 BEMSS.B.E . Broga Consuochion Supersizmen Masosl - 22 denuary 1393
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Part 2 14, FOUNDATIONS

Table 14,2.3. - Racﬁr_s

= e ———rrrr—
Allgwahle
Deseription Rule of Thumb Figld ldentification Bearing Pressure
| (kFal
Very Soft Material crumbies unger firrm imaderate] blows with ThO0
gaolngist’s pick {sharp end). Can be peeled off with
knife,
Soft Indentation 1 mm 1o 3 mm with firm {mederate) dows of 1500
gectegist’s [sharp end). Can just be pesled and scraped 1o
with knife. 2500
Hard Hard held specimen can be broken with bammer end of ) 2500 1
geologist’'s pick with single firm {moderate). Cannot be 10
seraped or pealed with knife. 3500
Wery Hard Hand held specimean breaks with hammer end of JE00
geologist’s pick with more than ong blow, to ’E
RO
Extremely MHard . Hard reld specimen requires many Bows with OO0
pealoqst's pick o break through intact matenal. ]
1
Mote : Wany variables can effect allowahle bearing pressure in fock, Therefgee, this Table should
he referred 1o wiath disCretigs.
— e ——

14.3 DRIVEN PILES
14.3.1 Dynamic Formulae

Many different equations have been deveioped in an attempt to predict the ultimate
capacity of a pile while it is being driven into the graund at the site. None of the equations
is consistently reliable or reliable ever a wide range of pile capacity.

Mast practical pile driving formulae are simplifications of a general equation and contain
a number of empirical "constants™ and coefficients.

The traditional method of predicting pile capacity by dynamic means has been to drive a
pile, record the driving history and then |aad test the pile. More recently methods of
instrumenting the pile and carrying out complex calculations using a comgputer while driving
s in progress have offeted a viable alternativea.

After the ultimate capacity of the pile has been calculated, a suitable factor of safety is
chosen 1o determine an esumate of working capacity, The choice of the factor of safety
iz itself open to guestion and wherever possible it should be determined by the Designer.

The Danish formula is often specified for the calculation of ultimate pile capacity. |tig -
recogrised as teing ane of the mast reliable Farmulas used to predict wlimate pile capanity.
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14. FOUNDATIONS Pert 2

The ultimate capacity may be caiculsted as .
ex Hx W, | (2 xexHx W x|
= ~  where 5 = 1000 x SRR el
g+ (0.5 x 5) A = E
whete, R, = Wimate pile capscity in kKiloNewtans *
W = Weight of ram in Newtons

{9.81 x Mass of rarn in kilograms)

Height of free fall of hammer in metres

Efficiency of fall of hammer

Meodulus of Elasticity of the materiel of the pile {in MegaPascals)

Length of pile in metres

Cross sectional area of the pile in square millimetres

= Final set of pile in millimetres per blow using an average of 10
consecutive driving blows, or the first 5 fuli retest blows

Sg = Temporary compression allowance in millimetres as calculated
from the above formula .

Y o M@ T
Il

For digsel or steam hammers, the rated hammer energy (in Newtan metres or Joulgs) may,
be used for the product W.xH. The value of £, is the actual length of the pile for lenaths
greater than twenty times the cross sectional dimension of the pile. For smaller lengths,
{15 taken as 20 times the value of the cross sectional dlmEHSIOﬂ- of the pile, A for a stest
pipe pile is the area of the steel pipe.

The values of the coefficients e and E , which are dependent upon the type of equipment
used and the batter of piles, are given in the Specification as:

e = .75 for drop hammers

g = 0.90 for steam hammers

=] = 0.95 for diesel hammers

E = 21 000 MPa (2.1 x 10° kg/em?) for concrete piles
E = 210 000 MPa {2.1 x 10" kg/cm?) for steel piles

This formula i§ based on the pile being driven vertically. M the pile is being driven on a
rake, allowance must be made for both the reduction in the vertical force exertad by the
hammer, and the loss due to friction between the hammer and the leads.

A reasonable estimate of the coetficient of friction is 0.10.

The net value of W, is thus : W, x {coslarctan{1/Ri] - 0.1 x sintarctan{1/R}} for a pife
driven with a rake of 1in R. This is illustrated in Figure 14.1.

&g, where the pile is driven on a rake of 1 in 10 {1 horizontal to 10 vertical), the value of
W, is 0.285 times the actual weight of the hammer.
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Part 2 14. FOUNDATIONS

10
Assumes coefficient
of friction = &. 10

A

G4

/

el T

pa1

0.944

s
-1
t 5 ;
2 08l
g
Hamrnet o,
$gopnt
0.+
0.B+
g
E Eim o - " L] -
Elrog = 5 & £ =
N i l
PO |mﬁia.zm| £.333 o5 500D
0.1 167 0.250
Rake 15 i

Figure 1.1 - Reduction in W, Yor a rake of 1 in B
14.3.2 Pile Driving Operations

a. Selection of Equipment

The equipment to be used to drive steel, concrete or timber piles is basically independent
of the type of pile,

In general, the basic equipment comprises :
{i) leaders to suppert the pile and provide guidance during driving;
i} a pile driving frame to support the leaders;

fini) a hammer - drop, steam, compressed air or diesel powered;

{iv} a pile helmet, which may also be guided, to transmit the blow of the hammer
to the pile; :
{w) winches or a crane to lift the pile into position and 1o raise the hammer.

Mobile equipment is generally used for driving of piles on land, although stationary pile
frames are still used in sorme instances.

E. Stationary Pile Frame

File frames comprise a tower with a set of leaders and a winch. They are normally of low
capital cost but are awkward 10 set up. move ang operate and therefore result in a slow

BRESD-ME - Bradpe Congrructign Suparnsion Benua .« 32 January 1993 14'?
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14. FOLUNDATIONS Part 2

rate of progress. The leaders must be sutficiently high to take the pile and the hammer .
plus an allowance for hammer drop. '

The frames can be of timber or steel construction and are often custom built to suit a
particular job. The leaders may be fixed for zither vertical or raked driving or adjustahie to
allow both.  Guy ropes are often used to set up and stabilise the tower over the pile
position and to hold the leadars firmiv in place during driving.

i Mobile Crane with Hanging Leaders

This system usually comprises a tracked crans with a set of steei pile leaders or guides
hung from the boom. The base of the leaders is braced back to the crane by an adjustable
stay. The crane must be able to position the pile hammer in the leaders and to lift and
position the pile under the hammer. This usually requires the use of a large capacity crane
as the leaders, pile and hammer must all be lifted into position.

A sketch of a typical maobile piledriver is shown in Figure 142!

The pife is positioned under the hammer with the leaders resting on the ground on timber .
supports. The unit is thus completely self-contained. In some instances, and for safety

of operation especially with long piles, a second mobite crane is used to assist with lifting

the pile into position under the hammer. The tracked pile driver €an also be operated from

a barge if the tracks are securely boited ar chained to the deck.

In operating a diese! hammer on raking hanging leaders, the leaders must have sufficient
rigidity 1o pravent bowing {due to the weight of the hammer} when the hammer reaches
the midpoint of the leaders or when the trip mechanism does not operate.

Hammer \

Hanging leadsrs.
towerad to rest
on suppeort and
secured at botiom
during driving.

Adjustable stay

WITH HANGING LEADERS

Figure 14.2 - Typical mobite pife driver
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. iii. Pile Hammaers

Regardless of the type of pile, it is essential to use a hammer large enough to overcome
the inertia of the pile. For efficient and economical pile driving, a substantial part of the
kinatic energy should be available to drive the pile into the ground after deducting logses
due to impact and other causes.

- ' Drop hammers and diesel hammers are the most common types used.

Drop Hammers

Crop hammers have a relatively low capital cost and virtually ne maintenance. The energy
input is readily calculated as the product of the hammer weight, the height of fall and an
efficiency factor which is dependent oni the method of operation of the hammar. A trigger
release operation approximating a free fall of the hammer is more efficient than a winch
operated fall.

Hammers are made in a variety of shapes and ars manufactured from large blocks of cast
. iron or steel or of laminated steel sections which aliow for adjustment of the weight of the
hammer by the removal or addition of plates.

Some hammers are guided by slots cast into-the sides af the hlock, others from a
projection at the back which fits between the leader quides. For the latter, two horizantal
timber "keepers" are driven ntghtly through tweo holes cast in the rear projection,
Sometimes a steel piate and retainer bolts ara used.

Crop hammers are available in a variety of sizes from 0.5 to 8 tonnes. The final selection
will depend on the weight and size of the pile to be driven. The hammer is suspendad by
a rope attached to the top, hoisted by a wineh to a pre-determined height and then released
to drop ento the head of the pile.

Every hammer should be clearly marked with its weight.

The ratic of drop hammer weight to pile weight recommended for steel and reinforced
concrete piles is as follows:

| - Files up to 7.5 tonnes - hammer to pile rato minimum twe thirds.
- Piles 7.5 to 12 tonnes - hammer to pile ratio minimum oneg half.
For reinforced concrete piles up to 7.5 tonnes weight the product of the distance the
hammer drops freely in metres and the weight of the hammer in tonnes should not excead
‘ 5 metre-tonnes.  For steel and heavier concrete ples the maximum energy may be

deiermingd by the Engineer.

For timber and prestressed congrete piles the weight of the drop hammer should be
- approximately that of the pile.
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Dieset Hammers .

Diesel hammers have a higher initial capital qutiay than drop hammers and 4o requise
maintenance, but with a driving rate of 45 to 60 blows per minute are usually faster and
maore economical for larger piling works. The length of stroke is dirsctly proportional ta the
pile resistance., The harder the driving, the mare energy is exerted by the hammer.
Extremely soft driving can be a problem because the lack of resistance means that the
harmmer cannot reactivate itself. In such cases the hammaer is fifted and dropped by crane
until firmer driving is encountered, sufficient to activate the hammer.

Cissal hammers have a vertical cylinder open at the top in which a ram moves up and
dowrt. At the lower end is an anvil. The ancillary eguipment includes a fuel tank, a fuel
pump. @ tripping device and ton some modeis} 8 water jacket for cocling the cylinder,

The method of operation of a diesel hammer is explained in most of the proprietary
handbooks and is shown in Figure 14.3. MNote that some hammers have provision for
varving the energy input by throttling the fuel supply.

The recornmended hammer size for a diesel hammer is determined by choosing a hammer .
with a ram weight not less than one third of the weight of the pile being driven.

.—-—-’Xf-nﬁm fl oo
i T Cylinder T | I r
 — ' f
. J‘_J] —
l . Bir Pnn\%;ﬁf}el Pump i | | ‘

b

7]

Al ’ L i
— ] . CLshigmn ot
AL A Margyial + ,:f
g Crrive
=t o
TRIPFING FUEL IMJECTION COMPAESSION EAPLCEICN TOR OF STROKE
1BA2ACT

OPEN END ZINGLE-ACTING
PIESEL HAMMER

Figire 14.3 - Operation of Diesef Pile Hammer

A list of the characteristics of some of the more common makes of diesel harmmer is given
in Tahie 14.3.1. '
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Part 2 14. FGURDATIONS

Table 14.3.1 - Characteristics of Piling Hammers

r Mass of Ram Energy of blow Maximum striking “
Maker Type rata
fkgl B tEsIu_wk per
Mirigte) l
Detmiag 012 1 280 31 Q00 40 - 60
tGermany} | D22 2 700 55 000 40 - 60
Dac 3 000 33000 - 78 000 38 - 60
okt 3 BO0 42 Q00 - 102 37-53
0oo
Kobe K13 1300 37 000 40 - B 1
tJapan} K28 2 500 75 ono 38 - &0 I
K35 3 500 105 oon 39 E0
- K45 4 500 138 00C 38 - B0
Mitsubishi | M14 1350 35 Q00 42 - B0
[Japan) M2 Z 285 &5 000 42 - 5
M23 2 250 ga 500 40 - B0
R 4 250 115 000 40 - B0
IS —_——
iv.  Helmets and Dollies

Helmets

The helmet is the steel bivck used to protect the head of the pile during driving. Suitahle
packing is placed in the top of the helmet to act as a cushion between the hammer and the
pile and 10 distribute the blow awver the full area of the pile head. This is usuatly referred
to as the ‘cap block’ although ceeasionally it may be called the “dally’ {see below for
alternative meaning of dolly).

The helmet is manufactured to suit the type of pile being driven and may comprise a
horizontal 5O mm thick steel plate with 25 mm thick steel boxed sides extending 300 mm’
above and below the strike plate. The hefmet must be loose-fitting on the pile to avoid
Inducing stresses in the pile if it rotates during driving. The upper cavity of the box is
tightly packed with hardwood timber. Novasteen or Micarta blocks with the end grain
exposed to the hammer (the cap block). Timber should never be used such that the
hammer falls perpendicular to the end grain as pieces of timber may fly off and act as small
missiles.

Protection ta the head of concrete pifes must be provided by at ieast 150 mm of packing.
This may be oregon or pine or similar softwood boards, coiled manila rope, layers of rubber
belting, hessian bags, bags of sawdust or iayers of caneite. Depending on the duration and
hardness ot driving the packing may need replacing after the driving of each pile. Steel or
timber piles do not require packing to the head of the pile.
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14, FOUNDATIONS Part 2

: The helmet should have suitable lifting lugs attached to allow easy installation and removal. .

A typical capblock and helmet arrangement for a congrete pile is shown in Figure 14.4.
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Figure 14.4 - Typical Cap Block snd Heimet for precast concrete pile
Dollies

The dofly {or followerl is a temporary extension to a pile to enable it to be driven below .
water or below ground. The dolly fits into a helmet on top of the pile and may be made
of round hardwood timber or of steel. Where possibie the use of a dolly sheuld be avoided

as some loss of energy occurs at the dolly to pile connection and the "articulated™ Joint can
lead to loss of directional control,

Some pile leaders have provision for bolting short extension pieces below the bottom of

the lzaders to allow the helmet and hammer to travel down below the normal end of travel, :
This sheuld realiy only be carried out if it is considered that the pile will achieve the

requited set befgre pemEtrating too far into the ground to easily splice.

14-12
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v, Water Jetting Equipment
Water jetting equipment can ba used t¢ aid penetration of piles in compact sandy soils.

A steel pipe is pushed down next to the pile, as the pile is driven, and connected to a water
supply. The pipe is usually 30 te 50 mm in diameter with a 10 to 15 mm nozzie at the
lovwar end.

The jet is positioned at the toe of the pile to Ioosen the soil ahead of the pile thus allowing
the pile to penetrate under its own weight or with only light driving.

Often two or more jets around the perimstsr of the pile are used to provide better control
over the alignment of the piie.

A pipe can also be cast centrally into a precast concrete pile to direct water to four jets,
org i each face of the tapared point. The pipe is fitted with & 80 degree bend
approximately one metre below the head of the pile for supply of water under pressure 1o
the jets.

Jetting should be discontinued about 0.5 m above the final toe level and the pite then
driven to its final position.

Suitable water flow rates for jetting are in the ordér of 7.5 litres per second per nozzle at

“a pressure of about 70 kPa measured at the nozzle,

b. Pre-boring

The pre-boring of holes with mechanical augers is now a common procedure as an aid to
founding piles at specified depths, and to achieve greater accuracy in driving. The drilling
operation must be done with accuracy as to position, verticality and rake, and to pre-
determined depths. The diamster of the holes must not be grester than the diagonal
dimension of the pile lgss 50 mm. Over-depth drilling must be avoidad. The final depth
may have to be decided by experiment. The aim is to achieve the specified set or refusal,
when the toe of the piie reaches the design level. It is normal for pre-boring to cease ane
metre above dasign toe level. On completion of driving, cavities around the pile are filled-
in with-clean sand, shovelled in, while being hosed or otherwise inundated with water.

C. Equipment for Cast-in-Piace Piles

i. Driven and Cast-in-Place Piles
The rigs used to install driven and cast-in-place piles are similar in most respects to the
types previpusly described but modifications are often made 1o suit the specific
requirements of the different proprietary types of piles.
The piling tubes are of heavy section, usually designed to be driven fram the top by drop
or diesel hammers but Franki piles are driven by an internal drop hammer. The leaders of

the piling frames are often adapted to incorporate guides for a concrating skip.

Driven steel-cased piles, designed to be filled with concrete, are driven more effectively by
a hammer gperating from the top than by an internal drop hammer acting on a plug of
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concrete at the base. In addition top driven piles can be driven open-ended which greatly .
reduces the end bearing resistance during driving.

i, Bored and Cast-in-Place Piles

Crilling equipment is usually crane or truck mounted but special purpose barge or sled
mountad equipment is sometmes vset. The depth of the hole is limited by the length of
the kelly bar (rod supporting excavation tool at base of hole} and 50 metres is usually a
practical maximurn value.

The depth and diameter of holes which can be drilled are dependent on the system of
drilling used and the power of the driving equipment. Rotary excavation using augers and
drilling buckets is the guickest and most economical method when ground conditions
permit. They are suitable for installing bored piles in clay soils and may be used in open
or lined excavations ar under hentonite for soft rock and material other than fotk.

Vanous types of bucket are available for use with rotary augers., The standard type has
SCO0p bladed openings fitted with projecting teeth. The rock bucket has a large apening .
designed to pick up rock broken by raising and lewering the chopping bit on the kelly bar.

Enlarged or under rearmed bases can he cut by rotating a belling bucket within the
previously drilled straight sided shaft.

Special rotary drilling equipment is required for excavation in rock. An alternative is to use

cable tool equipment employing rock chisels, bailing buckets for siurry removal and

ctamshell grabs. There are many types of cable tools available to suit various uses and .
they have the advantage that they may be operated at great depths.

14.3.3 Pile Groups

If a number of piles are to'be driven it @ group, it will be found that the driving of the first
piles affects the driving of subsequent piles. This is particularly so if piles are being driven
into tight sand. {n these circumstances, each successive pile may pull up shallower than
the previous pile.. As a general rule, piles in a group in sandy soils should be driven
starting with those piles neargst to the centre of the group and progressing outwards. .

14.3.4 Difficult Ground and Obstacles
a. Hard Uniform Ground

Claystone strata and some shales, while readily augured. may resist pile driving. Pre- .
boring is then a prerequisite 1o the driving of the piles,

b. Gravels .

Aliuvial gravels or gravels with clay-sand matrix may prove difficult to penetrate with
displacement piles and may require pre-bering with special equipment and the use of
temporary or disposable casing of the holes to reach acceptable depths, Their presence
may even require a radical piling solution such as a change from concrete to steel
displacement piles or the use of cast-in-situ pifing.
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c. Sands

F’!Jre sand_s cefn present the most difficult ground 1o penetrate with a driven displacement
pile. The jetting of piles may be the only sclution te achieving suitable depths.

d. Buried Timber

Buried fogs are identified when a noticeable rebound is encountered during driving. They
may require removai or alternatively it may be possible to split or break the timber with a
heavy steel chisel. In some circumstances, it may be possible to shatter the timber by a
smalt explasive charge. As a last resort the pile may have to be relocated to avoid the
obsatruction,

e, Floaters

Thezea are isolated hard boulders generally foreign to the strata. The sclution to
overcoming these obstacles is similar to that for buried timber.

f. . Downdrag

Downdrag on a pile occurs after driving whenever the surrounding 50ils settles relative to
the pile. The rmagnitude of the effect may be increased if additional fili is placed on an
smbankment after pile driving through it has ceased, Daowndrag may alsg occur it the
ground water level is lowered. Downdrag tends to reduce the maximum allowable load the
pile can carry. Placing of fill for abutments should be campletad well in advance of pile
driving.

g. Heave

Driving of groups of piles can result in significant soil heave at the ground surface as well
ds causing uplift on piles due to subsequent driving of adjacent piies.

Leyel chL_%Cks should therefore be made on each pile after driving and again after driving of
neighboring piles. Any pile found to have risen significantly must be redriven to its ariginal
depth.

14.3.5 Final Location of Piles in Group

On completion of driving of the piles in a group, the Contractor ‘should be requested to
prepare and submit to the Engineer a plan showing the location of each pile where it meets
the underside of the pile cap and the final cut-off level of the pile head. This is to allow the
Supervising Engineer to check that all piles have been griven within the specified tolerances
and will be completely enclosed by the pile cap and that sufficient length of pile will enter
frorn the under side of the pile cap to the design cut-off ievel.

Any proposed adjustment to the size of the pile cap, additional pile length to be spliced eto,
must be approved by the Engineer and will usually be at the Contractor's expense.
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Piles which have been driven outside the required tolerance may be accepted provided the .
pile cap is enlarged and/or splices made to the driven piles to allow sufficient encassment
inside the pile cap. This work would normally be at the Contractor’s expaEnse.

14.4 BORED AND CAST IN PLACE PILES

Bored piles are non-displacement piles, instalied oy first removing the soil by a drilhing
process {see Section 14.3.2.c} and then constructing the pile by placing concrete or some
other structural element in the drilled hole. The simplest form of construction consists of
driliing an unlined hole and filling it with concrete. However complications often arise (for
example difficult ground conditions, presence of water etc.) and the hole must be
supported prior to the placement of concrete, typically by lining with a steel tube.

In stable ground an unlined hole can be drilled by hand or mechanical auger. I
reinforcement is required a light cage is then placed in the hole and the concrate placed.
In many soils, casing is needed to support the sides of the borehole.

In some cases, especially in stiff clays and weak rocks, an enlarged base can be formed .
to increase the end bearing resistance of the piles. This enlargement may be formed by
hand excavation or by arotating expanding tool. The size of under-reamed holes excavated
by hand is limited by the practical considerations of supporting the sloping sides of the
base. .

Where the base of a pile cannot be cleaned by hand {eg. under water or in bentonite), the
pile base may be cleaned with air lifting equipment. :

For reasons of economy and the need to develop skin friction on the shait, it is the nermal
practice to withdraw the casing during or after placing the concrete. This progedure needs
care and conscientious workmanship to prevent the concrete being lifted by the casing and
thus resulting in voids in the shaft arinclusion ef callapsed sail.

Reinforcement in bored piles is needed if uplift is to be resisted. The spacing between the
reinforcing bars must be sufficiently large to ensure that the concrete does not jam
between bars.

14.5 WELL CAISSON CONSTRUCTION

A caisson is a structure which forms part of the permanent works, comprising ore or mora
vertical wells, it may be constructed of steel, reinforced concrete, or precast concrete
sections, prograssively stressed together, Concrete is normally preferabie, because its
greater weight as5tsts in the sinking of the structure to the required depth. The majority
of caissons used on bridgeworks in Indonesia are reinforced concrete with relatively thick
walls. The area of the caisson in relation to that of the superstructure it is to CATFY Mmust
be sufficient to permit some deviation from its true location during the sinking process, for .
T is wirtually impossible to sink & long caisson precisely in its correct lacation.

Caissons are classified according to type. An open caisson has the wells open at the top
and bottom during sinking. Its stability depends upon the friction hetween its sides and the
surrounding soils. When sunk to the required depth, the hottoms of the wells are sealed
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. . with_ concrate plugs 1o increase stability. A typical example of an open caisson in comman
use in Indonesia is shown in Figure 14.5,

A box caisson is closed at the bottom and open at the top. and is merely a variation of the
i suspandged cqfferdam {see Section 22). Box caissons are usually precast concrete
‘ structures which are floated into position, sunk snd then fillad with ballast.

' Open caissons may be sunk tp any depth through suitable ground. Soft reck or larger
boulders ang stiff clay present difficuities and the caissons are usually sunk by dredging
from the inside, usually by means of a grab. In extreme cases the material may require

. driling or even socketing. In these cases, it is apparent that a caisson foundation is not
the best cheice of foundation type.
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Figure 14.5 - Typical Caisson

The sides of a caisson must be parallel and straight, and its cross-gection accurately
maintained, to avoid overstressing and running off position during sinking, The walls must
be designed to withstand all possible stresses during the sinking process. The lower end.,
which i known as the cutting edge, usually has the walls tapered in thickness to assist
penetration into the ground. This section of wall is more heavily reinforced and often
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proteciet with a steel shoe. The actual width of wall presented to the ground depends
upan the expected nature of the strata - it must be sharp enough to cut into the ground,
but should prasent sufficient width to prevent the caisson from uncontrolled sirking.

Skin friction is not directly refated to the type of soil encountered, and is usually assurned
to be in the range 10 to 25 kPa, This friction is of course reduced by the passage of water
or air between the outside wall of the caisson and the surrounding ground. It wilf be
increased if the caisson is stationary for any considerahle length of time, and undercutting
of the cutting edge plus high pressure jstting may be required to enable sinking to
recommence.

Whether the caisson is sunk through water or on land, the site must be levelled and
cleared of obstructions, and the caisson built as high as practicable before excavation
begins. Thereafter the excavation is carried out as unifgrmly as possible, and should not
be taken any further below the cutting edge than is mecessary to keep the caisson moving
downward uniformly,  As the caissonh Sinks, i1 s built upwards, thus adding weight 1o
assist the operation. If necessary, additional weight of. kentledge {for example steel
reinfarcement bars or concrete blocks) can be added to help in overcorming skin friction.
If jets are used, caution must be exercised to avoid causing the caissan to "run”. When
the top of the completed portion approaches ground level & further sectian of concrate is
cast on, and the process is repeated until the caissen has reached the reguired depth.

When the caisson has reached the required depth the base of the excavatior is smoothed
off as evenly as possible and the concrete floor placed. If the interior of the OPEn Calsson
tannot be dewatered, a concrete seal is first poured by tremie (or other suitable underwater
process), and the flcor proper placed on top of this concrete seal. When dewatering of the
open caisson 1s fgasible, it may be achieved by direct pumping and the whole floor may
then be placed in the dry. Caissons may be sunk as a simple open cylinder or alternatively,
the compartrnents may be constructed as part of the caisson, thus dividing it into separate
weifs. The latter method has distinct advantages in ground liable to blow in, for the
partition walls prevent the blow in from spreading inta ather wells,

A more detailed description of caisson construction is included in the Construction
Technigues Manual.
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15. CONCRETE

156.1 BASIC PRINCIPLES OF REINFORCED CONCRETE

15.1.7 General

There are many structural requirements for which plain concrete does not give the most
satisfactory solution. Rsinforesd concrete is able to mest many more lpading conditions
than plain concrete. It can alse be used to limit deflactions and to reduce the size of
cracks.

While the designing and detailing of reinforcement is the job of the design sngineer, it is
impaortant that those who supervise the fixing of reinforcement of the job site have an
appreciation of the basic principles of reinforced concrete.  This will help them to
understand why it is necessary that reinforcement is correctly handled and correctly fixed
in the position indicated on the Drawings.

Reinforced concrete ig a building material which is designed to combine congrete and steel
into one structural entity in such a manner as to Use the characteristics of each of thase
materials to the best advantage,

Characteristics of Concreta:

. Plastic and mouldable when frash

. High compressive strength when hard
. Low tensile strength

. High resistance to fire

. Inexpensive.
Charactaeristics of Steel:

Can be made into rods suitable for embedding in concrete
High compressive strength

High tensils strength

Low resistance to fire

Expensive.

The aim of the reinferced concrete designer is to combine steel reinforcement with
conerete in such a manner that just enough of the expensive steel is used to resist tension
torces and excess shear forces, while the comparatively inexpensive concrete is used to
resist compressive forces,

ateel and concrete combine together successfully because:

. Upon hardening, comcrete bonds firmtby to steel reinforcement and the
twa act as though they are one when a load is applied. This means that -
any tendency for the concrete to streteh and erack in a region of tensile
stress can be directly counteracted by steel rods embedded in that area.

. When subjected to changes in temperature, concrete and steel expand
or contract by simitar amounts. If this wera not 8o, they would ssparate
because of differential expansion and no longer act as one matarial. |f
this occurred, the lack of bond between concrete and steel would
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15, CONCRETE Part 2

prevent tansile stresses in the concrete being transfaerred to the stesl
reinforcemant and the concrete would crack and collapse.

" Concrete, having a high resistance te damage by fire, protects the steel
reinforcement embedded in it, preventing it from lesing its strength at
high temperatures.

15.1.2 Types of Stresses found in a Structure

The following are the principal types of stress which develop in structural members:

a. Comprassion

Luad-+:| <= Load

Compressive stresses tend to cause concrete to crush,

b, Tension

Load e [ "] === Load!

Tensile stresses tend 10 cause concrete to stretch and crack.
c.. Shear

Load

.y
{

Load

Shear stresses tand to cause sliding between adjacent sections of concrete.
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Part2 15, CONCRETE

156.1.3 The Design of Reinforced Congrete

The designer of a structure examines how it deflects under the design load. He determines
where tensile stresses and excessive shear stresses accur, and determines the area of steel
reinforcement 1e be placed in these areas to resist these stresses.

An examination of how the following structures bend shows where reinforcement should
be placed 1o resist tensile cracking.

a. Simply Supported Beam or Slab

When a simply supported beam is either centrally or uniformly laaded, it tends to bend as
indicated in the diagram, This causes the top to compress and the bottom to stretch.

Steel reinforcement is therefore placed near the bottom of a simply supported beam or slab

1o prevent tensile cracking.

k. Simple Cantilever

Wher a cantilever beam ar slab is icaded as shown in the diagrams, it tends to bend
downwards, as indicated. This causes the top of the beam to stretch {tension) and the .-
bottom 10 compress. Steel reinforcement is therefore placed in the top of the cantilaver
to resist tensile cracking.

BMS3-RB.E - Brdge Construcion Sugarvidian - 25 Jangsey 1853 1 5'3
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16. CONCRETE Part 2

C. Fixed Ended Baam

A fixed ended beam is held rigid at its ends and tends to bend as indicated in the diagram.
Tension will ocour in the top of the beam close to the supperts. Steel reinforcement must
thergfore be placed near to the top of a beam at fixed supperts(see diagram), The centre
of the beam tends to sag causing tension in the bottom. Steel reinforcemeant must also be
placed here.

d. Two-Span Beam ar Slab

Load Load
’ e TENSION g, ’

Y e e g

tf both spans are lvaded, a two-span beam will tend to bend to the shape indicated in the
diagram. Above the central support, this bending wilt cause the top of the beam to stretch
and the bottom to compress. Steel reinforcement imust therefore be placed in the top of
a beam or slab over intgrmediate supports. The centres of the spans sag and are
reinforced in a similar rmanner to simply supported bearms.
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Part 2 15. CONCRETE

a. Retaining Wall

The earth pressure behind a retaining wall and the soil pressure under the footing tend to
cause the wall and footing to bend in the manner shown in the above diagram.
Reinforcement is placed in the regions of tensile stress.

f. Calumns

=T ARSI e

Columns under load can bend in any direction, depending upon the load distribution of
framing heams. Reinforcement is therefare placed near the outer faces of all sides. Inthe
diagram, if the load is moved to another beam the stresses in the column will change to
conform with the new mode of hending.
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1%, CONCRETE Part 2

Lateral reinforcement in the form of ties or helixes is reguired in columnsg {or concreta piles)
to:

hold tha main reinforcement firmly in position during concreting.

prevent lateral bursting of the column under high axial compression.

Main column

reinforcement Hedical tie
{ ~Ties

Shear Reinforcement

Shear stresses may be of two types:

vertical shear stresses as demonstrated in a simply supperted beam
accur near supperts as a result of heavy loads tending to cause the

central section to sfide vertically downwards relative to the end sections
of the beam.

Yertical sliding

AR

Supparn :
reaction

15-6
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Part 2 15, CONCRETE

Horizontal shear stresses result from the tendency of the beam to bend
under load and split into horizontal laminations.

Herizontal Shiding
or shear

At tl'}e ends of the beam a combination of vertical and horizontal shears results in diagonal
tensite stresses which cause diagonal cracking {see diagram_below).

Load oad
* Shea
farca

R

Vertiral + Horizortal =

Diagonal tensile cracking
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16, CONCRETE Part 2

To prevent diagonal cracking at the ends of beams or adjacent to any support, it is often
necessary to either bend up some of the tensile reinforcement or to use stifrups as
indicated below,

bant up bars Stirrup
/ , / ,

15.2 INSPECTION AND QUALITY CONTROL OF MATERIALS

The quality and types of materials used in concrete construction are defined in the relevant
Specifications or Drawings.

Sampling and testing of materials is usvally arranged by the Contractor. Representative
samples of local materiats such as aggregates and water should be submitted to a materials
taboratory te ensure compliance with the specified requirements. Typically, a minimum
sample of 20 kg of each size of aggregate, taken in accordance with AASHTO Test Method
T2, should be submitted at least six weeks before the material is to be used. Bags used
for transport of samples must be clean and free of clay particles, sugar and other
deleterious materials,

Water for concrete must bie tree from any material which is harmful 1o concrete or steel
such as oils, acids, alkalis, salts and organic materials, If a new source of supply is to be

used, a sampig should be farwarded for testing to tha materials laboratory in a clean giass
far.

15.3 MATERIALS

15.3.1 Cement
The type of cement in normal use in indonesia is Ordinary Portland Cement.
There is only small effect on the mix design due to the use of alternative types of cements.

The Supervising Engineer should ensure that the contractor complies with the requirements
of the Specifications with respect to storage and ane of cement.
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Part2 - _ 15. CONCRETE

15.3.2 Aggregates
a. General

The selection of suitable aggregates is important for the production of suitable concrete.
Concrete aggregates should consist of clean, hard, gurable particles strong anough to
withgtand the |oads imposed on the concrete. In aeneral, they should consist of either
natural sands or gravels, or crushed rocks.

Concrete aggregates should be:

. strong and hard enough to produce concrete of the required compressive
strength and to resist abrasion and wear

. gurable to withstand the action of the weather and cycles of wetting
and drying
- themically inert so that they do not.react with the cement and cause

deterioration of the concrate

* clean or frae from impurities such as organic matter which can inhibit
the setting and hardening of the cement. Sit and clay can weaken the
concrate. Weak, soft particles canreduge the strength and may break
down when exposed to the weather. Surface coatings of clay or other
weak material can reduce the bond between the aggregate and the
cement paste.

b. Grading

Aggaregatas for concrete are classified usually as fine or coarse. Fine aggaregates passa S
mm rnesh sigve while cearse sggregates are retained an the 5 mm mesh sieve. The
grading of an aggregate is determined by passing a sample of it through a series of sieves
and weighing the amount retained on each sieve. These amounts are expressad as s
rercentage of the total sample weight.

