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Message

Bridge Construction supervision stands as one of the most critical pillars in the
successful delivery of any project. It is the bridge between desion and execution,
ensuring that the vision conceived on paper is translated into a tangible structure that
meets gquality, safety, and performance standards. The role of supervision extends
bevond mere oversight; it encompasses coordination, communication, and control
across diverse stakeholders, owners, contractors, consultants, and workers each with
their own responsibilities and expectations.

In today’s construction ind , Where projects are immasi:%g complex and time-
sensifive, effective supervision has become indispensable. It against risks,
minimizes delays, and ensures compliance with resulatory frameworks. More
importantly, it fosters a culture of accountability and continuous improvement on site.
Supervisors are tasked not only with monitoring progress but also with anticipating
challenges, resolving conflicts, and guniding teams toward shared objectives.

This Bridge Construction Supervision Manual is intended to highlight its multifaceted
nature and underscore its importance in modern project management, By exploring
principles, practices, and case experiences, it seeks to provide readers with a
comprehensive understanding of how supervision contributes to project success.
Whether one is a student entering the field, a professional seeking to refine skills, ora
stakeholder aiming to appreciate the supervisory process, the insights herein will serve
as a valuable resource.

Ultimately, construction supervision is not just about managing tasks—it is about
shaping outcomes. It ensures that projects are delivered safely, efficiently, and
sustainably, while upholding the integrity of the built environment.

I would like to express my sincere thanks to all members of the team who have given
their diligence and intellisence in developing the document.

I {1 )
“Lﬁ:?"‘- i | m:-r"—-‘m
(Kazl Golam Mustata)
Chief Engineer
Local Government Engineering Department
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Message

The Local Government Engineering Department (LGED) is the leading public sector
agency responsible for the planning, design, construction, and maintenance of bridge
infrastructure in rural areas. Bridges play a vital role in connecti mmunities
facilitating trade, and supporting socio-economic development. ir structural
integrity and longevity directly impact public safety and well-being,

Bridge construction is a complex process, encompassing site investigation, detailed
d?s"ilg, foundation work []érnipl;rs a?::d abtrtments}?asu;r?a%ﬁtmchﬂe erection (beams,
arches, or cables), deck installation, and finishing. Throughout all phases, the focus
remains on safety, ﬂurabililg, and the optimal use of materials such as concrete and
steel, adapted to various bridge designs including beam, arch, and suspension
structures. Key stages include soil analysis, foundation construction, superstructure
erection, deck placement, and final inspection to ensure quality and longevity.

In line with its commitment to high-quality infrastructure, LGED has developed the
Bridge Construction ervision Manmnal iding comprehensive guidance
on tﬁ:ﬂmi standarﬁs,snllz]unstmctinn pr uggsﬂ:n %ﬂﬁympmntm J
requirements, This manual serves as a practical reference for engineers, supervisors,
and field staff involved in bridge construction, enabling them to ensure that every
project meets rigorons standards.

I would like to express my sincere appreciation and gratitude to all members who
diligently and meticulously contributed to the development of this manual. Their
efforts represent a significant step toward strengthening LGED's capacity to deliver
safe, durable, and sustainable bridges for the benefit of communities across the country

f
B el
(Md. Belal Hossain)
Additional Chief Engineer &
Project Director,
Program for Supporting Rural Bridges (SupREB)
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ABEREVIATION:

The following lizt shows the meaning of the abbreviations for the common terms used
in Program for Supporting Rural Bridges (SupRB) of Local Government Engineering
Depariment (LGED)

Abbreviation Term
=obB The Government of Bangladesh
LGED | Local Government Engineering Department =~
AGD anl Gﬂ'u"-EI'I'II'I'I-EI’!‘t ey - v - o o o o
WB "~ World Bank
BBS Bangladesh Bursau of Statistics
BODT Bangladeszhi Taka
BOG Bill of Gluantiies
cPTw | Central Procurement Technical Yot~
[:ILF s Del‘ect Lratnlg_r F"ﬂnnd S 05 05 Too o5 Tos fon 25
DoFP Delegatlm of Financial Power
EWO Extra Work Order
GCC General Conditions of Contract
HOPE Head of Procuring Entity
IT Information Technology
amar_ | Instructions to Tendere,ss.
I | Joint Ventura
HOA Mofification of Award
PCC Particutar Condittons of Cantract
PE Procuring Entity
PPR Public Procurement Fules
M ProjectManager =0
. ProcurementofVWorks
Qs {]w:tit].r Suweyr
RVQ Request for Variation Quotation
RIMS Rizk ldentification and Management System
S10 Standard Template Document
TEC Tender Evaluation Commitiee
B S \Vanation Order e (S (i T
CASTM Anmcan SnmethurT&stlluand Mai‘em]s P
BS British Standards
ES European Standards
150 International Organization for Standardization
ImP Inspection and Test Plan
EWS Engineering Works Schedule
ame. | Quantity Management Plan__ U
H5F | Health and Safety Plan =~ -
El& " Environmental Impact Azseszment {reptm]
RAFR Reportable Accident Frequency Rate [zafety)
IR Incident Rate {zafely)
BOD Biochemical Oxygen Demand
55 | Suspended Solids S

=M _| Shield Machines

wii



_ Closed Circuit Teievision e s iee e iee
_ Polypropylene
Polyethylene
Medium-dengity polyethyiens
High dengity polyethylene
Plasticized polyvinyl chioride
Glass-reinforced thermosetting plastics / Glass Reinforced Plastic
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A. CONSTRUCTION MANAGEMENT
ASPECTS



1. INTRODUCTION

1.1 SCOPE OF CONSTRUCTION SUPERVISION MANUAL

Thiz Manual describes procedures to be foliowed for Supervision of Bridge Replacement and
Bridge Rehabilitation project undertaken by LGED. Projects are uzually carried out by confract
but much of the content of this Manual is alzo applicable fo works carmried out by force account.

1.2 OBJECTIVE OF MANUAL

The objective of the Construction Supervision Manual i= to strengthen the management of the
bridge constructon process and improve the gquality of bridge construction. The Manual
contains standard procedures and guidelines for the supervision of bridge projects. Application
of uniform and adequate supervision procedures will assizt o ensure bridges are completed
within me and budget consirants, and will be constructed in accordance with the
specifications.

Improvement in the quality of construcion will leszen the need for repair and rehabilitation of
bridges early in their service life.

1.2 OVERVIEW ON CONTRACT MANAGEMENT

Contract management s one of the most important phases in consfruction projects and
involves numerous tasks occurring before and afier. confract execution and issuance of
mMotification of Award (NOA). Furthermore, confract management involves making timekhy
decizgionz, amooth and efficient flow of information and decisions o enable complefion of the
project as required by the confract documents, ncluding review, supenvision and monitoring
of the construction project
Effective confract administration includes

*  Developing proper and accurate contract documents;

= Complying with contract documents and specifications;

* Enforcing nafional rules and regulatons;

*  Ensuring gualty assurance by overseeing, inspecting; reviewing, sampling and

testing of all matenals and work;

*  Ensuring the works are done within the agreed timeframe and with contracted price;

*  HKesping and maintaining accurate construciion project records;

*  Recording, verifying and preparing monthly pay estimates;

*  Negotiaiing and processing of change orders, supplemental agreements and

other contract modifications in a timely manner;

*  Promoting good public relations;

= Sefting and maintaining a high professional standard etc.
The construction works must be managed in accordance with the contract specifications, terms
and Rules.
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1.4 TYPE OF BRIDGE AND CULVERT
1.4.1 Type of Culvert
a) Pipe Culvert

When & pipe ig placed in an
excavated trench fo move water
away, it is known as pipe culvert. it
is the most commonly used
drainage featire. Economy and
ease of installation have made
thiz type of culverl very popuiar.
Pipe culveris are found in different
shapes such as circuiar,

Fig: 1-4-1 Pipe culvert

elliptical, pipe arch etc. Generally, the shape depends on site conditions and constraints. I is usuakly
consiructed in lowland paths.

It any desired strength iz achievable by proper mix design, thickneas, and reinforcement: i is
Economical, Easy to Install. i can withhold high tensile siresses and compressive siresses, as
pipe culverts don't create barmmiers in the path; they provide a continuous surface over the pipe.
b) Box culvert
Y o oy o A Box Culvertis a M-shaped
e — ' reinforced concrete structure
used in civil engineering works,
including; drainege and road
works. Box culveriz are most
commonly uvused as  an
alikernative to drainage
pipea where design constrainis
lirit the amount of cover
available, but are alzso used in
the construction of a

Lalar T

Fig: 1-4-2 Typical Box culvert

range of other assets including; pedestrian underpasses. rectangular structures, the lower side
prezsed into the ground below, the top serving as the roadway and the lateral sides supported
by the zoil on either side of the obstruchon. it may be constructed with a single box; or multiple
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box cells placed side by side. The fypical size of the boxes is 32" or 12'x12" in 1" span and
rise.

Incremenis. (Usually comes in lengths of B° and 8°) Standard design: Velocity of flowing water
might change becausze of the boliom slab. The sharp comers of the box-ghaped slabs make #
unzuitakle for wehicles running at high velocity. Box culverd is required for purposes which

require arfificial flooring. i can be used for raimavater disposal and drainage, hence it might not
have uzed in dry seasons.

C) Slab Culvert

Slab culvert, also known as bridge
culveris, can be thres-sided, or
simply 8 deck slab embedded in
the zoil on either side, providing &
bridge over the distance. Usually,
a senies of slabs are laid to form a
bridge-like sbucture, and a
pavemeni surface 8 placed on top
to

Fig: 14-3 Eiah culvert

zerve as the road. The standard =pan length ranges from B fo 48

Standard design: Skab Culveris do not have bottom slabs, so natural flow of water i maintained
and natural bottom subsirate remainz intact. Slab cubverds possess no sharp comers (o affect
the safety of high-velocity vehicles. Slab culvertz can replace box culverts if no artificial flooring

iz necessary.  provides a crossing over small sireamz and physical obztructions

1.4.2 Type of Bridge

w{-:t Fq:l:nhm:lr Pl

. -"i'_ = g
':'."1. - ' T

‘Bl

Alinml SRR

o g il Theote 111 Giirder Comgamsan
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a) RCC Girder Bridge

RCC Girder bridges are versatile, cost-effective structures commonly used for 10-25m spans.
These bridges typically feature longitudinal T-beams or box sections designed to withstand
heavy loads, requining careful consideration of structural stability and semviceability. They are
popular due to simple construction,, easy casting, and, often, use precast components for fasier
erection

Key Characteristics and Components
« Structure: Primarily T-beam or box girder designs.

« Components: Longitudinal girders (often with solid ends and [-sections in the
middle), pier caps, deck slabs, and bearings.

« Span: Most suitable for short to medium spans, typically 10 fo 25 meters.

« Construction: Involves piling, pier construction, setting of girders (cast-in-situ or
precast), and slab casting.
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Design Considerations

« Loads: Analysis includes dead loads, live loads (e.g., IRC Class AA/TOR), and
lateral forces.

» Methods: Common methods include Courbon's method for determining
reaction factors for the girders.

« Optimization: Ensuring proper reinforcement and structural stability is critical,
especially for spans at the upper limit of their capacity.

Advantages
« Cost-Effective: Often lower cost than other bridge types.
« [Ease of Construction: Simple geometry, particularly with precast elements.
« Versatility: Highly adaptable for various road and environmental condifions.

Typical Construction Steps
1. Foundation & Substructure: Piling, boring, and casting piers.
2. Superstructure: Placing girders and casting the deck slab.
3. Finishing: Applying safety measures and surfacing

Fig: 1-4-4 RCC Girder Bridge

k) PC Girder Bridge

Prestressed Concrete (PC) girder bridges are a widely used, cost-effective structural
system for short to medium spans (25m-50m), favored for their durability, ease of
fabrication, and high load-bearing capacity. They ufilize high-strength concrete
subjected to compressive forces from steel tendons, making them dominant in highway
and urban infrastructure projects worldwide.

Key Aspects of PC Girder Bridges

« [Design & Components: Commonly designed as post-tensioned |-girders using
AASHTO standards, optimizing materials for cost They feailure concrete
girders, a deck siab, and often cross-girders for stability.
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Advantages: They are preferred owver steel due to lower maintenance,
moderate salf-weight, and structural efficiency.

Applications: Extensive use in highway bridges, urban viaducts, and river
crossings, such as projects in Bangladesh (e.g., Madhumati River bridge).

Maintenance & Deterioration: Key issues include prestress loss, cormosion of
tendons, and structural cracking, especially in older structures, demanding
robust inspection.

Commeon Configurations

I-Girders: Standardized shapes (Type Il to VIl) used for different span lengths.

Tendon Configuration: Post-tensioning is frequently employed for its
practicality in construction.

Construction: Often prefabricated or cast in place with detailed reinforcement,
ensuring a 28-day concrete strength of roughly 35 MPa — 40 MPa

Common Issues and Considerations

Corrosion: Tendon comosion is @ major issue, induced by water and chloride
ion infiltration.

Prestress Loss: Over time, the tension in the cables can decrease, affecting
the bridge's strength.

Design Standards: Designs smmctly follow AASHTO LRFD specifications to
ensure longevity and safety

Fig: 1-4-5 PC Girder Bridge
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c) Box Girder Bridge

A box girder bridge features main beams shaped like hollow, closed boxes (rectangular or
frapezoidal) made from prestressed concrete, steel, or a composite of both. Highly resistant to
torzional forces and efficient in bending, they are ideal for long-span highway, railway, and
curved bridges, typically constructed using in-situ casting or segmental prefabrication

—= =]

o

Fig: 1-4-6 Box Girder Bridge
Key Characterizstics and Components
v Sitructure: Comprizes a top slab {deck), bottomn flange, and wverticalinclined webs
forming & hollow cell.
« Sirength: Excellent torsional rigidity allows for longer, more slender spans (roughly
30m to 300m) compared to l-beams.
« Componenis:
Includes internal stiffening diaphragms to prevent distortion under load

« Construcfion Methods: Often built using the balanced cantitever method, segmental
launching, or cast-in-place methods.

Advantages
« High Torsional Resistance: Superior performance against twisting forces, crucial for
curved bridges.
« Aesthetics and Maintenance: The clozsed structure offers a clean, aesthetic look and
protects infernal components.
¢« Versatility: Suitable for steel, pre-streszed concrete, or composite construction.
« Efficiency: High strength-fo-weight ratic allows for longer spanz and reduced
construction depth.
Applications
» Highway Flyovers: Extensively used for elevated roads and compiex interchanges.
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« Railway Bridges: Ideal for carmying heavy dynamic loads with reduced depth.
+« Long-Span Bridges: Frequently used in cable-stayed designs.

d) Slab Bridge

& slab bridge is a simple, cosi-effective, and common shor-span bridge {typically 10-20
meterz) conzizgting of a =olid, reinforced concrefe glab directly supporting traffic while resting
on abutments. Ideal for, underpasses and small crossings, these bridges are favored for their
simplicity, rapid construction, and ability to handie high compression, though they are usually
restricted to shorter gpans compared to girder bridges

Key Aspects of Slab Bridges:

» Structure: Primarily designed as reinforced concrete slabs, they can be cast in-situ or
prefabricated. They function as both the deck and the main load-bearing memiber.

« Span & Capacity: Sclid slab bridges typically span up to 10-15 meters, while voided
or prestressed concrete siabs can extend to 25 meters.

«  Types: Sofid slab, voided slab {to reduce dead weight), and prestreszed concrete
slabs.

« Advantages: Simple design, low congtruction cost, guick installation, and suitability for
curved, fight-radiuz, or skewed afignments,

» Disadvantages: Heavy self-weight (specifically zoihd slabz) and imited span length.

« Components: Conzists of the deck slab, abulments, and reinforced stesl bars, which
are concentrated in the lower poriion to handle tenszile forces.

v 1o
biig a et

Fig: 1-4-7 Slab Bridge
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e} Arch Bridge

An arch bridge iz a structure featuring abutments at each end, designed to camy loads primarily
through compresszion along & curved shape. These bridges fransfer weight outwards to the
supportz, allowing for, raditionally, stone congtruction and, modernly, stesl or concrete. They
are highly durable, aesthetically pleasing, and efficient for spanning gaps.
Key Principles and Components
+ Structural Mechanics: Arch bridges work by ranslating the downward force of weight
into horizontal thrust, which iz restrained by abutmentz at each end.
« Components:
= Keystone: The cenfral, wedge-shaped stone at the highest point (crown) that
locks the arch in place.
o Abutments: The end supports that bear the enfire weight and honizontal forces.
o Voussoirs: Individual w&dge-:shaﬁal:l units forming the arch.
o Spandrel; The area between the arch curve and the deck.

Types of Arch Bridges
1. Deck Arch Bridge: The deck iz located above the arch.
2. Through Arch Bridge (Tied-Arch): The deck pazses through the arch, with the arch
rizing above it
3. Half-Through Arch Bridge: The deck is located at an iniermediate level of the arch.

Advantages and Dizsadvantages
« Advantages: Exceplional strength due to compression, ability to span long distances
uging, higtorically, smaller building materiaks.
+« Disadvantages: Requires substantial abutments fo prevent horizontal ghifting, can be
comptex to construct, and often requires more matenals than modem beam bridges.

Fig: 1-4-8 Arch Bridge
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F}) Belly Bridge

& Bailey bridge has the advantages of requiring no special fools or heavy equipment to
assemble. The wood and sieel brdge elements were small and light enough to be
carried in trucks and lifted into place by hand, without the use of a crane. The bridges
wWere sirong enough fo camy tanks. Bailey bridges continue to be used extensively in civil
engineenng constructon projects and to provide temporary crossings for Pedestrian and vehicle
traffic.

The fron Bridge is a cast iron bridge that crosses the River or khal or canal. It is easy to
installed and very low cost

Fig: 1-4-9 Bailey with Steel Deck Bridge

a) Iron Bridge

Iron Bridge

1 e -

Fig: 1-4-10 Fragile
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2. PRE-CONSTRUCTION ACTIVITIES
2.1. Notification of Award (NOA)

An effective contract management includes the command and control of activities spanning
pre-award phasze and post-award - construction phaze. Proper handling of the activities before
awarding a coniract is a pre-requisite for successful execution of the construction works and
achisvement of overall project outcome. A failure in pre-contract management will result in
posi-coniract management fime and effori being wasted on frying {0 resolve and cormect
pmiszions and failures of the earlier phase.

Procedure:

1) After the approval of the contract award, the Project Engineer {PE) shall izsue the
Motification of Award (NOA} to the successful Tenderer. The notification will be
izsued prior of expiration of the Tender Validity period and within 1 week; after
contract award. The NOA shall state:

a) the acceptance of the Tender by the LGED;

b) the price at which the contract is awarded;

c} the amount of the Pedformance Security and its format;

d) the date and time within which the Performance Security shall be furnished; and
e} the date and fime within which the Contract shall be signed.

2] The PE =hall notify the Cenfral Procurement Technical Unit for NMOA for confract
(Contract Yalue 1 Crore BDT and above) within seven T days of iiz issuance for
publication in CPTU website.

3l The PE will send the draft Contract Agreement and all documenis forming the
Contract to the successful Tenderer at the same time of izzuing the NOA

4] The NOA shall be accepied by the successful Tenderer within seven (7)) working
days from the date of itz izsuance.

o) Lintil & formal contract is signed, the NOA will constitute & Contract, which shall
become binding upon the furnishing of a Pedomance Securty and the signing of
the Confract by both parties.

2.2 PERFORMANCE SECURITY

& Performance Security should be requested by LGED from the zelected Contractor in order
io mitigate the risks of non-perfformance amnd breach of comiractual obligationz. The
performance security ghould reflect the value of the assessed risk and subzequent loss to
LGED if the Caniractor fail to fully perform under the respeciive: contract and will be in the
amount as stated in the PCC.

Procedure:

1) The Centractor shall furnish the LGED with Perfformance Security within seven {7) working
days (PW2); fourieen (14) days (PW3};, twenty eight (28} days (PWS) from the date of
acceptance of the NOA. The amount and the date and time within which the Performance
Security shall be furnished iz stated in NO&_ The Performance Security should be provided
in & cumrency and amount specified in TDS.
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2)

3)

4)

2)

B)

After receiving the Performance Secunty, Project Manager will send a writien request to
the lzsuing Bank fumished the Performance Security to vernfy the authenficty of the
Performance Security.

During the execution of the contract, Project Manager can make any claimagamst the Bank
issuUing the Performance Sscurity by notifying the Contractor. Such claims should be made
by the Project Manager if the Confractor is in the breach of the Confract and Project
Manager has duly nofified him.

Performance Security ghall be valid uniil & date twenty (28) days beyond the Intended
Completion Date.

After the izsuance of Cerfificate for Completion of Works Project Manager shall intiate the
procedure io substiute the Performance Secunty fumished at the date of signing the
contract by a new Security covering fifty (50) percent amount of Performance Security to
cover Defect Lisbility Period.

If Project Manager finds no reason o call for the retention money, the security shall be
discharged by the LGED and retumed to the Contractor after the Defects Liability Period
has passed and the Project Manager has cedified in the form of Defecls Comeclions
Cerificates (FORM 11/4).

2.3 AGREEMENT

1)

2)

3)

The PE and successful Tenderer shall sign a contract within twenty eight (28) days [(PW3
and PWS); fourteen (14) working days {(PW2) of issuance of the NOA. If the successiul
tender is of JV, 8li partners of the JV shall sign the contract agreement.
The PE proposes the person named in the TDS to be appointed as Adjudicator under the
Coniract, at an houriy fee and for thoze reimbursahle expenses as specified in the TDS.
PE will return Tender Security to Tenderers at different stages of Tendering Process
according to the status of the Tender as follows:
Just after the Tender Opening Process, PE will retum Tender Security to those
Tenderers who have withdrawn their Tender before Tender Submizsion Deadline.
Immediately after the Tender Evaluation Report Approval by the Approving Authorty,
PE will return Tender Secunty to those Tendererz who's Tender has declared as non-
responsive.
immediately after the Tender Evaluation Report Approval by the Approving Authority,
PE will return Tender Security fo the rmeszponsive Tenderer according to their
application who's Tenders are not the ranking 1¥, 2™ or 3™ position.
After the contract signing with lowest evaluated responzive Tenderer, PE will retum
Tender Secunty to the rest of the Tenderer {who's Tenders were in ranking 1%, 2™ or
3™ position).
In all cazes, PE will return Tender Security to the Tenderer before expiry the Tender
Validity Period.
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4) The Competent Authorty responsible for a paricular project, shall appoint a Project
Manager who will be responsible for adminisiering a construction contract to be awarded

to Contractor.

5) Once appointed, Project Manager shall establish promptly the communication with the
reprezentatives of the Confractor.

6) Project Manager organizes a pre-construction meeting with clanfy with Contracior all
contractual related matters such as: the accuracy of contract’s documentation, the BOL,
Drawings and Specification, the timeframe for commencing the Works, the issuance of
Program of Works and other related documents, the safely measures, provizgions in the
confract, recourses need to commence and execuie the Works etc.

NOTE: The following documents forming the Contract shall be interpreted in the following

order of priority:

a)
b)

c)

d)
€l
f)
g)
h)
i)
i

The =zigned Coniract Agreement;

The Mofificafion of Award;

The compieied Tender {i.e. Tender Submiszion Letter and Tenderer Information
Form}

The Paricular Conditionz of Confract;

The General Conditions of Contrack;

The Technical Specifications;

The General Specifications;

The Drawings;

The priced BOG and the Schedules; and

Any other document lizsied in the PCC forming part of the Coniract.
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Form 1: NOTIFICATION OF AWARD Form 2/1

Contract No: Diate:
To
Name of Contractor]

Thiz iz to nofify you that your Tender dated [inserf dafe] for the execution of the Works for
fname of project/Contract] for the Contract Price of Tk [slate smount in figures and in
words], as comected and modified in accordance with the Instuctions to Tenderers, has
been approved by [name of Procuring Entify].

You are thus reguested to take following actions:

i: accept in writing the Mofification of Award within seven (7) working days of its
izzuance in accordance with ITT Clauze 64

ii. Furnizh a Performance Security in the form as specified and in the amount of
Tk [tate amountin figures and words], within fourteen {14) day= of acceptance
of this Motification of Award but not later than f(specify dafe), in accordance
with ITT Clause 65 & 66.
fil. Sign the Confract within twenty-eight (28) days of issuance of this Notification

of Award but not later than (specify date]. in accordance with ITT Clause TO.
You may procesd with the execution of the Works only upon complefion of the above tasks.

You may alzo please note that this Molification of Award shall constifute the formation of this
Contract which ghall become binding upon you.
We gttach the drafi Contract and all other documents for your perusal and signature.

Signed

Duly authorized to =ign for and on behalf of
Name of Procuring Enfity]

Date:
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FOorm 2: CONTRACT AGREEMENT FORrRm 2/2

THIS AGREEMENT made the [day] day of [month] vear] between [name and address of
Procuring Entity] {(hereinafter called "the Procuring Entity™) of the one part and [name and
address of Contractor] (hereinafter called "the Confractor”) of the other part:

WHEREAS the Procuring Entity invited Tenders for certain works, viz, [brief descripfion of
works] and has accepted a Tender by the Contractor for the execution of those works in the
sum of Taka [Comfract Price in figures and in words] (hereinafter called "the Confract Price™).

MOW THIS AGREEMENT WITNESSETH AS FOLLOWS:

1.

In this Agreement words and expreszions shall have the same meanings as are
respectively assigned to them in the General Conditions of Contract hereafter refermed
to.

The documents forming the Contract shall be interpreted in the following order of
priority:

(&} the signed Confract Agreement

(b} the Mofificalion of Award

(c) the completed Tender and the Appendix fo the Tender

(d} the Paricular Conditions of Contract

(e} the General Conditions of Contract

if} the Technical Specifications

(g} the General Specifications

(h} the Drawings

{iy the priced BOQ and the Schedules

i) Any other document listed in the PCC forming part of the Confract.

In consideration of the payments to be made by the Procuring Entity fo the Contractor
as hereinafter meniioned, the Contractor hereby covenants wiih the Procuring Entity to
execute and complete the works and to remedy any defeciz thersin in conformity in all
respects with the provisions of the Confract.

The Procuring Entity hereby covenanizs to pay the Contractor in conzideraiion of the
execution and completion of the works and the remedying of defects theresin, the
Contract Price or such other sum az may become payabie under the provisions of the
Coniract at the times and in the manner prescribed by the Coniract.
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IN WITHESS whereof the parties hereto have caused thiz Agreement 1o be executed in
accordance with the laws of Bangladesh on the day, month and year first written abowve.

For the Procuring Endity  for the Contractor
Signature
Mame

Mationmal 1D Nao.

Title
In the presence of Hamse

Address.
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2.4. PROCURING ENTITY'S KEY RESPONSIBILITIES

a)

b}

d)

)

h)

)

Assure the Quality, Time and Price control throughout the execution of the Works by
the Contractor.

Payment to the Confractor, m conzideration of the satisfactory progresa of execution
and completion of the Works and phy=ical semvices, and the remedying of defects
thersin, the Contract Price or such other sum az may become payable under the
provizions of the Contract at the times and in the manner prescribed by the Contract
Agreement.

Pavment to the Contractor for any compensation events {refer o GCC Clause 67.1 for
the compensation evenis) occurmed during the confract execution. Exampie. if LGED
has delayed in given the possession of the Site or part of the Site fo Confracior, the
Project Manager may swthorize increase of the confract price amdior extension of
complefion ime.

Approval of the confracior's key personne! named in the Schedule of Key Personnel
as referred to in the PCC and replacement of key personnel, to carry out the functions
siated in the Schedule.

Approval of confractor’s Work Plan, proposed by the Contractor as well as any, update
in the Work Plan during the contract execution.

Give right of access fo, and non-exclusive poszession of, thoze parts of the Site sst
out in the site ptan within the time {or times} stated in the PCC.

Guide and assist the Contractor in obtaining, f required, any pemmit, licenze, and
approvals from local public authorifies for the purpose of execution of the Works and
phyzical zervices under the Contract.

Recommends the existence of a Force Majeure that will be the basis of the izsuance
of order for suspension of Works and submit the recommendation to HOPE for final
decision on the existence of Force Majeurs.

Provide directives to Project Manager with regards to coniract implemeniation.

2.5 PROJECT MANAGER’'S KEY RESPONSIEILITIES

The Project Manager is LGED staff appointed by Procuring Enfity who is responsible. for

supenvising the execution and completion of the Works and physical services and administering
the Contract, parficutarly, but not imited o

a)

b)

c)

d)

Except where otherwize specifically stated in the PCC, decide confractual matiers
between the Procuring Entity and the Contracior in itz role as representative of the
Procuring Entity and clarify gueries in conditions of the contract on behalf of PE.
Azzure the Quality, Time and Price control throughout the execution of the Works by
the Confractor.

Approve a Program of Works showing the general methods, arrangements, order, and
tirming fior all the activities in the Works.

Approve the Specifications and Drawings showing the proposed Temporary Works
submitied by the Contracior.
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e) Give instruction to Confractor for commencement of the Works.

f} Approve the Contractor's key personnel and any changes in the composition key
personnel proposed by the Confractor;

g} Check the works executed by the Confractor and nofify the Confractor of any defect
found, instruct the Contractor to suspend the Works when assessed necessary.

h) Determins the value of the Works executed, check the Condractor's monthly statement
and cerify the amount io be paid to the Confractor and iesue Completion Ceriificate
as evidence that the Contractor has executed the Works and physical services in all
regpects as per design, drawing, specifications and Conditions of Coniract.

i} Manage the contract filing system and ensure proper documentation of all activifies
pertaining to contract adminisiration.

2.6 RELATION WITH CONTRACTOR

The Project Supervision shall use a courteous, businesslike and ethical procedure when
dealing with the Contractor. & good relationship is essential fo gain the co-operation of the
Contractor.

Hotwithstanding the above, the Project Supervision shall ensure that the work is done in strict
conformance with the accepied engineering principles and in accordance with the drawings
and contract documents.

The Project Supervision shall maintain an impersenal, agreeable and helpful attitude towards
the Coniractor and the employees of the Contractor. It iz an important asset o secure the
friendly co-operation and respect of the emplovees of the Contractor by dealing fairly and by
recognizing and commending on good work. The Project Supervizor shall take the attitude that
any suggested changes are for the benefit of the work, and the vested authority as all MNEVER
be abused.

& good start iz important and firmness at the beginning of the job will tend to avoid the
“hickering” throughout the duration of the contract

Instructions shall be given only to the authorized representative of the Confractor. However, on
minor and routine matters, and {o an exient agreeable io the Confractor's organization,
instruction may be given direclly to the work persons. However, the Project Supervision shall
not act as superintendent or perform duties for the Confractor, nor interfere with the
management of the work by the Contractor. Any significant orders or instruction which are likely
io prove controversial shall be confirmed in writing with a copy to the Project Manager.

The Project Supervisor may deal directly with the subconiractors to an extent agresabie o the
Contractor's organization. The Confractor iz legally responsible for the performance of the
subcontraciors. Any comezpondence between the LGED and the subcontracitor must be
submitted through the General Confractor.

Whenewver possible, circumstances which may lead to unsatisfactory work shall be pointed out
at the earliest opportunity to the Contracior to avoid the wasie of matenalz and labour.

2.7 CONTRACTOR’S KEY RESPONSIBILITIES

The Contractor, throughout the execufion and completion of the Works will be responsible to:
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a)

b)

d)

E)

q)
h)
0}
il

k)

Camy out all instructions of the PE/Project Managers that are in compliance with
applicable Laws,

Execute and complete the works and remedy any defects therein according to the
provigions stipuiated in the contract agreement and in line with BOQ, approved
Specification, Drawingz and Work Plan.

Prepare the Program of Work in the form of an Implementaiion Schedule showing
general methods, amangements, order and timing for all activities in the Works and
submit to Project Manager for approval.

Design of Temporary Works and obtain the approval of third pariies io the design of the
Temporary Works, where reguired.

Execute and complete any works authorized by PE under any Varation or Extra Wark
Crder as well as any remedial work, when approved by Approving Authority (the
authority in accordance with Delegation of Financial Powers).

Provide access to the site for authorized personz (LGED officialzfpersonnel from
minizgtries/development pariners) for examination, ingpecion, measurements, tesling
and supervision.

Supply "As Buit” Drawings and/or operating and maintenance manuals by the date
specified in PCC, if required.

Submit to Project Manager monthly statemenis of the estimated value of the works
executed less the cumulative amount cerified previousiy.

Take all reasonable steps to safeguard the healih and safety of all workers working on
the Site and other persons entiffed to be on i, and to kesp the Site in an orderly state.
Provide and maintain at the Contractor's own cost all lights, quards, fencing, waming
gign= and watching for the protection of the Works or for the safety on-site.

Take all reasonable sieps to protect the environment on and off the Site and to avoid
damage or nuisance to persons or to property of the pubdic or others resulfing from
pollution, noige or other causes ariging as a consequence of the Confractors methods
of operation.

Comply with all the relevant labour Laws applicable to the Coniractor's personnel
relating to their employment, heaith, safety, welfare, immigration and in order io
allow them all their legal rights.

m) Adhere io all applicable labour Laws and oiher relevant treaties ratified by the

government which prohibits the employment of any child to perform any work that is
economically exploitative, or iz likely to be hazardous 1o, or fo interfere with, the child’s
education, or to be harmmiul fo the child's health.

Provide the proper accommodation o hiz or her labourers and arrange proper water
supply, conservancy and sanitation arrangements at the site for all necezsany hygienic
requirements and for the prevention of epidemics in accordance with relevant
regulations, rules and orders of the government.

Pay on time the reasonable wages 1o his or her labourers.

Before starting the Works, provide, in the joint nemes of the LGED and the Contracior,
insurance cover from the Start Date to the end of the Defeciz Liability Period, in the
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amounts specified in the PCC for the following events which are due to the Confractor's
rizks:
* Lossz of or damage to the Works, Plant, and Materials;
* Lo=ss of or damage to Equipment;
* [oss of or damage to property (except the Works, Plant, Materaks, and
Equipment} in connection with the Contract; and
*  personal injury or death
q) Pay all applicable taxes, cusfom duties, VAT, and other levies imposed or incurred
inside and outzide Bangladesh.
r} Take accountability for any act or default of any Subcontractor, hiz or her agents or
employees, as if they were the acts or defauits of the Contracior

3. TIME CONTROL

The aim of the effective time confrol iz o ensure that the consfruction projects are compleied
within the contracted timeframe and timely measures are undertaken to avoid potential delays
which may impact the overall project objeciives. | is a complex task undertaken by the Project
Managers in practice, which involves constantly measuring progress, evalusting plans, and
taking comeciive actions when required throughout the execution of the Works.

<.1 COMMENCEMENT OF WORKS

Except otherwize specified in the PCC, the Project Manager should issue the Instruction to the
Comractor for commencing the work (FORM 47 INSTRUCTION FOR COMMENCEMENT OF
WORK) if the following condifions have all been fulfiled:
a) Contract Agreement has been signed by both pariies;
b} Except if otherwize specified in the PCC, pozseasion of the Site given o the
Contractor as reguired for the commencement of the Works; and
c)  Receipi by the Confractor of the Advance Payment under GCC Clause T3 (PW3),
GCC Clause T8 (PW3S) provided that the corresponding Bank Guarantee has bheen
delivered by the Contractor.
Once the Instruction for commencing the works has been issued to Contractor, Project
Manager should follow up proaciively with Condractor to make sure that the Contractor follows
the insfruction. In the instruction for commencement of Works, the Contractor should be
requested to submit fo LGED insurance policy documents and Programy of Works to PEPM for
approval within 15 days of signing of Contract
In case the Project Manager notices the delays from the Contractor in commencing the works,
a waming letter should be drafted and submitted to the Contractor.
Project Manager shall convene the commencement meeting with Contracior to clarify all
relevant confractual arrangements. FORM 413 (COMMEMCEMENT MEETING FORM) should
be used to facilitate the commencement meeiings.
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3.1.1 ACTION PRIOR TO COMMENCEMENT OF WORK

The Engineer andior the Supervising Engineer should:

(a)

(i)

(c)

(d)
(e}

]

(k)

i

Oibtain & copy of the letier of Acceptance and note any special provisions
contained therein.

Dizcuss the job with the design engineer to familiarize himself with reasons for
varous design features.

Satisfy  himzelf that access iz avaiable to the site of the bridge and any
conditions which may restrict access {zuch as heavy rainfall).

Check that the Contract has been signed and Securnty Deposit lodged.
Request the Contractor to supply evidence that the insurance policies.
Required by the General Conditions of Contract have been effected. A copy
of the Policies should be obtained to ensure that they comply with the
requirements ol the General Conditions.

Check on the existence of ufiliies which may be affected by the work. Obiain
copies. of cormespondence with ufiliies authorties. Where the Employer B
responsible for moving utifies, ensure thaf the work is done in time to avoid
delay to the contract works.

Check that survey pegs are in position and, T necessary, arrange for their re-
establishment.

Check matenals which are to be supplied by the Emplover, to ensure supply
will be on fime.

Arrange to send a letter delegating authornty to the Supervising Enginesr (the
Engineers Representative).

Check with other engineers who have had deslings with the Contractor. This
may disclose particular aspecis which will need close attention.

Request tfile Coniractor fo supply samples of concrete aggregaies and his
proposed concrete mix design at an early date. Otherwise, he may be delayed
awaiting approval for hizs mix design.

Amange for an initial site meeting with the Coniractor

3.1.2 INITIAL SITE MEETING

The initial site meeting should be held wen in advance of the commencement of work
on the site. This meeting should be aitended by the Engineer, his assistanis, the
Supervising Engineer{s) and the Constructor's Represeniatives.

The purpose of this meeting is io dizscuss the Consfruction Schedule, eguipment o
be used, and general organization of the job.

The Contractor should be asked to supply the Construction Schedule and details of
maior forrwork and false work for approval.

3.1.3 SITEMEETINGS

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

Minuies of site meeilings should be an accurate record of the procesdings of the
miesting, and should be written immediately following the meeting. A copy must always
be zent to the Confractor with a covening letiter requesting his comments as to their
corectness. Minutes of zite meetings have considerable importance on matiers in
dizpute, and it iz ezsential that the Contractor be given the opporiunity to comment
on their comectness. Lack of comment can be tsken as agreement to the comectness
of the record.

3.2. ISSUE OF DRAWINGS AND OTHER DOCUMENTS

The drawings are confractual documents that represent the scope of the works as listed in
the schedule of works or any additional or modified drawings issued by PE. The Condractor
iz obliged to perform the construchion works in full accordance with the drawings, as an
integral part of the contract.

The iszue of other documents to the Contracior muszt be in line with confractual requirements
and should be recorded accuraiely.

Procedure:

1) As required by-the contract, the Project Manager will issue to the Confractor the
zets of construction drawings, with prior approval of PE

2) The drawings izsued by LGED to the confractor should be previously approved
as an integral part of the Confract and clearly marked "APPROVED FOR
CONSTRUCTION". The “Approved for Construction” drawings will accurately
reflect the work upon which the tender was accepied..

3) In case of revision of drawing, the copy of the revised drawings should be shared
with contractor with clearly marked revisions.

4} The Drawings shall be dated and numbered and show the revizion number,
signed by Competent Authority. To avoid unnecessary disputes and ciaims, the
franzamittal of drawings should be handled carefuilly and properly recorded on a
regutar basis at all stages during the construction works.

o) Before izsuing the drawings, the PEMProject Manager gshould check for potential
varialion of revised andlor new drawings from the scope of work or specificaion.

B Any changes in the drawings should result in issuance of a Varation Order
accordingly.

T For revised drawing preparation, the following aspects should be taken into
consideration:
a) Contracior's construction program and consiruction sequence;
s §] Delivery time for construction matenaks;
c) Fabrication tme for manufactured tems (if any);
dl Any dezign work or drawings requirsd from the coniractor.
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a)  If deemed necessary, the PE/Project Manager should fasise with the project
specific designer o ensure that the designer iz aware of any drawing that is
inconsistent with the confract and which might result in & variation.

g} Once the "Approved for Conztruction”™ drawings are issued, the Project Manager
is responsible to file to the comiract file.

3.3 SITE MANAGEMENT COMMENCEMENT MEETING

The zite management commencement meeting will be held to establish clear lines of authority,
determine the duties and regpongzibiliies, communications, subcontracior's requirsments and
uzage, Project Manager, clarify potenfial mizunderstandings and agres on the detaied
implementation arrangements for successful completion of the coniract. A successful coniract
commencement meeting should result in both the Contractor and the Project Manager having
a clear understanding of the consiruction plan, expectaiions and rezponsibilifies of all parties.
The PE/PM should reach the mutual understanding with the contractor and sub-contracton’s
on all terms and conditions of the contract document.

Procedure:

1) After the contract has been awarded, the PE/Project Manager should confer and
arange a site management commencement meefing with the Contractor, sub-
contractor’s and all other stakeholders to review and agres on contract obligations,
work schedule, construction arangements and any cther relevant issues of the
construction project. It is fundamental that all LGED =staff invelved in managing the
regpective contract is famifiarized with the impiementation plan and project zite ag
well az about all confract requirements and condifions.

2) The Meeting is to be attended by foliowing representatives:

a) Procuring Entity

b} Project Manager and any other LGED =staff assigned by Project Manager

c) Contractor's site engineer

d} Sub contractor's nominated representative {if any)

) Representaiives from wility companies (if required)

f} The representafives from emergency eniities - hospitals, fire depariments etc. {if
required)

g} Any other represenfative, as aszessed as important based on specific project
requirements.

3) The PE/Project Manager should schedule the contract commencement meeting
sufficiently in advance to allow the altendance of all parties invited. All aftendess
will be given a ten (10) days advance nolice of the daie, ime and location of the
mesting venue. Subcontracior’s should be advized by the Contractor to attend.

4} A PEProject Manager representative = responzible for taking mnutes from the
meeting and maintains the minutes of the meeting in the contract file along with any
other required documentation. A copy of the minutes report should be submitted io
all attendees.
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J3.4. PROGRAM OF WORKS
The Program of Warks wili be uged for moniforing the progress of the execution of the Works.

Procedure:
1)

2)

3)

The Project Manager iz responsible for approval of the Program of Works (as
gfated mn GCC Clause 12 1(PW2), Clause 41.1(PW3), Clause 41.1{FPW35)
submitted by the Coniractor within the time staied in the PCC. The Program of
Waorks should represent the general methods, arrangements, order and timing
for all activities in the Works.

The Project Manager should also review and approve any updated Program of
Works, within confract period, submitied by the Contractor at intervals no longer
than the period staied in the PCC. The updated Program will show the actual
progress achieved on each activity and the effect of the progress achieved on
the timting of the remaining work, inciuding any changes to the sequence of the
activities.

If the Confractor does not sulbmit an updated Program of Work at the stiputaied
interval in the PCC, the Project Manager i authorized to withhold an amount
from the next payment certificate and continue to withhold this amoant until the
next due payment after the dafe on which the overdue Program of Works has
been submitied as per PCC.

MOTE: The submizsion to, and review by, the Project Manager of any amended or revised
Program of Work or any other document or revision thereof under shall not in any way relieve
the Contractor of any of itz wamanties, obligations or liabilties under or in conneclion with the

Coniract.

4.5. EARLY WARNING

Early waming iz a parinenng-based approach to rezolve the issues arising dunng coniract
implementafion. The Contractor should give eany waming of any izsues, events, circumstances
or conditionz that may affect the quality of the work, increase the original Coniract Price or
delay the execufion of the Works. The contractor should give early warnings as soon as he
become aware of if in order to minimize the defrimental impact on the work fiow and to help
reduce the rigk of penaltiez being applied.

Procedure:
1)

2)

3)

The Project Manager should make sure that Coniractor understands the
requirements for giving early wamings to LGED in cases he encounters any
isgue in complying with the contracted terms and conditions.

Ifthe LGED receive an earhy waming from the Contractor, the Project Manager
=hould review the warning note, evaluate the situation and work collaboratively
with the Contractor to find the proper solution.

The Project Manager will organize an early warning meeting to dizcuss with the
Contractor and sub-contractor/s (if any) how to avoid or mitigate the impacis of
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4)

=)

the warned issue and decide what aclions should be taken next by each party
io rezolve the matter in the most efficient manner.

The Project Manager may require the Contracior fo provide an estimate of the
expected effect of the future event or circumstance on the original Coniract
Price and Completion Date.

The Project Manager, Asszistant Upazila Engineer (Upazila level) or Senior
Asziztant Engineer (District level) should ghare with Contractor the FORM 445
(EARLY WARNING NOTE) for maintaining administration of eary warmings.

J3.6. EXTENSION OF INTENDED COMPLETION DATE

The extension of completion date is required due io the circumistances which might arize during
the execuftion of contract that make & imposszible to complete the Works within the coniracted
completion perod. The Contractor may be granted the approval for extension of Intended
Comgpletion Date bazed on following provisions: a) Ocowrence of Compensation Eventz b)
Vanations and c) Extra Work Order.

Whenever LGED determine the need for extension of ntended completion date, a formal
amendmeni of Contract will be required.

Procedure:

1)

2)

3)

4)

=)

B)

7)

The Project Manager should become familiarized with the contract’s grounds for
extension of intended compietion date of the works.

In caze the Contractor congsider himself eligible for extension of Intended
Completion Date, he should zubmit the early waming note to Procuring Entity
informing on the circumstances occurred that require the need for extension of
time for completion of Works. The Contractor should submit the nofice no later
than twenty-eight {28} days sfier the Contractor became aware of such
circumstances.

The PE should carsfully review the claim note, in conjunction with site staff and
determine the enfitlement of the Coniractor and decide within twenty-one [21)
days of the submizsion of notice by Confractor. & form 4/6 CHECEKE LIST FOR
EXTENSION OF INTENDED COMPLETION DATE will be used to ensure that all
aspecis are considered in the review.,

If the Confractor has not submitted the written nolice on time, the delay by the
particular failure shall not be considered in assessing the exitension of Intended
Completion Date. In thiz case PEPM submits the explanation lefter io the
Contractor.

Procunng Enfity may extend by up fo twenty (20) percent of the criginal contract
time, as =tated in PPR 39.

The Head of Procuring Enfity can approve, or authorize a person fo approve the
extension of ime for completion by more than twenty {20) percent of the original
contract fime.

If it iz determined that the Contracior iz enfitied fo an exiension of the time for
completion, the Project Manager should request from Confractor to submit the
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revizsed program that shows the effect of the approved extension of time for
completion.

8) If PE agrees with the Contractor's propozsal to extend the Intended Compbetion
Date, Contractor will submit the Claim reguesting the amendment of the confract.
The Comfractor shouid submit the claim for Extension of Completion Date within
forty-two {42) days as per GCC Sub Clause 912 (PW3); Sub Clause 99.3.
(PWS) after Contractor became aware of the crcumstances ansen that required
the need for extension.

9) After receipt of a claim, PE will allocate a claim number and record the claim in
the Extenzion of Time Claim Register.

3.7. DELAYS AND ACCELERATIONS

When managing construction contracts, LGED staff should be aware of the defays caused by
LGED such as: delays in issuing Drawings, Specifications, or instructions required for
execution of the Works and giving the Contractor possession of the site, delays in approving
Program of Works, processing payment on time and in accordance fo the schedule, delays in
responding to Contracior's claims, approving process, delays due to the suspension of the
Works ordered by Project Manager, delays conducting inspeclions and tesiz, delays in izsuing
Completion Cedificate, delays in fimely giving waming notes io Contractor efc.

The delays caused by the Contfractfor are commonly related to: submission of Program of
Works, delays in submigsion of Perfformance Guarantee, delays in commencing the works,
delays in submitting fo Project Manager early warning nofifications, delays in completing the
Works and physzical services within the Intended Completion Date, not giving LGED staff
access to the site on time for the purpose of inspection and test, delays in paying the wages to
its labourers efc.

There are alao delays causzed by Public Authorities which may dizrupt contractor's Works.
Thezse public authorities delays might be considersd as compenzation event if nor LGED
neither Contractor have not foreseen such delays and Contracior has diligently followed the
procedure laid down by legally constituted public authorities.

The occumence of the exceplional evenis or circumstances caused by Force Majoure may
also cauze delays in imely completion of construction works.

Procedure for Delays:

1}  Project Manager should be aware of contractual provisions stipulating the rights and
ohfigations of both LGED and Contractor with regards to all kind of delays which may
occur during the execulion of the Works.

2}  Afier contract iz signed and Instruction for commencement has submitted io
Confractor, Project Manager should ensure that the Confractor will commence the
Work within the date specified in the instruction.

3}  Project Manager will make sure that all payments are processed to Confractor on

time

4]  Project Manager will work closely with Confractor in monitoring whether the progress
of the works iz in line the agreed schedule and azsess if there iz any delay.