It is usual to specify fine and coarse aggregates which contain a range of particle sizes,
that is they should be graded. Graded aggregates produce workable concretes which are
not usually subject 10 segregation or bieeding. Gap graded aggregates are those
aggregatas or a combination of aggregates in which a range of intermediate particle sizes
s omitted. These aggregates can ofter be used to produce a very workahle concrete with
an improvement in other concrele progerties. Untortunately concretes made from gap
graded aggregates are usualty more difficult to contrel as the waorkability is more sensitive
te changes in water content, there is a danger of segregation in mixes which are too wet
and the mortar between the coarse aggregate particles is likely to craze unless the mixis =
relatively dry,

It is generally accepted that coarsely graded sands are the most desirable. 'On the other
hand, all sands must contain a sufficient quantity of fine particles te assist the cement in
producing good waorkability. A grading of sand in which onre or two particle sizes
predominate should be avoided. Such sands have large void conterts and tharefore require
iarge armounts of cement paste to produce a workable mixture.
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15. CONCRETE Part 2

c. Particle Shape and Surface Texture

The particle shape and surface texture of the aggregates will affect the workability of the
concrete. For good workability, particles should be smooth and well rounded, as in water
worn gravels, of cubic in shape asn crushed rocks. Angular flaky particies not enly reduce
workability but lead to segregation and should be avoided. Maximum strength, with some
loss of warkability, is achieved with crushed aggregates due to the interlock obtained
between the irregular faces of the stones.

d. Maximum Size

The greatest ecaonomy is achieved when the largest maximum size aggregate possible is
used. The factors limiting size are the ability of the mixing, transporting and placing
equipment to handle the larger sizes and the clear spacing between the formwork and
reinforcing bars. Maximum aggregate size should not exceed one fifth the minimum
dimension of the section, or two thirds the clear spacing between bars or threg guarters
the concrete cover to the reinforcement. |0 the specifications, ‘restrictions are placed on
aggregate sizes for concrete used in various parts of the works which reflect the above
limits.

Many projects in Indonesia use coarse aggregates which are far tge big, especially for
concrete in the superstructures. His common to $ee 75 mmOncrushed river aggregates
being used for deck concrete. This causes areas arpund Scuppers, fence posts, deck
angles etc. and the space between the side forms and the reinforcement bars to be fifled
with cement paste only and no aggregate, and the concréte strength in these areas will
almost certainly be less than that specified.

This clearly contraveneas the Spegification and the remedy isin the hands of the Supervising

Engineer, that is to reject the aggregate as unsuitable.

15.3.3 Water

Water used for concrete should not contain excessive amounts of sahts, dissalved organic
matter or other impurities which will interfere with the hydration of the cement.

Water fit to drink is‘usually satisfactory., Where doubt exists, a trial bateh of concrete
should be made and tested to cormpare its rate of hardening and ultimate strength to those
of similar concretes made with fresh warter.

Sea water should not be used in reinforced concrete as it will promote corrosion of the

reinforcement.

15.3.4 Air

The presence of voids in concrete greatly reduces the strengih.  As little as & percent of
voids can lower the strength by 30 percent and even 2 percent can reduce the strength by
10 percent.

Voids in cancrete are either -

1 5'1 D BMSF-M.E - Endge Censtruchen S_perwision hanpal - 22 Jenosy 1583

Dokumen ini tidak dikendalikan jika diunduh / Uncontrolled when downloaded




Part 2 16. CONCRETE

- bubbles of entrapped air, or

. spaces left after excess water has been removed. These depend on the
water cement ratio of the mix.

The air bubbles are governed by the grading of the finest particles in the mix and are maore
edsily expellsd from a wetter mix than a drier one.

There is an inverse relationship between the strength of the concrete and the volume of
air In the concrete. The volume of air is reduced with compaction but is usually in the
range 1 to 3 percent.

Entrapped air bubbles in concrete are retatively large {about 1 mm in diameter) and are
often trapped under the lower surface of the coarse aggregate particles.

It has becoeme cormmoen practice to deliberately entrain air {up to about 8 percent) into
concrete using suitable admixtures. These air bubbles are much smaller (0.05 mm
diameter} than those accidentally included or trapped and are discrete of separate so that
no channels for the passage of water are created and the permeability of the conecrete is
not increased.

Entrained air will cause seme reduction in the compressive strength of the concrete but
does result in a more workable mix for a given watér cement ratio. Alternatively, the watar
temant ratio can be reduced for the same workability and so offset the reduction in
strength due to the additional entrained air. The emtrained air reduces bieeding and
segragation of the concrete when wet and fowers the density of the concrete, offering an
economic advantage. |t also increases the durability of the concrete.

15.4 STORAGE OF MATERIALS

15.4.1 Cement

Cement must be stored in a cement silo or a weather-proot building and arranged so0 that
it can be used in the same grder as delivery. Cement in store for more than four months
should be re-tested before use.

15.4.2 Aggregate

Agnregate should be stored in bing or stockpiles adjacent to the work with each size
positively separated from its neighbour to prevent intermixing. Floors of stockpiles must

be well drained and surfaced with gravel or similar to prevent contamination of the
stockpile by soil.

15.4.3 Reinforcing Steel

Reinforcing steel must be stacked clear of the ground on adeguate timber supports so as
10 keep the bars free of clay and other matter deleterious to good bonding. Loose surface
rust or dirt must be removed prior to installation.
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16. CONCRETE _ Part 2

Reinforcing steel should be checked for compliance with the bar schedules well in advance
of installation in the waorks.

16.4.4 Prestressing Strand and Bar

Prestressing steel should be stored under permanent cover if possible. Storage in the spen
is acceptable only for short periods, approximately one month rmaximum duration, provided
it is stored clear of the ground and covered with a waterproof fabric or film.

Bars snould be supported at sufficient points to prevent permanent bending and threads
should be protected against damage, by wrapping or other means.

15.5 CONCRETE MIX DESIGN
15.5.1 General

The concreta mix is normally designed on the basis of the aggregate grading of the material
avgilable on the job. Further information on a typical mix design method is included in the
Construction Technigues Manual.

Trial mixes should be tested at least four weeks prior to concreting oparations. Tha trial
mix design should also define any admixtures or flyash to be used.

The site engineer should ensure that he has complete details of the approved design
gradings and should check these periodically against the materials being used. If significant
variations occur, the cause should be investigated and the Contractor directed to take
prompt steps taken to correct the gradings. As a last resort it may be necessary for the
Contractor te redesign the mix and resubmit the mix design for the approval of the
Engineer.

There must be no departure from an approved conerete mix unless authorised in writing
by the Engineer.

15.5.2 Mix Design

There are a number of different methods of carrying out a mix design but they all basically
tollow the philosophy set out in Figure 15.1. This philosophy is intended to produce an
economical concrete mix, making optimum use of available tlocall materials to comply with
the requirements of the concrate specification.

The first step 1s thus a study of locally avaiiable materials and their properties to select

suitable cement, coarse and fine aggregates, water and admixtures {if any) complying with
these reguirermnents.

The second step is to arrive at the target strength for the concrete mix fusually the
compressive strength at 28 days). This is done by adding to the characteristic strength a
suitable multiple of the standard deviation (determined by the level of control of concreta
production). :
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SPECIETCATION OF CONCASETE MATERIALS AVAILABLE
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Figure 15.1 - Mix Design for Concrete

The next step 1s to determing a suitable water/cement ratio which wiil produce this target
compressive strength with the given cement and aggregates, A water/cement ratio which

will give the appropriate durability is also chosen and compared with that relating to
strength.

The coarse and fine agaregates are combined in proportions which will give a concrete mix
with the desired plastic properties.. This will generally relate to a slump determined by the
lucation where the cencrete is to be placed.

The mixing water, agaregate proportions and cement requirement can then be calculated.

A trial mix is next prepared, the mix design checked and, if necessary, modified to produce
concrete with the desired praperties. The results of the mix design are then used for a field
trizl. This procedure is set out in the Specificaticns for concrete.

The mix design will generally be carried out by the Contractor and wilt he submitted for
checking by the Engineer.
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15, COMCRETE Part 2

15.5.3 Chemical Admixtures

ftis ofter possible to change some of the properties of the cement by the use of a suitable
additive, known as an admixture.

A large number of proprietary products are available. Many are in regular use by larger
ready-mixed concrete plants to produce concrete with the specified properties but at a
lower cement content or fine aggregate content than if a mix with no admixture was
suppliad.

The use of admixtures, while commen in larger conerete operations, requires that care be
taken in the type and amount used. Accordingly, chemical admixtures should only be used
if approved by the Engineer.

They rmust comply with the requirements of AASHTO M154, M194 or similar. Admixtures
containing Calcium Chloridg should not be used in reinforced or prestressed concrete.

Admixtures are classified according to the purpose for which they are used in concrete.

ASTM C 494 "Specification for Chamical Admixtures in Concrete’, classifies admixtures
into seven types:

. Water Reducing (Type A)
. Retarding (Type B)
. Accelerating (Type CI
. Water reducing and retarding (Type D}
. Water reducing and accelerating (Type E}
. Water redueing, high range (Type F)
and
- Water reducing, high range, and retarding {Type G}

Accelerating admixturés commonly shorten the time of setting of concrete and also
increase the early strength of the concrete. Accelerators may give similar high early
strength to that obtained with Type [l cement. In addition however, acceleratars will often
give an early set, sometimes as little as a few minutes.

Set retarders are commonly used to delay set and allow the concrete to be worked for
longer periods after mixing. They are used where temperatures are higher andior the
gxposed working face of concrete is large and it is necessary to keep the face ‘alive” for
a longer time, thus preventing ‘cold’ joints. Care must be taken in using these admixtures
as if used in the wrong guantities, they can completely prevent the setting and hardening
of concrete. In addition, some retarders tend to increase plastic shrinkage and resultant
cracking.

Water reducing admixtures allow a reduction in water cement ratio for a given slump. They
are commonly used to reduce the water content {thereby increasing concrete strength) and
at the same time achieving a workable mix. They can be used to increase the workabifity
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‘of a mix for a given water content.

Superplasticisers {or high range water reducing admixtures) have the ability to give
concrete with a very high slump (in excess of 200 mm!} to aliow the concrets to flow into
farms with little or no compaction. Thisis a temporary effect anly and after about 30 to
B0 minutes the slump of the conerete wili reduce to the value it had before the addition of
the superplasticiser. They are commonly added to the concrete at the job site. They are
relatively expensive and should be used ondy whan required for a specific purpose.

Air entraining agents break up entrapped air into minute bubbles and improve the
workability and durability of the mix. They are particulariy useful for concrete placed in
bridge decks due to problems sncountered in Indonesia with high temperature concreting
and the inability to fully compact the conerete under such conditions,

Admixtures should be accurately measured by means of a suitable dispenser which is
regularly calibrated. Delivery dockets and/or batching records must cleariy show the brand
name and type of admixture and the dosage rate or total Quantity for each batch.

15.5.4 Fibre Reinforcement

Polypropylene fibres have been used in a number of concrete bridge decks in Indonesia,
These fibres have the ability to reduce plastic shrinkage ¢racking and tha permeability of
the concrete. They are not intended to replace any of the main moment-resisting
remnforcement.

The use of fibres in concrete will nat solve problems due to a poor mix design or poor
concrete production. The fibres will only be effective if they are uniformly distributed
throughout the concrete.

A typical dosage rate for polypropylene fibres is around 1 kilogram per cubic metre of

concrete. The manufacturer's information should be carefully checked far recommended
dosage rates.

15.6 CONCRETE PRODUCTION

15.6.1 General

The aim of all batehing and mixing procedures is to produce uniforrm concrete containing
the required proportions of materials. To attain this it is necassary to ensure that:

. materials are maintained in an homogenesous and rnonsegregated state
prior to and during batching.

» the equipment provided will accurately batch the required armounts of
material and the amiounts can be easity changed if and when required.

. the required proportions of materials are maintained from batch to
hatch. .
* all materials are introduced into the mixar in proper sequence.
BMSH-M.E - Bndge Censirocnen Supsiv:siay - 23 January 1992 158-15
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. all ingredients are thotoughly intermingted during mixing and all
aggregate particles are completely coated with cement paste.

. the concrete, when discharged from the mixer, will be uniferm and
homegeneous within each batch and fram batch to batch.

15.6.2 Ready-Mixed Concrete

Ready-mixed concgrete must comply with all the requirements of the Specifications. Ready-
mixed concrete has the advantage that better quality control is possible at a large plant
than can be achieved under the conditions on most bridge sites. Most ready-mixed
concrete plants use a weigh batching piant for batching and truek-mounted transit mixers
for mixing. :

However, bridge projects which are at isolated sites remote from any fixed plant will
require. the use of an on-site batching plant. This includes @ large numbsr of bridge
construction projects carried out in Indonesia.

15.6.3 Site Batched Concrete
Site batched concrete is usually batched and mixed on the site in a mechanical mixer.

The concrete batching and mixing plant is best situated at a location and elevation which
facilitates the feeding of aggregates intgthe hopper and the delivery of the mixed concrete
to the work. The most convenient location for waighing hoppers is betwaen the aggregate
bins and the mixer so that discharge can be made directly into the mixer.

Weigh-batching of all concrete ingredients should be a normat requirement. Water may be
volume-batched. The water supply should preferably be fed by gravity from the metering
source to the container on the mixing plant.

Bagged cement must be fully protected from the weather at all times. It may be stacked
each day on a timber platform large enough to accommodate up to one day's preduction
and with-direct access to the weighing or mixer hopper. Cement not used should be
returned to the store at the end of the day's work.

Before commencing each batching and mixing operation, the plant must be checked to
ensure that i is in/goed running order and clean, particular attention being paid to the
mixing drurn. '

The Contractor must calculate the required guantity of each component of the concrete for
each pour and must have at least that quantity (inciuding allowance for losses) available
before concreting is allowed to commence.
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15.6.4 Batching and Mixing
a. Batching

The essential requirement in batching is that the specified proportions of material be
maintained from batch to batch within the given tolerances to produce uniformity in the
resulting quality of concrete. Fluctuations in sources of supply should be avoided.

The supervisor should ensure that tests for moisture content and grading are regularly
mada and that batch properties are adjusted to give uniferm guality concrete. Check tests
occasionally by the supervisor will be helpful in tightening up the Contractor's contral
measures especially in relation to the operation, condition and accuracy of batching
davices.

b. Mixing

Almaost all concrete, even for small jobs, is mixed by machife in batch.mixers of various
capacities. Mixers have been brought to a high state of efficiangy, producing satisfactory
results at a minimum ¢ost of labour and power. Small changes in the speed of the mixer
have iittle effect on the strength of the concrete and it is largaly the time of mixing, not the
rate of rotation of the mixer, that influences the strength and quality of the cancrete.

Tests show that the strangth of concrete is increased by langer periods of mixing. There
Is a rapid increase in strength up to @ mixing time of about two minutes. In addition
thorough rmixing will vield more uniform cencrete; concrete which is more watertight and
concrete which is more workable, It should be noted however, that over mixing, ie. mixing
for too long a time, is likely to lead to grinding of the aggregates, as well as reducing
production of concrate.

The main aim of mixing is to ensure that materials are uniformly distributed within the mass
of the concrete. This will require that mateérials be mixed for not less than 1.5 minutes in
the mixer which should be discharged completely before it is recharged. This period must
he increased (adding 15 seconds per 3 m? of mixer capacity) for mixers larger than 1 m*

The unitormity requirements for g concrete mix are given inr the Table balow.

its permissible toreduce the mixing time below 1.5 minutes if the mix can consistently
meat the uniformity reguirements given in Table 15,1, with that reduced mixing time .

Stationary mixers should be equippad with a metal plate ar plates on which are clearly
marked the mixing speed of drum or paddies and the capacity in terms of volume of mixed
concrete. In addition, they should be equipped with a revolution counter or timer.

Transit mixers and agitators should have a metal plate or platas attacked in a prominent
place showing the range of mixing speeds and the number of revolutions at each mixing
speed to obtain the uniformity specified in Table 15.1.

When concrete is mixed in a transit mixer, the volume of the mixed concrete should not
normally exceed 63 per cent of the gross internal volume of the drum. When concrete is
centrally mixed and then transported in a transit mixer, the volume of rmixed concrate
should not exceed 80 per cent of the gross internal valume of the container.
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15. CONCRETE Part 2

Tabie 15.7 - Requirements for uniformity of concrete

[ e — —  —————————
Test Requiremeant, expressed as maximum
permissible difference between results of tests
of sampies taken from two jecations in
concrete batch

il—. — — -

I_é;mp o - o - =| )

If average slump is 80 mm of iess 25 mm
If average slump exceeds 80 mm 40 mm
Air Content, per cent by volume 1.0

of concrate

Coarse aqgregate contert, portion &.0
by mass of each sampis retained
on 4.7% mm test sieve, per cent

MMass per unit volurme of air free 1.6
maortar, per cant

The basic purpose of all mixers is to mix concrete vniformiy within the time specifiad and
the order of addition of materials should be suitable for mixing within that specified tme.
Generally, the water should be added inte the mixer over the full period of materials
Ioading. preterably beginning just before and ending just after loading. The dry materials
should be loaded as quickly as practicable, without lass of materials.

When the supervisor determines from obhservations of the concrete mix or from slump tests
that tha mixing time is not suffigient, he should arrange for uniformity testng of the mixer
to determine the reguired mixing time.

The supervisor must be aware that greatér mixing time may not improve uniformity. At
the same time it will reduce mixer output, may increase the air content and may cause
some grinding action, partigutacly with softer agarepstes. tis good practice to establish
maximum mixing time. f the batch is to be delayed longer, the mixer should then be
oparated only/at intervals.

A slump test is required from the first batch of concrete mixed, before any concrete is
placed in the work. A slump testis also required from the second bateh of concrete mixed
and additional tests from subsequent batches as deemed necessary.” Tempaorary stoppages
of the waork, changes in the weather and other unusual cirgcumstances affecting the mixing
operations should always be followed by the taking of additional slump tests. All slump
tests should be carried out by experienced operators. .

if any slump test does not ¢omply with the value specified within reasonable limits, the
batch of cancrete which it represents should not be used in the Work. -

Whenever mixing is stopped for more than 30 minutes, the mixing drum must be
horoughnly washned with clean water.
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Furt 2 ] 15. CONCRETE

15.6.5 Emergency Miiing

It is desirable to have an emergancy mixer available for use in case the mixer breaks down.
The emergancy mixer should be started and operated periodically to ensure that it is in
good machanical condition and it should have sufficient capacity 1o ensure that fresh
Concrete can be supplied and maintained over the full axtent of the warking face should
the rmain mixer break down during a concreting operation,

If no emergency mixer is available, 2 mixing board for emergency hand mixing can be used
to enable the concrete in the work to be finished to a point where a construction yant can
be placed. In such emergencies, the cement content of the mix should be increased by
about tan percent.

15.6.6 Record of Materials Used

Records must be kept of all materials used for each day’s work, These records should
include the quantity of cement used and the nurmber of batches mixed and their location
in the Works.,

If ready-mixed concrete is being used, the delivery dockets should record all relevant
infarmation. These must e chacked befare discharge and fited for future refarencs.

15.6.7 Cleaning Up

At the completion of the day’s work, the mixing plant should be thoroughly cleaned, all
used cement bags collected and stacked or otherwise disposed of, and the aggregate heaps
and runways to and from the mixer made tidy.

15.7 HANDLING, PLACING AND COMPACTING CONCRETE

15.7.1 Handling Concrete

[t is essential when handling concrete that delays be minimised and that concrete be
prevented from drying aut of segregating.

If tong delays are expected, consideration should be given to the use of a set retarder in
the mix and special precautions may have to be taken 1o keep the concrete cool during the
period of the delay. Under no circumstances should concrete be placed in forms if
workability has beenlost, that is the original slump has been significantly reduced by drying
out or by initial setting. as this will lead to weak, porous concrete. YWater must never be
added during handiing as it cannot be effectively intermixed and could severely weaken the |
concrete.

Segregation is the separation of the coarse aggregate from the mortar. To prevent
segregation, the following precautions should be taken -

. ENsSUre proper mixing:
. transport without excessive jolting or vibration;
BMSS-ME - Budge Constraction Sugarasta - 27 Jpnusy 1923 15-19
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15. CONCRETE . Pert 2

. place the concrete as close as possible 1o its final position in the forms; .
do not force it to flow sideways with excessive internal vibration. If
concrete must be moved in the forms, use shovels. Note: An exception
to this is concrete being placed in the anchorage zanes of post-
tensioned prestressed girders where concrete may need to be placed
clear of the congested reinforcement and moved taterally to allow
effective observation of compaction around the anchorages.

. use a hopper and tubular placing guide when the height of drop iz 2 m
or more (see Figure 15 2).

. avoid discharging concrete against vertical reinforcing mats.
. ensure the farms are sealed to prevent water and mortar loss.
. insert and withdraw internal vibrators verticaily.

Concrete bucket

Hopper

Altarnative &

puMp SUPPlY ——ata
LN

»
LY

Long uncottrolled drops shouid he avcided
The delivery point shguld be wot more than
one metre above tha concrate surface

Figure 15.2 - Placing Concrete in Walls and Columns -
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Part 2 15. CONCRETE

15.7.2 Concrete Placing Equipment

At the site, concrete is either discharged directly into formwork or discharged via
equipment such as tremie tubes, bucksts positionad by crane, concrete pumps, hoists,
dump buggies, wheelbarrows, chutes and the like.

The choice of equipment is dependent on site conditions and reguirements. Precautions
should be taken 1o minimise concrete segregation and premature drying.

The most common methods of placement are by use of buckets and concrete pumps.
Smaller guantities of concrete may be placed by workers pushing wheelbarrows andjor
chutes. Larger chute systems can be effective when the topography is favourable. An
angie of 25 1o 30 degrees is ideal for concretes with 40 to 50 mm slump.

Placement using a crane and bucket is a simple and etfective means of placing larger
guantities of concrete. The buckets are round or square in cross section and have a
narrower section at the base with a gate arrangement 1o regulate the flow of concrats into
the forms.

The buckets may have an angled discharge chute for waorking in confined areas. Straight
discharge chutes are more appropniate for lower slump ¢concrete.

Concrete can be placed accurately and continuously by pump using a two man team - one
controlling the pump and the other directing the discharge - working in front of vibrator
operators and concrete finishers, Pumps areususally seli-contained, truck-mounted units
with delivery capacities varying from 10 up to 100 cubic metres per hour. Delivery pipes
are generally of steal or rubber with guick-release couplings for ease of assembly and
access to blockages. Some units have Booms up to 30m long.

There are several types of ‘concrete pumps. » One system delivers the concrete by a
squeezing action whereby hydraulically operated rollers extrude the concrete along a
flexible tube. In another syatem. the concrete is drawn into a hopper and mechanically
pushed along the delivery tbbe by a piston action regulated by a system of iniet and outlet
vaives. The latter system is new the mare ¢ommon system in Use.

15.7.3 Pumped Concrete

Pumping is being used increasingly as a method of placing conerete. The pump supplier
should be consulted well in advance of the pour and informed of the slump requirement,
the placing rate and the positioning of pumpis) to ensure concrete supply to all parts of the
pour. The design of @ cencrete mix intended for pumping reguires expert knowledge and
nermally requirgs a higher sand content than a mix designed for placing by crane and skig.
The consequences of failure of & pump should be congigered. It is essential to have a
pump ¢on standby or on call, a crane rigged to continue the pour by means of a concrete
skip or an alternative means of placing the concrete.

It should be noted that well-desigrned rmixes may be readily pumped at low slump and
increasing the slump of such a mix may make 1t more difficult to pump.
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18.7.4 Piacing Concrete in Forms

Bsfore concreting commences, the forms should be thoroughly cleaned by means of an air
jot or water jet to remove loose rubbish, especially tie wire. It may be necessary to provide
temporary cigan out holes in the base of formwerk 1o allow proper cleaning.

Flacing must be carefully supervised teo ensure that formwork and reinforcement are not
damaged or displaced and that the concrete does not segregates. Where concrete is placed
in vertical forms for columns and walls, the rate of placing must be carefully controlled to
ensure the rate does not exceed that adopted in the formwork design {refer Section 23).

Figures 15.3 and 15.4 give guidance as to the correct method of placing concrete in
sloping and horizontal forms.

The method of placing concrete in the forms must be capable of covering the entire arga
aver which concrete is to be placed. For larger velumes of concrets, one of mors concrete
PUMmpPs or cranes using bottom-dump buckets or skips of 0.5 t0.3.0 m® capacity are
convenient. For smaller volumes, concrete pumps, preurmatic tyred barrows, or chutes
may be used. Runways for barrows etc. should be adjustable with "deliver” and "return™
routes laid out to prevent interference, and with sufficient width far tipping and turning
where necessary,

Access hales in the bottom flanges of beams and ather similar locations may be required
to properly compact the concrete and to ensure that the concrete has completely filled the
forms. A method sealing the access coversand hlding them in position until the concrete
has set must be emploved. Where access for compaction s not reguired, a round hole
about 15 mm diameter may be drilled in the upper part of the bottom flange to check that
concrete has filled the flanges. These holes may then be subsequently plugged with rubber
or wooden plugs.

Baffled chute travelling with face

Figure 15.3 - Placing Concrete on Sloping Face
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Part 2 15. CONCRETE

Flace against f.aca

Figiire 15.4 - Placing Concrete on Horizontal Face

15.7.5 Placing Concrete Underwater

Concrete can be successfully placed underwater by pumping or by using a tremie {see
Figure 15.51.

A tremie 15 3 water tight pipe 150-300 mm in diameter with a hopper at the top and a
valve or other device at the base which prevents the surrounding water from mixing with
the concrete during the initiat charge. The base of the tube must sit on the foundation
while the inittal charge is made and the tube and hopper needs to be completely filled with
concrete before the base valve is opened for the first discharge of concrete. The lower end
of the tremie must remain below the surface of the rising concrete at all times.

The tremie must be capable of ¢ontrolled movement at the discharge end in both lataral
and vertical directions and must be capable of rapid lowsering at any time to decrease the
discharge rate of the concrete. The flow of concrete con be regulated by adjusting the
depth so that the discharge end is submerged below the surface level of the caoncrete
already placed. )

Tremie congrete shouwld be placed as a continuous operation. Should any interrugticn ococur
or should the base of the tremie imadvertently rise above the concrete surface, placement -
should cease. The inferior concrete at the top of the pour should be removed. after
hardening, before the placement of any additional concrete on top. This may require the
use of a diver in araas which cannot be dewatered. For tremie concrete, a cement-rich mix
fusurally Class K 225 conerete) is required which is designed to give a slump of about
180 mm. This high slump is required to facilitate tlow of concrete in the tremie and to
completely fill the form, especially through the reinforcement. Vibrauon must nat be used
as it will cause segregation in the concrete or intermixing of the inferior concrete at the top
wherg it i3 In contact with the water.

The upper layer of concrete placed by tremie tube underwater is invariably of poor quality
and must be removed by breaking back to dense concrete, in the dry. before proceeding
with further concrating.

Where concrete must be placed in a foundation covered by shaliow, still water, concreting
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Mowlng plug &t concretefwaster imerface,
Plug s pushed 1o base of tube duning
initial charge. [ Alternative to base vame ).

§i
ﬂiﬁiﬁlﬁﬁﬁﬂﬁﬁiﬂ_

Sealad base valve
trermig rest on bottam

]

T
[J

)

Tramie awalting
initizl charge

=

Lift tremle slighlly to open valve and allow
initial cischarge. Lower quickly to aliow
hopper 1o be refilled. Lower end of tramie
must remain below switaga of concrete

al all limes.

Figure 15.5 - Underwater Concreting

should startin one corner and the water displaced by the advancing face aof concrete.

[t water is flowing through a foundation, the water must be diverted or the foundation filled
and treated as an underwater pour. A good method of diverting flow coming up through
the base is to set a pipe into the fissuwre and to lead the pipe out through the side of the
foundation.

15.7.6  Transit Mixers

It is preferable that transit mixers discharge directly into forms in order to minimise
handling. Trucks must not stand in the hot sun for long perieds as this reduces workability
and shortens the affective tirme available for placement and compaction. if delays occur,
the bateh plant should be contacted as soon as possible and deliveries rescheduled. Prior
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Part 2 16, COMCRETE

to discharging concreta, the transit mixer should bs operated at mixing speed for at least
one minute,

18.7.7 Compaction

" a. General

The objective of compacting concrete is to ensure that maximurn density is obtained and
that complete contact between the concrete and the Surface of reinforcing steel and
formwerk is achieved.

Tharough compaction is most important as it leads to:

. maximurm strength

- sound, watertight concrete

. sharp detail at corners

. good surface appearance

» good bond with steel reinforcement, and

» sound protective cover to steel reinforcement.

Concrete must be properly compacted to ensure that the specified strength, durability and
surface finish are achieved. Compaction gan be accomphshed by immersion or ‘pokar’
vibrators, external form vibrators, surface vibrators, vibrating screed boards, or by hand
rodding. (Hand rodding should not be used for structural concrete).

In congested zones of reinforcement, such as at anchorages in post-tensioned conerete
work. special measures may berequirad to ensure thorgugh placement and compaction of
the concrete. Such measures may include :

" a redesigh of the mix:

. a reduction in the size of coarse aggregate;

. the use of superplasticisers or ather additives:
) . adjustment of the spacing of reinforcement;

- an increase in the intensity of wibration,

Most compaction is carriad out by high frequency vibrators applied internally or externally
to the concrete mass.

Externai electric or air operated vibrators which are rigidly attached to the formwark are
commeonly used in precasting work where cross-sections are thin and heavily reinforced,
Their main purpose is to provide a high standard of surface finish to the precast unit. They
are usualiy used in conjunction with internal vibrators.
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Extermal form vibration should omdy e used on purpose-buitt forms properly reintorced at
vibrator mounting points.  Improper use of external form vibrators can cause severe
damage to forms with corresponding effects on the shape of the formed concrete surface.

internal vibrators provide the most gtfective maans of compacting concrate. The standard
vibrator has an eccentrically balanced shaft which is driven at high speed {6,000 10 13,000
cycles per minute). They are powered by electricity, compressed air or internal combustion
engine and are manufactured in various sizes from 25 to 150 mm diameter.

Yibrating screed boards are not sufficiently effsctive to be used alene, and surface
vibration should be suppiemented by internal vibration arcund the edge of slabs, kerb
upstands, and other thick regions. They are used to shape the upper surface of concrete
and require the accurate ptacement of screeds o give the required surface profile,

15.7.8 Emergency Construction Joints

The placing sequence for concrete must be organised so that the length and area of the
waorking face of the concrete is minimised, enabling a construction joint te be cenveniently
formad in an emergancy, Before starting the placing operatien, there must be sufficient
formwork material available on site to form such a joint.

15.7.9 Hot Weather Concreting Precautions

High temperatures cause acceleration ef hydration of the cement resuiting in reduced
serting times. Water is also lost by evaporation, particularly in windy conditions. These
effects lead to a rapid loss of warkability in the concrete with consequent difficutty in
placing, compacting and finishing. This in twrn will result in weak, porous concrete and
may give rise 1o a pattern of shrinkage cracks. Spray-on films are available to delay
gvaporation and permit finishing work to proceed over a lpnger penod.

If the ambient temperature 1s likely to exceed 32°C, some or all of the following
precautions should be adopted to inhibit premature setting of the congrete.

= placing the concrete when the ambient air temperature is likely to be
below 32°C {early in the maorning or at night - especially for deck slab
FHOUrs] .

- shading aggregate stockpiles.

. spraying water on coarse aggregate stockpite.

. addition of crushed ice in lieu of portion of the mMixing water.

. injection of liguid nitrogen into the mix whitst in the mixer.

. nsutating or burying water supply pipes.

. painting water tanks white,

. coaling reinforcement and formwork by damping with water sprays.
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Part 2 - 15. CONCRETE

. shading of work areas and water tanks.

. erection of wind breaks.

* reducing the time for placing and finishing,
. covering of finished work without delay.

. gromt commencement of curing.

Concrete should not be placed on a job when -

. The ambient air temperature is above 35°C.
- The ambient air temperature is likely to exceed 25°C within 2 hours of
piacement,

15.8 CURING OF CONCRETE

15.8.1 Reason for Curing

The object of curing is to retain moisture inside the concrete while the cement hydrates,
and thereby achieve the desired structural strength and level of impermeability required for
durability. An uncured concrete surface will abrade mueh more quickly than one properly
cured and, in aggressive environments. its higher permeability is more likely to lead to
corrosian of the reinforcement. Reduced curing alse results in increased concrete
shrinkage.

15.8.2 Curing of Concrete
a. General

Atter concrete is placed and compacted it must be adequately protected and cured in
accordance with the specifications,

All the properties of conerete such as strength, watertightness, wear resistance and
volume stabulity improve with age as long as conditions are favourable for continued
hydratien of the cement. The improvement is rapid at early ages but continues mare
slowly for an indefinite period. Two conditions are required:

» the presence of moisture

» a favourable termperature.
Evapaoration of water from newly-placed concrete can cause the hydration process to stop.
Loss of water als0 causes concrete to shnnk, thus creating tensile stresses at the drying

surface. It these stresses develop before the concrete has attained adeguate strength,
surface cracking may result,
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h. Curing Methods
Concrete can be kept moist by a number of curing methods:

L] methods which supply additional moisture to the surface of the concrete
during the early hardening pericd. These include ponding, sprinkting and
wet coverings {such as hessian, earth, sand or straw).

. methods which prevent loss of morsture from the concrete by sealing
the surface. This may be done by means of waterprocf paper, plastic
sheets, liguid membrane-forming {spray-on} compounds, and forms ieft
in place,

- high temperature curing, such as steam cuwring and autoclaving. The
high temperatures accelerate the chemical reactions and the moisture is
provided by the steam or is retained by the autoclave chamber.

Curing rmust continue uninterrupted for as long as practicable but atieast for the minimum
reriod specified (usually seven days), commencing fram the time the concrete has had the
initial finsh applisd.

15.8.3 Steam Curing

High strength concrete, steam cwred to 30 MPa or more for prestress transfer or
demoulding, does not normally require further curing.