¥
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5}  Project Manager will give notfice to Confractor in case helshe observe any potential
delays which may occur.
6) The Project Manager may instruct the Confractor to delay the start or progress of
any activity within the Works.
Acceleration occurs when LGED reguests from Contracior completion of particular work
activity earlier than the planned or confracted timeframe.
Procedure for Acceleration:

1) If LGED wants to request from the Confractor completion of the Works before the
Intended Completion Date, the Project Manager will obtain priced proposals for
achieving the necessary acceleration from the Coniractor,

2) If the priced proposal is accepied by Project Manager, the Intended Completion Date
will be advanced accordingly and confirmed by both the LGED and the Contractor.

3} The priced proposals for acceleration scceplted by both parties will be incorporated in
the Contract Price and treated as a Variation.

J3.8. SUSPENSION OF WORK AND CONSEQUENCES

The LGED can decide o suspend the progress of part or all the Works. Such suzpension of
the Works may cause the delays in completion of the works and may increase the cost.
Procedure:

1} Project Manager is responsible to instruct the Contractor for any suspension of the
Works.

2) When insiructing for suspension, the Project Manager should make surs that the
Contractor is protecting, storing and securing such part of the Works against any
deterioration, loss or damage.

3) When the work iz suspended, the Project Manager should provide the Confractor
with & nofice thal includes the effeciive date of the suspension and states the
specific reason for the suzpenzion referring o the specifications and GCC Sub
Clause 421 (PW3), Sub Clause 49.1 (PW3S) under which the action is taken, what
achions the Confractor must take before resuming work and the condiions under
which the suspension will be revoked.

44 Project Manager will issue a written suspenszion order except when work must be
siopped at once and fime does not permit issuance of a written order. A written
order confirming the verbal order must be issued at the earliest possible time.
Project Manager before issuing the suspension onder should make an aszessment
of the consequences of the suspension periaining to the need for extension of the
Intended Completion date andfor increase of the cost

3} If the suspension order cause any delays and financial implications and when the
suspengion ie dus to no fault of the Confractor, and once the Contractor has
submitted the claim, the Project Manager shall procesd to agree or determine the
length of extension of Intended Completion Date andlor changes in the confract
price.

6) Suspension and reasons should be recorded in the diary accordingly.

PFage | 27



Page | 28



Form 3: AGENDA FOR INITIAL SITE MEETING Form 3/1

[ Contractor: [ | Date: | |
: mtroduction
1. | Qpening General descrplion of the contract scope
o LGED organization and its personnel inwoheed
& g Confractor's crganization and personned
Verbal communications
A, | Commumnication Site memasdinstructions
Commespondence and drawings ransmittals
Work plan and program
4. | Program Manpower
Coordmnation with sub-contractors.
: : Supphy plan
S| SO T R Transport armangements and storage procedures
Survey marks
Constrsction power (if applicable) and contrachor's extensions
Accommodation or camg facilites
o s Waler and sewe if appicable
8. | Survey and ufiitesfacilities sl “gﬁfdémﬁ ]
Tebscommunications (if applicabba)
Operation in bomow areas, quarmies, dsposal and stockpde areas
Cither senvices
Proposed plant
1. mE pant and |1 GIRRES T
Proposed mamienance facilibes
Location and layout Buddings
B. | Contractor's storage areas Cionditions or restrichons on use
Requrements of other contractors [ appheable)
o Work rules Reguiar work hours and work cutside agreed hours
g Security and Camg regulations
Safety prowisions and procedures
10. | Safety Frst aid and medical provizions
.. Accident reporting
11. | Quality control program Inspection of the work and Tesfing
Agreed Method of Measurement
reed measurament schedule
B || Nenssiegnnb O the mhasammmmmmﬂﬂ{hrﬁunﬁmtﬁmh
LGED)
Agreement of monthly progress measurements
13 Monthly  progress statement Fiorm of subrmittal
| procedurs Payment for waniations
Credusctions for retenton, eic
74, | Tssue of vanation orders Confirm who has authoriy o issue vanabons
15. | Claims or other dispute handling
- - handhly reports
18, | Reporting requiremants Weetr;repurls?
17 Drawing and dats submittal and
" | review ure
18 Contractor's  appointment  of
" | subconiraciors
18, | Insurance
20. | Oher matters
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Form 4: PROJECT EMERGENCY CONTACT NUMBERS Form 3/2

Project Title

Project Location

Contractor

Date of issue Rewision

LGED representative

Contractor Contact

Site First Aid givers

Mearest Doctor

Mearest Medical Clinic
[Hospital |
Ambulance Service

Mearest Fire Service

MNearest Police Station

Semvices Providers
Electricity

Water Service

Gas Service

Cither
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Form 5: COMMENCEMENT MEETING FORM 3/3

Project Title Meeting
Number

Meeting Purpose

Meeting Location Meeting Date
& Time

Present

Distribution {additional to those present)

Motes prepared by Distribution
Date

1. Project Staff and Key Personnel

LGED

CONTRACTOR

2
2
3
4
1
2
3
4
5
g

2. Timing and Dates (Confirmation)
Proposed start date on site

Owerall contract duration

Defects Liability Period

Mote any milestone/stage completions
Confirmation of site working hours

3. Contract Commencement Deliverables
Prior fo any works being carried out on site, including site establishment, temporarny works, delivery of
materials, etc., the Project Manager should make sure the Confractor has submitted for review and
approval the following documentation
*  Bank Guaranies for Perfformance

Submitied by: Cate:
Diocumented confirmation that all required Insurances are in place
Submitted by: Date:
Any Local Authoriy permits, consenis, licenses or fees required?
Submitted by: Ciste:
Cither Requiremenis?
Submitied by: Diafe:
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4. Project Quality Procedures Planning

The Confractor is o actively engage with, execute and comply with the LGED quality, health
& safefy and environmental procedures and proceszes as oullimed within the Confract
documentation.

The appropriate LGED and Contracior staffs are to meet as soon as possible prior to works
commencement on site o ezfablizh and activate the procedures and controls required.

Initial Guality Procedures Plannin ::E[:IEI::EE tati Contractors date amlu Initial once|
Program a representative Fine completed
Health & Safety

Key issues io address:

Project Site Emergency and Evacuation
plan, Site Indection procedures and Site)
Safely Rules, Hazard ldenfification a
Risk control assessment procedures,
project safety meefings, work  permi
system, accident and incident reporting.
safety msp=ciions ete.

Environmental Management
Key issues fo address:

Environmental Risk EtSSEEEr‘I!'bEI'Il1

procedures, sile waste management plan,|
emengency deladls, mcident and spill

reporting and imvestgation, site
environmental inspections etc.

Implementation Procedures
Key issues to address:

Frogram and planning. inspection and tesi]
planning, task anafysis, sie inspections.
trade contral sheets ate.

5. Site Inspection

Iz an inifial site inzpection prior to full site possession and works starfing required? Full
dilapidation report/phofographic record/joint stakeholder walk round and =ign off.

If required, confirm dateffime and attendees involved.

Diate: Time:

Attendess:
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6. Construction Contract Time Frames

The Construction Contract for this project outhines the timeframes and durations for the various
proceszes administered within it Both LGED and the Confractor have a confractual obdigation
o adhere to the imeframes detaiied.

Important contractual activiies such as processing interim payments, variations, extension of
time claims and cerificates are governed by set time periods for each- step in the process.
Confirmation and clarification of exacily what LGED and the Contractors obligations are timing
wise will help eliminate mizunderstandings in the future.

Discuss and confirmn under this Construction Contract

[ process and Gmeframe for making an Interim Payment claim:

process and timeframe for submitfing a Variation claim (LGED or Contractor
requested)

[l process and imeframe for submitting an Extension of Time claim

[ process and timeframe for submitting a Claim (either from Contractor or LGED)

f. Program

In accordance with the relevant contract conditions, submizsion of the Program of Work is due;
(Crate)

Short term [ farget roli out programs will be required based on a week work

pericd cycle.

Program monitoring and review meeiings will be held regularly throughout the project duration.

8. Communication

Confirm that for the purpose of giving written comespondence and communication including
nofices, requests and consents under the terms of the Coniract Conditions; that the
representatives and contact details noted on Emergency contact numbers are comect and will
be used throughout the comiract implementation.

On completion of the initial quality procedure planning meetings, a scheduke of all the proposed
reqguiar project site meetings will be collated, drafted and transferred onfo an overall Project
Meseting Schedule and izzued to all relevant pariies.

The initial reteaze of the meeling schedule will be produced by: arvd will
be
avaitalble from (Ciate)

9, General [Other items for discussion)
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FORm 6: DRAWING ISSUE REGISTER FORM 3/4
INSERT THE NAME OF THE PROJECT

: . .| ISSUED BY RECENWWED BY _
HNao. =7 | Description e | Mame and | . Mame - and : :
No. abisse. | o Signature | Date PR Signature | Date

MNote: Insert under the Purpose of issue the following codes: Information — |, For approval — & | For Construction — C |, Preliminary-P, Other—- O
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FOrRm 7: EARLY WARNING NOTE FORM 3/5

Project Title Project Mo.
Location

Hame of Project Manager

Hame of Contractor Contract No.
EARLY WARNING MOTIFICATION BEW No.
Issusd: Confractor fo Project Manager

I'];estrri']:liim u"r"e.urly 'n'aming:

Is the matter referred to above Bkely fo: . Yes No
Increase the tofal contract price [ [

De=lay Completion | |

Impair the performance of the works inuse  [C] [

Is an early waming meefing required [ ] [

{Tick box as appropriate)

Signed by {Confractor) Date;
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Form B: CHECK LIST FOR EXTENSION OF INTENDED COMPLETION
DATE Form 3/6

Project nams:

Mame of the Contracior

Contract number:

Mame of Project Manager

Claim Mo.:

Contracior's claim reference:

Time claimed:

Time in calendar or working days

Cause of delay:

Applicable Confract clause:

Any associated nobce provisions

Motice provisions complied with?

Pregram of Works checked?

Extension of time jusfified? Yes [ Ne [

Pernod recommended:

Signed by: Drate:
(Froject Manager)
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FORM 9: INSTRUCTION FOR COMMENCEMENT OF WORK FOoRm 317

r 9

Lezal Government Enginesring Deparment (LGELD)

DOiffice Mamo Mo Date;
Ta:

[Mame of Contractor]

[Addrass)

Contract Referanca:

Pursuant to GCC Sub Clause 381 {PW3); Sub Clauss 401 {(PWE) of the above menticned Confract
Agreement, this is to notify you that the following precedent conditions have been duly fulfilled:

{i} the Contract Agreement has bean signed,

{ii} the possession of the Site has been given; and

{ii} the advance payment has been made [delete if nof appropriztel.
You gre therefore reguested o

1. Commence execufion of the Works, im accordance with GCC Sub Clausa 1.1(w)(PWYW2) Sub
Clause 1. 1{nni{PW3k5ub Clause 1.1{co){PW3} within {specify date];

3. Submit Program of Works, in accordance with GCC Sub Clause 12.1{PW2k Sub Clause
41 1FW3) Sub Clause 42 1 (PWES), within {specify date]

Signed by:
fname of authorized Project Manager)

Date:
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HMame of the Work:

Start Day;

FOorm 10: REVISED WORK PROGRAM FORM 3/8

Mame of Upazila: Mame o Zilla:

End Day: Total working Days:

i

January 2020 February 2020 March2020 April 2020 May 2020

Pio

compaonen | Activities

"g

i | | | | Ged | | W | | |k i | S |0 | | |

D 1txterial Mokilzation Checked by: Approved by:

Signature of the Contractor
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The Progect
hManagar gives
instruction to
Contractor for

Commencement
of Work {FORP
4/7)

Motes:

Coniracims
Sulbdmits to LGED
nsurance policy
documents and

Programme of
Warks to PR for
approval within

15 days of signing
of Contract

PRt approves the
Programme of
Works

LZED and

Contractor hold a

CETIMEenCEment
mEeting

FLOW CHART 1: COMMENCEMENT OF WORK FLOW CHART 3/

Contractor
commenca the
exerution of
works by the
and of all
formalities

start

Date as

specified in

PCC

1. The Project Manager will give .'ha!run::ﬁnﬂ fo Confractor for Commencement of work affer the following conditivnz have been duly fulfilad:

: Contract Agreemant has been zigned [ e
¥ MEﬂmdﬁEﬁmmﬁEﬁJﬂﬁLﬂfﬂr )
2. Project Manager show'd be proactive and isize with Gontraclor affer giving instruction io prevent polential delays
3. K Confractor does not commence the Works as per insfruction, the Project Manager should submit & waming leffer fo Confracio
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FLow CHART 2: EXTENSION OF INTENDED COMPLETION DATE FLOW CHART 3/2

iContracior give notice fo
P8 not later than 28 days
after becoming aware of
fhe circumsiances causing
nead for exiension

PM submils explanation
note to the Contracior

Caonfractor submit 3 clalm Tor
extersion of ik Completion Date
within 42 daye (ZCC Clause
21 3} aftar Contracior became
aware of circumsiances ging
fiEe (o the

i LGED and Contractor
475} and Iniiai= the I signs amendment fo
amendmand o Consact the Coniract

Mote:

1. PE may exfend the Infeniion Complation Dafe by 20% of the confract time,
2. The approval of HOPE iz required for extension of more 20%  of confracted fime

3. Acconding fo GGC Glause 21 (PW2), Clause &7 (PW3) and Ciause T1 (PIWS) the following ame
congidered a5 compenzafion evenis, based on which Confracior can ofsim the extenzion of Infended

Complefion Date.

a)
b)
c)
d)

£

LGED does not give Confracior access to the side
LGED modsfied the schedule of other Contractors
PEPM orders delsy o does not issue
instructions required for executions of Works

The PEPM uwnmeascnably does mnot  approwe
subcontract to be ket

It s assessed that ground conditions are more
adverse and they can cause delays or exira

costs fo the Contractor

The advance payment is defayed,

g} The effect on Contracior of any LGED nsks

h} EPM unreasocnably delay in issuing a
Completon Cerificats

i} The ceourmence of Force Majeure as defined n
GCC

i} Ctiher Contraciors, public
authorities, wilites or PEPM cause
delays

ki PEPM instruct Contracior to camy
out additional tests
resufling m finding no defects

[y &ny ofher compensation event sbpulated 0
condract
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4. SUPERVISION OF BRIDGE CONSTRUCTION

4.1 Site General Issues
4.1.1 Submital:

A submittal is the act of presenting zomething for review or approval, or the thing that is
submitied. In construction, a submiiial = the process of submitting documents, samples, or
materiats to the project owner or design professional.
Purpose of submittals
* Toensure that the proposed materials meet the project’s requirements; codes,
standards, and design specifications
= Toensure that the proposed tems meet the project's quality control standands.

What is included in a submittal

Shop drawings
Maierial samples
Test reports
Certificates
Product data sheeis
Any other supporting information requested
Who submits submittals
» contractors, suppfers, and vendors

When are submittals reguired.
Submittal requirements are usually specified in the confract documents
Regulatory or cefiification requirements may determine when to stari the submiiials process

Example of a bridge construction submittal:
¢ A copfracior submitting detailed shop drawings for the bridge deck design, including
reinforcement defails, concrete mix specifications, and anficipated construction
procedures, to the engineer for approval before pouring the deck concrete.
4.1.2 Work Plan:
The Work plan is a graphical presentation of a project/schemes showing proposed starting and
completion fimes of each actwities of the project/scheme. The contracior responsibilifies for
preparation of the work plan. Al consfruction activities to be shown sequentially in the work plan.
Plants. and equipment to be needed for implementation of work are to alzo provide in the work
plan. The main purpose of the work pian are:
* Splitting of fofal work into small actvities.
Determination of proposead starting and completion dale of each activity.
Before starfing the work ensure necessary construction material, manpower, equipment
etc. for compietion of every aciivity.
* Review the progress and prepare revizs work plan if necessary

"
-
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4.1.3 As-built Drawing:
Dwring the constructon phase of a project, it's imporiant ko nofe what changes contraciors
have made to the inidial project drawing and specifications. Contractors can reference as-
built drawings when adding updates and renovations o the project in the future. Learning
about -as-built drawingz cen help you properly record any changes that construction
workers have applied and the dates they made theze changes.

What iz an as-built drawing
An as-built drawing is a drawing that the designer, engineer or confractor of a construction
project creates after successfully compieting a project Construction workers typically
compare the as-built drawing to the original drawings and the specifications they made at
the stari of ﬂ'lE]Jmﬁe::L Project managers typically review as-built drawings to examine all
the changes made 1o the specifications during the construction phase of the project. As-
built drawings alzo display the geomeiry of the work completed and allow you to frack and
record changes to the project throughout each stage. A= a confractor, you can alzo save
your gs-built drawings. and present them during interviews. As-built drawings may make
you ook more professional and aflow you o demonstrate how successiof and well-made
your previous work is. This can be a great way to mpress project managers and showcase
your skills-among other contractors

What to include in as-built drawings
The main elements included im an as-built drawing anaﬂ

= Shop drawing changes

#  Exira works

= Field changes

= [Design changes

= Modifications

& |Lahels and dates

Locations and dimensions

Wh]r are as-built drawmgs lmpnrtant‘?
An as-built drawing provides a complete history of every change and update made fo a
project, -allowing teams to reference this document when they need to apply changes,
repairs or renovations. Coniractors can see what previous employees built, which
materials they used and how long ago they constructed it This helps the contracior save
time because they dont need to test the siructure to determine itz exizfing conditions.
Instead, the as-built drawing informa them of the conditionz 2o that they can immediately
begin adding their renovations or enhancements. If they must later fix a finizhed structure,
the facilities ieam can &aiso reference the as-built drawing to review the specifications and
materiakz that make up the project. This helps them identify any broken paris of the
siructure and repair them efficiently, which may save time and cosis.

Who uses as-built drawings
Lisually, the confractors, architects and designers create and use as-built drawings. The
person who creates the original drawing and design for the project typically crestes the
as-built drawing as well, since they're the most familiar with the specifications, Theyre
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alzo a part of the construction process, 3o they usually direct and record the changes as
they occur. When the construction workers finizh the project and the contractor, architect
or designer makes the as-built drawing, they submit it 1o the project manager for review.
The project manager ensures the final drawing mests all the client's requirements and
notes any differences from the original specifications. &fter reviewing the as-built drawing,
the project manager submits it fo the client for their final approval.

How to use an as-built drawing
As-puilt drawings can benefit many employees involved in the construction phaseof a
project. You can follow these steps to use an at-built drawing propery for your next
construction project:

1. Reference the criginal specifications
To effectively document your changes, first review the specifications listed in the orginal
project’s drawing. Thizs can make it eazier to compare the onginal drawing with the final
as-buit drawing. 's helpful to take the physical copy of the specifications and uze them
to document changes made throughout the consinuction process. You can glso take a
picture of the specifications on your phong and use the phofo as a reference when craffing
the as-buiit drawing.

2. Document any changes made
Az the construction process occurs, regularly document any chenges you insfruct
construction warkers and subcontraciors to make. Wiite these changes down a2 soon as
employees make them, and include the date next to each change. You use these
documenied changes later as a guide when creating your as-buitt drawing, so make sure
yvou're taking clear notes.

3. Create a clean and labeled drawing
Once you compiete the project, you can begin creating your az-buiit drawing. A wide
variety of employees involved in the project are likely to view your drawing; =o #'s imporiant
to craft a clean and labeled drawing that's easy for you and other readers to understand.
You can do this by using elements like a format of changes logged, a color scale and a
drawing scale. This provides a clean, congistent and professional look yvou can ghow the
project manager and display. in your porifolio for fulure construction jobs.

4. Use software tools to build it
Contraciors, designers or archifects can use pen and paper o create az-built drawings,
but there are alzo software systems available to help you craft them. Using these fools
can help you save time and make i eazier to emai and submit your drawing fo project
ranagers.
When project managers receive the as-built drawing digitally, they can forward it to clients
for ther review and approval, which improves. efficiencies for all project members. You
can also include the digital version of your as-built drawing in a digital porifolio for hiring
managers to view more eagily.

5. Save and review the drawing

Once you've complefed- the as-built drawing, you can save it in a file for future reference.

Cmtr&::lnm},an locate it if they want to belier undersiand what materials you used for the
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structure and review _hl::ld'tﬁunﬂf details about the congtruction process. They can alzo review the
drawing years later Ifthey:need to-add updates, enhancements or renovations to the project. This
makes it easier for them tcﬂ:letermhe what tools, equipment and materials they need io consiruct
the structure successfully.

The informaiEon on this site i provided a5 a courtesy and for mformational purposes only. Indesd
iz nﬂt|_'a career or legal advisor and does not guarantee job interviews or offers.

4.1.4 Shop drawing:
Shop drawings, aiso known as fechnical drawings' or Tabrication drewings', are deiailed
plans creaied by contractors, manufacturers, or fabricators o flustrate how specific
componeniz will be manufactured, assembled, and installed as par of a construction
project. They serve as a guide for producing key project elements such as siructural steel,
pre-cest concrete, windows, elevators, and milkwork.
What'sina Sl‘lﬂp drawing?
Shop drawings inciude detailed specifications, dimenzsions, materialz, fabnication methods, and
instaltation instructions fo ensure each component fits the overall design. They alzo show how
parts connect, comply with building codes, and may feature different views such az section, detail,
and elsvation perspeciives. Addiionally, shop drawings often include schedules, diagrams,
ilustrations, brochures, and sample submittals to provide further clarity.
Here is a more detailed breakdown of what's included in a a shop drawing:
Dimenzions — Precize meazurements for fabrication and instaliation.
Materials — Specifications for materials, finishes, and coatings.
Fabrication details — Ingtruciions on how components are manufaciured or azsembled.
Installation insfructions — Guidance on how elements shoukd be placed or secured.
Connections and joints — Details on how pars fit and interact with ofher elements.
Compliance information — Motes on building codes, reguistions, and standards.
Schedules, diagrams, and illustrations — Visual representations of the design and
construction process.
Brochures and sample submittals — Supporiing documents that provide additional product
details.
They may also feature different views to clarify design intent, such as:
Section view — Shows phases of construction and how elemenis connect.
Dretail view — Highlights 2mall but crucial dezign details.
Elevation view — Provides a straight-on perspeciive of the component.
importance of Shop Drawings
Shop drawings are crucial in the construction and manufaciuring industries for several reasons.
Here are some key aspects highlighting their imporfance:
= Detailed Representation: Shop drawings provide a detailed representation of the design
and specifications of a construciion project or 8 manufaciured product. They offer a more
granular view compared fo the general plans and drawings, showing specific dimensions,
materials, and construction details.
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+ Communicafion and Coordination: Shog drawings serve as a means of communication
between different parties involved in a project, such as architects, engineers, contractors, and
fabricators. They helpin coordinating various aspects of the project and ensure that everyone
iz on the zame page regarding the design intent and requirements.

= Verification of Design Intent: Shop drawingz allow for & thorough review and verification of
the design intent. They help identify any dizcrepancies or izsues that may arise-during the
construction or manufaciuring process, allowing for cormections before work begins.

« Fabrication Guidance: For manufacturing projects, shop drawings are essenfial as they
provide detailed quidance for fabricators. These drawings include nformation about materials,
dimensions, folerances, and assembly instructions, ensuring that the final product maiches
the design specifications.

« Quality Control: Shop drawings play a vital role in quality control by serving as a reference
for the expecied quality and standards of the final product. They help identify any deviations
from the original design and ensure that the finished work meets the required standards and
specifications.

+ Regulatory Compliance: Shop drawings are often reguired to comply with local buikding
codes, regulations, and indusiry standards. They demonstrate that the proposed construction
or manufacturing methods mest the necessary safely and quality reguirements.

« Clash Detection: In construciion projects, shop drawings are used for clash detection. This
involves identifying and resolving any conflicts or clashes between different building
components, systems, or mstallafions before they become izssues during construciion.

4.1.5 Taking over Possession of Site:

The confractor shall upon receiving the Work Order, immediately take possession of the site and

move hiz men and materials to prepare the site in order to create conditions for stariing the work

as per terms of the coniract, Drawings and Specifications.