Steamn curing is usually carried out only in precasting yards because of the elaborate
equipment and instrumentatign that is required to ensure the strict control necessary to
prevent damage to the newly cast concrete by the high temperatures invelved. Steaming
must not commence Until the concrete has reached its initial maturity, The tamperature
of the conmcrete must be raised at a controlled rate. The steam must not be allowed to
impinge directly onto the concrete or the forms and thus cause local over-haating,

The temperaturg under the stearn covers must not exceed 80°C, and the covers must not
be removed until the surface temperature of the concrete is within 40°C of ambignt.
Recording thermometers, adequate test samples and complete records are essential for
satisfactory steam curing.

15.9 TESTING CONCRETE

15.9.1 Reasons for Testing

Quahty control tests are to be carried out in aceordance with the appropriate AASHTO test
method in the Specification. In addition to testing the materiai compaonents of congreie,
concrete is tested during manufagture for consistency and workability, and after hardening,
tor compressive strength and othar properties.

Visual inspection of concrete delivered to the site, by experienced foremen or inspectors,
I also a very important aid in detecting errors in batching. Any observed change should
lead to immediate slump testing and the manufacture of additional test cyiinders if this is
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considered necessary.

15.9.2 Slump Test

Testing the slump of freshly mixed conmcrets is the main rmethod used for checking
consistency and workability. Slump tests should be carried out on the trial mix and an
acceptable range of slump should be determined at that time. Generally, concrete with
slump less than 80 mm requires a lot of effort ta achieve adequate compaction while
conerete with slump more than 100 mm is not usually specified except for pumped
concrete or for tremie concrete which is placed under watar,

A slump test should be carried out on each batch of concrete supplied by & transit mixer
before placing in the forms. |f slumps are too high or too low, the reasons should be
determined immediately and corrected. Concrete with a stump outside the specified range
may be rejected.

15.9.3 Compressive Strength Tests

Compressive testing of hardened concrete is required throughout the construction period
to ensure that the design assumptions for compressive strength are being met. The number
of test specimens to be taken from each concrete pour should be in accordance with the
Specification. Samples should be taken fram the discharge chute of the mixer or truck.
Zamples should not be taken fram the first orlast quarter of the concrete in the mixer or
truck. The specimens must be carefully compacted, finished and clearly marked for
subsequent identification with the batchand truck number and the location of the concrete
represented by that sarmple.

Specimens must be kept continually moist unti! just prigr to testing. They may be
demoulded after 18 hours, if necessary, and carefulty transported to the test laborator
whilst covered with wet hessian or sealed in plastic 1o prevent drying out. :

15.9.4 Time of Testing
Mormally, concrete acceptance is related to its 28 day strength.

However, as construction sequences are generally of short duration and further concreta
will be jointed to the existing concrete less than 28 days after the previnous casting,
additional testing earlier than 28 days may be required. The Supervising Enginger rmust do
his best to ensure that each section of concrete is of adequate strength and quality bafore
it is buiit over by other partions of the structure, as this would make remedial measures
difficult to implement if understrength concrete was subsequently discoverad. In such
cases, the Supérvising Engineer must determine, by prior testing, the strength-gain versus
time curve tor the concrate being used so that comparative assessments can be made at
an age earlier than 28 days. An example of this relationship is shown in Figure 15.6 but
this chart is not accurate enough for site use. This relationship should be investigated early
in the contract to determing the relative 3/5/7/14/28 day strength ratios. An indication of
the variation in strength gain with different curing methods is also shown,
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Figure 15.6 - Concrete Age and Strength T

15.9.5 Acceptance and Rejection

Concrete is a material of varidble stréngth andthe normal method of specifying the required
strength is the 85 percentile or "charagteristic” strength, i.e. the strength such that 95%
of ail tests would exceed the specified strength tand 5% would fall below the spacitied
strengthi. For a large number of 1ests, (more than 40) the actual characteristic strength
of the concrete can be determined as follows :

Characternistic strength {Fe') = Target Strength - 1.64 x {Standard Deviauon of all the test
results),

A suitable formula for the calgulation of the standard deviation is

ard
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where 8 = standard deviation
&, = Individual compressive strength test of concrete specimen
Fom = Mean of compressive strength test of concrete specimans

M = Number of test specimens {N should be greater than 10 for
statistical accuracy).

This formula is from the Indenesian Concrete Code NI 2 - 18971,

The target strength is selected having regard to the degree of quality control which can be
expected over the materials and handling of concrete in the field.

The Specification should be consulted for guideiines on the choice of standard deviation
and the circumstances under which concrete should be rejected.

15.10 FORMWORK
15.10.7 Design

Secuon 23 includes guidelines for the design and construgtion of fermwork.

15.10.2: Cored Holes, Holding Down Bolts and Fittings

Where bolts or other metai fittings are required to be castinto concrete, jige should be used
te hold all related components securely in their relative positions. The jig must be firmty
attached to the formwork, true to Ievel and alignment.  Altermatively, the jig may be
designed to be attached to the previously cast concrete and remain permanently cast into
the new congrete,

Cored holes may be formed using plastic disposable tubgz, by foam cores {which are
removed by dissolving with solventl or by using slightly tapered. rausable formers, fixed
1o the formwork.  After stripping, all reusable parts should be cleaned, greased and
caretully atored.

Alternatively, holes may be drilled after casting using an impact or diamond drill. Holding
down bolts may be grouted in using epoxy grouts.

15.10.3 Stripping and Cleaning

Formwork should not be stripped until the concrete has achieved the specified strength as
verified by testing or untii after the specified period of time. Kerb forms, because of their
low heaght and the need for a nigh standard of finish {often requiring hand treatment), are _
normally excluded from these restrictions. '

Test specimens which are used to check the strength of concrete for the purpose of early
stripping, and spacimens used to determine concrete strength for prestressing, should be
cured at the same temperature as the parent concrete.

Forrms should always be cleared, oiled and carefully stacked between uses. Similarly, form
fittings shouid be inspected for damage, oiled and stored in drums.
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1%, CONCGRETE ) Part 2

15.11 CONCRETE SUPERSTRUCTURES

15.11.1 Introduction

The superstructure comprises that part of the structure from the bearings upwards,
excluding the bridge barriers and railings.

15.11.2 Precast Units

Precast units are generally manufactured off site and in sufficient quantity to justify the use
of durable, high quality fermwork. Typical precast itemsin bridge superstructures are deck
planks, deck slabs, girders, deck soffit slabs, kerb units and posts. Structural items such
as deck planks and girders are usually prestressed, and are discussed in Section 16.

Uniformity of quality, shape, colour and general appearance is desirable in precast work,
and these characteristics are affected by formwork quality, types of form.oll and release
agents, changes in the nature or proportions of the raw materials used, the amount or typa
of vibration, type of curing, age at stripping or even weather changes.

Forms for precast items are used many times and therefare need te be strong, stiff and
maortar-tight. It is important to be able to strip and re-assemble the form many times and
retain the same shape and dimensions, martar-tightrnass and gusality of finish. The finish
required controls the type of facing material used, easy cleaning of which is alsa an
important criterian,

The Supervising Enginger should check that cast-in fixing compenents are correctly set,
and that they cannot move during placing and vibration of concrate. When steam curing
is used, that they fixing bolts.must be removed after initial set and before Steaming
cormmences, to allow for differential movement between the form and concrete.

Discolouration may be caused by incompatibility of curing compounds, waterproofing
additives or form release agents.  Pre-production testing of combinations of these
chemicals is desirable, and should be carried out under tactory conditions including the
effect on the facing materiat used in the formwaork.

Every effort must be made to reproduce in each batch of precast items the identical
manufacturing cyele of previous batches so that consistency of quality and appearance
resutts.

Precast units are easily darmaged in handfing. stacking and transporting. I lifting devices
are provided in the unit they must be used. |f points of support during stacking are not
shown on the drawings, advice must be sought from the designer. Supporting at mare
than two points can cause serious damage. When stacking sirnilar units. supports should

be placed exactly one above the other. FPacking should he of inert material, or if hardwood -

timber, should be wrapped in plastic to aveid staining. Sagaing or twisting of long slender
urits is likely if sufficient care is not taken in the design of the support system during
storage. Relative movements of prime mover and trailer must be considered when
transporting units to prevent torsional cracking, crushing or chating.
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Part 2 18, CONCRETE

15.11.3 Deck Slabs
a. Formwork

Deck forms may be removable or left in place. The latter are usuoally galvanised steel,
compressed fibre-cement or concrats.

Galvanised steel formwork that is to be left in place will ysually be steel trough decking
supported on stiingers and cross givders. The underside of the concrete deck with laft-in.
place formwork cannot be inspected and thus there is need for extra care in the placerment
and vibrating of the conecrete to eliminate the possibility of porous concrete on the
underside.

Cantilevered decks and footpaths are the maost visible parts of 8 bridgs. EBridge girders
deflect when the deck stabs are being poured, and this deflection must be allowed for
when setting the edge forms, so that the deck edge presents a8 smooth line, on grade or
with siight positive camber at centre span. Deck forms must be supported from girders
and not from the ground, piers or abutments,

Whilst the deck is being c¢ast, it is essential to protect the outer girders and bearings
against the effect of torsignal moments caused bv ratation of cantilevered decks and
footpaths. This is simply done by tyving the tops of the girders together with welded
reinforcing bar and strutting at the level of the lower flange.

it is often found that in a span of a beam-and-slab type bridge, girders which are intendad
to be identical have significantly different vertical profiles, caused by differential hogging,
i the hog of ane or more of the girders in the span is greater than allowed for in the
design, the whole deck span will have to be raised to accommadate the excess hog, and
tisers will have to be cast on the other girders. The change might also affect adjacent
spans. It will be necessary to measure, by carrying out some form of survey, the profile
of all the girders and to draw up a long section of the deck profiie 1o establish the deck
levels,

b. Reinforcement

After the formwork for the deck slab has been completed and checked for strength,
workmanship, mortar-tightness, levels and cleanliness, reinfarcement may be placed. It
i necessary that dimensions are checkead frequently during site bending, or immediately
after delivery 1o site if bent oif-site. Use of timbers, stee racks or other supports wil keep
the reinforcement out of the dirt or mud until ready for use. Paint, oil, grease, mud. loose
mill scale or loose rust will reduce the bonding properties of Hain bars in particular, and
must be removed. Cover is most impaortant especialiy in relatively thin deck slabs - toa
little cover could result in rusting of the bars and subsequent spalling of concrete, whilst
too much cover may result in the assumed design strength of the slabs not being achieved.

Wire ties are just as susceptible to rust as ordinary bars, and the ends of the ties must be
kept well away from the surface of the concrete.

Meortar blocks and plastic chairs are used to maintain cover in preference to plastic tipped
steel chairs. Some plastic chairs have inadequate baze areas, and rmay crush under load
gspecially in hot weather, When used in the horizontal posttion to hold wvertical
reinforcement, they tend to ratate unless carefully fixed.
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15. CONCRETE Part 2

The reinforcement must be supported in such a way that it is not moved, distorted or
damaged in any way during casting of the deck slab.

c. Casting Sequence
Planning of the casting sequence should give consideration 1o the following:

{al Transversely - cormmence concrete placement at the centre, moving
outwards in @ balanced manner,

(b Longitudinally - place congrete to maximise deflections early so that the
initially-set  concrete will not be affected by deflections caused by
subsequent concrete placement.,

If the deck being poured is not level, it is usual practice ta work from the lowest to the
highest point.

d. Concreting

Checks to be made before concreting the deck slab include the following:

i) check that all rublash, dirt, old concrete, wire tie off cuts atc. are
claaned out of the forms.

(b} confirm that runways are supported clear of the reinforcement.

{c} if adverse weather conditions axist, especially hot weather, check that
work can proceed without contravening the Specifications,

fehi ensure that adequate arrangements have been made for artificial lighting
it concreting cannot be completed in daylight.

(el check that sulticient Urmber is on hand 1o make s stop-end if concrete
supplies are interrupted.

{f} ensure that personnel and facilities are available to sample materials or
concrale as required by the Specification.

{g) contirm that chutes are metal or metal lined and that concrete will not
segreqgate in the chute or be permitted to drop more than 1.5 metres.

{hy check that adequate standby plant, inciuding vibrators, is availabie and
in good working order,

Loncreie canbe mixed on site of eisewhere, and can be placed using barrows on runways,
chutes, monorail conveyors,. from buckets lifted by crane or hoist, or pumped. Concrete
should be full depth in the forms as close as possible to its final position so that it does ot
have to be moved excessively with screeds or vibrators.

Experienced vibwator operators and clase supervision are required to ensure that concrete
is compacted immediatety after placing. Following internal vibration a well-compacted deck
and dense, durable concrete can be achieved sither by the use of a vibrating screed and
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Pan 2 15. CONCRETE

“hand floating or by hand screeding and a power float.

if the deck is to have bituminous surfacing, a slightly reughened surface will improve bond
between concrete and hitumen and this can be obtainad by dragging a2 stiff broom
transversely over the surface before it hardens. Careful timing of this operation is essential
te achieve the desired effect.

Curing procedures are best initiated immediately initial set has taken place.

Additional consideration is required where the flanges of precast prestressed T-beams form
part of the deck slabi. After the girders are erected, longitudinal infill sections are installed.
Great care is required at the construction joint between the precast girger egges and the
infill concrete. The precast edges should be roughened in the casting vard and wettsd
immediately before the infill concrete is cast. Despite care, the shrinkage of the cancrete
and the flexibility of modern prestressed sections frequently results in cracking at the
construction joint, so that an impervious membrane is usually applied to the deck before
asphalting.

The deck slab concrete adjacent to the expansion joint nosings must be cast at the same
time as the main deck pour. The practice of omitting the concrete within 300 mm or so
of the joint should not be permitted by the Enginser because the concrete added after the
main gconcrete cannot be satisfactorily bonded to the main deck concrete and problems
with the expansion joint will occur early in the life of the structure. Similarly, the practice
of omitting the concrate around caoncrete fernce posts during the main deck concrete pour
should not be allowed.

The practice of placing a mortar layer on the deck formwaork prigr 1o placing concrete
should not be permitted by the Engineer. This results in a weak layer of mortar will usually
crack and fall oft at an eariy stage.

15.11.4 Forming Voids

Voids are formed in conceata Bridge superstructures 1o accammadate past-tensioning
cables, to accommaodate sarvices, to lighten the structure, to displace concrete near the
neutral axisin which there is little load, or to provide access for maintenance. Services
may alse be carried in plastic or metal tubes cast into the superstructure, laid under
footpaths; ‘or subsequently attached to the bridge gxternally.

Ducts to accommadate post-tensioning cables are dealt with in Section 16 of this Manual.

Polystyrene foam plastic is suitable for forming voids where the purpose of the void is to
lighten the structure and the foam can be left in place if desired. It can easily remowved by
a combination of cutting out followed by the use of a solvent on the edges which adhere
to the concrete. Foam formers are also suitable for short access openIngs.

Voids must be self-draiting uniess thay remain completely fiffed with the material used for
farming.

Depending on the size, shape and application, voids may also be formed by waxed
cardboard formers or by conventional methods, using sacrificial ar removable forms.
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15. CONCRETE Fart 2

Void formers tend to float during conereting and must therefore be carefully fixed to the
reinforcement to prevent floating or being disiodged by vibrators. Larger voids, or a
number of smaligr voids, can cause sufficient flotation to distort reinfarcing cages, and
therefore require hold down devices independent of the reinforcing to counter the effect.
Special care must be taken at joints in the formers, and particularly at the ends, to enswe
mortar-tightness as leakage can result in a restriction in the void, causing difficulty in the
installation of cables or services, or progucing sharp projections which eould damage them.

During concreting, care must be taken not to damage formers, particularly with vibrators.
Flexible ducts may deform, causing aninternal projection which in turn may cause difficulty
with electrical cables, or other services. Rigid ducts may crack and allow martar to leak
in, causing a blockage. Whatever the method of forming, it should be sufficiently rigid to
ensure that no reduction in void size occurs.

15.12 CONSTRUCTION JOINTS
15.12.1 General

Construction joints are used to allow concrete to be placed in reasonable stages.
Discontinuity in the matrix of the congrete is unavoidable at the joint. and special care is
necessary to ensure as complete a bornd as possible between the new and old concrete.

15.12.2 Location of Construction Joints

Joints should net be located in regions of high shear or bending stress if possibie. The
location of critical construction joints showuld be specified by the designer. If this has not
been done, or if additional joints.are reguired, the Engineer’s approwval for the location of
the joint should be obtained.

15.13 SURFACE FINISH
15.13.1 General

Acceptable surface finishes can usually be achieved in several ways. The Engineer must
ensure that the provisions of the Specification are met. The use of excessive plastaring
with martar in an attempt to hide poor surface finishes should be profibited by the
Enginger.

Screeding guides attached to formwork shouid be set accurarely to fintshed surface level,
profile or grade.

The specifications for concrete classify surface finishes into a nurmber of classes. Each
class has limits placed on surface imperfections, joints, deflections and methads of repair.

Methods of obtaining the various surface finishes are described in Section 15.13.7 of this
hManual.
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Part 2 _ 16, CONCRETE

The classes are:

. Unformed Surface Finish

. Class 1 Surface Finish {Unexposed Formed Surface Finish)
. Class 2 Surface Finish (Ordinary Formed Surface Finish}

. Class 3 Surface Finish {Rubbad Formed Surface Finish)

All formed concrete must receive at least a Class 1 surfage finish. Uniess otherwise

approved by the Engineer, the surface of the concrete must he finished immediately after
the removal of forms,

Except where other surface finishes are shown on the Crawings ar ordered by the Engineer,
surface finishes Class 1, Class 2 and Class 3 should be used as follows -

Unformed Surfaces

" Unformed surfaces should be compacted and tamped 50 as to flush
maortar 1o the swrface, screeded off and finally dressed with 2 wooden
float to an even surface. Care should be taken to drain or otherwise
remove promptly any water which comes to the surface. Capping with
maortar should not be permitted.

Substructure

. The rear surface of abuiments, culverts and wingwalls should receive
Class 1 surface finish.

- All exposed surfaces of abutments, wingwalls and piers from 300 mm
below ground level should receive Class 2 surface finish, axcapt that in
cellular structures the faces of wingwalls and ends of peers or walls only
should receive Class 2 surface finish.  Upper swriaces of concrete
bearing pedestals should receive Class 2 surface finish.

Superstructure
" Bearm and Slab Deck

The underside of the deck between beams and vertical faces of beams
other than the outer face of outer beams should receive Class 1 surface
finish. The outer faces and underside of the beams, the edges and the
underside of the cantilevered deck slak, the interior and exterior faces

of kerbs and the upper surfaces of the kerbs should receive Class 2 .
surface finish,

* Box Girders
The inside surface of box girder webs, floor and deck should receive

Class 1 surface finish. All external surfaces of the box girder, inciuding
kerbs and exciuding the deck surface, should receive Class 2 surface
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15. CONCRETE Fart 2

finesh.
- Above Dack

All swrfaces above the tops of kerbs should receive Class 3 surface
finish. End posts should receive Class 3 surface finish, Precast parapet
units and associated cast-in-place concrete should receive Class 3
surface fimsh.

Precast Concrete

. Precast crown units should be given a Class 1 surface finish. Precast
parapet units should be given a Class 3 surface finish. Precast units
othar than crown units and parapet units should receive Class 2 surface
finish. All precast units should receive this finish within forty eight hours
of removal of forms.

15.13.2 Concrete Finishing Equipment

Obtaining @ goed surface finish on a bridge deck is a skilled operation which can be
assisted by the use of a vibrating screed and a power float. However, satisfactory finizshes
can be obtained using a timber screed and suitable timber floats.

The vibrating screed is normally a heavy steel section to which & vibrator is attached. The
screed travets on guides which are supported off the formwork and which determine the
fimished profile of the deck.

After the concrete has hardened sufficiently to be walked on without leaving an impression
on the surface, a power fleat may be used to remove any local irregularities and to rewaork
any shrinkage cracks.

19.13.3 Initial Finish

Initial finishingshould be completed as soon as possible after placing and compaction by
internal vibration. Levels should be checked with a straight edge between templates and
adjusted as necessary.

A vibrating screed board can be used with congrete having a slump iess than 80 mm.

However, care must be taken to keep concrete continually at the front of the screed but
it should not be allowed to accumulate there to a depth greatsr than about 50 mim.

15.13.4 Final Finish
Final finishing includes edging, jointing, floating, troweiling and brooming operations, These
operations must net start until initial set has taken place, which is indicated by the

disappearance of free surface water and the loss of surface sheen.

In windy conditions, it may be necessary to close surface cracking by refinishing.
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Cement must not be used to absorb surface moisture as this can result in a weak. crazad
or powdery surface.

15.13.5 Finishing After Removal of Forms
Forms should be removed carefully to aveid damage to the concrete surface.

Immediately foliowing removal of forms from any part of the work, the surface of the
concrete should be given a final finish in acceordance with the Specifications.

If further curing time is required, the surface should be kept meoist or spraved with an
acceptable curing compound immediately after these finishing operations,

15.13.6 Protection of Fresh Concrete Surfaces

If rain begins falling on a concrete surface which has not yet achigved final set, it should
be coversd immediately with plastic sheeting which must be placed without dragging.
Alternatively, heavier materials such as tarpaulins may be rigged above the surface.
Precautions must also be taken if the zir temperature rises above 35°C.

15.13.7 Surface Finishing of Concrete
The Specifications include a number.of different types of surface finish.

A Class-7 finish is basically an off-the-form finish with repairs as required. A C/ass-2 finish
requires a greater degree of cantrol on the form deflections ete. A CYass-3 finish requires
a still greater degree of control of the formed product together with the requirement that
the concrete be rubbed down with a carborundum stone and "bag washed" with wet
hessian,

Following the removal of formwork from surfaces exposed to view [Class 2 finish], the
surface should be cleaned up and dressed to present a neat and pleasing appearancea. All
fins and other unwanted projections should be ground off to provide a smooth surface.
Any pockets or _honeycombed areas accepted by the Enginear subject to satisfactory
rermedial work are treatad as detailed in Section 15.14.1.

A Class 3 surface finish will require that the concrete surface be improved by bagging with
a sand-cement grout consisting of equal parts of cement and fine sand passing a 600 ym
sieve, mixed with an approved bonding additive and water 1o produce a piastic mix. It is
applied uniformly to the surface using a pad of hessian of similar material so as to fill all
air holes and other minor surface blemishes. The surface must be kept damp while the
initial application is still plastic by rubbing with a dry mix of the same proportions leaving
residual material only in depressions and none on the surface. Bagging should be
undertaken within four hours of the remaval of formwark. Curing shauld commence
immediatety forms are stripped or bagging is completed.

There are many surface finish treatments which can be specified. Some of the more
common types are discussed below :
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. Off-the-form finish can be obtained using steel or timber formwaork. The
form lining material determines the surface characteristics. Sawn timber
boards crzate an interesting textured surface wansferring the grain
pattern of the timber to the finished concrete. Boards may be of urneven
thickness and random width to create special effects. When tha intent
i5 1o obtain a uniform off-the-form finish boards sre infarior to ply and
will require significant amounts of {additional) hand finishing to comply
with the requirements of the Specification.

. For smoother surfaces, coated plywaad or steel lining is requited. Care
should be taken in matching and sealing joints between sheets. [t is
almost impossible to disguise the location of joints even with good
workmanship, and so it is important that the layout of panels on the
surface is regular with continuous rather than staggered joints. Off-cuts
should not be used to make up panels on exposed surfaces. Likewise.
it 18 impaortant to place all ties and anchors in a regular pattern.

. Where sandblasting or bush hammering is specified, it is important to
maintain good workmanship because joints will still show out. Sand
blasting or bush hammering will not disguise bad workmanship.

. Super smooth surfaces with a _glass-like appearance can be achieved
using fibreglass or plastic form lining. It is essential to ensure full
compaction of the concrete against such surfaces because any air
bubbles or inconsistencies will be conspicuous. Filiing and repairing of
imperfections can be equally conspicuous.

* Fatterned or sculptured surfaces can be created by the use of blockouts
of timber, polystyrene, plastic, fibreglass, rubber, or rope. Blockouts
have to be carefully designed so that the farmwork can be stripped
without damaging the surface. Trigis may also be warranted to
determineg the optimum time at which the formwork should be stripped.

Good workmanship and good materials ase essential reguirements for surface finish and for
mast structures, off-the-form finish (Class 1) should suffice without further cosmetic
treatment. When uniformity of colour and texture is of paramount importance, the use of
applied surface coatings may be warranted. There are a variety of proprietary lines of
surface coatings available - some for purely cosmetic purposes, and others which give
some protection from anaggressive environment.

it is important that all sheets used for forming a concrete surface be of the same quality
and have been used a similar number of times. Otherwise, differential moisture absorption
ratgs or a different surface texture will create a non-uniform finish,

For some work in urban areas, anti-graffiti coatings may be applied to the concrete surface .

to assist in the removal of graffiti. These coatings tend 1o darken the colour of the
concrete. Light sand blasting has been demonstrated as an effective method of graffiti
remowval.
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15.14 MISCELLANEOUS

15.14.1 Repair of Defects
Defects can be divided into two classes :

. Minor surface blemishes, scratches and spalls which effect only the
auter part of the cover concrete and do not expose reinforcement,

. Major repairs involving concrate around and behind the reinforcemant.

In the first case, minor repairs can be made using & suitable mortar usually incorporating
a commercial bonding agent, or by filling with an epoxy resin putty, H surface uniformity
is required, special care must be exercised to obtain a colour match:

Major repairs can be effected by placing and compacting concrete of the same or better
quality &s the original concrete. The defective area must be cUt oUt and the hote "squared
up" to obtain a key for the new concrete. It is highly desirable to coat the surface of the
hote with a "wet-to-dry" epoxy resin before placing the fresh conerete.

Epoxy resins should not be used alons as a filler for major repairs as they do not provide
the passivating chemical envirorment that cement dees, and the ditfering cosfficients of
thermal expansion mean that cracking almost always occurs at the concrete-resin interface,
with the risk of corrosien of the reinforcement.

Additional infermation on repair of defects in conerete is contained in the Bridge
Construction Technigues Manual.

15.14.2 Dimensional Tolerances

Tolerances are specified for the follewing purposes :

. to enable precast components to fit together:

a o promate adequate standards of workmanship and prevent wastage
of matetials;

. te ensure adequate cover to reinforcement for durability;

. to ensure adequate section size for strength and to prevent excessive

loads due to oversize components:
" to achieve an acceptable appearance on lines and surface,

The Supervising Enginger must be aware of the tolerances required and the reason for
specifying them.

Construction within tolerance is mere critical in some areas than others. For gxampie,
provided strength and durability criteria are met, tolerance levels are obviously less
impertant in areas subsequently hidden from view than they are for exposed faces. As it
is inadvisable to specify a multitude of different tolerances to cover all circumstances
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arising in the field, occasions will arise where it is necessary for the construction
supervisors to use their own discretion,

15.14.3 No Fines Concrete

Mo fines concrete consists of a mixture of coarse aggregate {usually 10 or 20 mm in size)
plus cement and water, It is used primarily as a drainage filter layer and 30 it is essentia)
that its open texture be preserved during placing and finishing operations. Consequently
vibrators must not be used for compaction, Curing is required for at least 4 days but wet
sand should not be used for this purpose as it can fill the voids.
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16. PRESTRESSED CONCRETE

16.1 GENERAL

16.1.1 Introduction

Concrets is strong in compression but relatively weak in tension. Thus concreta can rasist
quite heavy loads which tend to compress it but only relatively light toads which tend to
stretch or bend it.

In prestressed concrete, the ability of the conerete to resist compressive forces is used to
advantage. An external compressive force is applied to the conerete to keep it permanently
in compression during its normal life to prevent tensile strasses occurring when loads which
tend to stretch or bend the concrete are applied.

In effect, initial compressive stresses are set up in the concrete which eancel or reduce the
tersile stresses which result from dead weight or service ioads,

In reinforced concrete the steel takes all the tension stresses DIUsS any exXcess compressive
stresses which 'cannot be taken by the conerete. In prestressad concrete the stesl s used
primarily as a means of intreducing compressive stresses inte the concrete.

A prestressed member is permanently under comprassion - this effectively eliminates most
cracks. If the member is slightly overloaded and tension cracks form these will close on
removal of the overicad {provided the stesl has not besn overstrained). With reinforced
concrete the steel is not permitted 1o opstate at.a high level of stress as elongation of the
steel will create cracks with obvious undesirable effects on durability and deflection.

Prestressed concrete members are usvaily smaller than equivalent reinforced concrate
members.  This smaller size reduces the quantities of steel and concrete but is
tounteracted to some extent by the need to use high strength materials.

There are two systems of inducing @ prestress in concrate, either by stressing before the
concrete is cast or by stressing after the concrete is cast. These are referred to as
pretensicning and post-tensioning respectively. In both cases the stressing s carried out
before application of the dead and live loads on the member.

16.1.2 Systems of Prestress
a. Pretensioning

Pretensioning is any system of prestressing in which the steel tendonas are tensioned before
the concrete is placed around thaem. This method requires the tendeans to be temporarily
anchored after tensioning to suitable abutments on the stressing bed before concrete is
placed. When the concrete has attained a specific strength the tendons are released and
the forces in them transferred to the concrete, thus inducing the compression already
referred to,

The tension is induced in the steel tendons by rmeans of puliing using a hydraulic jack. The
amount of tension is measured by the elongation of the tendon from a pre-determined point
and is checked by either pressure gauge or dynamometer (load cell). It should be noted
that the tensioning processes for both pretensioning and RCSt-tensioning are sirnilar,
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16. FRESTRESSED CONCRETE Part 2

The mechanism of the transfer of prestress is described in the Bridge Construction
Techniques Manual.

b. Post-Tensioning

Post-tensigning is a system of prestressing in which the stee! 1endons are tensioned after
the concrete has been placed and has attaimed 3 specific strength.

Past-tensioning requires the provision of preformed ducts ar voids in members to contain
the tendons. When the tendons are tensioned, the forces in them are transferred to the
concrete by means af anchorage plates or congs, The ducts or voids are pressure grouted
aftar completion of tensioning operations in order to protact the tendons against corrasion.

This method of prestress does not require a stressing bed and the work.can be done either
N a factory or on site,

There are a number of patented pest-tensioning systems in Indongsia but the most cormmon
is the V5L system, an example of which is shown in Figure 16.1.

Bearing plate

Duct

. Strands
PR - R

Wedge

Anchor ey BT

e Concrete beam
.p]ate _.Ifl. a.

Figure 16.1 V5! Post-Tensfoning System

A threaded bar system is also used, mainly for transverse post tensioning of precast deck
units.

Cetails of the stressing and grouting operations are described in the Bridge Construction
Technigues Manual,
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Part 2 - . 1€. PRESTRESSED CONCRETE

16.1.3 Materials
a. Concrete

The use of high strangth concrete allows efficient use of the potential created by high
strength steel. To achieve high concrets strength requires detailed attention to the
batching, mixing, placing and compacting of the concrete. The dimensions of 2 prestressed
concreta member will be smaller than a reinforced concrete member of equivalent strength.
This increases the difficulty of placing and compacting stiff mixes into narrow forms partiy
filled with reinforcement and prestressing tendons or ducts. The use of wet mixes
increases the cost of supplying the nominated strength of concrete as well as increasing
the drying shrinkage and decreasing the durability of the concrete.

Because prestressed members can be made considerably smalter than reinforced concrete
units, the rinimum size is often governed by cover requirements and the size and spacing
of reinforcement steel and stressing steel or ducts. The increased durahility of high
strength concrete allows the concrete cover t¢ steel 1o be reduced. As the cover may be
reduced to as little as 20 mm., increased care in bending and fixing reinforcement is
required.

h. Stael

Usual methods of appiying prestrass are by tensioning wirg, strand or bar. All steel used
in prestressing is of a considerahly higher ultimate tensile strength (UTS) than mild steal.
The UTS varies from approximately 2 000 MPa forfine wire to T 500 MPa for 7 mrm wirg.

High tensile steel shows no definite yietd point, unlike mild stesl which has a wsll defined
vield point. Elongation af failure is about 5 percent for high tensile stress relieved steel
compared with abour 25 percent for mild steel.

Strand is a combination of smaller wires. Generally circular cross section wires are used
but sometimes a modified shape is produted by passing the cormplete strand through a die.
This compacting process reduces the strand’s overall diameter. The diameter of strand is
a nominal diameter and is measured across the crowns of the CRposite wires, that is the
maximum diameter.

The smaller strands (8 to 15 mm diameter} usually consist of 7 wires. The larger strands
lup to 30 mmi diameter} are often 19 wires in various group arrangements. As an example,
2 typical breaking load for a 12.5 mm strand is 184 kN. With the minimum ares of 12.5

mm strand {107.2 mm? this breaking load wouid produce an average steel stress of 1818
Pa.

Strand is used to provide large forces in restricted areas. it also reduces the amount of
handling when compared with multi-wire systems. Strand hasgood bonding characteristics
as it provides a mechanical key in addition to giving 4 greater surface area than an
equivalent size bar.

Bars are also used to provide large forces in restricted areas. They are relatively easy to
handle, simple to couple with threaded connections and there are no draw-in losses. Bars
are suited to short length stressing or where restressing or coupling is reguired. The
ultimate tensile strength of high strength bars is generaliy lower than strand and wirg,
usuaily of the order of 1 000 MPa.
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16, FRESTRESSED CONCRETE Pamr 2

16.1.4 Prestress Lusseé

There are cartain conditions peculiar to prestressed concrete which necessitate the use of
relatively high strength concrete {30 MPa and above) and high strength steel {g.q. 2000
MPal. The major reason for using these high strength materials is the reduction in the
initial prestress due to one or more of the following causes:

Cause of Prestress Loss Applicable to Pre- Applicable to Post-
Tensioned System Tensioned Systems
1. Shrinkage of Concrete Yos Yes*
2. Elastic Shortening of Yes Mo
Concrete
3. Creep of Concrete Yes Yes
4. Relaxation of Steel Yes Yes
5. Anchorage draw-in Mo Depends on System
G. Jack Losses Rarely Rargly
7. Frictional Losses in Mo Yes
Duet and Anchorage

* Depends on age of concrete at stressing.

. Shrinkage of Concrata

After concrete has cured and begins to dry out, it undergoes a reduction in
volume. Inapre-tensioned unit all concrete shrinkage is shared by the stressed
steel. As the steel shortens there will be some loss of prestressing force. In
post-tensioned concrfete some of the concrete drying shrinkage will be of no
consequence - only shrinkage occurring after stressing will reduce prestressing
forces.,

. Elastic Shartening of Concrete

As aprestressing force is applied, the concrete will shorten. In pre-tensioned
units the shortening of the concrete immediately after the steel is reteased will
give a_corresponding reduction in the initial prestressing force. With post-
tensioried work glastic shortening during stressing is autornatically compensated
by the extension of the jack rarm and does not have any effect on the initial
prestress. . :

. Creep of Congrate

When concrete is leaded there will be an immediate elastic shortening (see

abovel. However, if a load is maintained the concrete will "creep®, that is there

will be a permanent shortening. The rate of creep or plastic flow is dependent .
on the time it has been applied. Creep effects gradually diminish and after

several years are virtually zero. As creep is a tong term effect it applies to both

systems of tensioning.
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Part 2 . 16. PREZTRESSED CONCRETE

. . Relaxation of Steeal

When steel is tensioned to & high stress and then held at a constant length
under that stress there will be a loss of steel stress as the steel "relaxes” under
the load. The effect is similar in concept to the creep of concrete under
compression except that in this case the steel is in tension. Relaxation occurs
with both tensioning systems; however, its effects can be reduced by hoiding
a slight over-stress for a short period. Some post-tension systems have
provision for restressing at a later stage and these systems can be used to
minimise steel relaxation and other long term stress loss effects. Steel must
have adequate protection from damage and corrosion during the delay period.

. Anchorage Draw-in

With some types of anchors, notably the wedge type, there will be some "draw-
in" as the anchorage takes up its load. The amount of draw-in is small {for
example 3-10 mm for 15 mm strand, up to 20 mm for 30 rmm strand}, however
it may be significant on short cables. On longer cables there is usually a

. sufbicient margin of satety on the steel to allow overstressing to provide the
additional elongation.

- Jack Losses

With most types of stressing jacks the force is measured by a pressure gauge
attached to a hydraulic pump. The pressure given by the gauge will be more
than that applied to the steel due to internal losses and friction within the jack.
These losses are usually allowed for by calibrating the system or alternatively
the force can be measured by arother method, e.§. dynamometer gr cable
extension,

. Frictional Losses in Duct and Anchorage

in post-tensioned work there will be some loss of stress in the stesl due 1o
friction between the steel and the duct. With some types of anchorages thare
can also be frictional losses as the cable is pulled through the anchorage during
. ' stressing. With double end jacking, the stress applied at the ends will dinvinish
towards the centre of a beam, and with single Jacking the steel stress will
decrease towards the "dead end", that is the end which is not jacked.

The amount of oss in ducts depends on several factors:

{i! length ¢f cable from jacking end.
{ii} type of cable - size, shape, cleanliness,
- {iit) type of duct - material, diameter,
{ivi “wobble” of duct - that is departure of duct profile from -
theoretical curve due to errors in setting out and aligning duct.
. fw} curvature of duct - sharp radii obviousty increase losses.
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16, PRESTRESSED CONCRETE . Part

Magnitude of Prestress Losses

The effects of causes 1 to 4 in the table above are primarily dependent on type of
concrete, method of curing, type of steel and levels of stress in steel and the concrete.
As a very rough approximation, the shrinkage and creep of concrete reach half their
ultimate value within one month and 75% of the ultimate value after six manths. Tymcal
losses for causes 1-4 are 15% for post-tensioned work and 20% for pre-tensioned work,
in post-tensioned work the total loss would be considerably greater than 15% where no
provision was made to compensate for draw-in on short cables.

Total prestress losses would also be much high than 15% in long ducts - particularly those
with sharp radii, high friction surfaces and uneven profiles. The effects of causes 5-7 are
ralated to the type of equipment and practical procedures and must be treated individually.

With typical prestressed concrete systems, losses of 15% would represent steel losses of
about 300 MPa. As the yield point of mild steel is a little over 300 MPa, it is apparent that
even with leveis of initial stress close to the steel yield point there will still be a great or
complete loss of prestress. As a factor of safety must he applied, mild steel becomes
impractical as a prestressing material.

When only low strength steels and concrete were available the mechanism of creep,
relaxation and drying shrinkage were not fully understood. It is onty the relatively racent
development of high strength materials which has allowed prestressing of concrete
members to become a safe and efficient construction practice.

16.2 PRECAST MEMBERS

Where concrete elements of bridge superstructures are precast, the requirements are
generally the same as for reinforeed concrete described in Section 15.

Forms for prestressed girders which allow ene side form to be erected in its final position
independent of the other will make the fixing and checking of the reinforcement, post
tensioning ducts, holes and blockouts easier.

The major difference between forms for ordinary precast concrete and forms for
prestressed concrete is that in the latter, provision must be made for the shortening of the
member due to prestressing, and for the concentrated lead condition at the ends of
members brought about by hoaging after stressing. During stressing. bearing plates and
other projections willmove relative to the form and the casting bed, and allowance must
be made for this by first stripping the side forms of girdars or side and internal forms of U-
shaped girders or removing panels to ensure that none of the stressing load is absorbed by
the formwork.

Stripping time will usually be specified by the designer but in general will be between 1 and
2 days. Howsaver, if appearance is impartant, the age of the concrete when stripped
should be the same for each unit.
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Part 2 16. PRESTRESSED CONCRETE

16.3 REINFORCEMENT

Narmal reinforcement in prestressed girders and slabs is usually relatively light, except in
the end biocks of post-tensioned girders, which are heavily reinforced to withstand bursting
forces in the ancheorage zone, Light reinfarcement cages are flexible and theretfare must
be rigidly supported vertically and horizontally to prevent movement and deformation.
Specified cover is normally near the minimum value permitted by the Bridge Deasign Code,
50 the dimensions of the reinforcement after cutting and bending must be accurate.
Inaccuracy or displacement which reduces the cover can seriously damage the long term
integrity of the member. If baseplate bolts, anchorage fixings or cones, or lapping of
reinfarcing bars interfere with the placing of heavy end block reinfercement, the designer
must be consulted. As with all reinforcement, the reguirements of the Specifications with
respect to flame cutting or heating must be strictly observed.

16.4 CONCRETE

16.4.1 General

The high strength concrete used in prestressed members demands a correspondingly high
standard of supervision through every stage, from prevision of materials, at batching,
Mixing. placing and finishing ro curing, with adeguate sampling of the mixed concrata at
the placing stage.

16.4.2 Cement

Because of its lower early strength, the use of blended cement containing fiyash is not
usually considered for prestrassed concrete. #itis 1o be used, the method of batching and
mixing the flyash and cement must be strctly controiled. Curing alse becomes more
important, Cement older than four months from the date of manufacture or containing
lurmps should not be used. Sufficient cament 10 complete the job must be available at the
mixer hefore starting.

16.4.3 Sampling and Testing

Concrete for prestressed concrete is sampled more frequently during placing than for
ordinary concrete, a typical rate being one sample for every four cubic metres. It is
essential that the method of taking the samples and making, storing, transporting, curing
and testing the specimens is strictly in accordance with the relevant Standard, because if
specimens fail, subsequent rejection of concrete may be subject to challenge by the
Centractor.

It test samples fail, load testing may be acceptable as proof of satisfactory performance
of the unit. If the unit is to be post-tensioned. cores may be taken and tested before
tensioning. |f core testing shows the concrete to be acceptable, the holes must be
satisfactorily repaired before post-tensioning begins.

Excessive honeycombing, caused by bleeding of cement slurry from inadequate forms, or
surface cracks may make the unit unacceptable for use in @ major structure,
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16. PRESTRESSED CONCRETE _ ' Pan 2

16.4.4 Compaction

Partable internal vitrators are the best method of compacting mast concrete sections, the
significant exception bging thin sections cast flat. External vibrators are often used in
conjunction with internal vibrators, especially in precasting vards. Although they produce
good external finishes, the effect of the external vibrators at a distance from the surface
depends greatly on the design of the foermwork, and is not easily judged. tis essential that
personnel operating internal vibrators be experienced, conscientious and systematic in their
waork to prevent sections of concrete being under-vibrated. On the other hand over-
vibration can cause segregation, reducing the development of bond. Vibrators can alsg
cause gerious damage to ducts, voids formers or cast-in components. Where plastic feam
inserts are wsed to form veids to permit temperature expansion of bridge superstructures,
the foam should be protected from accidental damage fram internal vibrators by plywood
or similar material. Vibrators must not be left operating in concrete unattended. Windows
may be required in some situations, such as wvery tall parrow sections, through which
vibrators can be inserted.

High strength concrete suitahle for prestressed construction must be cured properly.
Premature loss of water from the concrete must be prevented. Unformed surfaces are
subject to immediate loss of water, and formed concrete begins to iose moisture 3s soon
as it is stripped,

Surfaces may be wrapped or covered with plastic sheeting or sprayed continugusly with
water. Plastic sheeting must be fixed so that it cannot be disturbed by winds, and so that
a drying wind cannot get underneath it. Loss of water due to hydration must be prevented
for at lgast 7 days. and preferably longer.

16.5 PRECAST PRETENSIONED DECK UNITS

Beck units in comrmon use arg 280 mm or 200 rmm thick, 600 mm wide and spans ﬁarying
from © meres o 16 matres. They may be voided or sohd.

The deck units are placed side by side making the deck formwoark simple and mirmal.
Ditficulties can however oceur due to differences in the hog or how of adjacent units.
These differences can result from variations in concrete and differences in the position of
prestressing tendons within the unit caused by formwork inaccuracies and distortions.

Incorrect storage and stacking, especiaflly during the period when the concrete is still
gaining strength, can result in twisting of the unit which tends to become permanent. This
also causes difficulties in the positioning of the units.

The ease of placement of the transverse bars for stressing the units together relies on the
accurate positioning of the holes. Therefore the method of forming the holes should enable

thern to be accurately duplicated in all units even after stripping and reassembly of the

formwork many times.

Keys between the units are sometimes packed with dry mortar after the units have been
positioned and before placing deck reinforcement. Concrete should be placed as uniformly
as possible across the full width of the deck to limit deflections between adjacent units.
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Part 2 16. PRESTRESSED CONCRETE

16.6 TRANSVERSE STRESSING

The most common application of transverse stressing is the post-tensioning together of
rectangular planks. Generally, single strand tendons are used in this application, and the
main problems are to arrange the best match of adjacent duct openings and to ensure that
these openings for post-tensioning are kept clear. The heg of each deck unit ang the
accuracy of ducts along the length of each wnit is checked before placing the units in
position.  The units are then arranged in the order which will give the best match of
adjacent duct openings.

The planks have a Bockout which is filled with mortar prior ta past-tensioning 1o ensure
even bearing along the planks and a polystyrene or similar packer around the duct to
prevent grout leaking from the ducts.

Gaps between adjacent holes must be sealed to prevent the cement mortar or BpOXY maortar
packing material placed betwaen the units from leaking into the ducts.
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T17. STEEL STRUCTURES

17.1 FABRICATION QF STEELWOQRK
17.1.1 General

Fabrication is the term used to describe the manufacture of the various companent parts
of a steel structure from steel plates or sections. It incudes the processes of cutting,
forming, driiling, punching, jeining and any other operations performed to convert simple
piates and sections into finished components.

17.1.2 Drawings

The design drawings provide a detailed concept of the structure. For major fabrication,
shop drawings are requited to give the complete information required for fabrication,
including the dimensions and the locations, type and size of all welds and holes. These
drawings must be accuratsly and carefully detailed to avoig probiems during fabrication and
erection and must be checked before. fabrication commences.  The shop drawings are
prepared by the Contractor from the design drawings and will reflect his proposed method
of fabrication.

17.1.3 Fabrication Procedures
a. Identification of Steel

All steel used in the fabrication of a bridge must eonferm to the relevant Codes as set out
ir the Specification.

This can be checked by referring to the heat number or ather coded number of the steel
which is stamped on the stee! at the time of rolling. This number can be reiatad 10 the
manufacturer’s test certificates which give the physical properties and the chemical
compasition of the stesl,

in the absence of such identification, it may be necessary for the fabricator to arrange for
samples of the steel to be tested at an approved laboratory.

b. Straightening

Bent or otherwise distorted steel must be corrected in a manner which will avoid damage
to the steel. Should material require straightening to maintain tolerances and fit, either
before or after fabrication, it is general practice for this to be done by mechanical means
at ambient temperature, although miner kinks and bends in normal strength steels may be
corrected by limited heating under careful supervision.

The heating of high strength steels to achieve straightness or remove distortions should not
be attempted without investigating the effect on the steal,

Hydraulic presses, applying forces either harizontaliy or vertically, and rollers are usually
used for straightening.
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17. STEEL STRUCTURES Part 2

C. Marking-Off

The marking-off of steelwork, including the location of holes, may be done from shop
drawings or by the use of templates. A template is a full-scale pattern or guide, made of
cardboard, plywood, sheet meatal, timber strips or hardwood.

d. Bending

The presses and rolls used in the straightening process can also be used to permanently
shape structural members. St2el tubes for pile casing are usually formed in a plats roll and
the seam is welded,

e. Cambering

Cambering of rolled steel members may be achieved by the same processes used for
straightening and hending.

Cambers for plate girders are produced by cutting the web plates to the required shape.
Camber of a girder may be measured with the girder on t8 side or with the girder
supported &t Ws beanng ponts. Measurement of camber should make aliowance for
deflection resulting from self-weight.

£ Cutting

Steel may be cut by shearing, sawing, ‘or flame cutting.

Shearing of plates is normally not permitted except in a direction perpendicular to the
direction of the main stresses in the plates.

The cut edges should be fize from burrs, gouges, and other defects which may adversely
affect the serviceability of the member.” Any stress raising notches must be removed
wihers 1his is calied for in the Specitication.

Flame cutting. with & suitable inixture of a gas such as acetylene and oxygen, is commonly -

used for cutting structural sectians. The flame may be quided manually or by the use of
automatre, self-propelied equipment.

Flame ecutting is also widely used for bevelling the edges of steel plates for weld
preparations. '

g. Bolt Holes

Holes may be either drilled full-size or reamed 1o full size after sub-drilling or sub-punching
10 a diameter approximately 5 mm smaller than the final hole diameter.

Ta ensure Cﬂmpa.'tibmt",’ of holes in main members, adjoining components are fastened
together by clamping and then match drilled.

For minor rmembers, holes may be drilled using a template.
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. Part 2 . 17. 6TEEL 5TRUCTURES

h. Assembly

Assembly of components is generally either by welding or bolting. In shop-work, welding
ig normally used.

To minimise distartion of members, a balanced pattern of walding of permanent fasteners
Is necessary. These requiraments are generally outlined in the Specification.

There are several methods of assembiy of welded girders. These methods depend upon
the size of the unit, the capacity of the tabricating shop and the reguired welding
technigues. Generally, the components are tack welded into place and the girder is then
positioned for & continuous welding process at the preferred angle for welding. This
positioning may be on fixed supports or on speciaily constructed trunnions on which the
girder may be turned to any angle.

17.2 WELDING
17.2.1 General
All the steel grades listed in the Specification ars weldabie.

Welding procedures for the higher strength grades invelve the use of higher preheat
temperatures and low hydrogen welding rods, particularly as the member thickness
increases. These requirements are to ensure satigfactory strength and the toughness in the
heat affected zone (HAZ),

Detai!ed guidelines on the welding of bridges are given in the AASHTO/ANSI ‘Bridge
Welding Cade’ and general welding guidelines in other ANSIJAWS standards.

17.2.2 Preheat

Prehe_-aﬂng of steel before welding may be required, particularly for thick plates. Generslly
a region of approximataly 75 mm on either side of the joint is required to be preheated.

The purpose of preheat is to diminish the rate of cooling of the weld metal as the heat fram
the weld is transmitted away from the weld through the plate. Excessive rates of coaling
can lead 1o extra hardness and brittleness in the weld metal and in the heat affected zone
of the parent metal.

Tha requirememt_s relating preheat and wetding energy input for varicus types of plate and
electrodes are given in tha American Welding Institute {AWI(} Welding Codes.

17.2.2 Distortion

During welding, the laving down of 2 weld producss 2 heating and cooling cycle which
causes shrinkage in both the base metal and weld metal and shrinkage forces developed
tend to cause a degree of distortion. Distortion generally appears as longitudinal shrinkage
and transverse shrinkage,
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17. STEEL 8TRUCTURES Far1 2

If the shrinkage is not uniform through the thickness of the weld, angular distortion results.
When shrinkage acts in a direction that is not along the neutral axis of the member the
result is bowing. :

There are many factors which affect distertion during welding, such as :
haat input
restraint
» residual stresses.
A detailed guide to control of distortion is given in the AW!'s raferenced documentis).
Excessive distortions can be minimised by pre-setting the components, so that after
distoerting they attain their corrgct shape, or by restraining the components from distorting

usging clamps and braces.

Welded metal also shrinks as it cool and can cause shortening of members. The shrinkage

of longitudinal welds in plate girder can cause a shertening of the arder of Y mm for every.

4 m of girder,

Joints which are expected to have the largest shrinkage showld be welded first with as little
restraint as possibie.

17.2.4 AQualification of Welding Operators

Welding must be carried out by competent operaters who have had suitable training and
practical experience.

Generally, visual inspection of the welder's technique and the weld will indicate the guality
of the welder. With the exception of occasiomal undercut, surface defects such as
insufficient throat, overlap ete., should not be evident in welding carned out by a
competent aperator,

Welders wheo are engaged on butt welding or unconventional types of welding are narmally
required to prepare test speciinens which duplicate as far as possible the actual condition
of the wark,

17.2.59 Qualification of Welding Procedures

As well as testing the competency of the operator, it is normal practice to test the actual
procedure to be followed in making a weld. Procadures for common types of welds may
be approved on the basis of previous experience. Procedures for l2ss common types of
welds are verified by fabricating test assemblies.

Procedure details include -

. operator's name
* type and make of equipment
. plate preparation
- type and size of wire or electrade
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. type of flux

preheat temperature

welding speed

welding current

welding voltage

weld size and number of passes.

On¢e a procedure has been approved it should not be substantiglly altered.

17.2.6 Electrodes

Electrodes used in a weld are generally required to give properties in the weld metal of not
less than those of the parent metal being joined, unless the use of a lower strength grade
of electrade is shown on the Drawings. Each packet of efectrodes will have & maker's
brand and a printed panel showing the electrode classification.

Electrodes which have become separated from their packets should not B2 used as such
electrodes will not be identifiable. Loose electrodes are likely to have had their flux
damaged and may be contaminated with water.

An experienced welder’'s selection of an electrode will usuzally be satisfactory, provided it
conforms weith the Specification. For welding structural steel in the downhand position,
a general purpose electrode will be satisfactory., Howewar, for special circumstances an
electrode with particular properties may have to be used.

For example. in the welding of notch ductile steefs, low hydrogen slectrodes are normally
specified. These electrodes produce a weld metal of increased ductility.

17.2.7 Inspection and Weld Repairs

The position of Welding Inspector carries great responsibility. He must ensure that the
welders are suitably gqualified for the type of work they are daoing, and that the required
procedures dre being followed. The area to be welded should be checked for cleanliness
and alignment before work starts. The finished welds should be cleaned and then
inspected for faults both visualiy and by other methods as may be sperified. The inspector
must ensure that the method of cleaning does not abscure or cover up cracks or other
flaws. Areas to be repaired must then be marked clearly, in 2 manner that all personnel
involved understand, and the marks should be sufficiently permanent to be visible after
repairs have been done. Weids showing cracks should be rejecten, ragardiess of the length
or location of the crack.

Faulty weld material can be chipped, ground or gouged out. The exposed surface should
then be checked to ensure that all faulty material has been removed. The repair can then -
be rnade by rewelding the affected section. This reweld is then subjected to the sarme
tests as if it were an original weld.

A guide to permissibie methods of repairing faulty welds can he found in the American
Welding Institute 'Structural Welding Code", 01.1-88, clause 3.7,
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17.3 INSPECTION OF FABRICATED STEELWORK
17.3.7 General

The inspection of fabricated steelwork and the protective treatments is usvally carried out
at the place of manufacture. The inspectors are responsible for checking materials,
eguipment, dimensions and workmanship to ensure that they conform to the requirements
of the Specification.

Steel Inspectors will normally have had practical experience in the welding of structures
and will be familiar with fabrication methods and equipment. They will also have
knowledge of the defects which can occur in fabrication and of satisfactory methods to be
used for the correction of these defects. .

17.3.2 Inspection of Welding
Inspection of welding invelves consideration of the following points :

. welding equipment, materials and processes and their limitations
* joint preparations

* welding procedures

gcorrect fusion and penetration

. weld defects and the methods of correction

. non-destructive testing and interpretation of results

17.3.3 Defects in Welding
Details of defects in welding ara given in AW Codes.
A number of weld defects can be detected by visual inspection. These include undercut,

incorrect profiles and surface defects. An inspecter can empioy other methods to assist
him in the detection of welding defects which are not apparent from visual inspection.

These are :
. Dye Penetrant Tests - for detection of surface cracks
. Magnetic Particle Tests - for detection of surface cracks or under certain
conditions, eracks which can be just below the surface.
. Radiography - X rays or gamma rays - for detection of sub surface
defects.
. Ultrasonic Inspection - for detection of subsurface defects. This has the

“disadvantage that no permanent record is made but on the other hand,
large argas can be covered.

Detailed information on the non-destructive testing of welds is given in various standard
welding handbooks.
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17.4  PROTECTIVE TREATMENT
17.4.1 General

The protective treatment of the steelwork should be applied in accordance with the
Specification or relevant Standard. The surface treatment and thickness of protective
layers should be inspectsd and measured by paint thickness fqauges.

17.4.2 Surface Preparation

An adequate degree of surface preparation. dependent on the environment 1o which the
structure will be expased, is essential because the adhesion of the painting system is
determined by the surface preparation.

Unless dirt, dust, ail, grease and other surface contaminants are removed, the paint applied
to the surface will have poor adhesion, with subsequent breakdown of the paint system
and exposure of the substrate to attack. Paint must always be applied as soon as possible
after the surface preparation and no later than on the same day.

Abrasive blast cleaning is the nermal method of surface reatment on steel bridges.

- 17.4.3 Primers

Primers provide a coating which must

. be adherent to the surface of the steel

. retard corrosion of the surface by sither inhibiting the corrasion process
or by acting as a cathodic sacrificial barrier, and

. provide a base to which subsequent coats of paint will adhere,

The primers normally used on new steel bridges are zine rich primers. These primers
protect steel because zing is electro-positive with respect to iron. Provided there is
electrical contact between the two metals, the zing will carrode sacrificially instead of the
iron. Zincrich paints therefore should contain a maximum of finely divided pure metallic
zinc powder dispérsed in 8 minimum of stable binder. They must be applied to a freshly
blast-cleaned surface, in accordance with the Specification, to ensure effective electrical
contact.

Zing nich primers fall into two classes according to the nature of the hinder. The more
durable are those based on inarganic inders. The second group are based on arganic
binders. These binders are derived from a number of resins but the two-pack epoxy variety
is normally used for patching and for repainting work,

17.4.4 WUndercoats

Undercoats are sometimes called tie coats or barrier coats and are used where it is
necessary to ensure adhesion of two otherwise incompatible coatings. Qid gioss alkyds
form a poor base for recoating with fresh gloss alkyd unless an undercoat is used. Paints
with strong solvents such as vinyls and chlorinated rubbers cannot be applied over new ail
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based or alkyd primers unless a barrier coat is interposed to resist the swelling action of .
the strong solvents on the atkyd binder of the primer.

17.4.5 Finishes {Top Coats)
a. Iron Oxide

The properties of finishing or top coats are determined by the combination of various
pgments and vehicles. The most utilitarian of pigments is Micaceous Iron Oxide, often
abbreviated as M.1.O.

Because of its dark grey, almost charcoal colour, only grey or muddy colours are available.
This iron oxide pigment has a flakey farm like that of mica, hence the name. These flakes
lig in @ paint film like scales and provide a physical barrier to the penetration of water and
te the ultra violet rays of sunlight which are particularly degrading to organic binders.

b. Vinyl

Vinyl coatings are capabie of giving good protection if apglied over zing rich primers.

Howewvar, their successful use depends on proper application and thair recoating will

present probleins it the exact type of vinyl used i§ not known, and a suitable formulation

i3 not available for repainting. There are two basically different types of resin-based -
coatings on the market which are not necessarily compatible with each other and both are

marketed as vinyls. Only spray application is possible.

G- Chlorinated Rubber
Chiorinated rubber coatings arg available in both high-build and sealing coats, and thase
must be applied as spacified by each manufacturer. They dry quickly, are easily recoated

and have good resistance in maring and industrial environments. They are suitable for
application by either brush, spray or roller, but spraying is the preferred method.

d. Epoxy

Twn-pack epoxy resins are suitable for high-build coatings and have excellent resistance
under maring conditions, They require considerahle care in recoating to achieve proper
adhesion of the over or top coating system to the existing coated surface,

e. Galvanising

Galvanising of heavy and long members, such as steel bridge girders, may be an
economically attractive alternative to other forms of protective treatment, '
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v . Consideration needs to be given to the following if galvanising is used.

loss of girder camber

. distortion resulting fromi hot dip galvanising and methods of corraction

. need for masking at joints which are to be field welded

. possibility of colour differences if a girder is double dipped, where the
length of the galvanising bath limits dipping to half the length of a girder
at a time.

. rethreading of nuts and bolts after galvanising.

. repair of damage to the galvanising caused during the handling or

grection operations.

17.5 HANDLING AND STORAGE OF STEELWORK

During transport of the steelwork from the fabrication shop to the site, the greatsat care

must be taken to avoid damage. Fabricated members may be tamaged easily by caraless

handiing or improper storage. Loading and unloading from vehicles, lifting and all aspects
. of transport and storage must therefore be closety supsrvised.,

Far temporary storage, steel components are normally stacked on platforms or skids on
firm, well-drained and accessible ground. They must be 50 positioned that they do not hold
water and are protected from mud splashes otherwise the shop coat of paint will
deteriorate, and there will be extra work in ciganing and preparing for the field protective
paint treatment.

The steelwork fabwicator should supply a diagram showing the correct marking of all
members and parts (girder segments, span, upstream or downstream members or sides and
top or bottom etc.} and these markings should correspond with the actual markings on the
rmembers and with the fabricater’s shipping lists. It is also preferable to mark each piece
with its weight, especially when heavy members are involved. Dealiveries should be rmade,
if possible, in the orderin which the components are required by the contractor carrying
out the erecticn of the steel work,

. 17.6 ERECTION OF STEEL STRUCTURES
17.6.1 Girder Erection

This Section is rglevant to small and medium size bridges. These can be erected with
simple techniques using readily available equipment. For large bridges, erection methods
are usuallty specified as part of the design, and the use of specialised eguipment and
technigques is required,

Girders may be lifted directly into position by a mobile crane traversing alongside the bridge
if the ground conditions are suitable, by fixed cranes positioned in the vicinity of the
support positions, or by flying fox. If a flying fox is used, a lifting girder should be placed
between the fox and the main girder to enable approximately vertical lifts te be applied to
the main girder. For smaller compaonents a lifting girder is not required.

Launching of girders requires either falsework or a temporary launching girder to carry the
tracks for the trolleys or rolter on which the girders are moved. With girders continuous
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aver two or more spans, it is possibie tby fitting rolters en the abutment and pier supports}
to launch girders without using falsework. Launching methods should be fully detaiied and
approved by the Enginser before their uss is allowed.

Lifting poits are usustiy specifisd for stzel girders, and the steal must be protected where
slings are attached so that the protactive coating will not be damaged. The provision of
lifting lugs will reduce damage to painted surfaces.

It the girder has been fabricated as & completed span, it can be lowered directly on to
hotding down holts and bearing plates which have been set temporarily in the appropriate
positions. |f the girder is to be spliced insitu, falsework will be required to support the joint
or perhaps the complete girder sections depending on the method specified by the
dasigner.

Falsewaork foundations must be adequate and protected from damage by debris and scour
if ower a river, or by traffic if over a road.

The falsework structure should be checked regularly for signs of settiemsant, and zll faults
corrected before holting or welding of the main structure commences.

Members should be fitted together without undue strain or distortion, and shouid be
correctly aligned longitudinally, vertically and transverzely, and with the centreline of the
kridge.

Provision of jacks, ropes and/or wedges isrequired for adjusting joints if necessary in all
three planes, in preparation for welding, bolting or fastening.

During the movement of individual girders into position and until such time as they have
been eornected by the cross girders and braces, they should be securely strutted and/or
guyed against overturning. Timber or steel frames, designed to prevent both lateral
movement and overturning of the girders, and connected to the sebstructure, are suitable
for this purpose. Framesshould be built in such a manner that they can be easily removed,
and should be positioned to give full support to the girders hefore the lifting tackle is
removed,

Long siender girders may require temporary lateral stiffening whilst being lifted and placed
into position and until transverse bracing is fixed. A system of horizontal trusses using
rods, turn-buckles and struts can be installed on each side of the girder for this purpose.

17.6.2 Truss Erection

Erection Manuals are available for each of the different types of truss bridge currently being
used throughout Indonesia. These Manuals describe in detail the methods of erection and

aspects of construction relevant to the type of truss being used. The Construction -

Techriques Manual contains further information on the assembly and erection of the
Australian, Hollandia Kloos and Austrian trusses.

In general, trusses may be built and faunched inte position or built as a cantilever from cne
abutment. The 20m and 100m Australian russ spans are destgreo 1o be erected as two
half-spans. In either case, an anchor span and possibly kentledge {dead weight as ballast)
are required 1o ensure stability.
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Any of the truss types lother than the 80 m or 100 m Australian trusses) rmay ba ralled aut
from one bank on erection rollers supperted on falsework, and jacked down onto the
permanent beanngs. Alternatively, the truss rmay be assembled on the falsework and
Jacked down onto the permanent bearings (for the Australian trusses only - following
completion of assembly and casting of the in-situ concrete deck). If falsework is to be
used, the guidelines given in Section 23 of this Manual should be followed. Itis important
that the use of fatsework in a river be carefully assessed as loss or damage to the
falsework may mean a consequent loss of the partially completed structurz. This is
especially important for construction during the wet season.

17.6.3 Cross Bracing

Cross bracing may be in the horizontal plane between flanges of trusses ar box girders, of
in the vertical plane between adjacent girders. |t may consist of structural shapes.
tabricated plate girders, or triangulated systems.

Itis usually fixed by welding or bolting with high strength bolts ar patent fastensrs as soon
as possible after erection of girders. Until that time the girders must be protected against
lateral instability and in the case of long slender girders, against lateral bucklirg under
external loading.

Steel box girders require fixed internal bracing to support the slender webs, and substantial
horizontal crossbracing to provide torsional resistance during loading, transport and
erection. The design may allow for the removal of the tatter bracing after the top flanges
are held laterally by the deck, but often this is not considéred economical.

Access tor fixing crossbracing can be provided by suspending a cage from a crane, a truck
rmounted platform, a fixed platform on scaffolding or staging supported from the main
structure. M the cross bracing is to be welded, protection against wind and rain must be
provided on the staging.

17.7 FIELD SPLICES
17.7.1 General

Steel members may be joined on site by either high strength friction grip boits or by field
welding. The use of figld welding requires the availability of skilled welding operators and
switably qualified site inspectors.

17.7.2 High Strength Bolting
a. General

High strength bolting may be classified by two types, a "friction grip” type with no slip,
and a "bearing” type in which an initial sip is allowed. Generally, balted connections of
major structural elements of modern bridges are designed as friction grip joints. The steel
used in the bolts is a special alloy which will stand much higher stresses than structural
steeland it will elongate considerabily before failure. The nuts ars made of suitable matearial
and the washers are specially hardened to resist scuffing when the bolts are being
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tightened.

The tension in the bolt creates friction between parts of the joint and the friction can
transmit forces through the joints, |f the tension in the bolt and the coefficient of friction
between the plates are known, the force which can be transmitted without any movement
of the parts ¢an be calculated. All high strength friction grip bolted joints work on this
general principle, independent of the number and arrangement of the bolts in the joint.

The higher the clamping or tension force created by the bolt and the higher the friction
between the components, the more force ¢an be transmitted between the parts of the
joint. To bring this principle to a practical level, the designer assumes a lower limit of bolt
tension and a reasonahble vatue for the friction coefficient betweesn the mating surfaces.

The minimum bolt tension which must be obtained for differant bolt diameters is normally
stated in the bridge construction specification. The coefficient ¢f friction between the
contact surfaces of steelwork in reasonable condition is known. Provided the bolt is
correctly ightened and the specification is followed by keeping the contact surfaces clean
of dirt, loose rust, grease ete., the bolt wili tranamit the force as expected by the designear.

Baofts which have been fully tightened must never be reused as friction grip holts and
showld be immuedistely disposed of.

b. High Strength Bolts

The-tightening of high strength bolts is normally eontrotled by using ane of three methods -
the Load indicating Washer method, the "Part-Turn” method ar the "Torgue Control”
methad. Further information on bolt tightening methods for each of the different types of
steel superstructure s included in the Bridge Canstruction Techniques Manual,

It is important that the full area of the contact surfaces at all joinis be roughened by
vigorous wire brushing (or similar method) and that the direction of brushing be across the
flange or web of the member being cennected.

c. Tightening of Bolts - Load Indicating Washer Method

In the load indicating washer method, the bolts are assembled with the lpad indicating
washer under the boit h2ad with the projections bearing against the bolt head and a
hardened flat washer placed under the nut. The bolts and ruts must be properly lubricated
to ensure that the lpad indicating washer 15 able to close properly under icad. M re-
lubrication is required, the part must be cleaned and an extreme-pressure oil, grease or wax
used. The contact surfaces must be kept clean and any ol must be cleaned off
imrmediately using a suitable solvent.