4.1.6 Mobilization:

The work of mobilization shall consist of camying out of the following lizsted action together with all

other requirement of the contract with regard to commencing the execution of the work by the

contractor at his own cost,
i} Procurement, assembly, repair and make to running condifion of all the contractor-
owned constructional plant and equipment by the contractor convenient to him at any site
other than the actual place of construction.
i) Transportation of contractor-cwned constructional plant, equipment and material from
the storage site as mentioned above in & o be placs of construction.
i) Assembiing -and installation of all ifems of constructional plants, equipment, etc.
required for the execution of the work.
iv} Receiving all constructional plants, equipment and materialzs to be fumished by the
Employer, if any, and coliect and transport those to the work site. All materials shall be
properly stored, inventoried and protected until used in to the work and all plans and
equipment shall be tested and made ready for use.
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v} Construction of a suifable site office building or shed for storage of materials and

equipment, workshop, other operational building and First-Aid center atiended by the

competent Medical Assistants.

vi) Maintenance of all temporary roads, fences and sanitary facilities, keep all areas used

by the confractor clean, neat, well-kept and in good repair and provide proper drainage to

protect the area from surface run-off and flooding.

vii} Provide all the required eleciric power, water supply and other utility connections to

temporary installation at the site az may be necessary for the expectation of the work,
4.1.7 Site Facilities:

The Contractor shall, at hiz own expenses, be respongible for the provision, maintenance,
operation and subseguent removal of the following and all other necessary temporary faciliies
and sernvices on site those are required fo accomplish the Work in a safe and orderly manmer
a5 per provigions of the contract:

i. Temporary stores (including warehouse for cement and other perishable materials)
warehouse and workshop.

. Temporary buiding for office accommodation for the Condractor's staff
i. Living accommodation for staff.

. Adequate number of toileiz necessary for all persons engaged for the work with separate
amangsment for women. All sewage from toflet shall be dizposed of by means of septic tank
and zoak pit or by some other accepiable dizpozal zyztem.

v. Tokeesp all sanitary Facilifies clean and their frequent disinfecting.

vi. Fencing, lighting and security

4.1.8 Traffic Management:

From the date of commencement of the contract to the date of issue of certificate of completion
for the work whole of the work az provided in the coniract, the contractor shall at all-time bear
the full technical and statutory respongibiity in maintaining the public and vehicular access
glong the existing roads, rivers and canals.

The contractor ghall s0 conduct his operations as to offer the least possible obstruction and
inconvenience to the public.

Arsas of roadway designed in the confractors Working plans for the use of iraffic shall not be
obstructed or used in any way by the contractor or hiz suppliers or sub-contractorz. Matenals
dumped or contractor's equipment parked in any public roadway area. shall be promptly
removed by the coniractor at the direction of the Engineer.

At least 30 days before commencing work, the contractor shail submit to the Engineer his
proposals for the mainfenance of raffic including working Drawings to fraffic amangements,
showing all defours, temporary roads, temnporary bridges, necessary bamicades, and warming.
The confractor ghall provide and maintain all detours, temporary roads, temporary bridges,
necessany bamicades, warning lighis and guide signs as well as other equipment at all hours
during the day and night throughout the period of constructon.

The pas=zage of raffic in one-way operation shall be confrolled by the contractor sither manually

by posting flagmen or uging gignals.
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Within the limits of the sife all sections of exisling camiageway, shoulder and sidetracks which
are being used by traffic shall be maintained in & safe and trafficable condition by the contractor
during the period of the contract. Potholes, cracks washouis and pavement defects shall be
promptly repaired o a safe condition.
The confractor =hall take care that the construction equipment and vehicles do not damage weak
bridges on adjacent sechons of road. Wesk bridges required to camy loads in excess of their
apparent capacity shall be propped or otherwize strengthensd. The contractor shall be
rezponsible for the replacement, at his own cost, of weak bridges damaged by his overloaded
vehicles, flood damage or offier causes imitated by hiz acfiviies and will have no claim on the
Engineer for time lost or dizruption of hiz work due io collapse of weak bridges. Which provides
access to his work.
In the event of a bridge failure, which =ervers public access through his contract area the
contractor will provide temporary bridging or a serviceable by-pass without delay and in no case
more than 48 {forty eight) hours following the severance of access.
Bamiers shall be used for cloging of lanes or roads, the protection of workmen and guidance of
vehicular traffic. The bamiers ghall be distinctly visible and be mounted with red lamp during all
hourz of darkneszs. These shall be strong and inviolable.
Immediately upon completion of ihe confract all femporary roads, temporary brides, bamicades,
zignz and other equipment shall be completely removed
For successiul implementation of project activities on time, efficient site management iz one of
the vital factors. Izsues of site management that to be guided and ocbserved are:
Contracior's Site Lay-out & Site Preparation
Selection of LaborNorkers
Facilities of LaborWorkers
Health and Safety of LaborWorkers and staffs.
Water and electricity
Store and Stack yard for matenials
Availability of necessary equipmeni’s and toois and their functions.
Availability of up fo date and approved drawings with specifications, estimates efc.
Updating of working drawing
Site order book in the site
Statement of materialz available at site and reports of materials
Work plan/Bar chart and updating of progress in the bar chart
Site meeting
Construction progress mesting etc.
4.1.9 Sign Board:
The Coniractor shall supply, erect and maintain in good condifion at least two idendification
Signboards of sizes to be specified by the Engineer to be fixed one at each end of the Work at a
place clearly vizsible to the public. The Signboards shall be mounted on steel pipe frames with the
required sizes at a height 2m above the ground and shall be sufficiently strong to withsiand the
wind forces. The boars zhall be fabricated from steel angle and plated and painied with suitable
cobours and written in English and ! or Bengali as per direction of the Engineer
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Each board shall display:

The name of the Project

The name of the Work

The name of the Employer

Other parficulars, which will be asked by the Enginesr

b S T

4.1.10: Tools and Equipment:
Heavy Machinery
Excavators: For digging foundations and trenches.
Cranes: Essential for lifting heayy materials, such as beams and girders.
Bulldozers: Used for grading and clearing the construciion sife:
Dump Trucks: For transporiing materials like 20il, gravel, and concrete.
. Concrete Mixers: For mixing and pouring concrete.
Construction Tools

1. Formwork: Temporary struciures to shape and support concrete until it hardens.
Scaffolding: Provides a platform for workers and matenals at various heights.
Rebar Benders and Cutters: Tools for shaping and cutfing reinforcing bars.
Leveling Tools: Such as laser levels and spirnit levels to ensure proper alignment..
. Measzuring Tools: Tape measures, plumb bobs, and surveying equipment.
Safety Equipment

1. Personal Protective Equipment {PPE): Hard hats, gloves, safely glasses, and

reflective vests.

2. Fall Protection Systems: Hamesses and guardrails for workers at heighis.
Specialized Equipment

1. Piling Rigs: For driving piles into the ground to provide foundation support

2. Bridge Launching Equipment: For moving lange bridge sections into place.

3. Post Tensioning Equipment: Used in prestressed concrete bridges to apply tension

to cables.

Surveying Equipment

1. Total Stations: For precise measurements and layout of the bridge.

2. GPS Surveying Equipment: For accurate positioning and alignment.
Miscellaneous Tools

1. Welding Eguipment: For joining metal components.

2. Concreie Vibrators: To eliminate air bubbles in poured concrete.

3. Hydrawlic Jacks: For ifting and positioning heavy components.

4.1.11 Demolition & Removal of Existing Structure etc.

Danger sign zhall be posted round the property. All entrances shall be barricaded or manned.
Warning lights shall be placed above all bamicades during night and dark hours. Watchmen shall
be provided to prevent unauthorized entry of the public in the danger zone. All utifity lines shall be
dizconnecied upon the approval of the relevant Authorities. Temporary service conneciion for the
demolition work shall be faken separately.

R
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Worker men shall be provided with all necessary safefy appliances prior to the start of work.
Safely precautions for fire shall be provided and site shall be thoroughly cleaned of combustible
materiaks.
4.2 Site Supervision Issue
= Sijte Supervision
Supervision iz a team, which assizgts to accomplish the successful implementafion of
projectischeme with desired quality and progress in sllotied period of time. The guality of work
depends directly on the intensity of supervision. Achievement of desired guality and progress
need inienzive supenvision. On the: other hand, less supervizion creates poor quality and
progress, During supervizion many mistakes are found which can be rectified instanthy. It has to
be remembering that the obhject of supervision iz not only to find the mistake or wrong work. Some
time it iz found that the work could not compiete comectly even having & good plan and
management for lacking of proper supenision.
Supervision has important role in the successful implementation of project. The staff and officers
should have adequaie knowiedge on drewing, specification, working procedure, methods,
material, fest requirement elc. for better supervision and providing quick and correct decision.
Supervision is needed in every steps/phazes of project! echeme such az planning of scheme,
sefection of scheme, design and preparation consiruction and mainfenance phase. Also the
supenvigions the work of their sub-ordinate.
The objective and need of supervision are fo:
o Involve oneself in-every stage of work of the scheme
o Assizt o maintain the quality of work
o Complete the work within the allotted fime Identify the cause if less progress and find the
sofution
o Assist the staff so that they can supervize the scheme comectly Receive constructive
advice from the sub-ordinate
Create congenial environment to develop good working relation among all staffz
Provide instant decision on complex situation and work.
Tools for Site Supervision
A confract i made bhefween Implementing agency and Contractor for the implementation of the
scheme. Under thiz confract, the coniractor implement the scheme and technical staff of
implementing agency (LGED/Pourashava) supervises the construction work, The supervisor
should have sufficient knowledge on the following document:
o Tender Notice
Conditton of contract
Specification of works
The drawing
Bill of quaniity
Work plan
Site Diary
Testing requiremeant
Guidelines for Construction Supenvisors
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Following are guidelines that apply to duties and responsibilifies of the construction supervisors/
Field Inspeciors:

i

.
.
.

Wil

Wi,
wiii.

.

Know the drawing, design and specifications, and enforce them

Know the specific instructions given by the superiors

When relisving another Inzspector, check on the status of wiork and any special instructions
Report prompily to the superior any conditions that differ from those in project plans,
designs, drawings and specifications.

Report all unsafe practices to the superiors and advise immediately of any accidents

If work iz noft being performed in accordance with plans/ specifications, advise the
Contracior's superintendent and note this in the Site Order Book. Iif the work iz not
immediately comecied, or if there is a disagreement, consult with the supenor.

Make an accurate, comprehenzsive record of all work inspecied

Maintain a courteous and tactful attitude, but never become complacent in inspection
duties

Consult with the superior if a guestion arnizes that you cannot answer

Preparation for Site Supervision

Supervisor must be thoroughly familiar with Projects plans, specifications, Drawing-design
and Construction methods to be used.

To perform effectively, the Supervisor must also be familiar with other contract documents,
especially the coniract General Provisions, Supplemental Provigion and Contract General
Requirements (sometimes fitted “Special Condition™. O not assume that any documents
remain unchanged and are applicable from one job to next. Any questions conceming confract
documents should be refemmed to the Project Manager.

Understanding of Specificationsf/ltems of Work: To perform effectively, the
Supervisor mugt have clear understanding about each itern of work described in the LGED
Rate Schedule. Any scheme may have 30 to 40 items of works. it is the responsibility of
field supervizory staff to complete work as pas drawing-degign and specifications.
Understanding of Drawing-Design: Drawing are a part of the information
prepared by the design team in order to provide important instructions regarding the
proposed bridge and how it is to be consfructed. These drawing usually congist of a sat
that includes plan., >ection, Elevations and Structural details eic. They are included in the
construction contract and tender docurnents, which makes them a vitally imporant part if
the agreement between the construction company/coniractor and the client.

For ease of understanding, we can divide thess drawing into the following categories:
Architectural Drawing: Site plan, Bridge Top plans, Seciions and Elevations.

Structural Drawing: Structural plans, Detail drawing of specific parts (Bridge Deck details, Girder
details, Bridge Railing defails, foundation details eic.)

Mechanical Drawing: Include information on mechanical work i.e. Expanzion joint, Bearing,
sermic Device, elecirical installations efc.

Site Plan: “Plan® refers o the top view if an object. and so a Site Plan iz essentially a map that
shows the extent of the propoged site. The is created after-a careful and thorough analysis of the
proposed area for construcfion and the new construction iz marked on it, this provides the
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contractor with the exact dimensions, access point, greenery, exisling physical feature, and other
details of the site. The neighboring context iz also included in the site plan as it might the impact
the functionality of the neighboring structure.
Table: List of Drawing for Construction of Bridge/Culvert:
The standard bridge drawing shall contzin followings:

1. General Motes for RCC components 14. Detlails of Pier Pile
2. Guade line for Cast-in-sits bored piles 15. Details of Railing
3. Sub-zoil Bors log 18. Details of Bearing on abuwtment and
4, Topographical Survey and Bridge Lay- Pier

out Plam 17. Expansion Jount
5. General Plan and Elsvation 18. Protective Works around Abutment &
8. Bridge Deck Profie Approach road
7. Pile Lay-out Flan 18. Details of Guard Post
3. Details of Bridge Deck 20 Approach road cross-secton &
9. Details of RC Girders (Long & Cross Alignment plan

sections) 21. Electrical installation & circuit
10. Details of Pre-stressed Concrele diagram

Girders 22, Long & cross drain of Approach road
11. Details of Abutments 23. Details of underpass (if needed)
12. Details of Abutment Files 24. Dirawing for assumed constriuction
13. Details of Pisr SEguUence

25. Camber drawing

» Understanding of General Specification of drawings: Details
drawings of bridges, culverts, Dor builddings have a page at i6he beginning where
the "general specifications” are presented at a glance. Field supervisory personne!
must follow this specification very strictly

4.3 Sequence of Bridge Construction
Bridge site selection

Bridge Lay-out Setting

Bridge Foundation Lay-out setiing

Foundation Excavation up-to top of pile cap.
Eridge Pile lay-out 2etting

Installation of Pile

Foundation excavation and breaking of pile head
Preparation and casfing of pile cap.

9. Preparation and L:asmg of Abutment/Pier stem
10. Preparation and casfing of pier head

11. Preparation and casfing of Bridge Girder

12. Preparation and casting of Bridge deck slab

4.4 Bridge Site Selection

Usually road structure such as culveriz and bridges will be built across gaps along roads.
Such gaps may be due to canalz and sireams or bare opening left for water to pass from
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one side of the road to the other. For sfructural ztability, safety and cost effective
conzstruction a site should be =elected as follows:
a. To be situated on a siraight reach of the streams! cannel,
b. Tobe sofaraway from the confluence of large ributaries as to be beyond their disturbing
influence,
c. Should have well defined bank
d. Approach road to be straight and
e. Dthers a square crossing as far as practicable
Before giving lay-out in the practical situation, it'is convenient to plot a map of the propozed
bridge location and supenmpozed on it a 2caled plan of the proposed struciure. A number
of reference points including bench mark shouid be marked on the map and located in the
ground. it i necessary to know the dimension and overall geometry of the excawvation
trenches. These should also be located in the map. Such map also helpful to locate areas
over which excavated materials will be dumped and consiruction materials are fo be stored.
For all structures a mamn reference line ghould be chosen. All other distances and offsets
are to be measured from this main reference line. The center line of the abutment, set out
accurately may form such a reference line. Similary a permanent bench mark should be
installed. &l other levels to be established from the pemanent bench mark.
4.5 Job Layout including Diversion
Following izsues will be considered for a bndge layout:
ix the TBM which will be marked in a permanent structure like building, Mosque;
permanent Electrical post or a brick pilar.
= Cenire line of flow of river & alignment of access road & approach road will be
perpendicular.
+ Follow the zetfing procedure & check point as per design.
= Az per approved design plot the pile location of abutment & pier.
= With respect to TBM & approved design the RL of pile top & pile cap top will be fix.
# The horzontal and vertical alignments of bridge will be fix az per dezign of BIWTA
guideline.
+ Pipt the abutment base, pier base as per approved design.
#+ Easzy access and safety during conzstructicn
L Determine the profile grade at the outside face of the exterior =offit or girder at
each side of the bridge and super elevation as per approved design.
it 18 a temporary earh made mad with pipefbelly constructed across & narrow
canalriverkhaliwater. There are Two type of Diverzion in LGED practice:
aj Pedestrian diversion
b} All traffic diversion
*  The work shall be consist of arranged earth by furnizhing, placing body to divert
the fraffic/public movement in an alternative way.
- The temporary diverzion road of minimum 4.8m width

Page | 52



* Compacting and shaping with suitable fill in accordance with the specification. The work
of thiz temporary road shall be camried out with adequate height =0 that # will not be
submerged during Monsoon.

¢ |0 consiructing the diversion palisading wall shall be erecied on both sides with
bullah/bamboo postiping walling with doubie Tara mat or bitumen drum sheets forming an
enclosed area for filling earth.

* The contractor filled the earth with layer by layer compaction when neceszary. To facilate
the flowing water through the diversion different size of RCC pipe/Belly of required size, nos
and length shall be provided as per site requirement.

The earthen diversion shall be maintained in proper condition by the contractor until

the completion of bridge. The temporary diversion shall be removed on completion of

the bridge. The remowval of thiz diversion shall be effected in such a manner as not to
disturb the bridge work.

L F

Figure: Road Diversion

4.6 Bridge Layout Setting using Total Station

Before giving tayout in the practical situation. it iz convenient to plot @ map of the proposed bridge
location and superimpose on it-a scaled plan of the proposed sfructure. & number of reference
pointz including bench mark should be marked on the map and located in the ground. It is
necessary to know the dimension and overall geometry of the excavation beeches. These should
alzo be located in the map. Such map also helpful to locate areas over which excavation materials
will be dumped and construction materials are to be stored. For all structure a main reference
line shoukd be chozen. Al other distance and offsels are o be measures from this main reference
line. Similarly a permanent bench mark should be installed. All other levels to be esiabiished from
the permanent bench mark,

The layout of the construction site shall be carefully planned keeping in view the various
requirements to construction activities and the specific consfraint in terms of itz size, shape,
topography, fraffic and other resfrictions in public interest The site layout shall take into
considerations the following factors:
a) Easy access and exit, with proper parking of vehicle and equipment during constructicn
b} Propery located material stores for easy handling and storage

c)  Adequate stack areas for bulk construction materials
d} Oplimum lecation of plantz and equipment (batching plants etc.)
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e} Layout of temporary services (water, power, power suppression unit hoists, cranes,
elevators etc.)

)} Adequate yvard lighting and lighting for night shifis

g} Temporary building, site office and shelter for workers with use of non-combustible
materiais as per as possible including emergency medical aids

h} Roads for vehicutar movement with effective drainage plan

i} Construction safety with emergency accezs and evacuafions and securify measures.

i} Fabricalion vard for reinforcement assembly, concrete casting and shuttering matenals
and

k} Fencing barricades and signage

4.7 Bridge Approach Layout

A bridge's approach layout includes the design of the part of the bridge that connects the
roadway to the bridge iteelf. This includes the approach slab, which smooths the fransition
between the road and the bridge.

There are many faciors that influence the fayout of the horizontal and vertical alignment. In
general, the alignment needs to accommodate environmental, safety and right-of-way concerns
while keeping a constant eye out for constructability Esuss.

Before You Start You will need: 1) Survey 2) Approx, Length of Project 3) Horizontal and
Vertical Limitations

Environment it iz necessary to gage the environmental impact of the new roadway. The most
common impact to gage is where foes of glope may fall in wellands. Additionally, toes of slope
need o be evaluated against hisforic preservation concerns.

Safety The location and radii of curves on an alignmeni have an impact on the overall safety of

the project. Theze affect sight diztance and design speed. N Refer fo the Urban and Arierial
Highway Design Guide, Bridge Design Guide and AASHTO FPolicy on Geometric De=sign of
Highways and Sireets for more information.

Right-Of-Way Alignmentz are often affected by ROW concerng. These may include impacts on
private landowner's lawng, structures, frees; and drainage ways. Utiliies can also impact ROW
CONCEMS.

Constructability Many factors affect the constructabiity of an alignment. Alignments need fo be
designed to facilitate maintenance of fraffic during the project. Consideration should be given to
Staged Construction, temporary siructures, on-zsite detours, etc.

Approach skab

The approach slab spans the embankment behind the abutment.

It's designed to provide a smooth transition between the road and the bridge.

The approach slab should be at least 3.5 meters long and 300 millimeters thick.

For moderate conditions, the approach slab should be made of M25 concrete, and for severs
conditions, it should be made of M30 concrete.

Bridge approach layout

The bridge layout includes the geomelfric and substructure placement relative to the
construction baszelineg.
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The bridge layout forms the basis for developing the subsiructure layout.
The bridge and substructure tayouts should have common features and parameters.
Bridge approach design

The approach layout includes determining the location of bridge supports, abutment location,
and points of minimum verical clearance.

4.8

Bridge Pile Layout Setting using Total Station

4.8.1 Prepare the Equipment

4.8.2

4.8.3

4.8.4

4.8.5

Before you start using a total station, you need to make sure that it is properly set up and
cafibrated. You will need a tripod, a prism pole, a prism, and a data collecior. You should
dlzo have a gite plan that shows the coordinates and dimengions of the layout. First, mount
the total stafion on the fripod and level i using the circular and plate bubbles. Then,
connect the data collector to the toial 2fafion using a cable or Blueiooth, Finally, check the
battery level, the setfings, and the calibration of the nstrument.

Establish a reference point:

A reference point iz a fixed and known location on the site that can use io onent the total
station and measure other points. You can use an existing point, such a2 a comer of a
buiding or a survey marker, or create & new one by driving & stake or a nail into the
ground. You should record the coordinates and elevation of the reference point on the
data collector or a note book, then, place the prism pole on the reference point and align
the prim with the total station,

Set up the back sight

A back sight iz another point on the site that you can uze to verify the accuracy and
direction of the total station. it ghould be at least 30 meters away from the reference point
and have a clear ine of sight. You can alzo use an existing or a new point as a back sight.
Place the prism pole on the back =ight and align the prism with the total station. Then, use
the data collector to enter the coordinates and elevation of the back sight and calculated
the azimuth and distance between the reference point and the back sight,

Perform the layout

MNow that you have established the reference point and the back sight, you can start laying
out the poiniz of the design on the sile. You can use the data collecior fo enter the
coordinates and elevation of each point, or select them from a preloaded file. The total
siation will then guide you fo the location of each point by dizplaying the horizondal and
vertical angles and the distance on the screen. You can alzo use the lazer pointer or the
audible tone to help you locate the point. Once you reach the point, you can mark it on the
ground with a stake, a nail or a spray paint.

Check the accuracy

After you have laid out all the points, you should check the accuracy of your work by
measzunng some of them again with the total sfation. You can compare the measzured
coordinates and elevation with the entered or prefloaded ones and see i there are any
dizcrepancies. If there are, you should adjusted the total station setting or the layout marks
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accordingly. You should also check the accuracy of the reference point and the Bach sight
periodically by measuring them again and making sure they match the-initial values.

4.8.6 Record the data

The last step iz o record the data of your layout on the data collector or & notebook vou
should include the coordinates, elevation, azimuth and distance of each point, as well as
the reference point and the back =ight. You should also nofe any changes or correclions
that vou made during the ayout process. You can then transfer the daia to a computer or
a cloud =torage for further analysis or documentation. You should alzo siore the total
station and the accessories in a safe and dry place when you are done.

4.9 Excavation & Shoring

4.9.1 Excavation:

The contractor shall nofify the Engineer before commencing excavation of the foundation
trenches. So that the cross-zection, elevation and measurement of the undisturbed ground mat
be taken. The natural ground adjacent to the siructure shall not be digturbed without taking any
permigsion from the Engineer.

Trenches and foundation pits for structure shall be excavated to the lines. Grades and elevation
as shown on the drawing or as dezcribed by the Engineer. The elevations of the botiom of the
foundation shown on the Drawing are approximate only and the Engineer may order such
changes as deemed necesszary o provide a secured foundation.

VWhere unztable =oil i encountered at the bed level, it should be brought to the notice of Engineer
and alf such unstable =0il shall be removed as directed and replaced with suitable matenials to
provide adequate support for the structure.

On acceptance of the marials forming the bottorm of any excavation by the Engineer aubsequently
becoming unacceptance to him'her due io exposure to weather condition or due to flooding of
have become puddied. Soft or loose during the work process, the confractor shall remove such
damaged softened, or loose materials and sxcavate additional. Such further excavation shall be
held az excess excavation and the cost of the excess excavation and subseguent replacement
with a suitable back-ill shall be at the expenzes of the contracior.

Excavation shall be sufficiently large to provide necessary working space, shuttering and any
other temporary works required during construction.

Boulders, rootz and any other objectionable materials encountered in excavation, shall be
removed. The excavated foundsation shall be cleared of all loose materals and cut fo a firm
surface.

WWhen the fooling is to rest on the ground and not on piles, special care shall be taken not fo
disturb the boftom of the excavation and excavation fo final grade shall be deferred until
immediately before the footing & placed. If foundation fill material i required, it shall be placed
and compacted in layers nof more than 150mm thick or as directed by the Engineer. The dry
density on compaction within 300rmm: below the top level shall not be less than 100% maximum
dry density as determined in accordance with STP T4.5 (Siandard Compaction)
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In excavation foundation trenches, the last 150mm layer shall not be excavated unfil immediately
before commencing the construction work except that the Engineer shall permii otherwise. Amy
damage to the work dus to the condractor's shall be repaired at the expenses of the contractor.