The holes 1o all phes of gach joint must be properly aligned before the-bolt is inserted thy

the use of suitable drifts). The boits are initially "snug-tightered" using a podger or similar -

spanner. Snug-tightening s the tightening achieved by the full effort of a man using a
standard podger spanner.

No final tightening is undertaken until the whole of the connection complies with the
requirements of camber, fit and member arrangements.

The bolts are finally tightened using special spanners as appropriate. Tighteniag is carried
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out by turning the nut and not the bolt head (the head of the bolt may need to be held to
prevent it turning). Each bolt is tightened until the gap measured at the ioad indicating
washers falls within a predetermined range (usually 0.15 mm to 0.25 mm). This gap
should be checksd with fesler gauges. The tension s applied evendy and completely to
each bolt in the connsction. Tightening should commence at the centre af any group of
bolts and progress outwards.

d. Tightening of Bolts - Part Turn Method

In the part turn method the component parts are firstly brought into close contact termed
the "snug-tight” condition, by hand or by impact wrenches. After ali the bolts in a joint
are snug tight, each bolt is given a final tightening. The final tightening for the usual
diameter and length of boits is an additional half turn of the nut relative to the balt.

€. Tightening of Bolts - Torque Centrol Method

The torque contrel method for bolt tightening is not as accurate as the load indicating
washer method. Very small variations in the friction coefficient of the threads can result
in large changes in bolt tension. Contamination of the thread, or a different batch of bolts
can make the results of the tensioning quite inaccurate, If the wrong length of bolt is used
and the nut reaches the end of the thread, the torque will be raached on the indicator, yet
the boit may still be loose. In the case of galvanised bolts, the tension required may not
be reached at all and the bolt will break due to the twist produced by the applied torque.
Bolts are usually supplied with lubricated nuts if this method is to be used. Regular
calibration of torque applied and the corfesponding bolt tension should be carried out.

The "Torque Control Method" of tightening can give an incorrect indication of bolt tension
for galvanised bolts if suitable thread lubricant is not used.

17.7.3 Field Welding

Site welding procedures and methods are generally the same as corresponding shop
welding. However, the gn-site situation gives rise to special difficulties. Generally, manual
arc welding s used becauge of the portability of the equipment.

Frocedures should be ghosen such that distortion and residual shrinkage stresses are
minimised. This requires a deposition sequence in which the appiied heat is balanced about
centres of possible mgvement. In some cases, two welders can work on opposite sides
of a jeint to achigve this. Low hydrogen electrodes are used for joints where additional
ductility is required.

Often the welding procedure can be varied (to improve weld quality and reduce distortion)
after a few joints have been made and examined. Joints which are expected te have large
shrinkage shouid be made first while the connecting members have little restraint. )

The staging provided for welders should be of a high standard hecause a weider may have
to 3pend a considerable period of time working at a joint, Ag a consequence, a welder
requires a comfortable as well as secure working platform to achieve a high standard of
workmanship.

Fortable drying cabinets {to ensure that the electrodes remain dryl may be necessary near
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the work, depending on the type of electrode and the distance to the main electrode store,
Weather shiglding may increase the speed and quatity of the work on jebs of long duration,
by protecting the welder and the welding operation from rain and wind.

Clamping devices consisting of pieces of drilled angle, bolt clamps, long bolts, dogs and
wedges may be useful in "drawing in" and aligning members before welding.

17.7.4 Repair of Protective Treatment

Where the protective treatment of steel members {paint or galvanising) has been damaged
during handling or erection, it must be repaired in accordance with the Specifications.
Sorne bridges are designed to have the final coat{s) of paint apphed after erection, the steel
being painted only with a primer prior to erection.
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18. BEARINGS AND EXPANSION JOINTS

18.1 BEARINGS

Bridge bearings are difficult and expensive to repair or replace once they are instalied.
Great care is therefore required at every stage of their handling and installation.

The Supervising Engineer should check immediately on delivery that the specified type of
bearing has been supplied, that it is the right size and shape, that there are no visible
faults, that the holes are the right size and in the right place and that the specifiad test
certificates are availabie, Finally, he must ensure that the bearings are carefully stored so
that they are safe from physical damage.

Survey marks should be placed on abutments and piers immediately adjacent to bearing
positions so that the position, alignment and level of each bearing can be checked Basily
before it is grouted or epoxied in. These marks should take inte account miror
discrepancies in the rmeasured length between bearing plates on each girder and any
variation it girder depth which might a#fact bearing levels.

For concrete bridges, he must ensure that thera is contact over the whole area between
the substructure and the lower plate, and between the upper plate and the girder. This can
be achieved by packing with non-shrinking martar or epoxy. Sliding and roiling surfaces
should be carefully cleaned and lubricated (if appropriatel.

Before the bearings are fixed in their final position by grouting or epoxying the holding
down bolts, he must ensure that they have been sat to the required jongitudinagl and
transvearse gradients, that the specified allowances have been made for temperature and
creep and that these allowances have been made in the correct direction,

18.2 EXPANSION JOINTS

Unless properly instailed.and maintained: expansion joints wear, become loose. seize up.
break, bend and generally require frequent attention and repairs during their service life.
It is therefore essential to follow carefully the manufacturer’s instructions for installation
of expansion joints to minimise these problems.

Balts roust/be set in the correct position and at the correct height. When the structural
concrete is Cast, special care is required to ensure complete fillirg and adequate vibration
i the heavily reinforced areas around the bolt anchors.

The upper surface of the expansion joint must be set exactly to both the specified
transverse and longitudinal gradients of the bridge dack.

it is desirable that the asphalt overlay sealing coat adjacent to the joint be slightly higher

than the jaint itself to reduce the effect of wheel impact and to allow for the gradual -

decrease of the thickness of the seal caused by consolidation under traffic. The road
surface should never be lower than the joint.
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19. RAILINGS AND BARRIERS

19.1 GENERAL

The final appearance of a bridge is influenced to & very large axtent by the profile of the
railing &s this is the most visible line seen by the motorist. Accordingly, great care should
be taken to ensure that it is erected to smooth curves, both horizontalty and vErtically.
This applies to all types of railing but particutar attention should be paid to steel rails with
site-welded members to ensure that 2 smooth profile is cbtained after welding. Erection
tolerances on railing ars usualty very tight but they are important and should be achieved
by the Contractor.

Tolerancas should be stated in the Specification but, if not, appropriate tolerance are :

- variation from true plan position of posts + & mm

. variation of dimensions in elevation = 3 mm

"’ variation of line of rails from specified vertical and horizontal profile % 5
mm

There are a large number of different types of barriers and railings used on bridges, both
traffic and pedestrian. These range fram simple timber raifing and standard "Armco” type
guardrails to specially fabricated steel or aluminiumi rails and concrete "New Jersey” styie
barriers.

19.2 STEEL RAILS

These includes "Armco’ type guardrailing as well as fabricated traffic or pedestrian raits,

Standard Armco guardrailing can be erectéd on either timber or stest posts. Maunting
details vary, but typically are U-bolts cast in the edge parapet of the bridge. Timber posts
should be inspected to ensure the timber is seund and freg from any defects and correctly
treated. Steei posts are pre-fabricated and should be checked to ensure all dimensions sre
correct and that the surface treatment is undamaged.

Hales in posts for mourting bolts must be drilled and slotted vertically to enable the rail to
be correctly aligned.

Railing should initially be assembled for the full length of the bridge but only loosely
tastanad together to enable the profiles to be adjusted before tightening up. Guardrail
panels must be assembled with the Japs arranged in the direction of traffic movement 1o
reduce the possibility of 8 vehicie being impaled following an accident. Finally, all bohs
must tightened and terminal sections correctly installed.

The correct design and installation of guardrail termenal sections is very important. They
must anchor down the end of the railing so that it can act correctly as a continuous tensile
ribbion and alse serve as a cushion for any vehicle impacting the end of the rail directly.

Other steel railing will normally be fabricated off-site. The railing should be checked during
manufacture and particular attention shouid be paid to the surface treatment for
compiiance with the Specification.  After delivery, a check should be made for damage
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9. RAILINGS AND EARRIERS Part 2

during transit. Erection can be on bolts or sockets cast into the parapet. The rail should
be erected loosely using packers or shims to get the correct profile before bolting and
welding. Al steel and timber packers must be removed to eliminate the possibility of
subsequent staining. Cement fibre or gahvanised packers may be left in place.

Finally, sockets should be grouted and base piates mortar-packed. Packing should be with
dry-pack mortar rammed hard into place. Wooden rammers should be used to prevent
damage to surface treatment,

The erection of long, continuous lengths of steel railing without expansion joints somatimes
gives problems in attaining the correct profiles because of temperature movements. In
such cirgumstances, expansion [0ints should be installed at not more than approximatety
45 m centres.,

For site welding and repairs to surface treatment, refer to the Specifications. Some
Specifications require the final coat of paint to be applied on-site after the repair of
damaged surfaces. This gives a uniform appearance to the rail. Care must be taken during
painting to ensure that there is no staining of the surrounding concrete.

19.3 ALUMINIUM RAILS

Atuminium is used both for complete railings and for the top rails to concrete barriers. Both
extruded sections and castings are used. Manufacture is by a speciatist fabricator. The
railing should be chacked during manufacture to ensure that dimensions are correct and
that satisfactory welds and castings arebeing achieved. Itis normal to load-test a sampie
of the castings to check for imperfections. Aluminium railings do not normally reguire
treatment, but if treatrment is preferred for agsthetic or other reasons, the railings may be
anodised or painted. Checks should be made en uniformity of surface preparation and on
the thickness and colour of coatings.

Erection of aluminium railings is similar to steel with the anly additional precaution betng
that the aluminiurn shiould be eftectively Insulated from any steel fixtures such as mounting
bolts to prevent galvanic action. Plastic tapes, sleeves and washers may be used.

19.4 CONCRETE RAILS AND BARRIERS
Concrete "post and rail” 4ype railings have been used on many bridges but are now being
replaced by steel and aluminium due to their high cost and ineffective action. "New

Jdersey” type barriers are a type of concrete guardrail.

These railings can be cast as part of the edge parapet, when an additional rmetal top rail
may be requited, o they may form an inner barier to a footpath. They are also used as

median barriers on both bridges and roads to prevent "cross-over” type accidents. In this -

case, the barner will be double sided.’

Concrete barriers should be cast after completion of the bridge deck to ensure that the
coriect profile and line is attained. Reference may be made to Section 23 for guidance on
formwork construction, reinforcement and concreting.

When casting concrete barriers it i€ most important that the forms are accurately made and

-
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Fart 2 . ] 19. RAILINGS AND EARRIERS

. iocated, and are of rigid construction. This is to ensure that the final lines of the barrier
are straight and true with a clean, smooth surface. Even so, itis difficult to avoid surface
air bubbies on the sloping face and often it is necessary to resort to bagging and stoning
10 obtain an acceptable surface.

Control joints should be provided in the barrier 1o control the location and size of
temperature and shrinkage cracks. The joints provide a plane of weakness to ENCourags

- cracking in that paosition. A grogve or other feature should be provided on the surface to
camouflage the crack.

oo Concrete edge and median barriers may be precast. Precast concrete madian barriers are
set on a thin layer of mortar, directly on the bridge deck. The individual units should be
keyed inte one another angd asphaltic concrete laid against the base to provida lateral
restraint. Edge barriers are usually supported on levelling balts cast into the concrets deck.,
A cast-in-place reinfarced section is used to rigidly connect the deck to the barriar.

i
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20. TIMBER CONSTRUCTION

20.1 INTRODUCTION

Tirnber bridge construction is diminishing in Indonesia but timber is still used for some new
bridge construction even though timber construction has been largely superseded by
concrete and steel. There are many old timber bridges still in service which have to be
repaired and maintained. Temporary timber bridges are sometimes used in an BMErgency
or during construction works and existing bridges may reguire extensive upgrading.

Timber bridges can be construsted from either round timber in its as-felled condition {with
the branches removed} or from sawn timber. Round timber has greater strength and
durability cormpared to sawn timber and is therefore often used for the mare impartant
structural elements such as piles and stringers.

Itis still possible to construct timber bridges at a competitive price campared with concrets
or steel, provided there is adequate timber convenient to the bridge site and skilled
tradesmen are available. As long as the bridge is designed f6r adequate stifiness there
should be no problem with durability over the design iife of the structurs.

Some terms relating 1o timber bridge construction are shewan in Figure 20.1.
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Figure 20. 1 - Tyoical Fimber Sridge Elaments
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20. TIMEER CONSTRUCTION ) Part i

20.2 SELECTION OF TIMBER

Most provinces of Indonasfa have timber which has been used satisfactorily in timber
bridges over 2 period of many years.

The Standard Bridge Specifications include the requirements for the selection and use of
timber,

20.3 INSPECTION

Round timber logs should be checked after felling for size, damage, straightness and rot.

Timber should also be checked immediately after delivery to site to ensure that it is in
accordance with the Specifications and has not been damaged in transit. |f thers is any
doubt as to the species of timber, the supplier should be requested to supply appropriate
documentation naming and identifying the timber.

When unloading long timbers, slings should be located such that the member does not
sutter any damage. Under no circumstances should long timbers be ‘barred off' trucks
because of the damage that can result. Any timbers so handied should be rejected.

20.4 STORAGE

The timber storage area should be at a convenient lecation, well-drained and cleared of all
flammabie material. To avoid extra handiing, there should be adequate space at the
storage site for cutting and squaring.

The supplier should be requastad to band the ends of all round timber with steel straps and
to coat the ends with a liberal application of hot petroleum jelly as spon as possible after
cutting, to prevent splitting. The ends of all sawn timbers should be similarly coated
immediately after stacking. The ends oftimber cut on site should be recoated with hot
petroleurn jelly as scon- as possible after cutting.

Timber must be stacked clear of the ground on bedlogs, spaced at centres such that there
is no excessive settlement of the bedlogs and there is no permanant warping of the
suppted timbers.In addition, sawn timber should be stacked with 25mmn thick battens

{pieces of timber} between the layers and 25mm spacing between individual pieces to

allpw proper ventilation for seasoning., f possible the timber should be covered (with
tarpauling or galvanised iron) for protection against the weather.

It is advantagecus if all timber, especially decking, is delivered to site as early as possible
to give the longest possible time for seasoning before incorporation into the structure.

In susceptible areas, timber stacks should be inspected freguently for infestation by -

termites or other wood borers. A wvisual check for nests, galleries ete. will usually be
adeqguate.
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Part 2 20. TIMEER CONSTRUCTION

205 PRESERVATION
20.5.1 General

Timber is subject ta deterioration both from rot and attack by insects as well as from
normal wear and tear.

Rot is the breakdown of the physical structure of the timber caused by fungal attack,
Fungus spores are present in the atmosphere and can enter timber through cracks ar
unsealed holes. Under conditions of heat, moisture and lack of ventilation, they can
rmultiply rapidly.

Insect attack s primarily from tarmites on tand and marine borers in tidal waters. Both are

@ serious problem in susceptible areas as they can quickly seriously weaken bridge
members with iittle warning.

The designer should be aware of the problems and shouid have specified tmbers which are
not susceptible to attack and should have detailed preventive measures reguired. Howeaver,
it ts important that construction and supervision statf understand the problems and ensure
that preservative measures are properly carfied out,

20.5.2 Rot

The principal method of preventing rot is by préventing the conditions that encourage its
growth. This means sealing the timbers and keeping them dry, or introducing chemical
fungicides. The best way to ensure maximum service life is for all timber to be pressure
treated by one of the available commercial processes, for example, using creosote,
creosote in furnace oil, Pentachlorophene in petroleum oil or Copper-Chrome-Arsenate
{CCA] compounds. Penetration of the preservative into the timber will vary, depending an
the specigs and moisture content of the timber, but should be checked against the
specified value.

i pressure treatment s unavailable or impracticable, then timbers can be brushed or
sprayed with creosote although this is a much less effective treatment. Creosate will also
have to be applied to all cut surfaces or previously treated timbers for example, at
notching, rebates; seatings and joints etc. Two coats should be applied, preferably when
the timber is as dry as possible and the creosote permitted to dry out hetween coats,

A better alternative to creosote for on-site applications is the use of one of the copper
napthalate {CN) compounds now avaitable. These can be applied in either a liquid or paste
form.

20.5.2 Termites

Pressure impregnation treatments also help to protect timber from termite attack, but the
best protecuen i1s to prevent the termites reaching the timber. This is done by providing
a toxic soil barrier at the abutments and around piles not standing in water.

The treatment consists of saturating the soil behind the abutments with a chernigal
insecticide for a mimmum width of 200mm 1o a depth of Tm, Any gravel surfacing on the
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20, TIMEER CONSTRUCTION Part 2

deck should be similarly traated. Chlorinated hydrocarbons are the preferred insecticiges,
diluted and applied as specified.

20.5.4 Marine Borers

There is great danger to timber bridge piles in tidal waters in Indonesia from attack by a
variety of maring borers such as Teredo. Some timbers are more resistant to attack than
tthers {for example belian from Kalimantan), but the only methods to offer reliable
protection are either a two-stage pressure impregnation with both CCA and creosote, or
by compietely sealing the timber against borer attack.

The required method of protection should be detailed on the Crawings.

The length of pile which has to be protected extends from below the mud line 10 above
high water mark. If using treated piles, care must be taken that the timberin this region
Is not.cut or damaged. if the piles are to ba physically protected than the protection must
be continuous over this length and should aliow for any anticipated scouring of the river
bed. The usual methods of physical protection are either pipe sleeves of concrete, fibre
reinforced cement, fibreglass filled with sand or propristary wrapping tapes and
rmembranes. Protective jackets can alse be constructed by pumping cement mortar into
nylon zipped stockings fitted to the piles.

20.5.5 Safety

_ Creosote and all other chemicals mentioned above can be hazardous, and proper
i precautionary measures must be taken when handling and using them. This involves the
| use of barrier creams and full protective clothing.

An addmonal hazard with CCA-treated timberis that when it is burnt it gives off poisonous
fumes of arsenic pentoxide. It should therafore be disposed of by burning anly in the open
and must not be burnt in enclesed spaces or used as fusl for SOOI PUrposes,

20.6 - CUTTING, SQCUARING AND TRIMMING
20.6.1 Genaral

Before cutting any ‘plece of timber for incorporation inte the finished work, it should be
checked for size and detects. It should then be laid out so it can be cut 1o best advantage.

20.6.2 Round Timbers

Piles normally require pointing and shoeing of the tee, and either the head being shaped to :
accept the piling helmet, or a heavy stee! anti-splitting band fitted. The main consideration

18 to ensure that the toe is on the true centreline of the pile. This is normally established

by stretching a stringline down the pile frorm the centre of the head and judging the best

line.
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Part 2 - 20 TIMBER COMSTRUCTION

When round timber is used for stringers, the minimum seating dimensions specified for the
decking and corbels must be obtained. Seating widths should be kept te a minimum
however to retain maximum strength. Stringers should be orientated so that if they are
oval-shaped, the major axis should be vertical. This is shown in Figure 20.2. In addition
any sag is usually arranged downwards to give maximum depth at rmidspan although the
sag rmay alternatively be arranged upwards to counter deadioad deflections. It is also
important that the top surface of all the stringers in a span are in the same plane so that
the decking will be fuliy supported.

/ MIN 150 TRUE WOOD
oo

OVAL SHAPED STRINGER
PAEFERABLY ARRANGED o 5
WITH MAJCR AXIS VERTICAL ;W L

Figure 20.2 - Orientation of Round Timber Stringers

20.6.3 Sawn Timﬁers

Sawn timbers can be either backsawn or guartersawn depending on the pusition they are
cut from the log as shown in Figure 20.3. The main difference this makes to the timbers
is the distortion which acegmpanies drying out. Wood tends to exhibit an ineressing rate
of shrinkage the farther it is from the heart, so backsawn timber will bow in one plane,
convex 1owards the heart, whereas quartersawn will bow in both planes, {Figure 20.4.).
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20, TIMEER CONSTRUCTION Part 2
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Figure 20.2 - Sawn Timber - Saction

The results of this are most important especially for decking timbers which are difficult to
hold down firmly under the effects of tratfic and are more liable ta deterioration from their
greater exposure to the weather. For these reasons, decking is normally specified to be
backsawn and is then laid sapwood up. This is because it is gasier to pull down curled up
ends rather than a bowed centre. Itis also means that the more durable timber (the true
wood closer to the heart) is in contact with other timber. All sawn timber is laid sapwood
up where possible to enhance durability and make distortion easier to control. ' -
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Figure 20.4 - 5awn Timber - Bowing
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Part & ] 20. TIMBER CONSTRUCTION

20.7 TIMBER CONNECTIONS AND SPLICES

The most common connectors used in timber bridge construction are spikes and bolts,

Spikes are used principally for fixing transverse decking directly to stringers. The normal
size is 225 mm long by 10 mm diameter. They must be inserted in prebored holes 8 mm
diameter to prevent splitting. The holes should be borad at an angle 1o prevent the spikes
pulling out.

Bolts should be of mild steel and preferably galvanised, as black bolts tend to corrode in
green wood with the consequent peossibility of splitting the timber. |f bolts are not
galvanised, they should be cleaned and treated with a protective coating immediately on
delivery. Red lead prirmer, hot linseed oil or tar may be used.

Bolts should be ardered with sufficient thread to allow for variation in the timbers and also
to permit future tightening as the timbers dry out and shrink. Bolts may be square or
hexagonally headed. Alternatively, round head and squarsd shank bolts may be used for
countersinking.  After final tightening, the ends of the belt should be cut off close to the
nut and the cut surface painted over. Where bolt heads are recessed into timber, the
recess should be packed with a bituminous sand mixture to prevent entry of water which
will cause decay.

The use of splices in load bearing members should be avoided whersver possible because
of the reduced strength caused by the splice, but in some cases such as fong piles and
halfcaps (capwales), they may be unavaidable.

The normal types of splice used in timber piles are shown in Figure 20.5. The choice of
splice depends on whether driving is to gentinue after spiicing and the type of loading on
the pile, ie. purely axial or axial plus moment. If there is doubt about the founding level of

the piles, it is always preferable, if practicable, to order over-iength piles rather than 1o plan
on splicing, because of the asseeiated high costs and delays.

20.8 TIMBER PILES

20.8.1 Preparation

Timber piles are prepared for driving as described in Section 20.6.2 and by marking the
length at one metre imtervals on the piles.

After driving, one permanent marking should be cut, located above ground or water level
where it can be easily inspected, to indicate the length of the pile from the toe.

20.8.2 Handling and Pitching

Timber piles should be handied and pitched as described in Section 14.
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Figure 20,5 - Splices in Timber Piles

20.8.3 Driving

Criving of timber piles should commence using light blows of the hammer untii the pile has
penetrated sufficiently imto the ground to ensure that it 13 proceeding in the correct
direction. Blows should then be ingreased gradually until the specified rate of penetration
is achieved, At no time should the intensity of driving be increased {in an endaavor to
reach the specified toe level]l 1o such an extent as to cause damage the pile. Unless -
instructed atherwise, driving should be continuous until the toe of the pile reaches the
specified toe level, or the specified penetration per blow at full impact has been achieved.

As driving proceeds, the ropes holding the pile in position must be progressively lowered
to avoid fouling, and ultimately removed. Should the pile tend to veer off course, the
twitches may be used to correct its position to a imited extent, but if the pile veers off
course to a marked extent it should be corrected if possible without damage to the pile.
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Part 2 20. TIMBER CONSTRUCTION

If this cannot be done, it should be withdrawn if possible and re-driven near its correct
position unless instructed otherwise.

Rock ar other ohstructions can be shattered in situ by explosive. The shattering should be
dane successively in not less than three explosions per pile. The first light shot should be
fired at & depth 0.5 metres below the rock surface and the final shot shoutd be fired at a
depth 0.5 metres greater than the level of the pile toe as shown on the drawings.

During progress of the pile driving, measuremeants of penetration should be made on the
pile.

Refer also to Section 14 for further details on driving piles.

20.8.4 Cutting Off

On completion of driving, the surplus length of pile should bacut off at the specified ievel
shown on the Drawings, and the cut surface treated immediately with petroleum jelly
{applied hot) to prevent splitting.

20.9 TIMBER SUBSTRUCTURE WORKS
20.9.1 General

Substructure refers to that portion of the structure from the firm foundation base up to
bearing level of girders, and inciudes faoungs, eolumns, headstocks ate.

20.9.2 Scarfing of Piles

Where scarfing or ‘cutting.in’ is necessary to join timbers together, it should be done in
accordance with the diagrams shown in Figure 20.8. All timber surfaces in contact should
be treated with a wood preserving compound before being finally bolted together.

20.8.3 Caps, Walings and Bracing

The piles should be marked off at the correct levels shown on the Drawings, surplus length
cut oft, the shoulders cut to receive the caps and the sides cut and trimmed at the
positions shown on the Drawings. to receive the braces.

Note: The distances shown on the Drawings between the inner faces of caps (and braces)
at piles are minimum dimensians, and. in the case of oversize piles, care showld be taken
fat o cul excessive timber away in an effort to reduce the distances between faces of
caps (and braces) to these minimum dimensions. it /s better practice to cut away onfy
engugh timber to provide & full bearing for the caps and an even series of faces across the
oiar for the braces)

The caps and braces should be cut to the correct length and then placed in pasition and
bolted, care being taken to treat surfaces in contact with wood préserving compound.
Holas for bolts shoutd be drilled after the caps and braces have been temporarily clamped
in position. and special attention given to ensure that holes are slotted where specified.
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Figirre 20.6 - Scarfing of Piles

20.9.4 Corbels

Corbels shoutd be cut to length, corners trimmed, and surfaces dressed in accordance with
the Drawings before being placed in position on the capwales or headstocks, surfacesin
contact being treated with wood preserving compound. Holes should then be drilled, and
the belts fitted and tightened up.

20.9.5 Sheeting

Where sheeting behind piles at abutments or wingwalls is to be fitted, the backs of piies
should be trimmed to a flat surface and treated with wood preserving compound before
sheeting 15 placed. Only the minimum amount of timber necessary 10 ensureé an even
hearing surface for the sheeting shouid be cut from the piles.

20.9.6 Ironwork

Where bolts are required 1o connect timbers which may vary in thickness, for exampie
capwales, braces, corbels, etc., the iength of bolt required must be caretully measured and
threads cut for a sufficient length along the bolt to enable the nut to be tightened fully with
due allowance being made for re-tightening after shrinkage of the timber takes place.
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Part 2 20. TIMEER CONSTRLUCTION

20.10 TIMBER SUPERSTRUCTURE
20.10.1 General

Superstructure Work refers to that portion of the structure from the bearing bases
upwards. The methods of erection of superstructures will depend on the following
considerations:

(i} the nature of the crossing {bridge aver road or rail, bridge over normally
shallow water, bridge over deep water ete.);

(i) thi weights of individua!l members to be movad;

{iii} the maximum lengths of members and whether these are complete in
themselves or require splicing;

{h the handling equipment available for the wark.

20.10.2 Girders

Girders should be cut to length to fit the actual'spaces between piers and/or abutments,
their carners trimmed and surfaces dressed in accordance with the Drawings before being
placed in position on the corbels. Surfaces in contact should be treated with wood
preserving compound, Holes should then be dnlied through girders and corbels and bolts
fitted and tightenad up.

20.10.3 Cross Girders or Cross Beams

Cross girders (or cross beams) shoutd be gut to length in accordance with the Drawings,
trirnmed to fit the tep surface of the girders, placed in position, drilled and bolted in place,
All surtaces in contact should be treated with wood preserving compound.

20.10.4 Decking

Decking should be cut to length and fitted in accordance with the Drawings, ends of planks
being retreated withwood preserving compound.  Planks should be cramped tight, holes
drilled and bolts fitted, Atfter the deck is in pesition and fitted, the whole of the deck
surface may be treated with bitumen and sand or aother approved preservative. Joints in
the decking shouid be staggered across the bridge.

20.10.5 Kerbhs

Kerbs should be cut to length in accordance with the Drawings and fitted in position, the
deciing being trimmed if necessary to provide a neat fit. Any timber freshly exposed as
a resuit of trimming must retreated with wood preserving compound. Kerbs should be
drilled in position and bolted up.
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20. TIMBER CONSTRUCTION Part 2

20.10.6 Ironwork

Bolts, nuts and washers should be treated as described in Sectien 20.7 of this Manual.

20.10.7 Erection Methods and Equipment

Timber girders and smaller components may be lifted at the centre or at both ends, using
mobile cranes, gin poles with winch accessories, flying fox equipment, stc. Wire rope
slings may be used for hanging the girders from the hook of the liftg plant. Timber may
be dragged.or-winched to the lifting point provided cars 15 taken not to damage the
trimmed faces. Maximum weights in timber superstructures will not usually exceed 2
tonnes per metre.

20.10.8 Concrete Deck

Concrete decks should be constructed in accordance with Section 15 of this Manual.

20.10.9 Handrailing

The kerbs and handrailing are portions of a bridge which are seen by the general public,
It is theretore essential that the handrailing be erected to a good line and level throughout
the full length of the bridge before being finally fixed.

The posts for timber handrailing are attachad by bolting to the guter girders and kerhs.
Motehing of the guter girders to receive the posts should be carried out so that the
handrailing when finally bolted is true to line and levei. Bolting holes through the posts,
with the exception of the lowest haole, should be slotted to permit subsequent adjustrent
to be made for the shrinkage of the girders, deck and kerbs.
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21. TEMPORARY BRIDGING

® 21.1  GENERAL

There are a number of different types of bridging used in Indonesia which are referred to
@s ‘temporary Or semi-permanent bridging’. These include varipus types of steasl truss
bridges, stsel girder bridges, concrete girder bridges, timber bridges and panel bridges (of
the Bailey. Mabey or Transpanel type).

This Saction covers panel type temporary bridges.

Panel bridges are small, portable, prefabricated bridges suitable for rapid and easy assembly
and installation by hand and light crane. They are especially useful when required to
replace bridaes damaged by fire, flood, accident, collision, timber decay etc. Temporary
j bridging is also used to provide for diversion of traffic during Bridge construction or
i maintenance wark.
I
]

_ Details of parts and components and the loading capacity for known types of bridges and
| . their configuration are provided in the respective manufacturer's technical manuals.

21.2 TYPES OF PANEL BRIDGING

- The original type of panel bridge was the "Bailey" type developad in the 1940's for military
use. The foliowing types of panel bridge are in use in Indonesia:

. Standard "Bailey"
Super "Bailey”
Acrow -

Mabay "Universal”
Mabey "Compact”
Transfield "TransPane!"

4 & ¥ ¥ & #

More details about Mabey ‘Compact 200 and 'Transpanel’ bridging are contained in the
Bridge Construction Techniges Manual.

21.3 DESCRIPTION OF PANEL BRIDGING

All the above types of panel bridge have the same design philosaphy. The panels form a

simple through-type bridge with the roadway carried between two main load-carrying

girders. The main girders are composed of a number of identicaf panels pinned together,
| end to end, and connected where necessary side to side, 1o form continuous stiff girders
i from abutment to abutrment.

The girder units may be stacked two or three high andfor additional chord reinforcement -
may be added for increased span and load carrying capacity. {(Note that Transpanel
bridging is not able to be stacked in this manners,

The rmain girders are connected and spaced apart by road bearers called transoms which
also carry the subsidiary steelwork supporting the roadway. Decking systems of steel plate
or timber can be used but narmally timber is adopted for temporary construction.
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21. TEMFORARY BRIDGING Far 2

Panel bridging can also be used vertically to form piers and towers.

The bridge configuration is described by reference to the number of truss units or rows and
storeys or levels. These may range from single truss/single storey to tripleftruss triple
storey. Their designation follows this form with the first letter referring to the number of
panels side by side and the second letter referring to the number of storeys. A structure
of single pangl width and single storey is 3.5, three pansls wide and one storeyis 7.3, and
50 on,

In some instances, the chords of the panels are strengthened by the bolting of reinforcing
channel sections to the chord and in these instances the letter 'R’ is added to the usual
designation to indicate the use of chord reinforcement, eg. D.S.R. is double single
reinforced. Reinforcement is usually an alternative to the use of an additional storey but
it sometimas used in conjunction with multiple storeys. Some systems [for exampie
Mabey) allow the use of regular or heavy reinforcement to the chords.

The bridge may be designed to be continuous over a support or simply supported. !f it is
a muitiple span simply supported bridge it is often referred to as being a Broken-span
Lridge.

Panel sizes vary with the type of bridge. The original Bailey bridge panels were 3.048 m
long and 1.448 m deep. The Mabey Compact 100 panels are 3.05 m x 1.45 m, the
Compact 200 are 3.05 m x 2.13 m and the Mabey Universal are 4.5 m x 2.36 m. The
Transfield Transpanel bridging panels are 5.000 m x 2,210 m (small chord reinforcing) or
2.380 m (farge chord reinforcing).

The distance between opposite trusses can vary between 3.75 and 11.75 metres
depending on the type and configuration. Some systems have footways which attach to
the outside of the bridge.

In generat the systems above are incompatible with sach other. Components from ong
type of panel bridge cannot be used interchangeably with components from other types.

Ffigure 211 shows the cgmponents of a typical Bailey bridge.
Figure 21.2 shows the various span configurations of Bailey bridge. MNote that the exact

configuration and narming pattern may differ between the various proprietary types of panel
bridging.
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Parr 2 21. TEMRPORARY ERIDGING
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Figure 21. 7 - Components of a Bailey Bridge

21.4 SELECTION OF CONFIGURATION

Careful consideration of the configuration required must be made for each site,

Full details of various configurations are given in each manufacturer's manual but it is
essential that the following aspects of performance be considered:

span limitatons
permissible deflections

Shear, particularly with the use of trusses to support existing bridge
decks

frequency and intensity of traffic
local and Natioral standards for load requirements
regular maintenance and in-service inspections
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21. TEMPORARY BRIDGING Par, 2
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Figugre 21.2 - Span Configurations

21.5 SUPERVISION

The Supervising Engineer’s responsibilities include the following aspects of panel bridgs
COnSUCHon,

. ensuring that the structure is built correctly according to the Erection
ranual

. checking of dimensions and levels

. canfirming that the bndge span and launching method are suited to the
site

. ensuring that the launching is executed correctly

. ansuring that the jacking is carried out safely

- ingpecting the finished bridge 1o ensure that all companants have been -
correctly fitted and tightened befare permitting traffic to cross,

* safety of alt personnel )

21 -4 BMES-AAE « Conaniuepon Sugeros on Monosl - 22 deocary TH33

Dokumen ini tidak dikendalikan jika diunduh / Uncontrolled when downloaded




Fart 2 21, TEMPORARY ERIDGING

21.6 CONSTRUCTION
21.6.1 General

Fanel bridging is destgned to be assembled using only simple toels and equipment. A4
toolkit containing fack(s), spanners etc. often accompanies the components.

The normal method of erecting pane! bridges is to build the bridge complete on rollers on
one side of the gap with a launching nose {made from standard components) attached 1o
the front end of the bridge. The bridge is then relled forwarg over the gap until the point
of balance of the bridge (with launching nosel is reached. The nose will then be over the
landing roliers on the far side of the gap. When the nose has been lowered onte the
landing roliers, the whole bridge is pushed forward until the ends of the bridge are over the
prepared baseplate positions. The launching nose can then be dismantled and the bridge
jacked down onto the bearings after removing the rollers. The bridge may be launched in
its compieted condition with the deck in place or more usually the timber deck is installed
after erection.

After the bridge is jacked down, the ramps are fitted at each end of the bridge to complete
the construction.

The normal method of construction described above ts net @lways the most appropriate.
Other methods of censtruction can be used where suitable heavy lifting equipment is
available.

When panel bridging is used to support bridge spans under repair, special designs are
adapted with or without transoms and decking.

21.6.2 Site Layout

The site layout will depend largely on the design of the bridge, the site conditions and the
relevant levels on both sides of the gap.

Launching s simgder from the higher bank to the lower bank because of the need to build
up reller levels on the lower side. On a flat site, the more convenient side can be selected.

An area 1D metres wide and extending back from the gap for a distance equal to the length
of the langest span isrequired.

21.6.3 Assembly

Agssembly of the bridge must be carried out as detailed in the appropriate Erection Manual
for the type of bridge being constructed. Special attention shoutd be given to the proper
fitting of all ping and cirglips.

The addition of second or third trusses and/or storeys may be carried out at the time of
initial assembly or at some later time, even after the bridge is in operation. The weight of
panels added prior to launching may require the use of more launching rollers,
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21. TEMPORARY BRIDGING ] Part 2

The length of the launching nose must be determined to ensure that, with the bridge
complete and the nose cigar of the tanding rollers, the weight of the bridge and nose over
thz gap will be balanced by the weight of the bridge on the 'heme’ side of the Jaunching
roliers. Generally the length of nose is equal to ha!f the span lenath plus one panel length.

21.6.4 Launching

Mechanical akds to iaunching will only be necessary where the launching plane has a steep
slope up or down. The bridge is pushed or pulled forward carefulty while careg is taken to
ensure that the-bridge remains on the rollers, the roliers do not jam or move and the nose
15 iocated over the landing rollers. Long bridges tend to wander off line easily if pushed and
they should be pulied out into pesition. Launching continues until the end posts of the tail
of the bridge are central on the baseplate. A method should be emplayed to ensure that
the bridge will not overrun its final position eg. by the use of a tail rope anchored to a
strong tree or connected to a bulldozer,

In some instances, there will not be sufficient room to permit assembly of the full span
length prior to erection. A counterweight system and additional construction rollars may
be needed 1o provide the additional balancing moment, although are s needed in planning
the sequence of construction.

21.6.5 Jacking Down

Whilst the launching nose is being dismantled, jacking down can commence on the home
bank. At no ome should the bridge be supported on jacks at both ends. If the bridge is
on a slope, it shoutd be secured in position prior to iacking. The number and capacity of
the jacks required may be calculated from the weight of the bridge. It is essential that
packing with timbers accormnpanies the jacking process te minimise the risk of damage
should any failure of the jacks occcur.

Jacking is commenced by lifting the bridge clear of the recking rollers which are then
withdrawn. The bridge is thengradually lowered onto the bearings, care being taken to

ensure that itis carred out evenly. Only the proper bearings should be used to support the
bridge.

21.6.6 Ramps
The deck evel of the bridge wili usually be more than 0.5 metre above the ground and
ramping will be necessary. A maximurn slope of 1 in 10 can be adopted but a level

approach or a maximum stope of 110 20 is preferable.

Each type of bridge will have its own individual requirements for ramp construction.

21.7 DISMANTLING

Dismantling and removal of panel type bridges is basically the reverse of the procedure
used for assembly and launching.
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22. COFFERDAMS

22.1 COFFERDAM CONSTRUCTION

A cotferdam is a temporary wall or structure intended 1o exclude water from construction
work fusually foundations). 1t must therefore be designed for stability under maximum
water ievel conditions, and should be safe against bursting, sliding, and overturning, Since
cofferdams are temporary structuras, economy is also major consideration. The selection
of the type depends upon the ares to be protected, the depth of water to be catered far,
the possibility of overtopping by floods, and the nature of the material in which the
cofferdam is founded (which must be reasonably impervious). tn flowing streams, the
possibility of scour due to tha reduction of the waterway by the cofferdam, and the effect
ot pressure on the face of the dam, must not be overlooked.

22.1,% Steel Sheet Piling

Steel sheet piling is @ common material used for the construction 6f cofferdams. It has the
advantage of great strength and is able to be salvaged relatively easily at the complation
of the work. Except when the bottom is bare rock, a single wall of stesl sheet-piling is
generally the most effective cofferdam for depths ranging fram 5 ta 20 metres. Even on
bare rock, if the surface is soft enough to permit a minimum of 300 mm penatration, stesl
shesting may be used successfully.

There have been many shapes of section devised for steel sheet- -piling, and all are usually
provided with suitable interlocking ‘clutches” along each edge.

One advantage of steel sheeting is that it may be driven below the bottom of the
excavation to cut off water and to retain seft and unstable material. The depth of cut-off
should be at least half the depth of water acting on the cofferdam.

A single wall of steel sheeting is driven by means of a guide frame. In water of up to 10
metres depth, this may take the form of timber piles with walings bolted into position to
provide alignment for the sheeting. In deep water, it is usual to build a framework which
will brace the piling after the cofferdam is pumped out. It is essential to keep the sheets
vertical, and thisis most easily achieved by standing up a long row of sheets and driving
them dawn @ short distance, the whole row being gradually driven to the required depth.
Anather important poim is to place a very heavy grease in the interlocking clutches prior
to agsembly to prevent rusting and make extraction easier.

22.1.2 Concrete Sheet Piling

Concrete sheet piles are precast members constructed either with or without a jeinting
system teg. tongue and groova)

The points are often cast with a bevel, which tends to wedge each pile against the
previously-driven pile. The piles are retatively buiky and they displace a relatively large
volume of soil. This larger displacement of soit tends to increase the driving resistance.

By cleaning and grouting the joints after driving, & reasonably watertight seal may be
achieved. Grouted walls may need expansion joints installed along the wall,
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22 COFFERDAMS _ Part 2

22.1.3 Braced Cofferdams

Braced cofferdams are designed so that |oads on each set of horizontal walings are equal,
in order to standardise the size of meambers.

Walings are installed by hanging them from the guids frame.

Allowance should be made in design for the pessibility of struts being damaged by the
digging bucket. It is usual to support them with hraces and posts at reasonable intervals
in order to reduce their unsupported length as columns. They must also be arranged tg
avoid fouling the permanent structure as much as possible.

22.1.4 Dikes

Dikes are embarkments of earth % or rock fill, and are designed as gravity dams. They
are the simplest form of cofferdam but must be high enough te aveid any chance of
overtopping unless suitably protected. Earth is used in guiet water and rock in rmore
turbulent locations.  Sealing the latter is often a difficult job, but may be achieved by
sandbagging the face with ciay. Dikes are usually employed forlimited pariods, particulariy
to enable installatien of a more permanent cofferdam behind them. Sandhbaq dikes are
useful for small heights, the individual bags of clay being laid in courses as with brickwork
and the gaps between the bags packed with clay. In general, dikes should have a top
width of at least one metre, with side slopes of the order of 2:1 to 3:1 for earth fill, and
1.5:1 for rock fill. Protection against wave erosionis essential on earth dikes.

22.1.5 Suspended Cofferdams

suspended cofferdams are used when piles or caissons have to be capped below low
water, and the depth to the river bed is large. A watertight box is constructed, generally
of timber, with suitatle hates in the floer to fit over the caissen or pile heads.

22.2 DEWATERING OF COFFERDAMS

Dewatering of cofferdams must be carried out with great care and attention. As soon as
the cofferdam is closed, the water should e pumped down In stages, with accurate
observations of inflow @f water between pumping pericds. Sealing of bad leakages and
installation of bracing (as required! can proceed during these stages. Cofferdam pumps are
usually of the centrifugal type with wide clearances since sand, silt and other foreign
mattar are generally contained in the water.

After the inside of the cofferdam is dry, it should be kept dry unless a blow-in occurs as

a result of the floor being forced up by water pressure from cutside. |f this occurs, there

15 obvrousty not enough cut-off below the toe of the sheeting, and further driving to
achieve a bhetter seal may be necessary. The foundation area must be observed at atl timeas
for signs of weakness which may lead to a blow-in, and perscnnel should not be permitted
to stay in the area if danger is suspecred. At the first sign of severe leakage or weakening
of the bottom, the area should be flooded and steps taken to obtain a better seal. Onrock
foundations. grouting may be effective in blocking leakage through fissures. [f this is not
possible, or if a cofferdam canrot be dewatered completely, excawvation will have to
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Part 3 22, COFERDAME

proceed under watar, and a concrete seal (designed against uplift] instalied on the finished
bottom, thus enabling the cotferdam to be pumped dry so that further construction work
may proceed as planned.

Overtopping of cofferdams should be avoided if possible. Flood hazards should be soundly
investigated, and the height of the cofferdam determined by judgement. The economical
height is that at which the cost of additional pratection will be more than the cost of delay
and damage due to overtopping and flooding. If a cofferdam is in danger of ovErtopping.,
simiiar action must be taken as with a blow-in or serious leakage. Watar should he pumped
into the workings to prevent serious damage which may result from sudden ingress of large
volumes of water. When the danger has passed, the area may again be dewatered.

Generally, it is expected that after a cofferdam is dewatered, work should proceed to its
tonclusion inside as fast as possible, with the inside of the cofferdam maintained as dry
as practicable.

22.3 REMOVAL OF COFFERDAMS

The design of a cofferdam rust take into account its removal on complation of the
permansnt works. There must not only be sufficient glearance inside the cofferdam to
permit its removal without damage to the completed permanent structure, but also to
enable work to proceed with reasonable access to all parts of the structure during the
construction period. Bracing locations must be carefully chesen so that the braces may be
removed without fouling.

Sheet piling is pulled with extractors, care being taken not to damage the sheeting. The
greatest effort will be required at the startin loosening the piling both from the ground and
the interlocks and difficult sheets may be left until neighbouring ones have been extracted.
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23. DESIGN OF TEMPORARY WQRKS

23.1 GENERAL

Temporary works for bridge construction include falsewark, formwaork, cofferdams and
shering. Thess works do not form part of the finished structure and they ate usually
ramoved prior to the completion of the permanent Works.

This Section covers only falsework and formwork. Section 22 describes of coffer dams
and shoring of excavations.

23.2 FALSEWORK
23.2.1 General

Falsework is defined as any tempaorary support required for bridge construction. Falsework
must be designed te withstand all the forces resulting from the specified loads and any
additional loads that may be imposed during construction.

The design should taks into account the magnitude, direction and duration of these forces
individually and collectively.

The design of all falsework members and connections should comply with the relevant
Standards referenced in the Specification and any statutory regquirements.

Falsewark members should be designed to limit deflections to 1/300 of the span and to
prevent cracking of previousiy-cast sections by subseguent casts, Deflections of beams
and dimensional changes in other members and connections must be limited to ensure that
the finished concrete is within the specified tolerances.

23.2.2 Design Loads

a. Dead Load

For cast-in-place concrete gonstruction, the design dead load includes the weight of forms,
falsework, wet concrete, reinforcement and any other embedded material. The mass of
wet concrete ingluding reinforcement should be taken as 2700 kilograms per cubic meatre.

Far segmental work, the design dead load should include the mass of the segments and
any other additional dead Ipads which may be applied befare the structure becomes self-
supporting.

Sirmilarly, in steel construction, falsework may be reguired to temporarily support
permanant girders or ather steel members as well as any additional dead loads such as
reinforced concrete decks.
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23. DESIGN OF TEMPORARY WORKS ) Part 2

b. Construction Loads

These_ loads include the weight of workmen, plant, equipment and runways, stacked
material and an impact allowance equal to 25 percant of the totad weight of mechanicaliy
operated squipment.

in no case should the design construction |oad be less than 2 kPa (0.02 kg/cm?® (plus the

weight of stacked material} on the plan area of the finished concrets or a single isolated
load of 2.5kN applied at any point of the structure, whichever is the more severe.

C. Horizontal Loading

Horizental loading includes wind loading, horizontal impact loading equal to 2% percent of
the total weight of mechamically operated equipment, and all other horizontal leading
pecurning during constructicn.

In no case should the design horizontal foading in any direction be less than 1.5kN/m

applied at the edge of the deck, or 2 percent of the total dead load, whichever is the
greater.

d. Wind Load

The design wind load should be 2.5 kPa 10.025 kglem®} acting on the exposed area of
falsework, formwork and any object supported by the falsework or formwaork.

e. Other Loads

Other design loads should include loads resulting from special conditions likely to occur
during construction, the effect of prestressing, construction staging and removal of
falsewark.

23.2.3 Calculations and Drawings

The design caleulations should state all design assumptions and should include an analysis
of the forces, stresses, stability, deflections and other dimensional changes due to loading

in all members of the falsework.

The drawings should be fully detailed including all member sizes and materials, dimensions,
levels and erection procedures, bracing details, connections and foundations.,

The falsework should he fully inspected by the Supervising Enginger before it is loaded to
ensure that it complies with the design assumptions and the drawings.

23.2.4 Bracing

A large number of failures that have occurred duwing bridge construction have been
attributed to inadequate bracing of falsework.

Adequate bracing must be provided in longitudinagl and transverse directions to ensure that
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Part 2 23. DESIGN OF TEMPGRARY WORKS

the falsework is stable and that significant horizontal movements resutting from the applied
loads are prevented.

23.2.5 Provision for Adjustment

The faisework should have provision for vertical adjustment, to facilitate erection and
stripmng of forms and tor realignment if excessive sattlement takes place.

Serew jacks may be used at both the top and bottom of tubular shores and frame type
shoring. The amount of extension of a screw jack may reduce the load capacity of the
jack. The manufacturer's recommendations should be followed.

Wedpes may be used to facilitate adjustment at the top or bottom of shores. Wedges are
usually made of hardwood and driven in pairs to provide even bearing. When final
adjustment of shore elevation is complete, wedges are nailed 1o the shore.

YWhere extensive movement of a heavy load is required, such as wher a large section of
shored structure is to be lowered or raised as a unit, hydraulic or pneumatic jacks are often
used to provide adequate cantrel of releass,

For de-propping only. sand jacks can lower heavy loads and offer the advantage of little
deflection under load and little danger of failure during ptacing and curing. The rate of

lowering is easily controlled by the release of sand fram the Plug heles (sea Figure 2317,
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Figure 23.1 - Sand Jack details

23.2.6 Foundations

Foundations for falsework must he ahle to carry the load without excessive settlement of -
the falsework or relative settlement between adjacent sUpports.

individual footings and groups of footings should also be designed to satisfy stability
criteria.
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3. DESIGN OF TEMPORARY WORKS . Part 2

Foundations for falsework must be drained wherever possible to prevent panding of water.
Where natural drainage cannot be provided, such as in open excavations where the
foundations can become saturated, allowance shouid be made if appropriate for reduction
in design bearing capacity, changes in stability and increased settlement or heave of the
foundations. MNevertheless, it is good engineering practice to provide sumps in open
excavations 1o assist in dewatering,

Bearing surfaces of footings should be horizontal. Foundation materials such as soil, fill or
cther materiais which are soft and compressibie or which may be subject to ergsion by
water, must be removed to expose a suitable foundation, Where such materials have been
removed, the excavation may be back-filled to the required level by compacted stabilised
crushed rock or equivalent.

Footings supported directly on the ground near surface level should bear.on concrete bases,
timber bed logs or other types of approved materials,

23.2.7 Alignment of Members

All falsework members must be straight without twists or bends and all damagead
components should be removed from the site.

Vertical shores should be braced to prevent tilting. “In multi-tier scaffolds, the vertical
shores in the upper tier must be set vertically, directly above the shorgs in the lower tier
to ensure that loads are applied vertically and without eceentricity.

Splices, couplings and joints in components must be secured against bending or buckling
and they must be staggered with respect te ether members.

tnclined mermbers must be braced against possible movement.

23.2.8 Proprietary Falsework

Proprietary materials are now used extensively for falsework in concrete tridge
construction. They have the advantage of safety, simplicity of design and ease of erection
and dismantling.

Heavy duty shoring frames are designed for all formwork supports, with a maximum
capacity of up to 45kN per leg when used with heavy duty accessories. They can also be
used in conjunction with standard tubes and fittings.

Where falsework is required over deep crossings or where waterway or roadway clearances
have to be maintained during construction, long span falsework has 1o be used. Long
span falsework includes steel girders or frames and trusses {either steel or timber}. Bailay
bridging is a special form of steel truss which has been successfully used for long span
falsework.

Although faisework is often supported off permanent parts of the strueture such as piers,
pier footings or abutments, it may be necessary to erect temporary support(s) at
intermediate lozations for longer spans.
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Part 2 £3. DESIGN OF TEMPORARY WaRKs

For long spans, precambering of the falsework may be necessary to ovarcome the effects
of daflection.

In prestressed, precast segmantal construction, segments may be assembled on falsewark,
In such cases special provision has to ba made in the Segment sUpport Systam 1o provide
for the elastic shortening of the precast sections which occurs during prestressing and for
possible rotations, especially in stage-by-stage construction.

23.2.9 Inspection Checklist

A check for a checklist for the final inspection of scaffold-type falsework is as follows -

{a) theck to see that there is & sound footing, under every leg.of every frame on the
job and that the foundation is adequately drained.

{ht check that all base plates or adjustment screws are'in firm contact with the
footing or sill. Al adjustrment screws should be snug against the legs of the
frame,

{c) abtain a copy of the falsework layout drawings. Make sure that the spacings

between towers and the cross brace spacing of the towers do not exceed the
spacings shown an the drawings. |f variation is necessary because of a fisld
requirement, consult with the Engineer who prepared the drawings for his
approval of the amended layout.

{d) frames should be checked for alignment in both directions. The maximuum
tolerance for a frame which is eut of plumb is 1 in 300. If the frames exceed
this tolerance, the base should be adjusted until the frames are within tha
tolerance.

{el check that there are no gaps in the vertical joints or connections of frames.
Gaps may indicate that frames are distorted or bases out of adjustment.

{f) all frames must be connected to at least one adjacent frame to form a tower,
Check to make sure that the towers have all the cross braces in place.

{g) while checking the cross braces, also check the locking devices to ensure that
they are in thelr closed position or that they are all tight.

23.3 SCAFFOLDING
23.3.1 Scaffolder’s Respansibility
a. General

Seatfolding is used to sUpport men, materials and gquipment. |t can be subjectad to heavy
loading and its safe design, erection and cperation is of primary importance to job safery
and the quality of workmanship.
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23. DESIGN OF TEMPOFRARY WORKS Fart 2

The design of scaffolding should be carried out by an Engineer with a thorough knowledge
of the requirements.

b. Responsibility of Scaffolders

It is the responsibility of the scatfelder to ensure that all scaffolding work is carried qut in
a sate and efficient manner according to the relevant regulations. In the absence of
appropriate regulations, estaplished customs and practice should be followed. Atalitimes
the first consideration must be directed to the safety of all persens using the scaffolding
of in the surrounding work area. Where a new type of scaffolding is to be used, itis
necessary for approval to be sought from the Engineer before it is erected.

23.3.2 Use of Scaffolding
a. Footings

The Supervising Engineer shouid that the foundation footing or structure from which a
scaffold is to be erected or suspended is solid, substantial and of sufficient strength to
support the scaffold. The bases of standards, or vertical meémbers, should be set on
planking at least 200mm wide and 40mm thick. and of sutficient langth to distribute the
lvad over a suitable bearing area. Where ground may become softened due to wet
weather, suitable drainage must be provided. Asphalt pavements may be softened by heat,
and surfaces which may appear sound may cover fragile or broken pipes. Where
necessary, protection against the impact of heavy trucks or other heavy moving equipment
should be provided.

b. Spacing of Vertical Members

For tubular scaffolding, it is advisable to set out the vertical members at centres to suit the
iengths of the planking. For planking 4 m iA fength the verticals should be placed at 2 m
centres,

c. Erection in Vicinity of Electricity Lines

Before erecting any scaffolding adjacent to or in the vicinity of electnical wires or
apparatus, itis essential to ensure that suitable protection is pravided far ermployees. All
electrical wires which could create a dangerous condition should be de-energised, short
circuited and earthed, of re-routed. Scatffolding should not be erected until the appropriate
Authority has been contacted, and the high voltage wires have been made safe. Positive
steps should be taken to prevent accidentally re-energising the wires when work is in
progress. Where the de-energising of uverhead wires is not practicable, the wires should
be fully covered by the appropriate contralling Autherity. The protection provided should
sateguard employees against contact with live wires which may lead to severe electrical
shock if touched., Care must be taken in wet and windy weather conditions,

d. Secure Planking

Scaffold planking and plywood sheeting should always be secured, regardiess of height
above ground.
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Part 2 - 23, DESIGN OF TEMPORARY WORKS

e. Maximum Free Standing Height

Any free-standing scaffold, whether of timber. tuhes ar frames. should not exceed in height
or length more than three times the least dimension or width at the base, uniess it is
adequately tied tc & sgcure Structure, or tied by steel wire rope guys to a secure
anchorage. Alternatively, the hase area of the scaffolding should be increased by
additional bays or frames properly secured and braced so that the height ¢oes not exceed
three times the least dimension of the extended base.

f. Tie Bracing

All forms of sgaffolding should be strengthened by adeguate tie-bracing in all directions.
Ties of mild steel wire, twitchad or twisted, are not permitted. Steel wire ropes of
adequate diameter may be used instead of steel struts.

g. Movabie Scaffolds

Movable scaffolds rmust have horizontal members close to each whesl 1o pravent bending
of the verticals, and care must be exercised when moving the scaffald that the wheels do
not strike obstructions.  Horizental diagonal bracing must also be fitted at the base of the
scaffold in order to prevent distortion.

h. Handrails and Toe Boards

Handrails and toe boards should he fitted on all scatfolds from which a person or object can
fall a distance of 1.8 m or more. Handrails fitted in an improper manner, of defective
material, or of small dimensions give a false sense of security. Ropes are not acceptable
as handrails. '

1. Ladders
Accidentsinvolving tadders should nat gecur if proper safety rules are cbserved. Accidents
usually involve persons falling when a ladder slips away at its base or siides sideways at
the top.
All ladders, temporary or permanent, should be firmly tied and secured 1o prevent
movement. Regular checks should be carried out to ensure defective or broken ladders arg .

not used.

Ladders must not be raked more than 1 in 4 and should project past the landing by 0.9m.

23.3.3 Types of Scaffolding

The most common types of scaffoiding used in bridge construction works are independent
pole scaffolds and cantiiever scatfolds.

They can be constructed for heavy duty, medium and light duty. They are suitabie for
concreting, brick 1aying, derolition, masonry, rigging ete. Medium and light duty scaffolds
are used for lighter trades such as painting, electrical, plastering ete,
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23. DESIGN OF TEMPORARY WORKS Part 2

Steel tube scaffolding, because of its high strength, should be usad for independent pole
scaffolding except where special circumstances may render the use of metal inadvisable.

A cantilever scaffald may be used as a working platform around the perimeter of a deck.
In may cases, the cantilever brackets are prefabricated from timber and they should be
firmly attached by bolts with full thread contact on the nuts. Screw connections into
ferrules are not recommended because there is no cligar method of inspecting the thread
contact in the ferrule.

23.4 FORMWORK
23.4.1 General

Faremwork is designed and built as a containment for tresh concrete in order to mould it to
the required shape and dimensions. It has to support the weight of the fresh concrete until
it hardens sufficiently 1o become self-supporting and has to support its own weight plus
temporary construction loads.

There are a number of publications which provide sufficient reference material for the
design and construction of formwork, such as the following:

) Hurd M. K. ‘Formwork for Concrete’ ACI - SP-4 {Fourth Edition), and

. 'Recommended Practice far Concrete Formwork” ACI 347-78

23.4.2 Typical Form Assemblies

Irt general, formweork consists of sheeting to shape and retain the concrete and supparting
members to hold the sheeting firmly in place. Direct support of the sheeting is provided
by members called studs in vertical formwork and joists in horizontal formwork for slabs.,
Studs are usually supported by cross members called wales {or walers), and the joists by
Stringers. The walgs or stringers are held in place by tension membars soch as tie rads or
bolts, or cormpréssion members such as shores or posts. The wheole assembly may be
braced by struts, guys or cables. Typical formwork assemblies are shown in Figures 23.3,
23.4 and 23.2,
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Figure 23.3 - Typical Deck Cantifever Formwork
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Figure 23.4 - Typical Pier Formwork
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Part 2 . 23, DESIGN OF TEMFORARY WORKS

23.4.3 Design of Formwork
a. Design Objectives

There are four objectives in the design and manufacture of a form as foliows:

- Strength - the forms should be designed so that they will safsly support
all loads without collapse or danger to the workmen or the structure.

*+  Rigidity - forms must be suificiently rigid under construction leads to

- maintain the required shape and alignment. Formwork tolerances are

generally tighter than the tolerances specified for the finished concrate

due to the deflsctions caused by elastic shortening of braces,
embedment of mating surfaces and flexure of beams.

* Appearance - the appearance, texture and colour of a concrete surface
i5 a funetion of the guality of the forms. The appearance is determingd
by the degree of flatness, misalignment and surface roughness.

Texture can wary from smooth to rough and can be accidental or
intended. Colour may be uniform or variable. Where urniform colour is
required, it is imperative thatforms and jgints are watertight and forms
are of sufficient and uniform stiffness to avoid vatying amplitudes during
compaction caused by high frequency vibration.

Dark arzas will form on the concrete surface if the form is not watertight
ar the form lining wvaries in stiffness.  Loss of grout will cause
heneycombing.

The use of plastic sheeting as a lining will prevent leaks but will be
difficult to strip. Its use should be discouraged and the Contractor
encguraged 1o use plywood, especially for deck slab pours.

. Econorny - in the bullding of formwork, the aim is for minimum cost
withaut sacrificing safety or quality. Experience and ingenuity in the use
of formwaork can have a large influence on cost. Forms must be
adequately constructed so they will withstand handling and reuse
without Igsing their shape. '

b. Loadings on Farmwork
Loads which the formwork has to withstand are

. Dead Loads - weight of formwork, reinforcement, embedded materials,
fresh concrete; "

. Superimposed Loads - weight of workmen, eguipment, runways,
allowance for impact, and the weight of temporary loads caused by
stacking of materials:

. Latera! Pregsure of Concrete - which increase with the height of concrete
poured, Wibration of concrete also increases lateral pressures;
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£3. DESIGN OF TEMPCGRARY WORKE Par 2

. Orher Lateraf Loads - wind |oads, forces from cable tensions, and inclined

supperts.  These ioads have 10 be considered mainly in the design of
formwork; '
d Special Loads - caused by any special conditions of construction.

For the design of formwaork, the density of normal reinferced concrete should be taken as
2700 kgim?*,

fal Loads on Horizontal Forms
For horizontal forms {eg. for slabs), the loads on the forms are listed abovs.

The weight of the formwaork itself can be taken as 0.5 kPa. The_minimum vaius for
superimposed |oads providing only for the weight of workmen and an allowance for impact
i5 2.0 kPa. A loading of 3.6 kPa is recommended when concrete is placed with powerad
buggies. Where materials are to be stacked ternporarily on the forms, aliowance must be
made for the loading caused by such materials.

{h} Loads on Vertical Forms

For vertical forms such as for walls and columns, the load is determined by the lateral
pressure of the fresh concrete which is, in turn, a function of the ambient temperature, the
height of the lift, the rate of casting and the method of compaction.

{i) Lateral Pressure of Fresh Concrete

Vertical forms are loaded by the lateral pressure of the wet concrete. The freshly placed
concrete behaves tempaorarily like a fiuid, preducing a hydrostatic pressure which acts
laterally on the vertical forms. This fateral pressure is comparable to # full liquid head when
concrete is placed to the full height within the period required for its initial set.

With slowear rates of placing, concrete at the bottom of the form begins to harden and the
Faterai pressure ts reduced to less than full fluid pressure by the time concrete is complsted
in the upper parts of the form.

The effective lateral pressue - a modified hydrostatic pressure - has been found to be
influenced by the mass, rate of placernent and temperature of the concrete mix, use of
retarders and the effect ©f vibration or other consolidation methods. How these factors
effect lateral pressure will be discussed briefly before considering the magnitude of
pressure to be used in form design. The factors atfecting lateral pressure on forms are :

- Mass of Concrete. The mass of the concrete has a direct influence since
hydrostauc pressure at any point in a fluid is created by the mass of a

suparimposed fluid, Liguid (hydrostatic) pressure is the same in all -

directions at given depth in & fluid, If concrete acted as a true liguid the
pressure would increase proporticnally with depth in the liguid.
However, fresh concrete is a mixture of solids and water whose
behaviour only approximates that of a liquid, and then for a limited time
anly until the concrete starts to set.

- Rate of Placing. The average rate of rise of the concrete in the form is

23_1’ 2 BMES-M.E - Gorstizclion Supaew:son Meaneal - 22 January 1383

Dokumen ini tidak dikendalikan jika diunduh / Uncontrolled when downloaded




Part 2 23. DESIGM COF TEMPORARY WORKS

referred to as the rate of placing.

As the concrete is being placed, lateral pressure at a given point
increases as concrete depth above this point incraases, Finally, by
consolidation, stiffening, or @ combination of the two, the concrets st
this paint tends to support itself, no longer cauging lateral pressure on
the forms., The rate of placing has a primary effect on the lateral
pressure, and the maximum lateral pressure is proportional to the rate of
placing, up to a limit egual to the full fluid pressure.

- Vifratran. The purpose of internal vibration is to consolidate concrete.
It results in increased temporary lateral pressures.

- Temperature of Concrete at the time of placing has an important
influence on pressures because it affects the setting time of concrete.
At low temperatures, the concrete takes longer to set and therefore, for
a given a rate of casting, a greater depth will be placed beforse the lower
portion sets sufficiently to become self-supporting.  The greater liguid
hesd thus develaped results in higher lateral pressures on the formwaork.

- Stump. The higher the water content of 2 mix, the longer it will take to
set and therefore high siump concrate will cause greater tateral pressures
than low slump concrete.

- Retarders. The use of retarders in congrete has the effect of delaying the
setting time thereby increasing internal pressure on the formwork.

Bending, shear and axial stresses usually are the governing factors in the design of studs,
jpists and other formwork,

Another factor in the design of timber members is the bearing stresses set up where

members baar against pne another, Such members must have sufficient area far bearing
12 prevent crushing of the gratn of the timbers.

(ii) __ lLateral Pressure Design Values

Forms, ties and braging should be designed for maximum lateral pressure of plastic
caoncrete as set out below. ’

The lateral pressure-may be taken as the minimum of:
{al Pressure due to hydrostatic head, P = p x h/100 {kPa)

{b} Pressure limitation due to arching, P = 15 + 2 xR + d/10 (kPa)
where d is not 1o exceed 500 mm.

) Pressure limitation due to stiffening of conerete,
P=(pxRxKI/MNQOE + 5 {kPa

BRASEH-ME - Constr=ienn Subdivipen Masoal - 22 danuany 1323 23_1 3

Dokumen ini tidak dikendalikan jika diunduh / Uncontrolled when downloaded




23 DPESIGN OF TEMPORARY WORKS

Part 2

wherg:

AT 3D TDm
[}

= maximum lateral pressure in kiloPascals

rate of placement in metres per hour

density of plastic concrete in kg per cubic metre
thickness of concrete in forms in millimetres
height of pour in metres

carrection factor {see Table 23.1)

Table 23.1 Cotrection Factor K for use in formuls (¢} above

m_ —— -
Workability Value of correction factor K ]I
trmean slump}
- Concrete temperature, degrees C
millimetras 25 3Q
50 0.60 0:45
75 0.75 .55
100 0.90 .65

Animpact allowance of 4 x p x 10 kPa should be added to the lateral pressufe calculated
ahove. It should be applied at all depths.

23-14
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24, EPOXY RESINS

24.1 GENERAL

An epoxy resin is a synthetic liquid resin containing the epoxide chemical grouping. which
is changed to a strong. hard solid by the addition of a curing agent or hardener.

Epoxy resins are used as coatings, adhesives and for a variety of purposes in the
construction, maintenance and repair of concrete structures.

They can be modified by the use of flexibilisers, fillers and pigments.

24.2 PROPERTIES OF EPOXY RESINS

Epoxy resins generally exhibit outstanding adhesive, tensile and compreéssive strengths ang
have high resistance to moisture and oxidation. Epoxy resins also have high chemicai
resistance, particularly to alkaline environments.

Types of epoxy resins are as follows -

. Hydrophilic - these readily absorb water when uncured resulting in
significant loss of strength. ~These resins are suitable for use in dry
conditions anly.

. Hydrophobic - these do not absorb water in the uncured state and are
described as watertolerant. They are suitable for use on both dry and
moist surfaces.

. Flexibilised - these can accommodate significant distortion such as
bending or elongation in the cured state.

. Heat Resistant - these resist high levels of applied heat without loss of
mechanical properties. Most epoxy resins become “cheesy” and lose
their ‘mechanieal properties when heated to their heat distortion
temperature. This is generally in the range from 90°C to 180°C but can
be as high as 300°C.