The contracior shall be solely responsible for the safety and stability of the excavafion and shall
all protection supports, bracing, sheet piles shoring etc. as required. Shoring should be adequate
to provide enough safety to all the adjacent structure and land.

Excavation maferials, classified as suitable for fill, shall be stockpiled. Waste materialz and
suitable fill materials in excess of requirement shall be disposaed of by the coniractor ocutside the
lirnit of the site.

Mo footing, bedding material or structure shall be placed on any foundation until the Engineer has
inzpecizd and approved the depth of excavation and the foundation materials.

4.9.2 Slope of Excavation

The depth band =slope of excavation and ground water condition controf the overall stability and
movement of open excavations. The phenomenon is affected by soil type, depth of cut, side slope
and or berm geomeiry, Ground water conditions and construclion procedure. Where seepage is
in confrol, the following slopes may provide stable cut

Soil Type Slope (V:H)
| Wet clays and Sits 12

Ory Sand and gravel 1-175

Dy Clay 11

Maist Sand 1-1.25

Hard and Compacied Soil 1-1.05

The above values are to be used az an approximate guide. These may vary depending on local
conditions, seazons and duration of the construction as well a3 experience and judgement of the
engineer in charge.

4.9.3 Excavation Shoring

Excavation below the foundation level of an adjacent structure usually to the necessarny for
supporting the structure temporary. The provision of temporary support is known as shoring. On
many instances it iz not possible o provide sloped excavation. This would require verical
supporting system to ensure stability of cuts this i also known as shoring., Timber i uzually used
as the shoring material. Figure below illustrates various methods of shoring.

4.9.4 Pumping and Bailing

The foundation shall be kepi free from water at all times during the construction period. The
ground water level shall be maintained at a minirmum of 0.9m below the lowest designed
excavation level.

Pumping and bailing from any foundation shall be done so as to preclude the possibility of the
movermnent of water through any concrefe being placed. No pumping or baifing will be permitied
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during the placing of concrete and for af least 24 hours thereafter, unfess it iz done from a suitakle
separated from the concrete work by a watertight wall or from well point.

The contractor shall be solely responsible and include in hiz rates all costs in designing the de-
watering system, providing all equipment and accessories required for de-watering. The rates
shall alzo inclode cost for fransportation, famishing, instaliation, safe operation and mairtaining
of the system including operation, mechanics, the supply of power, fuel lubricant, spares repairing
efc. throughout and the removal of the equipment at the end of the consfruction period under
this contract. Excavation shall be as dry as possible prior to and during placing concrete. Concrete
placing under water will only be permitted if indicated on the Drawings or approved by the
Enginger.

4.10 Environmental & Social Safeguard Monitoring

Environmental and social Monitoring is an integral part of overall site supervision Environmental
Managemsent System (EMS) as it established how the project is performing againzst objectives
and targeis set in the Environmental Management pian (EMS) . A scheduke and standards for
monitonng and reporting Environmental and Social safeguards for a world Bank project has been
shown in the Environmental and Social Montoringfinspection format in the following page,. The
main purpese of Environmental and Social Monitoring is to

* |denfify any negative impacts from construction activities

#  Aszess the effeclivensss of control measure

» Demonstrate compliance with regulatory conditions and objectives and targeiz set in the

EMP
* |dentify if further controlfcorrective aclion is required
LGED | Field Inspection Checklist (Form-5) Date of | Page 1
Check list for monitoring Environmental, Social & OHS | inspection | of 2
safeguard
Mame of Visitor with designation: Date of Visit
Upazila: District: Coniract Package Mo.:
MName & Type of structure Intervention:
Foad Name: Foad 10:
Structure 10
Date of Commencement (Start) as per Contract: Actual Date of Commencemeni:
Date of Completion as per Confract / Revised : Up to date progress of work
(Physicall: 5
Mame of the Contractor:
a. Are the following documents available at site?
Y N N/A
1. Site Order Book.
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- Environmental Screening List in standard Format.

- ‘Spcial Screening List in Standard Format.

- EMP {Environmentzs! Management Plan) for specified work.

- CEMAP {Contractor's Emvironmental Management Aclion Plan

2
3
4. EA (Enviranmental Assessment) Report for specific wark.
a
6
T

. Surface water Quality Test Report at
startfinterim/C ompletion).

8. Air Quality Test Report (at startInterim/Completion).

Environmental & Social Safe Guard Issues:

1. Has earth cutting and filing of bridge approach road
embankment been within the right of way?

2. Has earth eulting and filing of bridge approach road
embankment been disurbed of debris?

3. Has waterway been obstructed wathin 150m wup and down
stream due to sccumulation of debns?

4. Has hazardous matenals {Bitumen, Fuels Lubnicants etc.)
besn stored owver raised platform (not directly on the ground)?

5. Has playground of the educafional institutes been used as 5
stack yard or labor camp?

8.  Are dust Suppression Measwures by spraying water being
camed out at satisfacion?

7. Are transportation of construction matenals being carried n
scheduled time (mainly at day fime)?

2. s spund of Mechanical equipmentimachinery being
disturbed?

2. Are construction and demolifion (C&D}) wasie being disposed
im specified places (not in water bodies, forest area el }?

10. Has agneultural land been disturbed due to construction of
labor camp?

11. Has labor camp been constructed away from waler bodies?

12 Has tree cuifing been carried out for any purpose (for
cansiruction of labor camp/material store yard eic.}?

13. Has tree plantation been carried out to compeansate tree
cutiing?

4. Has Hot mix plantsTar boiler been located at a safe distance
from the nearest habitation/dense forest?
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15. Is construction material covered during transporiaton from
source fo site?

C.Health & Safety Issues:

1. Has Sanitaficn Facility been provided sdequately to male and
female workers separately?

2. Has temporary campsite waste disposal facilidy been
provided?

3. Has sowrce provided for supply of safe drinking water at labor
campsite?

4. Has sowrce provided for supply of safe drinking water at work
sie’

5. Has drainage Facility been provided at camp / work site?

6. Is First Aid Box available at site?

7. s persanal pEﬂTtEﬂﬁﬂE?qupﬂiEn‘t {sa?eT}.r shoes, helmet, safety
jacket etc. ) propery provided fo laborers considering
Operational Health & Safety (OHE)?

2. Has Sign Board been erecled at site as per sample
imcorporating Environmental lIssues (see sample of sign board
im the reverse side)?

Remarks and Recommendations:

Mame & Signature with designation
Diate:
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5. SAFETY DURING BRIDGE CONSTRUCTION

5.1 Personnel Safety/Personal Protective Equipment (PPE) Plan

5.1.1 PPE Plan provide by Contractor
The Confractor shall provide the proper PPE Plan to protect all persong legitimately on site, and
Safety Equipment and Materials to react special hazards.
Mandatory PPE
Mandatory PPE identified in below iz specific to all persons in all Project managed areas.
Hard Hat;
Safely Footwear / Steel foed Bools.
DOptional PPE
The following optional PPE is specific o all perzons entering in the specific operation arsa.
Eye Protection;
Reflective Jacket;
Gloves;
Coveralis;
Heaning Protection;
safety Harnesses;
Respirators;
Breathing Apparatus;
Face Visors ! Shields;
High Visibility Vests.
Special Equipment
The Contractor shall provide other necessary special Safety eguipment or materials to identify
the core hazards as instructed by the Engineer.
Test Equipment;
Cable Locafion Detection Tools;
Self-Contained Breathing Apparatus;
Rescus Equipment.
The above specified equipment is minmum requirements. The Contractor shall provide all
kinds of Safety Equipment to enzure Health and Safety in working areas.
5.1.2 Housekeeping, Sanitation and Hygiene Plan
The clean and tidy conditiong of the construction gite and all azsociated areas =ghall be ensured
to minimize the potential accidents and incidenis in workplace (e.g. trips, slips, fires and spilis),
and io avoid blockage of important emergency access.
Construction waste both hazardous and non-hazardous shall be properly collected and dizsposed
daily to appropriate wasie collection bins at the end of each day/shift. Flammmable and combustible
materials shall be properly stored in appropriate containers kocated in designated storage area.
Spilages of oil, chemical, solvent or any other hazardous waste shall be clean up immediately
and reported o the competent personnel.
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th ineffective housekeseping, sanitation and hygiene measures during construction. This Plan
applies to all construction activities and -areas, including the construction site, workshops,
warshouses, offices, camps, tank fam, roads and common areas.
Thiz Housekeeping, Sanitation and Hygiene Plan shall be thoroughly communicated fo all
retevant personnal dunng all construction phases of the Project, and this Plan is strictly observed
and complied with by the Contracitor and itz employees fo ensure compliance with applicable
lawz, legislation, regulations and requirements of the GOB.
This Plan includes,; but is not limited to, the following issues:

General Housskeeping and Site Cleaniiness;

Accommodation;

Dust Control;

Waste Management;

Toilet and Washing Facilities;

Drainage faciliies

Water Supply for dnnking and other purposes.

5.1.3 Excavation Safety Plan

Excavation iz an essential operation of the constnuction process. In the process of carrying out an
excavation operation, it iz often necessary to assess the ground condition when determining the
type of shoring necessary as well as the detection of buried 2emvices o prevent injury to perzon
and damage to services.

This excavabion safe operating plan outlines the reguired safely and prevention measures
necessany in the performance of an excavation cperafion. Safety and prevenfion measures
digcuss are;

5.1.4 Excavation Safety Measures

5.1.4.1 Access, Ingress and Egress

Access fo. from and ower excavation area and pit shalf be adequaiely considered and provided for the many
types of wehicles:

Sufficsent number of Ingress to and Egress from an excavation pit shall be strategically provided.
5.1.4.2 Storage and Placement

Spoils shall be immediately transporied fo the stockpile or dumping ground;

Materials such as spoils, shoring maternials, toots and eguipment shall be stored at & distance of

least 1 meter away from the edge of an excavation;

Excavalion plant or machinery shall not b= cperated close to an excavaton pi unless effective
shoring sysiem has been provided;

Oiher construction planis including mobile crane shall position at least 2 meters away from the edge of an
excavation. In addition to the above, steel plate of sufficient thickness shall be used to spread the load of
the plant imposed on the shonng.

5.1.4.3 Barrier and Stop Block

Effective guarding shall be erected and installed on excavations with depth of more than 2 mefers;
Warning lights, siurdy guarding (water bamers) and waming signage shall be erecied on
excavation (regardiess of depth of excavation) located adjacent to pubfic access and vehicular
ACCEess Ways;
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Watchman shall be provided for deep excavaficn when operafors are not alile fo see the base
of excavation. Watchman plays an important role when both top and bottom excavation iz being
carried out concumently.

5.1.4.4 Lighting
Excavation pif adjacent to public access shall be adequately illuminated;
Adequate lighting shall be provided for deep excavation.

5.1.5 Support System

When determining the support system for an excavation, following factors shall be congidered:
Type of excavation (Mechanical or Manual).

Ground condifion (Soft, Hard, Clay, Rock etc.)

Ground water condition.

Depends upon the above mentioned faciors, the Coniractor shall decide the supporiing system
in both of shoring or slope system. This support system shall be designed by a qualified engineer.
5.1.6 Buried Service

Buried services, exigting or newly installed, are a major concermn for excavation operation in a
construction site. Potential hazards include injury to person and damage to equipment,
unanticipated public impact or loss and delay to work schedule. Common buried senvices found
ina construciicn site are:

Water mains (Fire, Indusirial and Common Services);

Electrical cables {High Yoltage and Low Voltage, Permanent and Temporary);

Drainages and Sawers;

Fuel pipes (Oil, Gas and Chemical);

Communication and Oplic Fiber cables {Telephone and Instrumentation).

5.1.6.1 Control Method

The Contractor shall be respansibie for detecting, identifying and marking of all buried services on

work area affected by the ezcavation cperation,

The Contractor shall indicate and submit fo the Engineer a copy of the updated wtilities and services
drawing;

Before the commencement of excavation work where buried services have been detecied, frial pits shall
be manually apan to defermina the exact location of the buried services, the depth where it is rested. typss
of protection provided and more importantly, the direction on the where the buried services lzad;

Crwring excavation, buried senvices shall be prominently marked or peg for 2asy

ideniification;

Regard all underground services as "lve”;

Manual excavation shall b2 employed undil services are exposed and instruction given by Compstent
Person before work commences.

5.1.6.2 Inspection and Examination
The ingpection items shall include the following:
Location of buried services prominently marked and protected;
Prevention measures such manual digging made o expoze and determine exact location
and depth of buried services;
Barrier ereclion of at least 2m away from known buried services;
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Aftendance of a full fime supervisor during mechanical excavation;

Cable markers and concrete tiles are re-instated after excavation. Inspection shall be called
before & french iz backfifled,

A frained and gualified person shall perform examination of the atmospheric condition
continuously before and throughout the duration where work 12 being camed out inside deep
and narrow excavation.

5.2 Preparation of Site Specific Traffic Management Plan

Thoroughly assess the construction sile, identify pofential traffic hazards, understand existing traffic
patierns, and then design a plan that minimizes disruption to read users while ensuring safely for workers,
using appropriate fraffic control devices and signage. and cleary defining fraffic flow managemsant
strategies based on the unique site conditions.

1. Site Assessment:
a) Traffic Volume and Pattern Analysis:

Study existing traffic volumes, peak hours, traffic flow directions, and key ntersections around
the consfruction site.

b} Roadway Conditions:

Evaluate road width, lane configuration, visibility, and any existing road hazards.

c) Pedestrian Access:

ldentify pedesinan crossing points and potential conflicts with construction activities.

d) Site Access Points:

Determine the location of consfruction site access points and egress routes.

e) Potential Hazards:

|dentify potential hazards like heavy vehicle movements, excavations, uneven surfaces, and
areas with limited visibility.

Z. Plan Objectives and Strategies:

a) Safety First: Prioritize worker and road user safety as the primary objective.

b) Minimize Disruption: Aim to minimize traffic congestion and delays for existing road
users.

c) Traffic Flow Management: Design traffic flow strategies based on the site layout,
including lane closures, diversiong, one-way traffic, or temporary traffic signals if necessary.
d) Pedestrian Management: Plan pedestrian access routes and safety measures like
designated crossing pointz and signage.

3. Traffic Control Device Selection:

a) Signage: Utilize appropnate waming signs, directional signs, and regulatory signs to inform
drivers about construction aclivities and trafiic changes.

b) Traffic Cones: Use cones to delineate traffic lanes; lane closures, and pedestrian areas.

c) Barricades: Employ barricades to block off hazardous areas and create dear boundaries.

d) Traffic Signals: Consider temporary traffic signals for complex intersections or lane
closures.
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e) Channelizing Devices: Use channelizing devices to guide traffic flow through designated
areas.

4. Implementation and Monitoring:

a) Detailed Plan Documentation:

Create a comprehensive traffic management plan document outlining all traffic confrol
measures, signage, and impiementation procedures.

b) Stakeholder Consultation:

Congult with local authorities, residents, and buginesses to address concemns and incorporate
feedback.

c) Training and Supervision:

Ensure construction personnel are adequately frained in fraffic management procedures and
proper signage placement.

d) Regular Inspections:

Conduct regular site inspections to identify any issues with traffic control measures and make
necessary adjustments.

Important Considerations:

e) Weather Conditions: Plan for potential impacts of weather on traffic management
sirateqgies.

e) Emergency Procedures: Develop procedures for handling unexpected incidents and
traffic disruptions.

f) Accessibility Needs: Ensure that the traffic management plan considers the needs of
pedestrians and people with dizabilities.

5.3 Traffic Control and Management of Traffic

#  The contractor shall at all-time maintain the traffic fow along the existing roads, rivers and
canals. The Contractor shall provide and maintain all detours, temporary roads, temporary
bridges, necessary bamicades, waming lights and guide signs as well as other equipment
at all hours during the day and-night throughout the period of construction. I there is
drawing for “Traffic Confrol Plan™ which may be provided by the project, the confractor
shall follow that “Traffic Control Plan™ drawing for all-ime (Day & Might) maintain the traffic
flow with safety.

* Upon completion of the work all temporary roads, temporary bridges, bamicades, signs
and other equipment shafl be completely removed.

5.4 Environmental, Social, OHS and Traffic Safety Inspection Checklist:

A. Possible Environmental & Social Safe Guard Issues

A1. Has earth cutbng and filing of bridge approach road embankment been
within the night of way?

A2 Has earth cutfing and filing of bridge approach road embankmeant been
disturbed the crops?
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A3 Has water way been obstructaed within 150m up and down stream due o
accumulation of debnis?

A4 Has hazardous materials (Bilumen, Fuels, Lubricants efc. ) been stored over
raised platfiorm (not directly on the ground?

Af. Has playground of the educafional institutes been used as a stack yard or
lzbor camp?

A, Are dust Suppression Measures by spraying water being carried oul af
satisfactory level (at least 3 tmes daily)?

AT, Are tramsporiation of consiruction matenals being camried in scheaduled fims
(mainly at day tim=)7?

A8 Is sound of Mechanical equipmentmachinery being disturbed?

AR Are construciion and demaliion (C&D) waste being disposed in specified
places (not in water bediss, forest area et 7

A10. Has agricultural land been disturbed due to constructon of labor camp?

A11. Has labor camp been consirucied away from water bodies?

&12.Has free culting been carned out for any purpose (for construction of labor
camp/material store yard ete )7

A13. Has free plantation been camed out io compensate tree cutbing?

A4, Has Hot mix planis/ Tar boiler located at & distance from the nearest
habitation/dense foresi?

A15. Is construction miateral covered during fransportation from sowrcs {o site?

A.Health & Safety Issues

B1. Has Sanitation Facility been provided adeguately to male and female
workers separately=

82 Has temporary camp site waste disposal facility besn provided?

B3. Has souwrce provided for supply of safe drinking water at labor camp sita™

B4. Has sowrce provided for supply of safe drinking water at wark site?

BE_ Has Drainage Facility been provided at campd work site?

B8, Is First Aid Box Available at site?

E7. Is personal profective equipment (safely shoes, helmet, safety jacket elc.)?

B8 Has sign Board been erecied at site as per sample incorporating
Environmeantal [ssues?

B. Traffic safety Issues

C1. Has safe diversion road been consiructed?

2. Has safety Road Sign plate Been provided at correct location?
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3. Has Dwectional Road Sign been provided comectly for use of diversion
road?

C4. Has traffic been maintain at all ime for traffic management?

CE. |s safety road sign plats visible at night atsa?
Ci. Hawve all suggestion, imstrections incorporated in Site Order Book?

7. Has recfification been carmed out as per suggestion in last inspection
Report!Site Order book?

5.5 Bridge Site Work Place Safety Issues

The confractor shall maintain controd of the work site, all personal on the work sits and all equipment an the
work site. The table below shows work palaces and tasks where accidentfincidents occur frequently. Site
specific safefy magsures are recommended to prevent such accident / incident in accordance with those
recommendations  the following checklist has been prepared which can be uwsed by field
SupsnvisorsiMonitering officers during their site visits.

Table: Workplace Safety Inspection Check List

SL No. Workplace and Works Safety Safeguards Check point
1. Excavation and Shoring

a. Iz Excavation and Shoring plan iz available at site?
b. Is Excavation and Shoring plan approved?
Iz Excavation area barricaded?

d. Areexcavated soil and other construction equipment kept at safe distance (at least
10°-07) from the edges of excavaied area?
. Is Excavation and sharing plan/procedure/ risk shared with all the waorkers?

f. Is excavalion work going on under close supenvision of Site Supervisor?
0. Are appropriste PPE's used by all workers?
h
i.

Are the workers awars of excavabon and shoring plan/procedurs?

Has rectification been carmied out as per insfruction of last visit?
General safety Measures at Bridge sites
Is the slogan "SAFETY FIRST™ displayed at construction site?
Iz the Site clean and orderty condition®
Is there g First Aid Box with necessary medicine?
Is there enough oral saline for emergencies if the temperature is high?
Iz the Construction site cleary divided between workers and third party®

Is there a systermn for preventing entry that prevents others such as children from
entering easily?

g. Are there safety signs as "Waork in Progress", "Road Clo=sad”, "Alternative Road
ahead” efc.?

h.  Is the work lay-out plan followsd?

3. Demolition/dismantling of Bridge
. s thers a demoliion plan with demofition procedures?

=lplplo|lep
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b. Has the demolition plan been approved?

C. Arethere safety signs such as "Risky Work in progress”, "Road Closed”, Movement
is prohibited efc. 7

d. Is the demolition area bamicaded?

£. [Isthe method and sequence of demolition process followed?

f. Are there metal nets for protection against dumping of waste in rivers/canals?

0. Are appropriate PPE's used by all workers?

h. Has the local people been informed about demodition work before the work start?

Precautions against fall from height

a. Arefall arrest systems properly provided to workers?

b.  Using prefabricated frames for work ay height?

C. Are treined/experiencad workers employed o waork at height?

d. Arethere any fraining arrangement for new workers to work at height?
Flying and Falling Object Prevention

d. Has protection against flying and falling objects been provided at an entrance
location at the crossing point of external scaffolding?

b. &re proper mesh nels fitted that are suitable for use?

. Using the damaged net?

d. Areihers any arrangement such as roffing up of net in consideration of an mpact of
strong wind?

. #Are objecis being dropped from a height of more than 3 meters?

Key measures For Works with heavy Construction Equipment

a. Are the foowing safety apparatus being cheched regulariy like headlight, Waming
device, Top guard, Roll-over proteciive structure etc.?

b. Has inspection of Machinery been done basad on check st of machinery before
commencing the work?

. Is Machinery not being used unfil maintenance is completed, when an abnormality is
found?

d. Is operafional work being inifialed after ensuring that no safety is mind for the site of
use, work infout and fall down?

£, Are Construction equipment being selecied with safety im mind for the site of use,
work infout and fall down?

f. Are construction machine being ocperated by qualified personnel and person?

Scaffolding Installation/Construction

d. Is the consfructicnfinstallation of 5r.a1".ﬁ::ll:|1ng being planned taking info account loads
that do not always act, such as wing loads, and loading objects etc.?

Is tming of assembling amd dismantling scaffolding being clarified?

Are fall and fall resistance being adeguately tested for single row scaffolding. narow
board single row scaffolding and special scaffolding?

d. Areall scaffolding inspected upon erected and prior to use for any visible defects,
missing platform or guard radls, oose parls etc.?

Welding

a. Is Frame of weiding machine being earthed when implementing slectric welding
wiork?

k. Is the earth connaciing being confirmed certainly before using welding machina?
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C.

Is damaged of cover of wire being checked and repaired if damaged before welding |
work?

d. Are workers using proper PPE such as face shield, profective glove, apron efc.?
e.. Are other workers instructed not to ses arc with the unaided ey=?
f. [Iselectrode hodder being checked before working and stet o prescribed sack
whenever work is stoppad?
g. s Automatic elecinc shock prevention device for AC arc welding machine being
used?
h. Arewei groves and shoes worn in welding work?
i Are acetylens welding being implemented by qualified workers?
9. Bridge Foundation
a, Hey Points for Pre-cast Pile
k. Is regular pile cap being used and aifached to hammer whean driving pile?
c. When climbing wup, is fhe main loop being set and is safety bell with fall arrest device
being used?
d. When constructing by hollow trench pressing fit technigus, is preventive measure of
scattering being taken because there is a risk of scaftering of removed soil?
li. Key Points for Cast-in-situ Pile installation work.
a. When moving machine by pulling or jack, is work being implemented according to
signal or whistle of signal man?
b, Are Equipment such as jack and pulley being mainfained?
c.  Wire rope used, meels the specified safety rate?
d. Are worker being approachad digging machins, after hummer grab enters inside of
casfing and stop, if necessary?
2. |s changing of band comply with designated working procedurs?
. When entering inside of casing. is casing being ventiated in advanced or it is being
confirmed that there is no risk by measuring foxic gas, etc.?
10. Safety in Concrete Work
a. Long span object shall be browght by more than 2 persons and not transported by
force. Is it followed?
b. Front and rear shall be taken caution against so as not fo fouch other objsct during
transportation, Is it followed?
c. At the place of assembling reinforced bar, safety passage such as sefting board
shall be secured for walking on the reinforced bar? Is it followed?
d. Fromn support shall b= firm structure based on method of casting concrete, and
assembled according to drawing for assembling s it followed?
2. |s form support being faken measure of prevention from falling®
f. To predvent subsidence and shd of support, use of cover sand and iron boars,
concrete basement casting, driving pile, and attaching root colt etc. are being
implemented?
g.  Are the joints of support butted or inserted and are the metals connected by means
of bolts and clamps et ?
h. When the form is a curded swface, are measures {aken fo prevent the form from
fioating, such as aftachment of overhangs?
i.  Are bracing being insialled betaean steel pile frames?
i. When using the concrete pump, is the pipe being firmly aftached and the remioval of
the pipe being carried out carefully?
11. Fire Protection and Prevention
a. [Is the fire prevention management system being organized for the fire prevention of

office, labor camp and consiruciion site?
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Is the fire extinguishing equipment being installed comesponding io the purpose of
use in the placse where fire is handled?

Are stay connected with local safety security offices/personnel Bke fire station/police
station/hospitaliclinics?

Are emergency telephone/maobile numbers displayed and numbsers kept visible for
emergency calks?

2.

I= there water/sand ready on site for use in case of general fire?

Are "Moo Smoking” signs posted in designated dangerous Ares?

12.

Fre-stressed Concrete

&re rigid safety barmers and safety signs provided at both jacking 2nds fo prevent
accidents during cable fensioning?

b.

Are adeguate safety precaufion such as the use of appropriaie PPEs for all workers
and supervisor being ensured when using stressing eguipment?

C.

Keep the anchor very close to the plate during jacking operations fo avoid dangerous
gecidents if the hydraulic Bne fails. s # followed?

Pulling Headers and Hydraulic jack shouid be examined regularly, Is it followed?

Mo one shall be sllowed in the same fine of tensioning element and jacking
equipment during tensioning operation. |s i followed?

.

Mo one shall be allowed directly above the jacking eguipment during defleciion
camied. Is it followsd?

13.

Bituminous Work

Is the use of proper PPE (gumboots, hand gloves ete ) and safety measure ensured

during biluminous work?

[+

Are signs with "Moo Entry” inforrnation and other safety signs displayed around the
working area of the bituminous work?

C.

Are there strong safely bariers around the bituminous waork?

d:

e the trained flagman appointed with proper gears to control traffic?

Do all fires extinguished at the end of daily work?

14.

Eru:lge Approach Construction Work

The safety signs such as Work in Progress, Go Slowly, Workers at Work efc. should
be erecied during construction of bridge approach. Is it followed?

Are the frained flagman appointed with proper gears to control raffic?

Ate there barricades to protect/safety public movemsent?

pin e

Bridge approach construction materials shall be kept away from area’shoulder for
safe movement of the public vehicle. s it followsd?

it

Park road roliers and other heavy eguipment in safe places fo avoid traffic jams. 15 i
followed?

F

Do expenence personnel operate Rload roller and others heawvy eguipment?

Are all workers and supenvisions using appropriate PPE?

5.6 Reporting of Site Accident/Incident

* Except as required by Bangladesh Law, confractor will not be liable for or in respect of any
damages or compensaiion payable o any employs, other than death or injury resuliing from
amy act or default of his agents or servanis.

# The coniractor will ensure details of any accident as soon as possible after its ocourrence and
rezponzsible to report to appropriate project staff. In the case of any fatality or serious accident.
The confractor will nodify instanily the appropriate staff of the SupRB project at the quickest
time following the accident as well as inform the organizafion by written.
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6. QUALITY CONTROL & QUALITY ASSURANCE

CQuality confrol and assurance are vitally important to a successful consiruction project and should
be adhered to throughout the project from the commencement and design phases and throughout
the construction and installation phases. A good guality assurance system during the construction
of the works will ensure longevity of the construction tsaif

6.1. INSPECTION AND TESTING

Having a good gualify assurance process in place means conducting regular inspeciions to ensure that the

works are completed in conformaty with the drawings, Bills of Cuantifies (BOQ ) and techmical specificaficns.

Regutar inspections during construction will prevent castly repairs after the project is completed.

Procedure:

1} Based on the specifications and quality conirol requirements, the Project Marager will develop and
agres with the Contractor on the inspecton course of action, to make sure that the works are completed
in [ine with the contracted guality standards.

2} Dwring the couwrse of inspection, the Project Manager and site staff im charge of inspection should check
whether the Contracior is constructing, installing and camying out the Waorks and physical semvices in
accordance with the Specifications and Drawings as sfipulated in the contract

3} The Project Manager should give advance nofice to the Contractor in case the LGED representafives
are planning the examinaticn, inspection, measuremenis, testing or supenvision of the works undsr the
Corntract The Project Manager can decide for such quaity assurance actions at any tims when haishe
assess as necessary while Contracior is chliged fo allow access fo the Site all the time during the
execulion of the works:

4} The supervision, eguipment, lacation of the material and the type of festing should be described. As e
regular practice, the festing will be conducted using the LGED laboratory. Howsver, if tests require
special eguipment they are to be performed by outside laborataries.

4} The Project Manager is responsible to check the Works execuied by the Contractor and o naotify the
Contractor of any Defacts found.

g} The Project Manager may also instnict the Contractor to search for a defect, to uncover and test any
work that the Project Manager considers may have a Defect.

T} The Project Manager may instruct the Coniractor o carmy ouf a test not specified in the Specification to
check whether any work has a Defect. In case that such the test shows any defect, the Contractor shall
pay for the test and any samples. If there is no Defect, The Project Manager shall instruct the Confractor
an the procedure for reimbursement of the relsted costs.

8) Project Manager may decide to reject the Work if the result of examination, inspection, measurement
of Works shows that the works are not consiructed in accordance with a Confract. Further to a decision
far rejecton of Works, Project Manager should give nofice to the Contractor with detailed explanaticn.

8y FORM 81 (INSPECTION & TEST PLAN) will b= used for planning purposes to dentify the key
perormance crtena for the works and allow allocation of appropriate implementation control measures
to assist achieving the required outcomes. Furthermors, such a plan will provide a framewaork for the
works to be packaged into confroliable porticns, whers specific risk and specification reguirements can
be identified and controfed.

10} PEPM and assigned other LGED Enginsers, under their dulies and responsibilites are in charge of
regular supervision of the warks and conduciing other necessarny actwities to ensure quality of the
construction works. The supervision shoukl be conducted at a frequency o ensure thiat elements of the
work are in compliance with the specified standards.
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11) The sapervision team should be aware of the works that will become covered and cannot be inspacied
after the fact This inchudes concrete, where the size, rumber, and location or reinforcing stesl cannot
be readily determaned after the concrete = placed. Likewise, underground ufilities cannaot be inspected
after covering. Work of this nature must be closely controfled and monitored during construction.

12) FORM 82 (IMSPECTION REPORT) should be completad by the Project Manager or by the Enginser
assigned by the Project Manager for inspection. The purpose of reporiing is fo documsnt the
obsarvation, investigation and analysis of inspection work. Summary items that have been cormecied
with the date compieted and items requining additiaral fime to complete should also be ncluded in the
inspeciion report.

Responsibilities:

The Project Manager is responsible for:

[l Preparng amd managing the gualily assurance plan, including supenvision, imspections,
measurements, tests and examinations.

[ Bupervise the staff in charge of qualty assurance, to ensure that the inspecton is done in
conformity to the highest guality standards

[ Emsure proper recording and filfing of imspection work and test results

Project Manager's delegates are responsible for:

[ Assisting the Project Manager in preparation of the inspecton and supervision plan;

[0 Conduct regular supervision and inspection of the work 1o ensure the works are done in full

compliance with the specifications and drawings;

[ Fecording all qualty assurance activities and fifing all relaied documents accordingly;

Al field staff are responsible for quality assurance and identifying of non-conformances;

B. 2 MEASUREMEHT OF WORKS
Except as otherwise stated in the Confract, measurement shall be made of the net actual quantity
of each item of the permaneni works and the method of measurement =hall be in accordance with
the Bill of Guantifies or other applicable Schedules. Measurement is praciically made for finished
itemns of work and the descripfion of each item shali include materials, iransport, labour, fabrication
tools and plant and all fypes of overheads needed o complete the work to the required shape,
size and specification.

Procedure:

1} Whenever the LGED requires any pari of the Works to be measured, the Project Manager will
give a reazonable nofice (FORM SAMEASUREMENT NOTICE FORM) fo the Coniractor's
Representative, who =hall
a) Prompily either attend or send another qualified representative to assist the LGED

representative in making the measurement; and
b} Supply any pariiculars requested by the LGED.

2} The Project Manager and Contractor's reprezentative staff should meet on a regular basizs 1o
review measurement records and quantity calculalions. These mestingz must ensure thak ail
items are measured and measurements, calculalions, etc., are correct

3} Project Manager may exciude any item cerified in-a previous certificate or reduce the
proporiion of any tems previously cerdified in any certificate in the light of later information.
Pay quantities will be reconciled or provisional payments will be made on Project Manager's
calculations and payment will be corrected on foliowing Intenm Cedificate. The
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4)

3)
&)

7)

Project Manager will review Interim Statements based on quantity survey (FORM QUANTITY
SURVEY FOR COVERED ITEMS), calcuiations and other data submilted to himfher by site
staff and the Contractor, Interim Statements will be reviewed by the Project Manager and
certified prior to forwarding to the LGED for payment.

The method of measurement for each fem will be agreed upon with the Contractor and the
agresment should be recorded accordinghy.

The representative of the Contractor should be present during all kind of measures and showld
sign the FORM 9/2.

Al calculations will be made on standard calculation sheets_ it iz eszenfial that calculations
are clear, concize and et out to make for easy verification and cross checking.

6.3. REMEDIAL WORKS

Femeadial works refers to comeclions of any defecis of the works that are nof in accordance with the
confract

Procedures:

1)
2}
3

4)

3}

gl

7)

8}
i

A non-conformance precedurs should be inifiated when it s noted that the works on the project are mot
executed in lne with confracted standards.

If any inspection reveals thai the works are not in ine with the specifications, the Project Manager shall
imrmediately inform the Confractor and issue a8 Defect Correction Motice (FORM 2131

Details of the non-conformance are to be recorded so that motice can be given to the concerned parfies
that @ mon-conformance has cccurrad and that remedial waork is reguired to be underiaken.

Project Manager may instruct the Contractor fo remove from the Site and replace any Plant or Materials
andior remowve and re-execufe any other work which is net in accordance with the Contract and in Ene
with GCC;

Project Manager may instruct Contracior fo execute any waork which is considered fo be urgent in order
to ensure safety of the Warkers, whether becauss of an accident, unforesesable event or othenwrise.
If the Contractor fails fo comply with the nstruchon issued for remedial work within the fime specfied
in the instruction, the Project Manager should consider the oplion fo employ and pay other persons fo
canry out the works, as specified in GCC;

Project Manager shall give notice to the Contracior of any Defect before the end of the Defect Liability
Period which is specfied in the PCC.

Project Manager will ensure that the Confractor comects all non-conformances.

When nesded, the Projact Manager will inittate extension of Defect Liabildy Perod for as long as
Defects reamain to be comrecied.

100 Inspection teams showd carry out follow-up inspecbons fo verify that the remedial work has been

carried ocut. Findings of folow up inspeciions should be recorded.

11} If the Contractor has mot comrected a Defect within the time specified in the Project Manager's nofice,

the PE/PM shall assess the cost of having the Defect comected by LGED, and the Confractor shall
remain liable fo pay the expenditures incurred on account of comection of such Defect

12} Depending on special project requiremenis, a lesson l2arned report can be preparaed to highlight any

significant issue or event that required remedial or comrective action on the project for the purposs of
sliminafing recccurrence in the fulure on other LGED projecis. Along with lessons leamed, any
suggested improvemenis to the LGED infrastructure project implementation process should also be
detailed and recorded as part of the Lessons Leamed process. As 8 good contract management
practice, the lessons leamed report may be shared widely with LGED.
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13) The Assistant Upazila Enginesr (Upazila level), Senior Assistant Engineer (District level) or other

assigned LGED siaff shall keep the summary record and log of all project non-conformances raised.

6.4. CONTROL OF SUB-CONTRACTORS

Procedure:

1)
2)
3)
4)

=)

6)

7)

8}

The Coniractor will be legally rezponsible io LGED for the gquality of the works performed by
sulb-contractors.

The Project Manager should promoie & good cooperation and coordination among LGED,
Contractor and all subcontractors.

Subconiractors named in the Coniract shall be enfitled to execute the specific components of
the Works stated in the PCC.

The prior consent, in writing, of the Project Manager shall however be obiained for other
proposed Subcontractor(s).

In terms of guality assurance activities [supervizion, inspections, measuremenis, tesis) all
above mentioned procedures apply for subconiractors, given that the proper communication
iz established between all parties.

The Project Manager should identify and address any issues arizing between the Contractor
and subcontractor’s which might, in any form, jeocpardize the successful execution of the
wiorks as per the required standards.

The Project Manager should also be aware of the conseguences of compliance with the
payment obligations of Contractors to subconiractors and suppliers. The Contractor should
pay its subconiractors and suppliers in accordance with the provisions of the relevant confract
and enzure that labourers employed in the execution of the Works, whether by the Contractor
or by itz Subconfractors, are paid in accordance with their respective contracts and the Laws.
The Project Manager will make sure that all sub-contractors are fully complying fo the highest
standard of ethics during the execution of the Confract under public funds.

€.5. PHOTOGRAPHS

Photographs are used in infrastructure projects to cerify the progress achieved and alzo fo
provide a record of various events and issues.
Procedure:

1)

The site staff will document the works. through photographs. These shall inciude:

A, Views of major construction projected during varnious stages of progress;
B. Maierials or consiruction related to changed conditions, claims, or potential claims;

o

Work in place for which removal has been ordered because of noncompliance with
planz and specifications;

Pholos of technical interest;

Bad and good safely praciices by ihe Contracior,

Mew meihods of construction;

Property or material damages;

Manufacturer's labels and instaliation instructions;

Emergency conditions and safety viclations;

Accident scenes; and,

i o L =
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2)

3)

4)

a)

6)

T}

K. Defective work

While site staffs are responsible for taking pictures on a regular basis, the Project Manager
should also arrange twice monthly photographs of all major parts of the project. It is strongly
recommended that pholos are taken from the same vantage point to provide a clear
comparson of progress.

The Project Manager should inatruct the Confractor on the location where photoz are to be
taken. FORM 54 (INFORMATION ON PHOTOGRAPHS) should be used for instruction
purposes. The Project Manager will monitor the Confractor to ensure that photos have been
taken.

Pholographsfvideos should be taken from the perimeter of the area in toward the center in
increasingly close shotz. Be sure to capiure all objects and markings thoroughly so they can
be identified later.

Once the photographs are delivered, the Project Manager will check them for compliance- if
the each photograph taken is compleiely described, identified, and dated.

When possible, photographers should use tape measures or other readable meassured
devices with pictures fo show actual sizes and distances.

The Project Manager shouid advize the Coniractor not to publish any photographs of the
Works or allow the Works to be used in any form of adverizing whatzoever without the prior
approval in writing from the LGED.

The Assistant Upazila Engineer (Upazila level), Senior Azsistant Engineer {District level) or other
aszigned LGED staff will keep a record of photographs taken by site staff.
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Form 11: INSPECTION & TEST PLAN Form 6/1
“Inzart the name of the project”

rype | GO | Senval [
Reference | ot | Acceptance | ofTesting |person | by

Prepared by: Diate:
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FORM 12: INSPECTION REPORT FORM 6/2

Project title:

Confract number:

Location:

Report No.

HName of the Project
Manager:
Purpose of the inspection:

We the undersigned agree the autcome detailed below as a true record of the inspection camied out
o (inzert date of inspechion)

Signed by Date:
Project Manager
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Form 13: DEFECT CORRECTION NOTICE Form &/3

FRC- ‘insert the name of Project Manager”
TO: ‘tnsart fhe Contrachor's defais”
Project name:
Contract number:

" DCN No.

Hereby, we nofify you that _ Test! E| InspedhnD Ofther (pls. specify)

Dies not conform to requirements of the Specification/Drawing. The SpecificationTirawing
Violated is Seclion. ... cooeeeeeao, Clause ._........., Dirawing Mumber ... ... Under
the provisions of the SpecificationTrawing. the requiremants ars!

Mon-conforming work may be required to be removed and replaced ai no cost to the LGED.

It is your responsibifity o determine the correciive acbion necessary, and to determine whether you
wish to discontnue operations unti! addifional invesfigation confirms or refutes the initial findings.

Your proposed remedial action should be submitted for review.

Project Mamager: ..o e snm e e s e e e Dake ..
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FORM 14: INFORMATION ON FHOTOGRAFPHS Form 6/4

Project title:

Contract number:

Name of Contractor

Cate of last photos taken

In accordance o Clause of the confracted specification, you are instructed 1o take
the following photographs:
Laocation Deseription Mumber of photos

The photographs are to b2 taken in the period

From fo and submitied im the specified format and numbers by

Project Manager Date

Page | 72




FLow CHART 3: INSPECTION FLOw CHART 6/1

Conbr=cior naties = =
Project Manager notify
b o ===  Contractor on the date of .
ready far Insg=cton

s 4 I

P and LGED Inspection team
carry out the examination,
mspection, measurement or
festing without unreasonahble

Project Manager or assigned
Engineer write mspection
repoet (Form 512)

MO | Project Manapger lssue Defect
Comection Motice (Foem 5{3)
== indicating the comections

actions that need io be camied
ol by the

YES

Mote:

Project Mangger may instruct the Contracior to carry out g test not specified in the Spedfication to check
whether any work has o Defect. In case that such the test shows any defect, the Controctor shall pay for
the test and any samples. if there 15 no Defect, The Profect Monager shall instruct the Controctor on the
procedure for reimbursement of the refoted costs.
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FLOw CHART 4: REMEDIAL WORK FLOW CHART 6/2

When inspection reveals that Works are not in
fine with contracied standards, Project
Manager immediately informs the Contractor
and issue Defect Comrection Motice

|

Contractor comects the defect as per
instructions given and notify Project
Manager

P/ Inspection team conduct the
follow wp inspection to warify that the
rermediz! work has been camed out

P¥linspecton Team
accepis the remedial
Works

P moue Defect
Comecfinn cartficate

END ]"ﬂ

Note:

1. Project Manager shall give nofice fo the Conifractor of any Defect before the end of the Defect
Lighiiity Period which is specified in the PCC.

2. Ifthe inspection is carmed out after issuance of Complelion Cerlificale, when needed, the Project
Manager will inifiate extension of Defect Lishilify Feriod for as long as Defects remain fo be
coirected

3 Confracior shall pay to LGED all cosfs arfsen from the failure of the Corfractor to comply witf PM
insfructions in Defect Comrection Nobice
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7.0 QUALITY CONTROL TESTS REQUIREMENT

7.1 Quality Control Tests and Tests frequency

The quality conirol tests listed in the table below are the iests required by the LGED general
specification of works. Where works are o be undertaken that are not covered by the general
epecification of works, the contractor also be obliged to carry out quality control of those, Quality
Control Tests fall into three categonies:

a' Tests on materals prior fo and during construction/maintenance

a3 Tests on the quality of workmanship

o’ Tesis on the finished works after construction.

The authorty will review the Test Schedule included in LGED general specification akso in
Technical Specifications part of the contract document prior to construction star to confirm
understanding of the test program.

= Cuality Control Tests on Materials during consfruction

All requisite tests for materials shall be performed by Coniractor before using in any works. The field
supervisory officialz of LGED & Consultants will verify that the confractor has conducted malerials
meets the requirementz of the standard design, drawings and the contract specifications. Copies of
all sample test reporis will be maintained at the Upazila Engineer's Office and Consulfant’s office:
The approval authority for all material testing iz the District Executive Engineer with nofification io
the management. Inthe event that materialz fail testing, a written notice will be issued by the Upazila
Engineer and all materiakz will be removed from the site immediately by the contractor.
=5 GQuality Control Tests on Workmanship

To a large extent these tests are required to ensure that the approved construchion materials are
comectly mixed, placed and compacted during the work. Where on-gife mixing i empboyed by the
contractor, the grading and proportioning of the materials must be strictly controlied so that all times
the fimal mix-complies with the design mix that has been approved by the Engineer. Where the resuits
of these tests show that the materialzsiworks do not comply with the specification further intrusive
and/ or non-destructive tests must be carried out on the completed works for deciding whether or
not to reject the works by the Engineer-in-charge.
=5 Cuality Control Testing Reguirement and Freguency

Motwithstanding: the requirements stated in the detailed specifications for individual items,; the

following mimimum testz shall be carried out in the LGED specific laboratoriez and in the fiegld. In

cases the testing facilities are not available in the LGED laboratory; the fests shall be performed

elzewhere asz directed by the Engineer-in-charge. Al iest types and quantifies described in the

following tables are considered "Mormal Testing”, whereas anything beyond that in type and quantity

iz considered as "Special Tesling”. The Engineer may increase the frequency of testing as required.
Table 7-1: Types and Freguency of Tests for Concrete Works

ITEM & TYPES OF TESTS | TEST FREGUENCY
CEMENT
i) | Setting Time 1 for each brand for approval and only the approved brand will
i)' | Compressive strength test be used
FINE AGGREGATE [Sand)
i} Fr Far each stockyard at site but further tests shall be carmied out
i - ;ﬂ;edsate-iy before casting as per requiremnent shown in table
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COARSE AGGREGATE

0

Gradation

)

Water Absorpiion

i}

Al or Los Angeles Abrasion

For each stockyard at site but further tests shall be carnied out
immediately before casting as per requiremsnt shown in tahle
-2

Fres

h Con

i)

Slurmnp

&s freguently as reguired by the Engineer but not less than
one per hour during concreting operations

Cylinder Strength at 2 days, 7

At least 6 cylinders (1 set) shall be kept from sach class of
concrefe for each days casting or at least 1 set per 15m3 for
new consiruction and at least 1 set per S5m3 for repair works of
each class of doncrate for testing at 3 days, 7 days and 28 days
whichever s greaster. Enginesr in-charge has the rght to
increase the no. of tests beyond the set frequency as he deems

ey g 2R dey required and the contractor is fo perform additional tests on its
own costs. I the casting of concrete less than 1m3 in a day,
concrete strength test can be avoided but in that case guandi
of cement must be i s imimum 1 and slump test
hould | s ik § b bkl i

REINFORCEMENT BARS

i Linit Wt At least 1 set per dis. Shall be caried out for each brand. Only

i) | Diameter test Certificates issued by BUET/RUET/IKUET/CUET/DUET

i} | Elongation shalf be accepted by the Enginesr

v} | Tenside sirength
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Table 7-2: Laboratory Test Frequency, LGED

Sl Mo Item of Works Mame of Test

1 Embankmeant i} Plasticity index [P1) ane 2,000 m3
0} &day soaked CBR One 2,000 m3
iii) MDD {5tandard) One 2,000 m3
iv] FOD One 600 m3
¥j DCP one 200 m3

2 Sub grade i} Plasticity indax (P1} One 5,000 m2
i) adiay soaked CBR ane 5,000 m2
ii} MDD [Standard] ione 5,000 m2
v} FOO iOne S0 mZ
W) DCP One 300 m2

3 Improved Sub grade i} Fhl/Gradation Cne 500 m3
i} aday soaked CBR One 1,000 m3
iii} MDD One 1,000 m3
iv] FOD One 300 m3
w) DCP one 100 m3

4 Sub-base i} Gradation One 500 m3
i) &day soaked CBR One 1,000 m3
fii] LA one 750 m3
v} MDD One 1,000 m3
v) FOD One 1,000 m3
wi] wila [StonefBrick) one 500 m3
wii) DCP one 50 m3

5 Base Coursa i) Gradation One 500 m3
i) 2diay soaked CBR one 750 m3
fii]) LA One 1,000 m3
] MDD ong 750 m3
w) FDD one 150 m3
wi] WA [Stone/Brick) one 500 m3
viij DCP one 50 m3

& Brick on End Edzing i} Compressive Strength Set 1,000 m

_i?l Water Absorption Set 1,000 m

7 HB& i} Comprassive Strength Sat 2,000 m2
i) Water Absorption Set 2,000 m2

8 Biturmninous Katerials i} softening Point One 10,000 m2
iii) Flash Point One 10,000 m2
i} Penetration iOna 7,500 m2
iv) Gradation of F& One 5,000 m2
v} Gradation of Ca iOne 5,000 m2




i) WA of CA One 5,000 m2
win) LAA, COne 5,000 m2
will} Flakiness Index One 5,000 m2
iog) Job Mix Design (Marshall Method) Cine for more
than 240 m3 up
fo Skmo
g Concretes i) Fi Cine 50 m3
i) WA (Coarse Aggregate) O 50 m3
i) LAATACY Zine 50 m3
iv) Gradation of T4 One 50 m3
v Seffing fime of Cement One 5 m3
wij G5 of Cemsnt | (3. 7. 28 days) Cine 50 m3
wvil) TS5 of Concrete Set 200 m3
10 | Brck Warks i Comprassive Strength of Bncks Set 300 m3
i) Water Absorpbion of Bricks Set 200 m3
iii) Efflorescence of Bricks Set J00 m3a
ivi Setting Time of Cement Set 300 m3
w) G5 of Cement Set 300 m3
wi) FM of Sand Set 300 m3
11 | Reinforcemsent LUnit weight, Elongation & Tensile Strength 1 setDia /10,000
kg

**If the number of test (=) to be performed a= per specified test- frequency for any item becomes a

whole number with a fraction equal to 0.20 or less, in that caze the actual number of test (2) shall be

the whole number only. On the other hand if the fraction i more than 0.20 then the actual number

of test{=) for that tem shall be rounded to next whole number. Engineer in-charge has the right fo

increase the no. of tests for any item beyond the =et frequency az he deems required to ensure the

quality and contractor iz fo perform the additional tests on his own.