Farmulations for use on vertical or overhead surfaces are usually available in all of these
categories.

24.3  APPLICATION OF EPOXY RESINS

Some applications of epoxy resins include ;

. bonding of materials including metals, concrete and neoprerne rubber;
. bonding of wet to dry concrete;
" repairs ta concrete using epoxy MOrtar or epoxy COncrete;
. repair of cracks in concrete by injection of epoxy resins.
BMES-ME - Canstryction Sypsrirsion Menust - 22 lanusey 1993 24'1
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. splicing of concrete piles;
. provision of non-skid surfaces using epoxy resin and sand;
. protection of metal surfaces against corrosion with epoxy paints.

24.4 USE OF EPOXY RESINS
258 .81 Selection

Some factors to be taken inte account when selecting an epoxy resin for a given
apphcation include

* anticipated service conditions and loadings, to determine required
strength, impact resistance and whether a hard or flexible epoxy resinis
required,

. the condition of surfaces to be coated, whethar wet or dry,

. the ambient and surface temperatures.

. curing rate and time available for application.

24.4.2 Surface Preparation

The sucecessful use of epoxy resins is dependent on carrect surface preparation. This
involves the removal of all dust, scale, oit, grease, dirt or any other foreign matter.
Depending on the formulation, It may be necessary to have a dry surface.

Correct surface preparation depends ¢n the nature and compeosition of materials to be
ponded. For most concrete and metal swrfaces, abrasive blast cleaning is the preferred
method of surface preparation:

Manufacturer’s recomrmendations should be sought for the surface preparation of other
materials, particularly plastics and rubbers.

24.4.3 WMix Proportions

It is essential that mix proportions of epoxy resin and hardener be strictly in accordance
with manufacturer’'s instructions in order 10 achieve the stated properties for any given
product.

The rmix proportions of resin and hardener specified by the manufacturer far a given
product are designed to obtain a cured resin with particular properties. Adding [ess than
the manufacturer's recommended quantity of hardener or curing agent to a given epoxy will
produce a lower cross link dengity between epoxy molecules, hence better toughness and
flexibility but poorer chemical resistance and lower heat distortion temperature, Adding
more than the recommended guantity of hardener can give "over-cure” with increased
brittleness in some cases but increased softness in others, |0 general, excessive hardenser
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results in poorer chemical resistance and inferior properties.

The rate of curing of epoxy resins is independent of the proportions of epoxy resin to
hardener. Thus increasing the proportion of hardener will not increase the rate of curing
of an epoxy.

24.4.4 Mixing

Complete mixing of epoxy resin and hardener is necessary for optimum results. Use of an
electric or air powared paddle stirrer is recommended.

24.4.5 Epoxy Mortars and Concretes

Aggregates for epoxy mortars and concretes must be oven dry.and well graded to minimise
vords. The maximum size of aggregate should not excesd 20% of the thickness of the
section to be filled. Compaction by hand or mechanical tamping 1s essential because epoxy
martars and concretes do not compact themselves and require warking into position,

24.4.6 Sealing Concrete Cracks

The recommended procedure for epoxy injection of eracks is as follows

» remove all contaminants along crack such as dirt, laitance and grease.
- seal along cracks betwesn nipple locations using spoxy paste.
. attach nipple to stock at lowest level and inject an epoxy having low

viscosity and the required strength characteristics.

. attach subsequent nippies and pump epoxy at each successive stock
whele epaxy appears.

. following injection at all points and minimum curing of 12 hours, remaove
injection points.

. remeve epoxy sealing along cracks by grinding or by softening by flame
and peeiing off.

MNotes ;

i} Flexibilised eposies are used where cracks are subject to movement.

{in} Cutting Vee-grooves along cracks is not recommended because this can result
in the crack filling with concrete powder which tends to inhibit the penetration
of epoxy. tnaddition, the cutting of Vee-grooves results in a repair which is far
more obvious and generally more unsightly than that produced by the
recommended meathod.
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24, EFOXY RESIMNSG . Far 2

{iii} Nipple stocks can aiso be ingtalled in drifled holes slong cracks rather than by
attachment to the concrete surface by means of epoxy paste. This is usualiy
successful for wide cracks but narrow cracks can be blocked by concrete
powder produced by the drilling and the penetration of epoxy can be inhibited
in @ similar way to the cutting of Vee-joints.

{ivl Kits are available commercially which include all necessary epoxies and injection
points for the epoxy injection of concrete cracks.

{wvl One commercially available technique involves the use of equipment which
employs two metering pumps to deliver epoxy resin and hardener components
ot a tast-setting epoxy to a mixing head. Mixed epoxy is injected directly into
cracks through a special gasket.

24.4.7 Curing

The rate of curing is a function of the temperature of the epoxy resin.
Reactions of epoxy resins and hardeners are exothermic and yvield considerable hear.

The greater the volume of a given mixed resin, e greater the build-up of heat and the
taster the curing rate. :

24.5 STORAGE

Components of epoxy resin should be stored at a temperature recommended by the
manufacturer.

Compaonents should not be kept for more than one year and should be checked before use
for signs of gelling of the epoxy resin hage and cystallisation of surface skirning of the
hardener. For this reason, it is essential that epoxy preducts have a date of manufacture
or a batch number {which ean be used to determine a date of manufacture) clearly shown
on the packaging or container.

24,6 SAFETY PRECAUTIONS

Personnel handling ‘epoxy resins should be fully instructed on the potential hazards of the
material, the correct use of eguipment, the need for protective clothing,  washing
procedures and barrier creams. Particular care must be taken to prevent EROXY resing
coming into contact with exposad skin.

Fumes from epoxy resin hardeners are often toxic and often have an irritating edour.

These materials must therefore not be vsed in confined spaces which might give rise to a
concentration of fumes, unless forced ventilation or respiratory apparatus for persannel
is provided.
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Fart 2

24. EPOXY RESING

24.7 FRODUCT INFORMATION

Suppliers should provide the foliowing product information

mixing directions for the base and hardener.
surface preparation required for various materials.
minimum and maximum air tamperatures for application.

patﬂ or working times at varipus air tempearatures say between 20°C angd
35YC.

time for curing at typical working temperatures.

minimum and maximum temparatures for saie storage.

shelf life,

safety Precautions.

datails of Solvents.
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25. DEMOLITION AND REMOVAL OF STRUCTURES

¢ 251 GENERAL -

Planning for the demolition and removal of a bridge requires consideration of the following:

. type of plant available.

. size and weight of the sections inte which the structure is to be cut for
removal,

* _° whether the bridge is over dry land or over water.

. casts of alternative mathods of demclition,

. whether piles require complete extraction or whether a cut-off, say

1 metre, below ground or stream bed level would b2 acceptable.
. - the method of disposal.
. the construction material of the bridge.
Bemolition work must preceed in an orderiy_and workmanlike manner. The method
adopted should ensure that the standing portion of the structure is stable and secure at

each stage of demolition, Consideration may have to be given to the use of temporary ties,
guys of stfuts to eliminate potential dangers.

25.2 EXPLOSIVES

Explosive are often used in demolition work, especially in underwater situations. Factors
to be considared before proceeding with their use include :

. proximity to existing structures;
" presence of services, both overhead and underground:
®
= t¥pa of explosive best suited to the work;
. avalability of rope or other type of matting or heavy biankets to contral
flying debris.

Explosives must be transported, stored and handled only by experienced, qualified
personnel. For contract demolition work, use of explosives requires the written permission
B of the Engineer.
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2%, DEMOLITION AND REMOVAL OF STRUCTURES Pary 2

25.3

CONCRETE STRUCTURES ]

Sections of thickness 300 mm or less can be cut using :

hammers and manual labour.
diamond circular saw.

explasives as a line plaster charge. A line explosive is placed on the
surface in 8 continuous ling and coverad with sand, clay or blasting mats.

“The effect is to remove concrete from around the reinforcement enabling

the reinforcement to be cut and the section removed.

explosives in drilled holes. A line of holes drilled ¢lgsely together with
every second hole charged produces a simifar effect to {ii). Very thin
slabs {150 mm} with this method show a tendency to blaw out in the
direction of the hole and not along the line of holes.

hydraulic pick or "breaker’ mounted on an excavator to sither completely
demolish the structure aor to remave concrete from zround the
reinforcement,

metal ball or similar dropped fram a crane.,
chemical expanding agents. The chamical is mixed and poured into

drilled holes. The expansion causses the concrete to crack and assists
subsequent remaoval by jack pick.

Sections greater than 300 mm thickness can be cut using :

25.4

Timber structures can be removed cheaply by burning. Firg restrictions or proximity to -

hamrers and manual labour.

explosives in drilled holes:

thermic lance;

a rotk splitter. This is a hydraulically driven wedge which is placed in a
driilled hole and expanded. When used along a line of holes near to a free

edge, concrate can be cracked allowing easier removal by jack pick. It
iz'commaon for rock splitters to be used in pairs.

TIMBER STRUCTURES

built-up argas need consideration.

Removal in pieces or in larger sections [crane-handled) are other opticns. If some of the
timber is in sound condition, it may be economical to cut it out with chain saws and stack
it for future re-use.

25-2

BMS3-MLE « Consnucnot Suparas:pn Manoa - 22 Janvary 1933

Dokumen ini tidak dikendalikan jika diunduh / Uncontrolled when downloaded




Part 2 25. DEMOLITION AND REMOVAL OF STRUCTURES

25.5 STEEL STRUCTURES

Steel structures can be removed in sections by flame cutting in the reverse order of
construction, or in large sections depending on the lifting capacity of available cranes. If
steel trusses or girders are 1o be recovered for re-use elsewnhere, careful attention has to
be paid to the method of demoliticn to avoid damage to the steel members.

25.6 PRESTRESSED CONCRETE BRIDGES

Except for bridges with ungrouted tendons or external tendons, normal demolition methods
as used for reinforced concrete bridges can be applied. The procedures and sequence of
work propused must first be approved by the Enginger. In the case of bridges with
ungrouted or external tendons, the procedure for demolition will be as directed by the
Engineer.

25.7 EXTRACTING PILES

Piles should be extracted by an extractor suspended from & grane. The extractor grips the
pile and only the weight of the extractor itself is taken on the crane, allowing the
harmmaering action of the extractor 1o raise the pile. Trying to jerk the load to extract a pile
may impose critical loads which could overload or overturn the crane. Assistance can be
provided in sandy ground by jetting around the pile whilst operating the extractoer.

Cirectly pulling on a pile with a craneds not good practice. Horizontal loading on the crane
boom can result and this can overload the boom.

Care should be taken when ifting piles whigh are submerged in water. There will be a
sudden increase in the load once it is lifted free of the water and the allowable operating
radivs of the crane may be exceadad.

Piles in water have sometimes been strapped to heavy pontoons at low tide and an
effective lift obtained with the ingoming tide. If this fails to dislodge the pile, a pipe is
driven or jetted dewn adjacent t¢ the pile and a small explasive charge lowered inside the
pipe. The percussion resulting from the firing of the charge, combined with the appiied
upward lift, is often sufficient to free the pile.

Over water, and where a firm bed is available, piles have been successfully extractad by
a number of B0onne hydraulic rams contained in a steel frame which fits over the pile.
The frame i3 seated on the river or sea bed. Powerful pivoted qrips engage with the top of
the pile whilst the thrust from the rams. on each side of the pile, is exarted.

25.8 UNDERWATER CUTTING OF STEEL

Gas cutting of steel is possible under water provided the appropriate mixture of gases is
used, as follows :

. under 3 m deep - Oxy-acetylene or L.P.G. and Oxygen;
. over 3 m deep - Hydrogen and Oxygen.
BAASS-M.E - Canttrustian Sugarvizian Mangal - 25 Jsv,ary 1985 25-3
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26. CLEANING UP

As construction work proceeds, the Works should be maintained in a tidy condition.
Surplus materials should be regularly removed from the site.

After compietion of the bridgeworks, all temporary works, buildings, workshops ang
equipment which have been constructed or brought on to the site must be removed, excapt
for those items which are needed for the performance of the maintenance and remedial
wark.

Temporary concrete slabs placed in work areas during construction must be brokan up and
removed and areas disturbed by access roads must be restored. Excess soil should ba
spread evenly on the site and used to fill local depressions. Topsoil and turf should be
replaced if specified.

Damaged fences must be reinstated to the condition at commencement of the Warks.

Where temporary fill has been placed as an aid to construction, especially in waterways,
the material must be recovared, disposed of, and the banks returned 35 close as possible
to the condition existing at the time of commencement of the work. Likewise, termporary
anchors placed in waterways for manceuvering floating plant must be recovered and
removed from site. Temporary piles must be withdrawn of cut off at an appropriate level
and removed from the site.

All parts of the Work must be left in a neat and tidy condition,
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APPENDIX 1

STANDARD FORMS FOR
BRIDGE CONSTRUCTION SUPERVISION

ADMINISTRATIVE:
* Inspectors Daily Diary - Bridge Works
. Supervisor's Weekly Report
L 3

Daily Diary for Contract Bridge Warks

Site Memo

Correspondence Register (Incoming and Outgoing)
Lrawing Register {To and From Contragtor)
lssue of Drawing to Contractor

Reguest for Price

Change Grder {Instruction to Contractor)
Change Order Register

Request for Bayworks

Daywaorks Register

Daywarks {(Surmmary)

Construction Froject Input Data Sheet
Frogress Payment - Monthly Certificate
Progress Payment - Summary

Progress of Construction {S-=Curve)
Weather Chart

TECHNICAL.:

Serout Check Record

File Driving Recosd

Pile Greup Driving Recard-Summary
Carncrete Mix Design Checklist

Weekly Report of Congrete Aggregate Tests
Preplacement Chackout Card - Congrate
Congrete Placing Record

Concrete Field Testing Data Sheet
Epoxy Jaints and Repairs

Record of Site Stressing

Bolt Tightening Final Check Certificate

* & % & & % & & &
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AFPENDIX 1 - ADMINISTRATIVE

INSPECTOR'S DAILY DIARY - BRIDGEWOQRKS
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AFPPENDIX 1 - ADMINISTRATIVE
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AFPENDIX 1 - ADMINISTRATIVE

SITE MEMO

Contract Na. Cate : i /

Cantract : Time

Contractor ; Number

To

From

for Engineer’s Represgnrative for Comractor’s Supenntendent
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APFENDIX 1 - ADMINISTRATIVE

Correspondence Register

{Incoming} Contract Na. :
Contract :
Contragtor ;
Cate Cate of Contractor's Subject File Numbez -
Raceived Letter Reference
;
1
1
i
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AFPENDIN 1 - ADMINISTRATIVE

Correspondence Register

{Outgoing} Contract Ne. :
Contract ;
Contractar - _
Date Number To Subjact File Murmber
i
]
]
i
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AFPENDIX 1 - ADMINISTRATIVE

Drawing Register

(e Contractor) Contract No. !
Contract :
Caontractor
Cate Crawing Rewv Title Fila Mumber
MNurnber
i
§
L
1
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AFPENDIX 1 - ADMINISTRATRVE

Drawing Register

{from Contractor) Contract No, :
Contract @
Contractor ;
) } ;
Date Drawing | Rev Title File Mumber |
Received | Number i
i
i
.
_li_
! ;
i
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APPENDIX 1 - ADMIMISTRATIVE

Contract Mo, File -

Contract : ' Reisrence :

Contractor : Date - ! J
Dear Sir,

lzsue of Drawing

I agcordance with the pravisions of Article 7{1) of the Genaral Conditions of Cantract two copies of
Drawings -

1 Crawing Mumber ] Revision Title

are hereby issued to the Contractor.

Flease complets and return the acknowledgement slip on the attached copy of this letter,

Yours faithfully

Engineer's Representative
copies to .

Ergl:

We heretry acknowledge receipt of the above drawings (and bar schedulesl.

Date Far Contractar

AT-10
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APPENDLL 1 - ADMINISTRATIVE

Tntract Mo, Filg :
Contract : Reference :
Contractaor : Cate : ! !
Crear Sir,

Reguest for Price

inaccordance with the provisions of Articls 51 of the General Conditions of Contract, the Contractar
........................ . I3 Nereny requested to submit, for the Engineer's consideration, a priceg for the
|terr‘¢5} of wark listed in the schedule below:

1. Schedule
lterm Mo Cescription - it Quaniity Rate Amount
(Rp) (Fpl
2. Cirawing
2.

Specification

[im accordance with the relevant sections ¢f the Specification for Contract Na. ...

Cate
Regquested by:
Emgineer's Representative
Date :
Frices Submitted by:
for Contractor
copies to !
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APRENDIX 1 - ADMINISTRATIVE

CONTRACT VARIATION/CHANGE ORDER

CHANGE, QRDEA NOD. ; C - ! 8 DATE . .18
TO:  (CONTRASTOA
ATTENTHON

FROM ¢ (FIMBAGPACHPROUIECT MAMNAGER

GEMTLEMEN -

IN ACCORCANCE WITH ARTICLE 42 OF THE GENERAL CORDITIONS OF CONTRACT, WOLUME 2, THE FOLLOWING
WORK 15 HEREBY CHAMGED :

- DESCAIPTIOMN :

REASON FOR CHANGE O8OER :

* FAYTAENT (DETAILS AS NOTED GOM PAGE 2 :
. LOST INCREASE:DECREASE - | |
* IMCREASE'DECREASE PERCENTAGE -
! | : %o (OF COMTRACT SU)
. TIME EXTENSION : (CALENDAR DAY S
PREPARED BY : IQUANTITY SURVEYDORI  DATE i
CHECKED BY : [SITE ENGIMEERI DATE
APPROVED BY : IRIME &G PAD; QIATE )

CISTRIEUTION « CONTRAACTORA {21 SITE EMGINEER 1)
FIMEAGFRD (1}
COMTRACT FILE 12)

[ 3R - REPAELENTS INCREASE/D OF - REPRESENTS DECAEASE
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APPENDILX T - ADMINISTRATIVE

CONTRACT WO,

WARIATICHNACHANGE ORDER MO,

DATE PaiGE 2
SCOPE QF CHANGE M WOAK ITER 151
TEM .| DIVISION. ITER Ukt AUANTITY UNIT ESTIMATED
R DESCRIPTION PRICE AMOLIMT
iPp.t

INCAEASE'DECAEASE INCOST @ Rp.

+ INCREASE.DECREASE iy COST

- PAY ITER M. [ ! Ap.

+ PAY ITER MDD [ Rp,

- PAY TTEM ND, | | R,

- CONTRACT BLjpa (. Ap.

= PERCEMNT INCREASE/DECREASE IN COMTRACT SUM | 1 £
I+ ONCREASE: OR | +]; T : IDECREASE: OR i
PREFAAED BY : LCHECHKED BY :
CHIANTITY SUSVEYGH SITE ENGINEER
AFPADVED BY :
FIMBAGPRAD

SRS M.T - Beoge Conglowsltr, Superosor Mavcai - 25 Janozsy 1993 Al-13
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APPENDIX 1 - ADMINISTRATIVE

Change Order Register

Contract qa. -

Contract
Contractor :
| i h
Change Date
Date Crder « Description Value Approved
Number o o

Al-14
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APPENDIX 1 - ADMINISTRATIVE

Cantract Mo, Fiie :

Comract : Reference

Contractor @ Date i ¢
T

Dear Sir,
. Reguest for Daywarks

Ir'_1 acgordance with the provisions of Article 5Q of the General Conditions of Cantract you are hergby
directed to carry out the fallewing works on the hasis of Dayworks:

This work is to be given the raference number OW - .

You arg re_qufred under Clause 1.1.42 of the Specifications to furmsh daily a record of plant, labour
and marterials used in these Dayworks,

Payment will be made attha rates and lump sums previously agreed for Dayworks.

Yours faithfully

Engineer's Representative

COPIRS to

B*S3MLE - Baage Construchian Superemgn Manus - 25 Januay 1933 A1-15
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Dayworks Register

Contract No. -

Contract ;

Contracior :

Davworks Estimated Taral Yalue
Data Mumbier Cescriptign Valua to dare

Al-16

DRASEMLE - Bridge Corgoeihs - Sope mman Manual - 25 January 1933
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CONTRACT MO ' DATE : ! !
CONTRACT
CONTRACTOR
LOCATION : _ DAY WORK DATE WORK PERFORBED U
ITEM OF WORK ISUMRARYI SHT. NO. - OF
MAN POWER
¥ DESCAIPTION oTY HOURS LINIT PRICE TOTAL AMOUNT REMARK
1 | FOREMAN Ap.
. 2 | SKILLED LaBOUAER Ap,
k| GEMERAL LABOWIRER Ao,
ECUIPWMENT
MO, DESCRAIPTICN oTyY HOLRS LMIT PRICE TOTAL AMOLNT AEMARE,
| |
MATERIAL
. MO, BESCRIFTION oY UNIT PRICE { TETAL AMOUNT REMARE,

SUB - TOToL
. TOTAL
Supmitted by Cnececoy
Lonsractar: Inspecicn Engineer :
Regiewas by
JiTe Sngmneer
Calgularea by Approved by
Qusantity Sureeyor PIMBAGPAD
BRASY-MLE - Budge Canstrucogn Supetoson SMenus - 25 Januay 1953 a71.17
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CONSTRUCTION PROJECT INPUT DATA SHEET
Al costs expreszed in millions rupiah

. Propegt 1D

. Prayest Code
.Date

. Reparting Unis

M b e R —a

. Lontractor

. Canstructen Conuact

=1 o

. Cansisltant
8, Project e, oridges

3. Projest imit, 1

10, Length

11, Inwite Bhds

12. Qpen Bids

15, Award

4. Npticed 1o progeed

T8 Begin Canteact teme

T8, Qriginai Contract trna
17, Qriginal Completion date
3, Approved time extension
1%. Revised trme extension
20. Days E:apsed

i, Esumate Compienon date
22, Actual Complenon date

"

£3. Driginal Contrapt Amount
&n_ Approved Change Oroer
25, Cerrified Price Ezcalation
26. Anticipated Prce Escalanon
27, Macerial ¢on Site

23, Anticipated Change Order
2%, Vaiue of Certified 'Work
A% Value ol Schequled wWark
. Advange pad

32. Advanced Refunded

33 Approved Clams

34 Cernfen aterest

45, Met Fereation Money

6. Cert-fied Currency Adjuttments
37. Other Appraved Agjusiments
38. Other Antcipates Adjustmeats

48, Rewised Contract Amount
40, Frongble Fal Cost
41.-Aetal Percent Compiete
&2, Scheduled Percent Compiete
43, Revased Contract Time

4. Pergent Time Elapsed

48, Lenger's share

AlTE BAES-MLE - Bridge Canstucogn Suserwis-on Manuat - 25 Janwaey 1953
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APPENDIX 1 - TECHNICAL

PILE DRIVING RECORD.

Provinge s e Contract No. i BIIER8 MB e et
& Pile fdertification B Looatres At e s
Frle Mark oo it et A e meeane e neen
CAstng DIATE it e e
Cast Length .y e T
B Harmmer Daggilg B < WEIBNT oot i e e
€ Helmat Derals LI MEIINT L e
O Packing Details LI LT .
IETiAl AMIEKIESE —0iee e s Firal thickness ................
E Cring Details Driving Date oeeeeeee.. Start Time o e Stap Time i, ‘
Graund AL oo v Bpecifizd Toe B, e e rere e
Antudl Perstration ... o Actual Toe RL. e . .
Frral set Glenws for mms
F Dovine Log
Penet” ., Blows Deop * Penet”, | Bipws Lrop " Penac”,_, Blaws Drop »
ar Erergy or Energy or Energy
25 7.25 14 2%
8 7.8 145
L 175 14.73
1.0 &0 ! : TE
1.25 E.2% 15.25 .
1.8 4.5 5.5
1.75 2,75 1E.75 .
2.0 2.0 t5.0
2.35 2,25 E.28
15 4.5 4.8
2,75 275 1£.7%
3.0 T oo 7.0
3.28 2E TR
15 0.6 17.3
375 1073 17.75
& 0 1.8 5.4
£.25 11.53 : 12,28
&5 il.s 158
4.75 11.75 12,75 .
5.0 12.0 i 3.0
3.28 12.28 18.23
EE& 12.5 18.5 -
575 12,75 1975
6.0 3.0 2000
5.25 1325 ® Aecarg fall of drop hammer ik
) 135 MATres Or gnergy nput gf diesel,
G.75 . 13.75 ar of ST8arn harmers
7.0 1a.o " m rgnng
o
Al-24 BRESS-FRAE - Booge Cansrruzpen Sugseeso- Manoa' - 25 Jangary 18993
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PILE GROUF DRIVING RECORD - SUMRMARY

CohTRAST HE N ! ERIDGE
COMTRASTOR PILE QROLIA LOCa TIOn
TYFE QF PILE MLE DEMER ESI0NE
Lenpth ki LL] Cross Sachicr ... ...Mmx .. M
TYPE QF PILS DAWING RIG
WEIGHT OF HAMMER 1w I/ENERGY RaTrG 1=t
PILE GGG FORRULA WALUES ITSED 1M Dinbkiid FORMLLA '
F& ... .
B Hw W, H.'.r
R, - R
5+0.525, S
L] TR ' WL - 11 LA ' HLT
2ugniH
0= ————
AxL
B e e mm'  E PN (% L X T | Jnules
B
SKETUH QF FLE CREUA (Al T0 B8 Aumbared|
File Dace Cren ol 341 pe: Tema. Sale Fariesracior. Sel. L Toe AL Tce
R, Diriven mammar Bl Came, Lasd “mi RL* ALTual Flsa ReTarks
H imi 5 tmm| tmrml A ks 1mil 1ml
| |
r
i I | |
i
| :
t
I | :
E ;
F :~. !
E ] ; !
. L t_ j |
b Feder Spdelangn Claues 5 6.1
Zl P L fram which pEnBIcat s i g an
General I'_‘nmmer;u :
Ergqunesr: Inroesine inte
.
BRIZF-MAC Deoge Consvagras Suoefwncs Macas - 0 Janoey 88D .ﬂ.'] -25
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CONCRETE MiX DESIGN
CHECKLIST
{Weigh Batching}

Cantracs Mo : Concrere Class ;- K

Coentractor ; Maximum Slump mrirn

———

PART 4 - GENERAL

Centractor's Chack Caiculansn Commant
Ces:gn -
Std Daw. Contral
1. Target Strength (B4Pay Faecrar
3 6d ) A

Estmated Strangsh

2. Water,Cement Ratia

¥ OK N
Maximum vValue
3. Warer Cement Rato for [Spactf, Taklm 5.31
duratiliry vOOR M

Maxirmum Valus

4. Maximum Cement Coment [Spacif, Table 2,31 -
w1

Meximum Size

E. Nominai size coarse aggragate [Speced. B.2.2.¢ il
POl N -
AL approxmmaste
&, Water (kg:m? of cantrete| fiqure
oK M
PAAT B - MIX PROPORTIONS
Centrazior Desgn Colculated CTomment
i songretel Figura
1. Walar
Z. Cement
3. Coarse aggragare
4, Fine agqregare
Tas! Aegul; Data
Cemens Coarse agareqals Fima aggregars -
Consity (kgrm? 11850 13840
hlgigtera Content Jpar
Lt o
[ Finengzz Meodilus it
AN-2B BRSH-ME - Briaar Conslouol on Sapstusens WMaaaa 25 Janoay 1893
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ACI Manual of Concrete Practice 277,17

TABLE A1 5 3.2 - APPROXIVIATE MIXING WATER AND AiR CONTENT REQUIREMENTS
FOR DIFFERENT SLUMPS AND NOMINAL MAXIMUMN SIZES OF AGGREGATES

Water, Kgim’ ! concrete for indicatad nomenal meximum sizas of aggragate

Slump, mm 95" 12.5¢ 15" 5 | 375 | =@ 75 150

Nen-air-entrained concrate

5 w30 - T 133 130 | 7e 1E66 164 1340 113
" 75 10 100 FEd 218 205 183 181 168 1 145 124
150 to 178 i i) | FAT iukd 150 118 1ED
_-ﬂnprn:mu!u amound of EneapAed i dge- go-eaccpiced 3 2.6 2 1.5 1 a5 Q.3 L]
L] CONCraTE, Dlridfl
_—

Air-entrained concrete

25 ta SO 181 175 168 160 H=1 (LS5 B - R L
. ' 76 o 100 202 193 184 178 166 187 [ £33 e
150 to 175 24 w5 137 184 174 184 | 154

Reesmrmended avarage tatal s esmen:,
parcent tor level of axposare :

Milz sepoyurs 4.5 a3 Is 10 1.5 in 1,5 T
Modarsts =wposura 6.0 5.9 ER &5 4.5 d.4 a5 3
Extreme axposurs 7.5 3.z B0 a.0 EE B0 ERA a0

" TRE dusdirlas o Mixing WEEET Qiven sor mrantranad COngraTe ars BRpad AR Trical tarat u SSOEwt] rAQWIrAmERLE B Ehoun lar
"modersts Xpesiae” i (he Takm sboye. These quanties af miming water aee Far Lge in ABMAULING CEMENT Santens o1 10l
batches at 30 to 16 L. They ped Mazimom lor reasciebly wall-shaped saguler app*egates praoed witnal s of accepied

spacilic aGidny, Adupded caaree Igreqace wall ganerelly rafquicd 18 BY lees watkl 18r pam-ar-antiungd and 15 Ly cawd A mr-antraingd
concretes. Tha uis of watei-raducing chemical samixiaras, 5TH ¢ 3484 may alsa resuce MiaRlg waATEr By S pereant 9 moig, The
valutin @1 Ahe fuquid admixeures o5 oigluded sk 3 a1 the 1881 volurre al e mosing water

TABLE A1.5.3.4{a) - REL ATIONSHIPS BETWEEN WATER-UEMENT RATIO AND
COMPRESSIVE STRENGTH OF CONCRETE

WWatEn CRTEAn r8TI0, By mass
B Comprassive strergth
at 23 cayz, MPa'
K-an-air-entranes Lot -eatsained
cororara CORCIBLE

4 i 0.4z

35 2,47 0.39

30 0.5a 0.4%

28 0.1 0.5z

20 0.68 2.6

18 Q.72 Q.70
" Walues are Bstimated SErANGERY Gr Gpnciats coAlairang not more than T percenl s for non-ai-entrainad cancrate snd 6 [ercen
1otal ar condant far mirsncraned Conenins. For @ Sdnalarl walar-Gement il Ll Ebacigth of he tohcrale 1 ssduced B the air
SONTHAE 1 iNers ped .

BEASE.MLL . Bricge ConstiuZion Supeswsen fangs - 22 Janoay 1923 Al '2?
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—_
Contract Mo e e WEEKLY REPORT Bridge Mo, e,
of
CONCRETE AGGREGATE TESTS
Canteastor e
Heprgsen{ing wesk ol T e
ORGANIC IMPURITIES - ASTM C-40
Fine Aggregate SOUPCE: e e vete oo Test VAIUE e e
DEE FAMPIBO! i vt e et SPEC: Mo, 3 Stangard or Lese-
* Greater than Mg, 3 standard 15 acoeptable *
LOCALGIT it e et e vt prav:c_leu:l e msmh}r‘atf'}n 'S due mainly 1o small
"""""" Quantines of coal and ligmite,
Fesults (ARE [ARE NDT| ascentable. -
MONTHLY REPORT
of -
CTONCRETE AGGRESATE TESTS
Resregantng Month of ...
COARSE AGGREGATE FIMNE &GGREGATE
COLRZE AGG SOURCE: i e cmitane e oo FINE &GG SOURCE: ..t e e e
Date Sampled: ..oovvenn.n .o e E o ey ey Gate SAMpIET: i et
'E{JEEIDI'I' ......................................................................... LOBATIAN: o e e ot e
Eiay lumas 10 Aggregates - AASHTO TI42 [ASTMC 1251 Ciay Lumos and Frante Particles b
1
AGGREGATE SIZE FINE
AGGREGATE

% FAILABLE

SPEC. 1.0 %

REMARKES: Acceprer ! Azjected

Light Partic'es in Agaregares - ASTR & 123

AGGAEGATE SIZE FINE
AGGREGATE
% LIGHT PIECES |
SPEC. 1,0% ) ?

RELARKS: Aceepred s Fescied

Sounoness af Aggregares - AASMTO T104 1ASTM © B

AGGREGATE SrzE FiNE
AGGREGATE ‘ -
% LOSS | | |
SPEC. 10.0 % | f | P

AEMARKS: Atzepted ! Reected

REM A RK 3

A1-258

EMES-MF  Grgge Constrasnzn Sooeewson Rdanual - 22 dazaaey 1983
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FREPLACEMENT CHECKOUT CARD

CONCRETE
CONTRACT NOL e e vssien s CONTRACTOR .o
BRIDGE MO, i e ieaee e o
PLACEMENT MO, i, LA EMENT DATE e
L L U TR
ELEVATION e TO o FINISH e A
CONCRETE CLABS Lt ittt et
CONTRACTOR ENGINEER
ITEM
SUPERVISOR DATE INSRECTOR DATE
1, BASE PFREFARATION
2. REIMFORCING STEEL
i, FORMWOIREK
&, FALSEWQRK
EFITTINGS
G, FLACEMENT ; ACCESS)
VIBRATION! SCABBLING £T¢
¥. PRESTRESSIMNG
5. OTHER
FINAL CLEARRNCE-
I COHDIALT TS 5P LRINT TR CHGINEEN" S HEPRLSENT B TIVF
DATE ! r f DATE ! i
BMSA-M.E - Bridgs Corstrudian Sugervisics Flanual - 25 Janapry L HE3 Jﬂl‘] ‘29
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CONCRETE FIELD TESTING DATA SHEET

Cdw MAACE NG CONTAACTER BRIDGE Ma

OoaTe ' REFDAT Ha

Lezanan @ Payr

Tour Card Ma Concrete Claga: | S
T TRUCK * TICKET MG ALLFWF 41K CONC. AMB UNIT WEIGHT Erl.
ta, I CONT. TEMP, TEMF, Lkgrm®t NQ'E, HATES
. 1% e "1

REMARKS. Tesr ras:ltp mgatridaled spaciGabicn requasmants

EQUIPMERNT LISED SPEC. REQ'TE,
Air Meter ha 17| .
InEpactor Dae b
Thermometer bee. Tenp 14| Mae
M
Uy, Massure by Slamp 1re Mas . .
Sunernsor Date
BREES-AEE - Bugps Consttuclon Sooonsos Men.d - 25 lameay 1883 Al —31
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EPQXY JQINTS AND REPAIRS
Bridge Mo : Date : f !