**mplementation of various items of work should be carried out according to the =et frequency and

cozts of all tests even addifional to the frequency reqguirement shouid be covered by the quoted rate.

7.2 TEE‘tng Laburaturjr Hequirement

LGED has a well-equipped laboratory in each district with sufficient instruments. One Assistant

Engineer is in charge of the laboratory supporied by Laboratory Technician (LT} and one Laboratory

Asgsistant (LA). AN material and field tests shall be performed by LGED's laboratory in charge. Test

reporis will be signed by the Lab Technician, Assistant Engineer and Digtrict Executive Engineer. in

cazes where the iesting faciliies are not available in the LGED laboratory; the tests shall be

performed elsewhere a3 directed by the District Executive Engineer.

7.3 Test Requirement for Sub-Soil Investigation (Guide Line 2018)

= Sub-5Soil Investigation shall be carried out to establish =oil parameters required for detailed
deszign in accordance with relevant provigion of AASHTO LERFD
= Minimum depth of bore hole from lowest riverbed level should be minimum 40m for the Cox's

Bazar (Coastal Side), Chitagong (Coastal Side), Feni, Laxmipur, Moakhali, Chandpur, Bhola,
Barizal, Patuakhali, Barguna, Jhalokathi, Pirojpur, Bagerhal, Khulna & Satkhira. For other
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areas, that should be minimum 30m. Hence, the minimum depth should be increased as per
design reguirement

— At the time of construction, on confirmatory soil test should be done in each abuiment and
pier location after finally setup the tayvout to review the design. In such case, bore-hole depth
should be finalized according o design requirement

= Minimum 4 bore hole (2 in the river and 2 in bank posiion) should be done-for bridges more
than 100m length. Minimum 3 bore hole (1in the river and 2 in bank position) should be done
for bridges less than 100m length for design purpose or a5 instructed by Design Unit, LGED.

In general, the Sub-5Soil Investigation Reports should include the following laboratory Teats from
disturbed or undizturbed soil samples:

Matural Moisture Content

Liguid Limit and Plastic Limit

Unconfined Compression

Specific Gravity

Direct Shear Test

Grain Size Analysis

Consohidation

7.4 Test Requirement for Strand of PC Girder and Bridge Bearing
The Following tests are needed to be performed for Strand prior to uge in PC girder,
» Llimate Tengile Strength
*  Yield Strength
*  Linit Weight!Cross sectional area
*  Modulus of Elasticity and
* % of Elongation at Rupiure

[0 R R Y

Tezst Requirement for Post Tensioning Anchorage
Anchorage efficiency test must be carrfied out from approved laboragtory to confirm the quality and
capacity and capacity of post tensioning anchorage (Bearing plate test, Wedge plea test, Strand-
Wedge connection) in-accordance with PTI-M&0, 1-58.
Test Reguirement for Bearings
The following tests are neseded to be performed for elastomeric bearng pad

*  Hardness (ASTMD-2240)

# Compression set for 22hr at 100%c (ATMD-395)

= Ash Content

* Short Duration Compression

= | ong Duration Compression

= olcanized Bond Test (ASTMD-425) Method-B

= No and thickness of elastomer layer and Sieel Plate

7.5 Ql.lalitj‘ Control Test REPDI‘I.' Review and Analysis

7.51 Quality Control Test Reports Review and Analysis

sample Test Reporiz related to the RCC, PSC and Arch Bridge Consiruction works are presented
nere in the following pages for general dizcussion, Test Reports Review and Test Result analysis.
Test result analyzis is the process of interpreting and evaluating the outoome of testing. it involves
comparing of fest results with expecied or desired results, identifying deviation/non-compliances,
irend=s and patterns and drawing conciusions from testing. Test result analysis is a critical and

most technical that requires experlise and skils.
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Test reporiing iz essential for making sure your productimatenialz iz achieving an acceptable level
of quality.

In this 2ession the resource personftrainer shall discuzs all the test reporis in detail shown in the
following pages by dizplaying each on a multimedia projecior so that the paricipants can
guestions.

The resource personftrainer can dizcuss following izsues in his discussion:

About sampling of the test specimen.

About Preparation of the Test Specimen

About accuracy of the toplz and equipment that to be used in the testing.
Standard/Desired specification of tesied zpecimen

Deviations/non-comphliances found in the fest results

6. Conclusion with the test results.

LI SR

The test reportz shown in the following pages are:

Test Repori-1: Compressive Strength Test of Cement

Test Report-2: Nomal Consistency & Setting Time of Cement
Test Report-2: Sieve Analyziz (Grading of Sand)

Test Report-4: Sieve Analysiz (F.M of Sand)

Test Report-5: Resistance to Abragion of Coarse Aggregate by LaA Test
Test Repord-6: Sieve Analysis of Coarse Aggregaie

Test Report-7- Compressive Strength Test of Brick

Test Repord-&: Water Absorplion Test of Brick

Test Report-9: Penetration of Bituminous Matenial

Test Report-10; Softening Point Test of Bitumen

Test Repori-11: Sp. Gravity and Denszity Test of Semizolid Bituminous Material
Test Report-12: Determination of Bituminous Content

Test Report-13: Proctor test for MOD and OMC Determination
Test Report-14: Field Density and % Compaction by Sand Cone
Test Report-15: Atterberg Limit Test of Soil

Test Report-16: Test Report Elastomeric Bearing Test

Test Repord-17: Concrete Mix Design

Test Report-18: Calibraiion of Hydraulic Jack

Test Report-19; Tension Test of 7-Wire Pre-stressing Strand
Test Report-20: -do-

Test Report-21: Test of Deformed M.5 bars

Test Report-22: Pile Integrity Test (Static)

Test Report-23: Pile Load Test [Static)

Test Report-24: Compressive Strength Test of Concrete
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TEST REPORT 1

GOVERXMENT OF THE PEOPLE'S REPUBLIC OF BANGLAD o

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
CENTRAL QUALITY CONTROL UNIT

Agargaon, Sher-c-Bangla Nayas, Dhiaka- 1207
COMPRESSIVE STRENGTH TEST OF CEMENT

{(Ling 50 ( 508 mm Cube of Cement Mortar}
Clientt Ref, Mo :
Schame ; Lacation :
Jample Mo, ¢ Type of Spedmen
Sarrpiad By Sarnplad Dhate :
Quantity Colected trom Field : Qurantity Aeprisentad |
Crting Diate {Tire) | £9.00L05 (230 M) hitx Proportion = 13 .78
Dote of Tedt (Tene} o 3 dowe: mo20s {245 BM) 7 doys: 160205 (1235 PA) 24 doys  6004.05 (235 P
Birand of Cernert: {Origin} : Water Cement Rotio = 1: 0,485
Type of Sand Lisad : Strctards Sond { Imported sond & Groding o par ASTM C-74)
Lok, Feg. Mo, |
e | mon | somimenihren | M Loog | Smbe et | AuermgeOm | Ramiris f ARownbie imi
RUEIRINA o ' K [ MM | " (TR IR
o8 E] G.00zS Lrdo e Fikr
o2 § 1 falnpd] SLd0 2054 AL LE wrﬂhmnl-m1mgi
o3 | CLDaEs a9.40
o T FLEHTFS AR o174
oz T VDI naa 2045 = 25 Whith & greater than X200 Py
&3 ' D.0am 7450 29,80 [
ar Fo LTS 2410 3764
o2 ] [elesrlt P00 35,00 = A0 [Whhich b greater than 4000 Py
21 am LS BT8O asnR
L iy VM = M o RN = DA B
WETEi e oicubating the mvamgs issgth, ca rot ekl s bet which Smrgth ore dfering Ly s hon W e B it vk
T A € i S A b A e
METE i o vt ol Slebeneny Detbwnt o rmard ou pee 45T Do O Wy m T e (hmo e

T-chogs = W o’ (28083 pal)
Opbanal recpsimert = Moo = 2r kb ) r' (000 g

v iy i Lo D g ey bty ot
, * Coniwal Chunbry Cirtid Un, BATHR. Cordral Upsabing Comenal Limg, LG



TEST REPORT 2 B

GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH

LOCAL GOVERNMENT ENGINEERING DEPARTMENT

CENTRAL QUALITY CONTROL UNIT

Agnrepon, Sher-c-Baruh Nogar, Dlska- 1207
NORMAL CONSISTENCY (AST &3 A -

Client Mir Goman Lid
Schema : Phigical test of Cament
Sample Mo, ;
Sempled By
Duantity Collected fram F 1 bags

Brand of Cement (Ongin) : Wiz Eu'ﬁml.{FﬂGIn

Lk, Fag. Ho,  LGEUM-LADI

Clieni

DETERMIMATION OF CENENT B

T# RATLIS

Rl Mo. & Date - bl Dhate: 211018

Type oi Specimen:  PCC Coment
Sampled Date : 28.10.18
Cuankty Repmesanied N

Cassing Dabe (Time) ¢ 20.10,18 (1230 PM)

NORMA CONSIST ENCY DETERMINAT K0
TrighMa, 1 ] 3 4 5
W of Cement igm) 506 500
Volume of Waler [cc) 13 1325
Penetration (mm) g 10
|Mormat Consistancy (%) 5 (Rounded I the neanest0.5% of s weight of the dry comant as par ASTM)
SETTING TIME DET ERMBIATIOM
Sl.No,| Elapsed Time Tima __ Penatraton jmm §SI. No.| Blapsed Timse Time Pereraton [mm
1 L1ar 11:50 :8m -
2 g 12:20 Full
3 45 1235 Full
F] &0 1250 Full
5 75 105 Full
i a0 140 Full
7 105 135 Full
B 120 150 Full
o 125 205 Full
10 180 >0 36
11 165 FE 29
12 180 50 16
13 145 306 -]
14 210 320 1
15 225 3:35 =
16 240 350 Just Impression
.. e . AT 170 M :
Inilinl Seting Time= T, TR E{P-m}). = 11t . |Final Sefing Time = 240 Min.
(b linear sniedpalaEcn or Phmm pensiion)

&QE anm.nsﬂ.ul &554{&&IH:Mnthrﬂmd{:mpmmEEmmlj mg H‘hl Seting Time Er:ul.ﬂ-:k nict be les
and Final SEsng | ime Snouls noDe mofe Than $20men,

Tesied by
Suparvisti by |

. Yisif AR

Loh TechmicirCl]

A sl Al Laboraory Techiecan
dd. Eramal Haogue Khan
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TEST REPORT 3

LOCAL GOVERMMENT ENGINEERIMNG DEPARTMEMT
CENTRAL BAATFRLA| TESTING LaBOE A TOSY
Acprgoon, Sher-a-Bonglo Nogar, Dhaka- 1 207

SIEVE ANALYSIS (Grodation of SAND)

Clierit 1 SIMAMI Enginwering Limited, Ref. No. & Date : Nil, Dote: 04.00.02
schema : Conatrudtion of School-cum-Cyclone Shelter of pochoge-3 (concrete mix design)
Sample No : m Type of Spaciman Coanse Sand
Sompled by : Abdullah Al Mamun, PE. Sampled Date - 050912
Quontity Recelved : 1.5 m' Duontity represereted ;N
Lob. Reghtration Mo, ; F‘*“’””' 1008 12
W, of dry Somple ¢+ Cantainer = 5250 gm
Wk, of Container = %0 gm
Wk of dry Samgle = 5000 gm
Sieve Slze | | Curnulethea |5ﬂdﬁld_
=y | Weight Percent Fercert | Percent % | Remarin
| nch | mm _ Retoinedgm) | Retoined | Retained Powing | Posing =~
w55 | oo 08 {_ N - 0o —
#4 | 475 07 or | o o] e A
_ #8 | 336 | 183 X7 | 3= { 96 B0-100
M6 | \8 | el 124 162 | B4 S0-85
__#30 | 0,600 175.7 a5} . R 760
#50 (0300 | w0 284 | &8 o | W30 |
[#wo (oo | 405 | m | s | 2 e
= PAN | =] =5 ! . | ——
| TOTAL wt. 4594 = A
N
il Graphical Presentotion
-y — e T
F L™ |t |
E. = = - e E] '-F 1 -'-;"'—iﬂ-I'L-.
] " 1_,.""
; = _;,.1-'5:;"'# = ¥ . | 4 ek vl Crsacics o
; A L~ ‘ [ [e—tiine
w —_— | | |
a ,,-r"" {/#;r"‘" | |
o o Rt ,-_-"" |
__.‘2-:"’"?: [ LT
T

Teested by 1 M. Febiul Hogque, SAE (QC).
Supenyised By : Mé. Enamul Hoque Khan, 5r. AE (90).

bl M amsr==aman )
(Ml Fabiul Haqu ) (Md Enemal Haque Khas } {
Bb Ruspyem Enginaes Sz Aaspree Ergareen ] Exncotrm Engness (70
tfﬂntq;m;?mlu“'ﬁﬂ Cemmal Dby C anmal U LGED e g alssy € emiel iz LGED

By et




TEST REPORT &

GOVERXMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH

LOCAL GOVERMMENT EMNGINEERING DEPARTMENT
CENTHAL QUALITY COMTROL LN
Agargaon, Shere-Hangh Magar, Dhala 1307

| SIBVE AMALYYL [FM of ond) |

O | Tormn Cominersion d Cn. Rpl K= & Dot ;WA
here | Costnnton of Mogrboa o Bos bl Toser, W
Sornpla P [:% ] Twpe ol Fpecmmn; Coorw nored
Farnpied by M Em Sompied Ootw: 2713
Dumarddy Pecmeed | Mol marilioried Cunmty Apreseried © Mol merticned
Lab. Segnirotion Mo Dot of Tk 1ria
WA of gy Sarpls + Containe = A0
W& of Cominirer = oo g
U of dey larmple = 00 O
| T
gz Felubied Rl it Porcont Py Sertiflad Lt
Tk = m‘l. Pk erirsad
a4 [} 1] ol -] & L]
aa 5 (1] (=] o (]
(L] ATy i (1] o o5
L] an wmr T4 [ 1] a1
Fars im e il T H
f1a LTS LLE] L) g i L=
n (FR = ] S r ) Frd a
] oG W L] (L] 2
o | ooTs LN [+ ] W [:X]
Pan w
Tobod ut. wRe
= 250 Bt & 6B o] oy = LT
Teded by M VLHLF AL Lo, Taelvsbcks
Fuipseowiundl By Md ERamil Hogus KKsan, 50 Aasisisr Exginser (D50
TR E LAY [LIFRE [ e o AR, Mo Wit
|asmrree lrrhrmus fr i | ey G Noatwiin L agpr 38 |
¥ fwaliny & vt s 4 0 L1 Cavmial {Yaake §amam | ey B sl 11 T el & et | sl v, FCEL DD
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GUVERNMENT OF THE PEOPLE'S REPUBLIC OF BANG LADESH
LOCAL COVERNMENT ENGINEERING DEPARTMENT
CENTRAL QEUALTTY CORTROL LI
Apargaon, Sher-g-fiangin Napar, [haks-1207

RESISTAMCE 70 ABRASION OF COARSE AGGRECATE
DY THE LSE OF LOS ANGELES ABSASION TEST (ASTM C-131)

TEST REPORT 5

Clamt Rief. Mo, & Date 1
Shame Lamatior :
Sample Ho.: Tj'ﬂE'dEIﬂ-iTﬂEﬂ
Sampled By . Eevnpled Darle
Cuantity Colleded trom Feld | Cuianb by repreirdiad :
Lk Regibrtion ba. Dote of Test s
Siave iz in men Wrof Anremson valksa,
Tait no. mitara Dther infummestion’s -[M—W;]-‘-'ﬂﬁ Remaris
Powing | Rebamed | (gm)
omm | msmm | o gm unang = S
so00357 | 4 0
[ Bo0od )
Smm | SSmm | 2500gm (Mool Sphere = 1
I Wt of Chomge, gm = LT = W &
e, retoaned in #52
s affar bisk
WUAT 17
Tkl Wesght (W) = 000 gm
= For B -geing, ue T boh o igtal weight = B000 1 25 pm
= o B egrodin, e 1 bl of babal issigh] « i ¢ 30
= For \Cogrosing, e B bl o Breal weight = 1100 1 30 gm
P For "T'-geaiing, usi & hall of el wesght = TR0 § 1§ grm
& Hurnbs o Rrssilbe = 303
Tebed b 1
Carrnanty §
Fub-Asmeting Euirmwm SRk lazai En‘u.u:::i Exccunivg :L'.l.:';uu.'u el
Corttral Qi Convbend Ui, 105ED lsarad by Cianimnl 1_1"',,-%5"_ Certinl i Jusfiry Uowesnd Uit LLIFT
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TEST REPORT 6 :
GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH

LOCAL GOVERNMENT ENGINEERING DEPARTMENT

CENTRAL QUALITY CONTROL UNIT
Aparpon, Sher-c-Bangls Nagar, Dihaka- 1207

SIEVE ANALYSIS FOR COARSE AGGREGATE

Chant  Project Director, DDRAWSE, LGED  Ref, 46.02.0000.965.99.013.22.920, date: 09.1.11

Schorma Widenning and strengthening of Nimtaka NHW Mdhukhall GC Rood. ch7+990km to —_
15+720km under Sador upazilo, District: Rajbarl. Packoge MNo. DRMRWSPRafoory/ Sooor.

Chainage - 8+150 KM Sampled by : XEN Raiborl, UE Sodar& CSE Comultant. DDI
Maximum Size of Aggregate : 25mm dawn  Type of Specimen: Biuminous densa camaing
sampling Date: 10,11 22 Dale of Test: 17.91 22
Dzn:ll.',' ol bitum o Mol doee Ltk Ht:gi:.lgal.iuu Ho. : LGEDAOCUN2!
W, ol dry Sample = Conlainar = BOT2 gm
WA of Container £ 1000 gm
¥ ol dry Sampla = 7072 gm
Siewe Wzight Parcent | Cumulaive | Percent Specified
Siz Reined | Retmned | Pecenl | Passing % Rapraies
Inch mm {gm) Redained Passing_
L 250 0o 0.0 0 104 g5 - 100
an" 150 124.5 178 18 g2 gS - 95
12° 125 k5o 43 F i B0 - 80
3w 8.50 484 59 H 66 53 -73
il 475 1102 241 54 42 a5 - 5
wh 236 1002 142 Te 24 23 - 38
#30 600 LR 150 Ba 14 13 - 24
#200 | 0075 104 10.0 95 4 4 10
PAN A |
TOTAL wi TOG.4
Crophkal Prasentotion
;

o
w
]
£
.g - i = Lppe Limt
an -
5= H — b sl
k] i F
g » " i I g s
an -
& e 4
2 i e i =
n pt
[ 4] B Sl @pening Jin mm) 0.0 T el
Tasted bMd. Yusuf &I, LT, {QC)
(A Yl A0 (Ratsul Hicue| (Ml Taskyrrzornan)
Lab. TechmciniDC) Assaiorl Engresr (0] Ex pessbvs Erginer [3C)
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[-EEST EE_F‘DRT ) _]

GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH
LOCAL GOVERNMENT ENGINEERING DERARTIMENT
CENTRAL QUALITY CONTROL UNIT
P, Seei-e-Bongls Mages. Dok 1207

E ST C-67)
Cliant: Project Direcior, GLP-3, LGED Fel Mo, & Date 46 02 0000906 89,019 20-140, Dale: 15321

Propect:  Tumgh o Seasvadn bamn & &H- Shahdur G v Mie Bishara hazar mad Ch. 4920-6730m under Nabag
upazld, Disinck Brahmantana. Road [0 4126

Typeaf Spaciman - Bricks FrogMark: ISLAM
Sambod By Cliant Ramplod Dade 1 1500,.2021
Tromniify e oo, Gk 5 Mot rom Ch: 6160m) Qwanfty represeiiled : Nol menfoned

Dt of Tost : 0E04.2021 Lab. Reg. Mo. : LGEQIQCLIOZ
P 1 e ot s b Taskig Slandasd - ASTM G467

Spacimes SueimenDimension | Aerageor | Mantosg | COTOISME
= ﬂg_ T it __ hesgh R | Remarks
no. Iop Batipm Mip, ar=a =LoadiAres
e f at T sy bt N md
ISLAMY T x BYER RAYD a BAD|  SAMED 58 WA
[SLAM-2 (9928 x 0126 [0.415 % D35 | 004537 1rad 1.1
ISLAM-T 10326 ¢ 0023 |00192 0422 | 00400 MiG 234 156
ISLAM4 (0128 x 0133 (0907 x 0127 | 0OW48E FALY 14k
BLA-S 1048 x 012510422 » D928 0.01550 2185 141
—rI—-—-——-_l—-_ — 1

HOTE -1 MNim* = 145.038 pel -and 1KN= 224 808 m,
_ ForDigmetar! Area ﬂa'ﬁfm'lnailnn_:mhw_ﬁmi@%

———

Tesia by: Md. YUSOF A,

Commants of the Labaraloryinchange :

(M Yomut a) ik Smpir Alam
Yamud < Enph Mt Tari
| Er Assigln] Eagianr ECI-C_] E:mhlﬁwmhl:'li'.lﬂj
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TEST REPORT 8

CEORE WD AT O D PO S 00l WA Nl A RSN
LOCAL CHOVEHEINENT B EEE D e

CURIIAL g EAD Ty F il

At et o Dingls Magai D Raab 12001

WATEIE ALSORENION 1051 OF BICK

PRl & sl Iy B i

iy sy s (P

Siwigehisl Wi Seannijdas] [ adm

Chiudity asdbmi | mill Db Dkl o i iy pnge i d sl |

Tugten il N iy Py Wiy |

tm af Nml i Lrile Mg s

LE S Do vy Wit oI Wmigh limhand el tini Pty oy J Parvmer
1w (LK) i M ) %)
AT LE 1 #iel (L]
1, iria EY
LA 1404 LU s
UL [ 1]} L85 1 M3
LY ] LA Lan ] R
AL L%y 5 9. - M3 N
AL L 1oan m
Al (K111 LE&Y ni
A La24 1Tas T
=i T L3 LR ny
HOTE Tkt s uac i ord BN = 33480 b
Teabed by

Conrmants of tha Lebarstony Incharga |

Sub-Assstant Eng, (00
Centrad Lhubey Coutrd Lnit, LEETL

Aesdsrant ireer

Cprral Cluilioy Costiol Unic, LGN

Ezecunre Enginees y
Centml Chusbey Creved l.'flll:?E'Fﬂ



TEST REPORT 9

GOVERNMENT OF THE PEOPLE'S BEPUBLIC OF BANGLADESH
LOCAL GOVERNMENT ENGINEERING DEPARTMENT

CENTRALGUALITY Crs e, s
l"||"|.|r|||u|_ L TR |LH’I,;!|.I TR} 1wk ""E‘Iﬂ

PENETRATION TEST OF BITUMINOUS MATERIAL
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TEST REPORT 10

GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH
LOCAL GOVERNMENT ENGINEERING DEPARTMENT
CENTRAL QUALITY CONTROL UNIT
Apgargnon; Sher-c-Bongly Magar, Dhaka- 1207

EMING POINT TEST OF BITUMEN BY RING & BALL METHQU (ASTM [ 36)

Cliant ; Exacutive Engineer, LGELD, Kisho Ref. Mo, & Dote: 46.024800,000.14,8821.828, do

Mame of schams ; Rehabilitation of Ba@pur-Agorpur(Bejitpur Part) rood from ch. 2000 m - 2684 m
ursder Bajitpur upazila, District: Kishoregan|

Project : GOBM Package No.: GOBM21-22/W-29,
Otty, Recaived -EI__!:}E Quantity Represented : Not Mentiened
Sample by« Mel Habibullah, Sr. AE, Kishereqt Sampled Date; 15,0322

Proboble grode : 60-70 Peneration Groded Biturmen

Lab. Regiter No: LGED/QCU o/ Date of Test 30.03.22
TEST DATA
Drescription Expected Fluid .
{ Trial Test { Assurned
Test / ReTest ) Soft. o Lised Reoding hean et
°C °C e i
45.6
Ti:ql — Water 458 457 0.0
Teatad by « M. Ysuf Al LT (QC) e [

Comments: somple wera rm:ell.l;_-d in sealed condition

(M Yol AR) {5 M Zokorio Role) (M. Enerrul Hogque Hhan)
Loh: Tedhnkgian (D0 Astkbant Enginear (00 Exenuthie Emaiiee (00
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[TEET REPORT 11

GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH

LOCAL GOVERMMENT ENGINEERING DEPARTMENT

CENTRAL QUALITY CONTROL UNI

AEECIFIC GRAVITY & DENSITY OF SEMISOLID BITUMINOUS MATERIAL

BY TIE USE OF PYCNOMETER (ASTM D T0)

Chient  : Executive Engineer, LGED, Kishoreganj Ref, Mo 46.02.4800,00014.N82L62E, date: 15.03

Name of : Rehabilittion of Bejitpur-Agorpur{Besitpur Bart) road from dh 2000 m - 2664 m.