Contract No. :

Contractor :

Location of Jaint/Repair -
Type of Joint/Repair
Type of Eaaxy !

Type of Surface Preparation -

Wiaterials added as Fifer -

Mix Prapostions

Merhod of Mixing :

Weather Conditions
Shade Temperature (C)

Time after mixing baforé initial
application :

Methad of Application ¢

Volume of Epaxy Materal useq

Comments -

lmspecior

I.ﬂ."l '32 BrASS.FAE - Bordze Conshuthan Sunrrws: s Marnoa « 25 January 1923
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AECORD OF SITE STRESSI NG

L, BT RAST MO oo ceeccee e

MEMEBER TYPE - ..ocuivae 1ot e oo oo e e et

CUNTRACTOR @ ... DATE

CHELE LA FQRCE FRE3JZLIRE MEASURED ELONDATION NETT MEST
Ha. Ho. READING ANCHORAGE PULL-IN ELONGATION ELOMGATION
DETRINED REZLIRED
START i FLNISH DIFF TATAL TATAL

;] 14 ik 1 ] i nam M mm mm mm miny

|
{
£ 5
i { i
1
j !. [
1 1 :
1
i
| .-
b
Tenaon #ndin ! - meLres }
Tandan Croga-anstsn amn, & = it II:
Maauirs o Ejastcien. € a kfirmm? F
SUPERYIZOA
EMZE-ALE - Budgo Congitgl:pn Soparwms:on bangal - 25 Janudsy B9E ﬁ\1 "'33
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FINAL CHECK CERTIFICATE FOR BOLT TIGHTNESS

CONTARACT WO, ¢

CONTRALCT !

BRIDGE NO. -

BRIDGE MAME :

PEOYVINGE

LOHCATION -

SPAN - CLASS : DECE WIDTH ;

TRUSS : GIRDER :

We declare that the brrdge has been checked for bolt tightness,

PARTY NAME SIGNATURE OATE

For Congultant
tas Supervising Engineer)

For Bing Marga
las Engmeer|

For Coniractar

COMMENTS -
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CHECKLISTS
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AFPPENDIX 2 - CHECKLISTS

GENERAL CONDITIONS OF CONTRACT

CHECKLIST FOR SUPERVISOR

CLAUSE NO., HEADING QF CLAUSE

2t2) Authority and Duties of the Engineers Representative
The Engineer must notify the Contracter of the name of the Engineer's
Representative and the powers and authorities which he intends to
delegate to his Representative.

4(2} Award of Sub-Contracts
The Centractor is required to notify the Engineer of all sub-contracts he
intends to enter into for material, equipment, or other components of the

warks.

The Engineer must respond’ promptly to this submission from the

Contractor.

7119 Custody of Drawings
Two sets of Drawings (size not stated) are to be supplied to the
Contractar,

10 Performance Bong

The Cantractor 1s required to submit @ performance bond as Tollows:

- within 15 days of the issue of the Notice of Award and before the
signing of the Contract {this may be extended by Employer);

- amount te be 10 percent of the local currency equivalent of the
total Bid Sum;

- validity period of Bond 1o be from the date of signing the Contract
Agreement until 30 days after the date of Provisional Handover.

BMES-M.E - Briege Constroensn Suosvigon Manual - 26 Januasy 1843 AE—‘I
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APPENDIX 2 - CHECKLISTS

CLAUSE NO. HEADING OF CLAUSE
11 Advance Payment Bond

The Employer makes available the Advance payment only after the

Contractor frnishes an Advance Payment Band.

The Contractor is required to submit an Advance Fayment Bond ag

follaws: '

- within 15 days of the date of signing of the Contract;

- amount to be the value of the Advance Payment (20 per cent of
each of the local and foreign currency amounts of the Cantract
Surml:

- bond is to be valid for the repayment pericd (normaily from the
third to the seventh Monthly Certificate) and is to be capable of
adjustment in value (to reflect the repayments made).

13 Programme to be furnished

The Contractor is required to submit within 15 davys of the Notice Award

certain programmes and schedules.

These arg: - Mobilisation Programme

- Detailed Construction Programme
é Qther as listed.

The requirements for each of these programrmes should be set out in the

Specifications, Any programming requested by the Engineer which falls

outside the requirements of the Cantract documents is ground for a valid

claim by the Contractor,
20 tnsurance of Warks

{al Buring the Contract Perind
The Contractor is required to submit. before starting  wark,
evidence that he has a valid policy in joint names (Employer and
Contractor) for an amount eguaf to the full value of the wworks.

(b} Curing the Warranty Parigd
The Contractor is required to submit evidence that he has a valid
Poicy in joint names covering the completed works for an amount
aqual 10 the full value of the completed works.

A2-2
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APPENDHX 2 - CHECKLISTS

. CLAUSE NO.  HEADING GF CLAUSE

22(1)4(2) Third Party Insurance

The Contractor is required to submit evidence of a valid third party
insurance policy. This palicy is to be obtained prior to the
commencement of any works. The minimum amounts of third party
iNSUraNCE are as set out in Clause 22(2) of the General Conditions of
Contract {GCCY. The Advance payment will not be made until evidence
of such policies is furnished to the Enginear. The renewal dates should
be noted and the Contractor requested to furnish copies of the renewed
policies by those dates,

23{2) Insurance Against Accidant

. The Contractor is to submit evidence of a valid accident insurance policy
in accordance with the requirements.of Clauses 231}, 23(2) and 2313
of the GCC. This evidence is to be submitted prior to the
commencement of any work. The requirements of 23(3) are also to be

. noted and the Contractor’'s attention drawn to them (note that this s
particularly relevant for foreign Contractors who may ba not completely
aware of these provisions),

BRES.MLE - Brcge Consmiuguon Suoewsen Ranual - 25 Janeas 1323 g2-3
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APPENDIL 2 - CHEDHLISTS

CHECKLIST FOR INSPECTION OF CONCRETING WORKS

For convenient reference, this is a list of the various iterns which might be covered by
inspection, The list is intended as a reference, nat for daily use. For a particular job, the
inspector will find it necessary to have at hand a similar list containing only thase items
that apply to the given specifications, organization, and job conditions.

Preliminary

Study of plans and specifications; construction cades

Division of duties between Supervising Engineer and Inspectors

Permissible tolerances of measurement

Provision for records and reports

Contractor’s plant, calibrations, equipment, grganization, @nd methods

Proportioning

Test of agoregates

Proportioning of mix

Bix computations
Grading of mixed aggregates; batch quantities; yield: air content

Materials
General {applies to all materials)
ldentification; quantities (used, on hand): accepiabiiity, uniformity;

storage conditions; handling methods: waste; schedule of testing

Cement
Sampling for laboratory test
Protection fram dampness

Aggrenates
Acceptability tests
Gradation; organic matter; deleterrous substances: soundness;
resistance to atvasion; ather tests
Control tests
Maisture: absorption; specific gravity: unit weights; voids

Admixtures

Reinforcing steel
Size: bending: surface condition
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APPENDIX I - CHECKLISTS

AcCCessones
Fixtures

Other materials
Before concreting
Liqes and grades

Excavation; foundations
Location, dimensions, shape; drainage; preparation of surfaces

Forms
Specified type of form
Location
Alignment; provision for settlement
Stability {bearing; shores; ties and spacears)
Inspection openings
Preparation of surfaces
Firal clean-ug

Reinforcement in ptace
Size {diameter; iength; bends: end ancherage)
Lecation tnumber of bars: minimum elear spacing; minimum coverage)
Spiicing
Stability {wiring; chairs and spacers}
Cleanress (no loose rust: no oil, paint, dried mortar, etc.)
Fixtures {location; stability; cleanness!
Cpenings nat shown oo plans
Calibration of batching devices
Condition af mixer; speed of gperation
Provision for continuous placement
Pravision for curing
Provision far protection against sun, rain, hot or cold weéather
Adequate togls and men for compaction, finishing, and uring
Concreting
Working conditions

Weather; preparanans completed; specified interval since previous
placement; lighting for night work; covering and protection

BRISA-FAE - Bridge Constroton Susbivigen Klasdi - 25 Ja-pasy 293 AZ-B
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APPENDI|X 2 - CHECKLISTS

Batching .
Cement; pozzolan; aggregates; water; admixtures
Check bhatching devices
Check vield of concrete

Mixing

Minimum tirme; batches delayed in mixer: maximum time; over-loading;
number of revolutions of drum; water used: mixing capagity of drum;
amount of concrate

Control of consistency

Observation of concrete being placed; tests; adjustments of water or
admixtures in mix

Monitoning o a7 contemt
Concrete temperature check tif required)

Conveying

Mo segregation of materials: no excessive stiffening or drying out; time
limits

Flacing
Unifarm and dense concrete: continuous  gperation; preparation of
contact surfaces; mortar bedding: vertical drop, no dropping against
forms or reintorcements little or no flow after depositing; depth of layers:
water gain; rock pockats: removal of temporary tiez and spacers:
drsposition of rejected batches: ptaging concrete under watar

Compacting
Thorough and uniferm compaction: no overworking

Contraction joints
Location
Formning or tooling
Cowels or ties f any) in place and aligrnead

Censtruction and hinge joints
Location: preparation of surface
Dowels or ties (if any) in place and aligned

Expansion and istlation joints

“Joint filler material; location: alignment; stability: freedorn  from
rterference with subgequent movemeant

Finrshing of unformed surfaces
Shaltow surface tayer of rmortar; water gain; no overyorking: first

floating: alignment of surface: final hard toweling: piastic shrinkage
cracks; rain

AZ-G
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APPENDILX 2 - CHECKLISTS

Finishing of formed surfaces
Condition of surfaces upon removal of forms (honeycomb, pealing,

ragged ties holes, ragged form lines); repair of defects: surface
treatment; no surface drying
Schedule of testing

After cancreting

Protection from damage
Impact: overloading; marring of surfaces

Time of removal of forms
uring
Surfaces continuously moist; time of beginning curing; length of curing
peried; see also conareting in cold and hot weather
Joints
Clean and seal
Timving and afigrmment of savw joints
Test of concrete
ansistencv tests
Tests for air cantent
Test far unit weight of fresh concrete

Analysis of proportions of fresh concrere

Strength tests

Molding specimens; curing specimens (standard conditions, field
condingns); field test; shipping specimens to laboratory

Tests of hardened concreta
Caras
Impact hammer; probe
Full~oat
Other tests
Fecords and reports
Records: materials) mix computatiens; batching and mixing: placing and curing
feports: daily: summary

Diary

Photographs

BRASH.MLE - Bugge Construconan Supewasign Banug - 26 Januay 1993 827

Dokumen ini tidak dikendalikan jika diunduh / Uncontrolled when downloaded




APPENDIX 2 - CHECKLISTS

SPECIAL WORK

Hot weather concreting

Cooling matenals. prewetting aggregates and contact surfaces: protecting concrete
Limiting combinations of wind, relative humidity, and ambient temperature

Filling under base plates

Preparation of base. proper mix; complete filling of voids

Pressure grouting

Holes {depth. spacing, freedom from clogging}

Materiats {acceptability, quantities used)

Injection {sequence, presswie, times, completeness of pengtration, no damage 1o structure)
Shotcrete

M_aterials {acceptabir_iw, quantitest; condition of equipment; preliminary Mmixing. pressures
lair, weater); preparation of surfaces; application (thickness , no sagging, construction joints:
surface finish; curing; tests-

Masonry

LIruts
Laboratory tests for strength and absorption

Field inspection for size, shape. and soundness

Construction
Motsture content of units; completeness of Ledding in rmartar; alignmeant;
compliance with building code imartar, minimum wall thickness, lateral
support. bonding courses, supports for beams, openings in walls)

Cast stone

Laboratory tests for strengths and absorption

Field inspection for soundness and uniformity (mateh samiple}

Architectural concrete

Location and neat joining of molds: surface coating to avoid sticking or staining; curing

Reinforcement near surface; support location and material

Wibrating to minimize bugholes
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APPENDLX 2 - CHECKLISTS

Color and texture; mock up
Frotection against drip stains
Surface repair; hole filling
Colored concrete

Pigments; matching of colors; thorough and intimate mixing of celar with eement’ uniform
application and troweling; curing

Painting

Cleaning surface; neutralizing surface {if needed); uniform application; curing portland
cerment paints

tightweight congrate

Lightweight agnregates lacceptability, prewstting, preventing SEQrEgationk

Cellutar concrete (admixture, uming of operations, mixing processes. foaming agents)
Test tor unit weight

Mazss concrete

Times and rates of placernent: avoidanee of high or non uniform temperatures; bonding of
lifts; prevention of aggregate breakage

Preplaced-aggragate concrete
Gradation and placerment of coarse agaregate; contamination prior to grouting: void
content; composition and consistency of grout: sequence and pressures of grouting:

completeness of filling of voids; condition of equipment.

Alr-entrainad concrete

Accurate measurement of air-entraining agent; tests for air content of concrete; regulation
of air content; adjustment of mix to compensate for air content: avoidance of excessive
mixing or vibraten; @veidance of wet consistency; finishing

Tilt-up construction

Surface of casting platform; joints in sheet bond-breakers: timing and uniformity of lguid
bond-breakers; alignment of edge forms; compaction of concrete at hottom corners;
connections to columns; provision for expansion, if specified; atrength of concrete at ume
of ifung: pick-up points; avoidance of excessive pulling, jerkinig, or jarring

Underwater construction

Avoidance of flowing water; temperatures; continuous placernent; gperation of tremie or
bucket; minimizing of wash; protection from flowing water for several days
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APPENDIX 2 - CHECKLISTS

Vacuum concrete

Final thickness of slabs: timing and duration of application of vacuum: uniformity of
processing,; condition of mats :

Prestrassed concrete

Strength of concrete at time of prestressing: sheathing of reinforcement, if specified:
accurate placing of reinforcement: avoidance of pbstruction or excessive friction:
measurement of tension by means of jack pressure andior lengthening of steal:
thoroughness of grouting, if specified.

AZ2-10
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APPENDIX 2 - CHECKLIETS

CHECK LIST FOR PRECAST CONCRETE UNITS
PRIOR TO CASTING

CONTRACTOR ..

Mote @ Inzer 2 tick where the following items conform ta specificarion.

Lire af soffit
Level af soffit
Conditian af satfit
Candition of filets

Lecation of hald-downs

Lacauon af end plates
Cengaton of end plates
Condition af end plates

Fosition of holes in end platss

Location of base platesy -
Longitudinally

Wertically

angle of base plates :
Longitudinally

Transversely

Condition of fosrms
Lacatien of forms
With respect fbogaffit ecges

WAt respect B0 ather forms

Straightness of ferms

Locaton of cared holes
Longicudinaglly

YVerncally

Anile

Position of stressing tendons
Pasinsn of steel remnfarce mern:
Cartition ol tendans

Condition of steel remdercement

Correlation ¢f elumgation & gacge pressuce

v CONTRACT NO i,

N ¥ L 1 -] I

SUPERVISOR
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APPENDIX 2 - CHECKLISTS

CHECK LIST FOR PRECAST CONCRETE UNITS
PRIOR TO DELIVERY
BRIDGEMD. ....... B P PPN COMNTRACTNG. ....oooee

CONTRACTOR. e UNITNOIS)

More @ Ingert a uck waere the following items confern o specificalion.

Cancrete mix ang slump D .............................................................

bl
Matrod of concrete placement D et e e e revee
Adequacy of vibration D .............................................................
Finishing aperaccns prior 1o CuAreg D ............................................................. +

Srearm cunng I:j ............................................................
Borma: curng ; D

Conorete sirgngtr at retease |:| .............................................................
Merhod of relezse I:] .............................................................
Litting and remowad of forms D .............................................................

Lacanzn ol eored hotes
Longirudinally D
Werzizaly

Argie

Location of base piztes .
Langstudivally o

L]

Teansvessely
Angle ot base glates
Largizudinglly

Transversely

Ceersll lengih 44 unit

DEREr unit timengions
Snatbling

Type of fimsq

Parnong aé ends

Clearing out of cored holes

Stactng of writs

D 0

SLPEAVISCR
! !
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"The Use of FIDIC.Conditions of
Contract for‘Works of Civil Engineering
Construction’
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) APPENDIX 3 - EXTRACT FROM:
“Fhe uge of FIDIC Conditiana ef Contract for Work of Civil Engireering Conglruction’

Extract from : "The use of FIDIC Conditions of Contract for works of civil engineering
construction’

TENDERING PROCEDURE

The FIDIC Conditions of Contract envisage that a contractor will be selected by the
Employer following comipetitive tendering.

FIDIC -has published a document entitled ‘Tendering Procedure’ which presents a
systematic approach to the selection of tendarers and the obtaiming and avaluating of
tenders. It is intended to assist the Ermployver/Enginesr to receive sound competitive
tenders with a minimum of gualifications and formulated so that they can be guickly and
efficiently assessed. At the same time, every effort has been made to provide the
opportunity and incentive for contractors to respond easily to invitations to tender for
projects thay are well quaiified to implement.

Experience has shown that, for major projects and thoge involving international tendering,
prequalification of tenderers is desirable since it enablesthe Employer/Enginger 1o estahlish,
in advance, the comperenge of firms subsequently invited to tender. It also ensures that
invitations are addreased to leading companies who would not necessarily participate in
open or unrestricted tendering.  Such unrestricted tendering does not always facilitate
appropriate competition because the number of tenderers may be so great as to make the
odds against tendering successfully unacceptable, Additionally, pregualification has the
advantage of reducing the inflatiopary effect which must arise where firms incur
unproductive expense in submitting a large number of tenders in the knowledge that a high
proportion of these must be unsuccessful,

A flowchart illustrating the recormmended procedures for the prequalification of tenderers,
for obtaning tenders and for ppening and evaluation of tenders is reproduced on
subsequent pages.

The documents issued to tenderers (the Tender documents) normally comprise conditions
of Contract, Specification, Drawings, Bill of Quantities and form of Tender, together with
Instructions’ to Tenderers, Al except Instructions to Tenderers become Contract
documents on award of Contract. ttis usual to send the Tender documents to tanderers
under cover of @ letter which should be limited to identifying the documents and giving the
recipient an invitation to tender.

Canditions of Contract

The Corditions of Cortract will consist of Part | and Part 1 of the Red Book. The
Conditions set out the legal/contractual arrangements that will apply to the Contract. The
principles and the method to be followed in thewr preparation are described in a later chapter
of this Guide. :
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ARRENDIX 3 - EXTRACT FROM: )
- “The use of FIDIC Conditivns of Centract for Work of Civil Enginaaring Construction’

Spacification

The Specification wil define the scope and the technical requirements of the Contract. the
quality of materials and the standards of workmanship to be provided by the Contractor
must be clearly described, together with the extent, if any, to which the Contractor will be
responsible for the design of the permanent works. Details must be included of samples
10 be provided and test to be carried out by the Contractor guring the course of the
Comtract. Any limitations on the Contractor's freedom of choice in the order. timing or
methods of executing the work or sections of the works must be clearly set out and any
restrictions in his use of the site of the works, such as the provision of access or space for
other contractors, must be given.

Drawings

The Drawings must be in sufficient detail 1o enable tenderers to assess gccurately, in
conjunction with the Specification and the Bill of Quantities, the Aature and scope of work
included in the Contract. Qnly rarely is it passible to provide, at tender stage, a complete
set of drawings so fully detailed that the wark can be executed withaout any further
drawings becoming necessary. On most contracts supplementary drawings will be tssued
aitar award as work procesds.

Bill of Cuantities

The Bill of Quantities is a list of items giving descriptions and estimated quantitios of work
to be executed under the Contract. The Red Book assumes a remeasurement form of
contract, although that dogs not greclude the inclusion of a nurmber of lurnp sum items in
the Bilt of Quantities provided that the scope of work to be covered by each lump sum item
1% adequately defined.

The Tender

It iz highly desirable when inviting competitive offers from a number of tenderers, that the
tendars received should be based as far as rossible on equal terms and conditions and
presented in a standardised manner. In this way evaluation and comparison between the
tenders received can be made more simply and accurately with less risk of
misunderstandings, errors and ormissions.

The Tender is the most important singte document submitted by the tenderer. It is here
that each tenderer genfirms that he has read and understood the requirements of the
Tender documents and based on such requirements it is hare that he states his tender sum
for undertaking and fuifiling all his abligations under the Contract. Itis therefore essential
for the Employer that all Tenders received are stated in identcal terms and thus it is
necessary for the Employer, when inviting Tenders, to provide tenderers with 3 standard
torm of tender which each tenderer is required to complete and sign.

A3-2 BMZO-MAE - Berdge Cangrrugnon Supervision Manos - 23 Jaauary 1983
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APFENDIX 3 - EXTRACT FROM:
The use of FIDIC Conditons of Contract lor Work of Civil Engineering Construction”

The form of Tender which is included at the end of the first volume of the Red Book
foliowing Part | of the Conditions of Contract is recommended for this purpose. It is short,
itis clear and when signed and submitted creates a legally binding and valig offer.

It is comman for Tenders to be identified by a tender reference or contract number which
should be added to link the Tender to the project in question.

The orgarisation to which the Tender is being submitted must be stated in the appropriate
space on the form.

The sum 1o be entered under paragraph 1 of the Tender is the tenderer’s total Tender sum,
. which should be the same as the total from the summary page of the Bill of Quantities.
The amount shall be entered in words and in figures and in the event of a discrepancy
between the two it is comman practice in most countries that the written amount shall
prevail over the amount expressed in figures.

The sum agreed may wery during the execution of the praject depeading on what
circumstances occur, e.g. the instruction of variations, the occurrence of unforeseen

. events, which in accordance with the Conditions of Contract entitle the Contractar to
additional {or reduced) payment.

Under paragraph 4 the Employer must state the time during which he requires the Tender
to remain valid and open to acceptance. This time should be adequate to permit proper
evaluation and award procedures to be completed.

. In'the event that the stated time proves to be insufficient, the Employer may ask tenderers
to extend the period of validity of their Tenders for a further named period. At the same
time tenderers should be asked 1o extend the validity of any tender bond accordingly.

- Tenderers are free to extend or not, if so reguested, and in the event that they choose not
te do so, the Employer has noright to cash ar hold their tender bond.

The Employer must atso fill in, betore the issue of the Tender documents, the necessary
details in the list givenin the Appendix to Tender, in accordance with the Notes at the foot
ot the Appandix,

. Mo reference 15 given to & covering letter in the form of Tender given in the Red Book, The
completed Tenderds, inmany cases, sufficient initseff. |f tenderers are invited or reguired
to submit supplementary information, they should do so under a separate covering letter
and in such a case it may be necessary for tenderers to add a reference to this letter in the
Tender before subrmission.
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APPENDIX 2 - EXTRACT FROM:
‘The use of FIDIC Conditions of Cantract for Work of Civil Engineering Construction’

THE PARTIES TO THE CONTRACT

The FIDIC Conditions of Contract are based on the assumption that the Employer, the first
party, who has decided to have certain works carried out for the implementation of a
project, and is sponsoring the Works, has decided to select a suitably qualified Cantractor,
the second party, 10 execute the Works.,

ft is also assumed that the selection of the Contractor will have been made through
competitive tendering based on tender docurments prepared for the project by a Consulting
Engineer. This process has been dealt with in the preceding section.

The FIDIC Conditions of Contract cannot apply withaut an Enginser being appointed by the
Emplover to administer the Contract. Usually this would be the Consulting Enginesr who
has designed the project and prepared the tender documents. The Engineer is not & party
to the Contract, but he plays an important rele in the development process of the Works.
The duties that the Engineer has to perform are defined under the Contract and he must
have the necessary delegated authority from the Employer if he is to be able ta perform
them. The delegation of this authority is usually to be found in the Agreement between
the Empioyer and the Consulting Engineer,

The Agreement will stipulate as the primary duty of the Enginger that he carefully observes
the requirements of the Employer in the realisation of the project. It is important to note,
however, that the Conditions of Contract between the Employer and the Engineer’'s duties
are discretionary, the Engineer shall act fairly between the Emplover and the Cantractor and
apply the Contract in an unbiased manner.  The Conditions are based upon this
fundamentai principle and this reguirement applies even if the Engineer is a member of the
Employer’s staff. The Contractor will, of course, have to assess whether or not he has
confidence in the ability of an in-house Engineer to take independent decisions.

The Employer

A5 stated in the section dealing with the tendering process, the Employer notifies the
successful tenderer that he has been awarded the Contraet by issuing a Letter of
Acceptance which tecords any changes to the Tender documents as submitted by the
Contractaor, resulting from agreement between the Employer and the Contractor, and the
Contract Pricel

The Employer consents 1o, or declines, requests by the Contractor to assign any portion
of the Works, prepafes the Contract Agreement {if any) for execution by both parties,
appioves the Performance Security and the insurers as well ag the terms of the insurance
policies submitted by the Contractor. The Employer will wish to ensure that the contract
works insurance isin accordance with the laws and regulations of the country in which the
Works are to be executed and that the policy adequately covers the Emplover’s Rigks and
the deductible limits are acceptable.
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AFPPENDEX 3 - EXTRACT FROM:
‘The use of FIDIC Conditions of Contract 1or Work of Civil Engineering Construction”

Provided it is acceptable to the Employer the Contractor will normally use his customary
sources for the provision of securities and insurance.

The Employer makes the advance payment (if any} against a suitable guarantee fram the
Contractor and authorises the Contractor to move on to the Site. During the period of the
certified by the Engineer to be due under the Contract.

The Employer takes over Sections of the Warks as they raach substantial completion, if

this is required under the Contract, and ultimately takes over the whaole of the Works

following the issue of Certificates by the Enginesr. In the event of the Contractar

becoming liable for liquidated damages, the Employer may deduct an amount in accordance
. with the Conditions of Contract.

The Employer may authorise work to be completed by others if the Contractor is in default,

The Employer can terminate the Contract in the event of the Contracter failing to perform

or in certain other circumstances defined in, and subject to, the faw governing to the

Contract. The Emplover, if he defaults, can also be subject to cancellation of the Contract
. by the Contractor or to suspansion of work by the Contractor.

The Employer and the Engineer should maintain such centact with each other as will
facilitate smooth and unhindered progress of the Works, The Employer should respond,
without delay, on all matters for which the Enginiger is required by the Contract to consult
the Employer before issuing an instruction, determining an amount te be added to or
deducted from the Contract Price or granting an extension of time.

- The Cantractor .

The obligation of the Contractor is to exegute and complete the Works, for which he has
* submitted his Tender, within the time specified in the Contract. In addition he has an
ohligation te remedy any defagts which appear during the Defects Liability Period.

AS 500N as is reasonably possible after receiving notification from the Engineer, the
Contractar shall submit the securities, guarantees and insurance policies required by the
Contract and shall commenge the Works., He prepares the construction programme,
provides all necessary materials, Contractor's Equipment, Temporary Works, management,

. superinteéndence and labour and selects the method of carrying out the Works, The
Contractor is not responsible for the design and specification of the Permanent Works
unless expressly provided for in the Contract nor for any Temporary Works not designed
by harm.

The Contractor receives and complies with instructions from the Engineer acting on behalf

. of the Employer and 15 responsible for the care of the Works throughout the construction
period untit the Works are offictally taken over by the Employer or are deemed to be taken
over by the Employer.

The Contractor is responsible for his own staff and work force and for taking out social and
other insurances in respect of his personnel. He must comply with atl appiicable laws, by-
laws and regulations and ensure that all those for whom he is responsible also cormply.
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APPENDIX 3 - EXTRACT FROM:
‘The use of FIDIC Conditions of Centract for Work of Civil Enginearing Conatrueion’

Under normal circumstances the Contractor designs all Temporary Works and submits his
proposals, with supporting calculations,- to the Engineer for comment. If. during the
construction period, he encounters unforeseen physical obstructions or conditions on the
Site he notifies the Engineer who issues relevant instructions. The Engineer will review the
gircurnstances and after consuitation with both parties will determine to what extent, if
any, the Contractor may be reimbursed for additional costs or granted an extensian the
Time for Compietion.

tr the event of default by the Employer the Contractor may suspend progress of the Works
or reduce the rate of work and claim an appropriate extension of time and/or additional
payment.

Mormally there will be one main or principal contractor who signs the 'Contract and has
overall responsibility for the execution and completion of the project. Thera will usualky be
a8 number of Subcontractors working on the Site undertaking specialist comtracting
activities. The Subcontractors are responsible to the Contractor far material, workmanship,
performance and progress and the Contractor is responsibie under the Contract far each
Subcontractor's work and behaviour.

On occasions the Employer will wish to have a particular Subcontractor engaged because
of his knowledge of that Subcontractor's skills of because of his knowledge of some
process, materials or plant particularly required by the Employer. & Subcontractor selected
in thes way is known as a nominated Subcontractor. Once he has been accepted by the
main Contractor the latter is responsible for'the work of the nominated Subcontractor to
the same extent as applies to the work of all other Subcontractors., For this reason it s
important that nomination is not misused by the Employer. Failure to perfarm satisfactorily
by a nominated Subcontractor can cause many difficuities on Site. The particular
conditions applying 10 the appointment of nominated Subcontractors are dealt with in
Clause 59 of the Conditions. The Contractor may object to the nomination for good and
sutficient reasons (e.g. lack of experience or financial strength) and engagemeant against
the wishes of the Contractor will probabiy disturb harmony on the Site. There would bave
to be very exceptional reasocns forsuch a thing to happen.

In very large or complex projects a number of contractors may form a joint venture to act
as the Contractar. in such cases the same principles apply a3 in the situation with only one
Contractor. Inthe case of a joint venture the Employer would normally reguire that all the
parties 10 the jsing venture have joint and several liability,

In projects where seweral contractors are operating on & single site under individual
coentracts, each contractor must give the ather contractars reasonable cooperation and
apportunities for carrying out their work and this should be reflected in the rerms of the
contracts and in the respeciive programimes.
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THE ENGINEER

The Engineer is not a party to the Contract between the Employer and the Contractor but
his terms of engagement are set out in an agreement between the Empioyer (Client] and
the Engineer (Consuitant). This agreement is often in the form recommendad by FIDIC
which is entitled International General Rules of Agreement Between Client and Consultant
{IGRA). An updated version of this model form of agreement is scheduled for publication
in early 1990, The new IGRA will stipulate what authority is delegated to the Engineer by
the Employer and should specifically state if any of the authority given to the Enginger
under the FIDIC Conditions is subject to restriction.

The duties under the FIDIC Conditions which are allocated to the Engineer include the issue
of information and instructions to the Contractor as the work proceeds, commencing on
the Contractor’s proposals for carrying out the work, ensuring that materials and
workmanship are as specified, agreeing measurements of work done and ehecking and
. IssuUIng to the Employer interim and final payrment certificates. in administration of the
Contract all communications with the Contractor pass through the Engineer, thus avpiding
possible confusion and misunderstanding although meetings between the Employer, the
Contractor and the Enginaar should be held reqularly, The Engineer’s duties will normaliy
include instructions refating to management of thie Contract and changes in the nature and
extent of the work, the cost thereof and the time for completion. For axample, the 1ssue
of instructions to proceed with or to suspend the progress of the Works is a mattar of
management. In order to maintain confidence betwesn the parties it is impaortant that the
. Contract properly discloses the procedures for the Engineer’s action in such mattars and
that the Engineer duly observes such procedures.

F

Manu of the functions allocated to the Engineer involve financial matters. The certificates
he 1ssues for interim and final payments include all cost elements arizsing under the tarms
of the Contract other than those (if anyl resulting rom arhitration proceedings ang the
application of the liquidated damages clause. Under normal circumstances the pavments
certified by the Engineer will ig within the Contract Price and will, therefore, have aiready
been authorised by the Empigyer, but variations ordered under Clause 51, fluctuations in
the price of labour, matarials and freight under Clause 70, works done or materials and
. services supplied under Clause 58 and the settlement of the Contractor's request for
additional payment undear such Clauses as 12 and 53 could each result in an adjustment
1o the Contraet Price.

The FIDIC Conditians are based upon the principle that the Engineer has the authority ta
determing additional payments. This is in the interesis of efficient management and
. awoidance of duplication of effort. |t also ensures that the Tender Price from efficient
' contractors will be lower than would be the case if the Contractor did not feel sure that
when he was required 1o do additional work his remuneration for such work woutd be
w evaluated hy a professional able to judge the value of such work. In the avent the
employer wishes to limit the authority of the Engingar this should be clearly stated in Part
il 50 that the Contractor is aware in advance of tendening the condinons under which he
15 required to work. The degree to which the Emplayer leaves the Enginaer to determine
mattars affecting the extent and cost of the Works and the time for their completion will
depend 1o a large extent on the in-house capahility of the Employer. Therefore, the
Engineer should be selected having regard to his professional integrity and his ahility to
futfit his obligations under the Contract and to administer the Contract fairly and impartially
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in the interests of bath parties.

In the exercise of his duties the Enginger accepts the responsibilities attached to them.
These responsibilities should be clearly defined in the Agreement between the Employer
and the Engineer and should be made known ta the Contractor.

As the Works progress the Engineer will be required by the Contract to give instructions,
give or refuse approval or consent, approve work, authorise payments, issue certificatas.
ete. It should be understood by both parties to the Contract that in giving approval or
consent and such other acts which are the duty of the Engineer his objective is 10 ensure
that the Emplover receives the Works at complation in accordance with the reguirements
ot the Contract and that the Contractor is suitably rewarded for the work he carries out.

The Engineer's duty is to interpret the Contract as written. In daing 50 he shouid
endeavour to determine what the Contracter could have reasonably foreseen would have
been required of him when preparing his tender.

It is important to realise, however, that neither the Employer nor the Cantractor is finally
bound by the Enginser’s interpretation or determination even if itis given in the form of a
decision under Clause §7. This Clause defines the steps 10 be taken where the Enginesr's
decision thereunder is not acceptable to one or hoth partigs. For further information seea
the commentary on Clause 67,
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