Profect : GOBM

Padrage No,: GOBMZ1-22/W-25,

Page | 98

Oty Ras: 3.0 by Qraantity Represented : Mot Mentioned
ma,mwmu&galﬁm Sompled Date: 15.03.22
Probable: 60-70 Penenation Groded Bitunan
Lab, Reg : LGED/QOU/02/ Date of Test 30.0322
Trial Mo Test MNa.-1 Test No.-2 Test No-3

Pycniometer MNo . P-1 p-z B3
Wi of Pymameter with stopper, { A ) gm 17568 26.661 268508
WE of Pycnometer filled with water, ( B) gm 56.908 55.987 55.415
Wt of Pycnometer partially filled with Asphatt, { § 52240 P EaE 51542
Wt of Pymometer, Asphalt & Water (0, grn 57.405 56510 55.935
Adchual Temperature, (T) °C 25 25 25
Darsity of water ot T° C, (W ) amies 5,997 o597 0.957 N
.:p...umnm.uy.—rm-ﬁ.:uca-&)mm] Loz  Lurir s LOZ3
Density of Asphalt. (5o, Grovity x W;  gmice) LOI8 1019 LOZO
Spedfic Grauity of the Bituminows Spedmen = 1022
Testec by el sl AN LT
Conmmeort: Sanple were recched I secked condbion

(el Yumnst AR) {5 M 2k Riefc) (Mel. Encamid Hocue Khan)




D‘EST REPORT 12

GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
CENTRAL QUALITY CONTROL UNIT
Agargann, Sher-e-Bangly Napar, Dhaka- | 207

Determination of Bitumen Content by Centrifuge Extracter
Chent : Project Director, DDIRWSP, LGED Ref. 45.02.0000,965.99.013.22.920, date: 09,122

‘Scheme Widenning and strengthening of Nimbala NHW Mdhubhall GC Road. ¢h7+990km ta 15+220km
wndes Sudke upalio, District: Rofbart Pockage No. DDIRWSPRojbarl Sodarzo-20R0-03

Chainage : 8990 KM Sampled by : NEN R, UE Sadard CSE Canwitant, [
Maximum Size of Aggrege 2Smm down graded  Type of Specimen : Bituminous Corpeting
Recefing Date: 10133 Dotoof Tett: N2

Lab Regitration No.: LGEDIOCU/G2)

Dieserimtion Waight of Sarmple

Waight of mix of Bfomncas somple before exbradion. [ A 0. S—
fuiial

Weight of Fifter bofore e, am 0.8
Waeight of Filtter After use, gm 233
Weight af materdol mdhesion ueith filter, gm 25
Welght of Agomegete ofter axtroction, gm GEEG
Tekel welght of metedal after esruetiorn(B) gm 571
Wgight of Biumen, (A-B). em T4
Bitumen Content,  (A-B)/A%D0 (%2) ag
Testod by : M. Yusuf ALLT.

A Yo AL (Fabe ! Hagquse) (M. Tarbussanon)
Lok, Technigkan (3€] Anktan Enginear (90 Executice Enginae (90

PFage | 9o



CHNVERSMENT OF THE PECGPLES BLFURLIC GF BANGLADESH
LOCAL GOVERNMENT ENGISEEEING DEPARTMENT
CESTRAL QAU ALTTY €0 TREA | %F1
Aparpem, Sher-eHangfa Sagar, [Waba: | 417
PROCTOR DENSTY TEST LOR MDD & OMC DE TLRMINATION

TEST REPORT 13

et el P & Dot
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|_TEST REPORT 14

=
GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH
LOCAL GOVERNMENT ENGINEERING DEPARTMENT
CEMTRAL QUALITY CONTROL UNET
Aganon, Shei-csRongla Mo, Dok 1207
FIELD DENSTY AND % M D BY SAND-CONE
Client :  Monaging Directer, POL Ref. MNo. & Date : N
Scheme (Finithing Shad Location : Grid ne 12883
Description of Moterials : Test Date : 26817
Apporotus Mo, @ 1 Somd Come #1 Bose Plate # 1
Leib. Reg. Mo 1 lgedic-Laby Road layer:
o %,‘?";;*“:"95'—’”“ Gﬂdj:é& 1| 4B0m | 265m | 202m 21m
- CL | RS | CIL | LS
n of Gelow
- %'m ]"f;“"" S0 m;.n__ﬂﬂﬁm 05m | O top
_.——M
Tests N 1 2 3 4 5
Wt of Jar + Sand (initio (kg) | 8602 | 8322 | 8.250 | 8218 | 8.152 =
W of Jor = Sand (Final) | (ka) | 4.764 | 4.260 | 4456 | 3.903 | 441 7
w of Sand in HelesCor (leg) | 3838 | 40B2 | 3.754 | 4316 | 3.735
Wi of Sand in Cone & Pl (lkg) | 1.226 | 1226 | 1.236 | 1.226 | 1.226
Wt of Sand in Hole () | 2612 | 2.836 | 2.528 3.089 | 2.508
Linit Wt of Calibroted 5c (kgim) 1281 1291 | 1281 1291 1281
Woluma of Hala {m3) | 0.00202 | 0.00Z20 | 0.0078E | U UL | U001 54
Whof Wet 5oil + Con (ko) | 3820 | 4180 | 3.299 | 4385 3.306
Wt of Con (kg) | 0.000 | 0,000 | 0.000 | 0.000 | 0.000
Wt of Waet Soi (bg) | 3820 | 4190 | 3.299 | 4395 | 3.306
W Uinit Wt of Soll { 18B8.1 | 1907.4 | 1684.7 | 1836.8 | 1701.1
Can Ma. 2 7 5] 11 B
Wt of Can+ Wet Soil | {gn) | 3648 | 2176 | 1534 | 1940 | 1612
Wh of Can+ Drv Sell_ |(om) | 307.1 | 189.0 | 1331 | 1646 | 151.0
Weof Water fgw) | 575 | 286 | 193 | 204 | 102
Wt of Can fgm) | 516 | 241 | 280 | 270 | 250
W of dry Soil (o) | 2555 | 1648 | 1061 | 1376 | 1260
| Moksture Content (%) 225 | 173 | 184 | 214 8.1
Opbimum Moishure Conte (%) 17..5 7.3 | 17.5 | 17.5 | 17.5
| Ony dlersity (ha'm]| 1541 | 1625 | 1423 | 1513 | 1574
Mboe Dry Dersity  (haymi 1725 | 1725 | 1725 | 1725 | 1725
| Degroe of Compadion. (%) BS 94 B3 88 91
Tinked by ; M Yomad Al
Superid by
(M YUSLUIF Al 1 Ko .
tabaratory Techniclan (GC) A{::im.ﬂ: E::;:::l?j{_% ﬁn&im

Tierieal | sy Crnviml Lodr, L0370

Camatral Cualivy Conesol Ureie, 10D

Page | 102
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TEST REPORT 15

imen Preparation . DryFrap.

it Feg. Mo - LGEDIC-Lab

T esl Performed on Maledial ;  Passing Mo, 40 S

GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH

LOCAL GOVERNNENT ENGINEERING DEPARTVENT
CENTRAL QUALITY CONTROEL UNIT

Amargmon, Sher-c-Hanels Namr, Dhgka- | 207
ATTERBERG L EMTIFECAT B
Chenl . sddilonal Ghial Engineis {imp | Rt Ha Dot
Soheme - Jkadah GPS Koshia Locabon - Brahmangare
Bofeholi Ma 2 Sarnpled by | UES
ierfibe:alion Goaking : Somked {Cremeght).

T30 of Tesl . 3-Point FLL Derdon
an;hdﬂau bhltrmlm
‘Tes Date: __511_9

TEET LIGAD LT TEST Plasfic Limil Test
Moisire Can Mo 10 f 23 an__ 33
[ of Can + Vet Spacimen (4, gm 4z 47 6 3 M9 226
[ ol Caan + Diry Specamen (B gm B8 459 ale 340 ne
[ o Wt (A}, gm 52 5.1 54 0g 0.7
[#e af Can (CH, gm 164 2 [TH 278 165
[ ofDrySpecimen [B-C), gm 17.4 44 122 6.2 54
[Mo st Content {ws A BRECHx 100, % Ed W3 [T "5 130
Fﬂmmn in Cone Penatrometer (D), mm Average Molsue Conk
|Edawes in the Liquid Limil Device. (N}, No.| 34 21 1 S

| =

| L]
I df -— —
&0 —‘\h—‘*
L 5 o e
g »
==
-
% & 1]
11
i -
e
Hesmibser of biows jin LL Dovhca) kL
Lk - 38% Natural Molstie Cantent :
G A 14% Over Consolidsfon Ratia -
tity Inday : 4%

rmﬂ by- A Amin, Lat Techrician

Naturg ;: Normally-Consoldaied | Over-Consolideted. | :

[ Al ~Aeminy e
Labrassry Techrican ( bl Albsim ) T T
(0 e A larestal
Consakant Parr Conrgd EI;'FH bcousve Ty (W
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| TEST REPORT 16 |

mEETE e :
o i wretem fasfaumer @ tlup artmenl of Mechanicul Ensineering

HT8l-2oon, CRSTR Bargjladesh Unverly of Enginaening ans Tadhrolg
010050 ' Diakes 1000, Bangadesh '
T 5 am E

Saviple Gupplec by | Mires Md Mishnar AN Banisive Enginest, LGED; Magian i

T L | R S ) et e biae/are Doted: 18053017
o iy Ptorercs BRTC MO 11080-38524MENR-17- Damse 31 68 3017

Froject Description IS W el S e Sar (o, Peelen, wea, o apte oo Snie
ﬂ-“ﬂmnmmmnmmﬂmﬂi &4 041 m Long
ACC Cwbuer Brogs on ATMEMARSSS MolDah-SHIBmMmpE Hong Lhar
hoboganga River ot Ch 75.00m i spnge |

TEST RESULTS
1 HARDRESS TEST +
e BEsRdnr Usal: ANTE D-TRiR A
Birlsce of pag | TOEATEED H Dffewnl Harstnuay oo LGy
[RRESE Hirt ek F biediam
ot | e i Cosiad Im"""""w"""'] Calngary EHmanes (Sroms [r—
mh—g nal E : ; s o U g

"__nuaﬂﬁﬁnanmm 1237, Fn M-HHIHE peatany, BEASA15, Emad - hoacmeEme buet ac b

Ny i
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TEST REPORT 16 (a)
. _aleirepey fasin _ D tivent of Mechanieal Engincering
P bk Bl b bR Baagiadesh Linwenty of Engneetng asd Technoiogy
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Concrete Mix Design
Location

Mix Dasign for Superstructure
Design

3l ehiglh =
Safaty
Margin =
Target
Mean
alrangth =

Cemant =
Brand =
Specific
Gravity =

Coar L

TEST REPORT 17 _j

Meminal Minimum size - 20mm down stone chips

SSD Bulk Specific Gravity: 27
% of water Absarption Capacity: 0.8
Unit Weight

1528 kg/m3

Fine Aggregate
S50 Bulk Specific Gravity = 2.6

‘% of water Absorplion Capacity- 21
Unit Weight
: 1485 kg'm3

Fineness
Modulus - 27

Admixture

Admixture
MName =

Specific

Gravily = 1.22

Admixture
Contant = 0.5

Water
Water Type: Portable Water

%

T of Cament

Page | 106



Waler/
cament
ratia =

0.4 ‘

Mix Design Caloulation:

TEST REPORT 17 (a)

5L No Descrption Specified Limit Propesed Limit
1 Cement Content 450 Kg/m3 480 Kgim3
2 Waler Content 480* 04 186 Kalim3
B 3 Air Vaid 2 % 0.02
4 Admixdure 490° 05 2450 Kgim3
Mix Design Calculation:
= Volume of Cement= 0.1556 ma
Volume of Water= 0186 s
Valume of Admixture= 0.0020 m3
[ ' Valisme of Enfrapped Air = 0.02 m3
Tolal Volume of Paste in Concrele 0.3736 m3
Therefore Solid Volume of Aggregale - 0.6264 m3
Blending Propartion of FA.CA = E :
Welume of Fine Aggregate: | 02103 | m3
Volumea of Coarse Agaregate: 04072 | m3
Absciute Volume | Specifice | Specific Absalute
Ingredients a4l z A
- (m3) | Gravity | Gravity~1000 ‘E':!ff'“
Cement 0.1556 315 180 490
Water 0.196 1 1000 198
___Admixiure L0020 1.22 1230 2.45
| Fine Aggregate 0.2193 26 2600 570.06
Coarse Aggregate 0.4072 2.7 2700 108540
0.9800 0.9800
A=
Ingredient Cement Fine “"ﬁ@ﬂ@_ | Aggragate |
| Weight 490 570.06 1099.40
Proportion 1 . 1.16 2 24

Per cum concrele ingredient proportion (by volume)

cement= 1bag =50 kg m3.

Fine Aggregale :

[ o038z | ms

Page | 107



TEST REPORT 17 (b}

Coarse Aggregate - 0.0734 | m3
Coarse
Ingredient Cemen Fine Aggregate Aggregate
Volume 0.0354 0.03492 00734
Propartion 1 1.11 _) 2]
12670 B E © iz AN 5y
For laboratory Trial batch i
Volume of One Cylinder = 0.0016 m3
No of Cylinder = 7
Concrete taken with 5% extra = 0.0115 m3
Cement 5.6544 kg
VWater 2.2617 kg
Admixdure 28.0000 mi
Fine Agaregate 6.5782 kg
Coarse Aggregate 12 ARAS kg

For 1 bag cement total casting material

Cement 50.0000 kg
Water 20.0000 kg
Admixture 204.0000 mi
Fine Aggregate 69.0000 _lkg
Coarse Aggregate 129.0000 kg

Page | 108



TEST REPORT 17 (c)

Size of Ferra as per Mix Design Trial

Fine Aqaregate Coarse Aqgreqate

Length of Ferra = 300 | mm Length of Ferra = 300 |m
Width of Ferra = 300 | mm Width of Ferra = 00 |m
Height of Ferra = H Height of Ferma = H
Volume of Fine Agaregate = 0.0382 | | Volume of Coarse Agaregate = 0.
Height of Ferra = 0.4352 Height of Ferra = 0.8158
Hesght of single ferra = @I mm Hesght of single ferra = 135,000 | m
Mo of Ferra required = 3 No of Ferra required = ]

Page | 109



TEST REPORT 18

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY (BUEL

DEPARTMENT OF CIviL ENGINEERING I‘. P
Mohis 01819 557 D4 PABKE 056 GEE0-80 Exl, 724, s Buet g bdioey ? IS pl-r.h‘
iy of Feads "

Tesiing & Condulijan

STRENGTH OF MATERIALS LARBORATORY i

Calibration of Hydraulic Jack

BRTC Mo 1124504 7/CE 24-28 Cale: 22,02.2025
Rafarence : Lattar Cate: 29.02.2025
Cliemt: Alliance Trading Corporation
Project: Baralyarhat Heanko - Ramgarh Road
Machine; Hydraulic Jack, 1D: LBOBD4B (Capacity: 500 Tan)
Jack Information:  Piston Diameler: 340 mm; Body Diameter: 495 mm Bady Height: 435 mm
Pressure Gauge: Range: 0-100 MPa Gauge ID: HC GB610688213 (HONGQH)
Calibration Device: Load Column: ELE 1052-10-G08E (3000 kM)
Date of Callbration: 24.02, 2025 Pump: Moterized Pump ID: S06356
Actual | Calbrated
5000 Calibration Chart Ha::f: Jagk Losd | Jck Coad
TR ::':k]_r:}*l:'k:'lil'.r:l--l_:r-_l_- 58 .r.””i ; wm“ {kN} L]
'_ R ] ‘Es i-;r:ﬁ : fn e = = £ .:I...'
2500 {4 s i'ﬂ_ﬂ.;'*m: Eﬁﬂf i f b L azzan | aaze?
’l 1_1. l i | i i s Ff-ie.'_;.' L i ' 10 TMIBA | 72T
e 43 LI, i L . = l:d - e LR '.
= 000 4 _%_l_ .0 1 E T 1 1 125061 | 131838
= L 8 0 P 0 0 a0 A ey
% A .TIT":"'_l T -,.ﬁ'-t-'i- | o 20 1718.32 | 71261
Lo e i :
'-I'I SR R P 23#2.60 | 230073
g 100 4 | e _%{-ﬁ.‘ rfi: ____]'L._ 5 l 5 | an | 269481 | 260760
| el - LE ] e s
g - I an el it a2 | 2o044z | 206e 06
500 - e R,
SN s e e e = e
N FEsEnn R Ao sa s Sae= s S EHRRES:
g 10 15 20 25 a0 36 LA,
d s b} 'f.'|_'l'|:lf“"-
Observed Pressure Gauge Reading (MPa)—X .f"l f"’“ 7;'-%
4 TTE
& I/ .?e-d-l'u"ﬁi{j'-ﬁ
£ ey
; III"'-:-'}‘I\'M._' i;}f;ﬁlr
Mote: Nobe: 1 Ton (lang) = 8,96402 kM, 1 ton (shor) = 4.88644 kN & 1 tonne {meriz tonj= 8.60665 k. -f"q;.,m:. Y
o3 i L

Warning: Callration is valid only whan the sbove mentianed Jack and Pressury Gauge pair are ussd togather & hay
ire caibrated. Re-cabration shall be neaded i any of the: sbave Jack of Prassun Gaugs is changedireplacad or repaimsd.

Coaemtersigmed Dy ; Calitbrpind by ¢
RiMachsee .
2
Prof. Dr. Mosrzem Hossaln (15
Tesi-in-Changs hasociale Profassce
Deparment of Cvd Engineanng Dapartmant of Civl Enginesanng
BUET. Dhaka- 1000, Bangladaesh BLET, Dnaka- 1000, Barglodash

BUETCE D53k 5L0O



TEST REPORT 18 (a)

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY (BUET)

Mobela: 01819 557 064; PABX: 966 5050.00 Ext, T224; www urt ac.bliced

DEPARTMENT OF CIVIL ENGINEERING

STRENGTH OF MATERIALS LABORATORY

z i1

4 3
nre
Teatng & Corsolialicn

Calibration of Pressure Gauge

BATC No.: 1103-45047CE24-25 Dipfe! 22.02:2025
Rafarance: Lelier Crate; 21.02.2025
Senl By: Alllance Treding Corporation
Projact: Baraivarhs Heanks-Ramgerh Road
Egquipment: Pressure Gauge: MGHONGQI, ID: HOBA810688213 (Inscrbed on dial)
Rang: 0400 MPa
Date of Calibration:  23.02.2025
Chearyed AT
Calibration Chart Pressum | Pressuee | 45 Errer
Ta ey ; ; i "‘P.] {HPa|
| y=0994x-2.817 . o 250 | 7ream
,?, | R e R 10 780 | 3339
= 1 18 43,00 | | 23.00%
% 4 20 17.00 17.66%
E 2 2285 | ta70%
_;-|.|] o i
i 30 20.75 | 1218%
g a4 38 32,55 10.8%
i 40 4,65 B14%
104
ab 42.85 Ta8%
¢ . . ; - ART BA5%
T R R e o ki
BE 5300 5 46
Obgarved Pressure (MPaj--—X
ED 5E G5 5.36%
-] i Ll B 421
Mg Pressura Ga g wias received in undaalsd sonditon
Countersigned by : Calibrated by :
] ]
% AMLgs
| y
A { .ﬂ.-'S':-’rEf 2008
Prof Dr. Maarsern Hossaln Oy, Rupak Mutyuddy
Testlin Charge Associalo Prolesson
Depariment of CivE Englreating Ceparimant of Cil Engirsering

BUET, Dhaks- 1000, Bangladash

HLET, Dhaee-1000, Bangladesh



TEST REPORT 18 (b)

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY (BUET)

DEPARTMENT OF CIVIL ENGINEERING o fr ™~
Mobile: (1819 557 964 PABY; 905 5650.00 £xt, T226; www, bust 0. bdice! Bmld i
Testng & Cureslislion

StrReNGTH ofF Materiats LABORATORY

Callration of Pressure Gauge

BRTC No.: 1103-45047/CE/24-25 Date: 22.02,2035
Refarance: Leller Crate; 21022025
Sent By Allance Treding Corparation

Projact: Baraiyarhat Heanka-Ramgarh Road

Eguipment: Pressure Geuge: MGHONGQI, ID; HOG86106882 13 {Inscrbed on dial)

Range: 0-100  MPa

Date of Calibration: 23,02.2025

i : Observed | Actual
Calibration Chart Pressure | Pressure | 4% Error
T T o s RF1 .HP"} (e
L y=00994x-2817 s 8 aso | 74
E . L i v Ub takitlaiedt '. 1 Mo i@ 750 2338%
£ o 4 G 15 100 | 23.08%
| .
% 40 } ) 17.00 17 BE%
= |28 nags | 1a70%
B304
2 30 2675 | 1215%
E 20 - 3 ash | 06%
= 5 40 .66 B14%
af 42.85 7.a8%
] - 7 T q ” -
5 o g 40 = e 20 50 L8785 B985
100 5 86%
Obsorved Pregsure (MPa)---X as 4
ED 5E.95 5 3%
=l
s ] i bl ) 51
Mede: Prassure Gadpn was necahed in ungsaled sonditan.
AT SN g
I\\:irfil"- I.-.:"“
Countersigned by . Calieatad by ! ‘a}? :
1 RMas i
I 2%
Prof. Or. Meataern Hossaln Or, Aupak Mutyuddy
TitnChange Aezncialn Profeeson
Deparimenl of Syl Engiiearing Depariment of Civil Engirsening

SUET, Dhaka-1000 Bangladash BUET, Chaa-1000, Banglades!
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VILE \WTEGRITY TEST RESYLTS

Remarks
- - Reflactogram
Depth | Details Fie : T
im) i |
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8.0 CLEANING UP

As construchion work proceeds the works should be maintained in & fidy condition Surplus matenals
should be regularly removed from the site.

After completion of the bridgeworks, all temporary works, building, workshops and equipment which
have been constructed or bought on to the site must be removed, except for those tems which are
needed for the perfformance of the maintenance and remedial work.

Temporary concrete slabs placed in work areas during construction must be broken up and removed
and areas disturbed by access roads must be restored. Excess soil should be spread evenly on the
site and uzed to fill local depressions. Topsoil and furf should be replaced if specified.

Damage fences must be reinstated to the condifion at commencement of the works.

Where temporary fill has been placed as an aid fo consfruction, especially in waierways the material
must be recovered ,Disposed of and the banks returned as cloze as possible to the condition existing
at the fime of commencement of the work. Likewise, temporary anchors placed in waternways for
maneuvering Floating plant must be recovered and removed from site. Temporary piles must be
withdrawn or cut off at an appropriate flevel and removed from the site.

All parts of the work muzt be left in a neat and tidy condition.

Page | 120



9. QUALITY CONTROL CHECK LIST FOR BRIDGE
CONSTRUCTION

Quality Control Checklist for Bridge Construction (Annexure 2)

1. Inspector Details

Mame Inspecton Date
Cesignation

Signatura
Agency

2. Representative from Contractor

FHame Inspection Diate
Dresignation
Signature
Caontractor

3. Bridge Details

Bridge Mams Camageway Width
Bridge Span Loading Capacity
Bridge Type Road Mams

4 Works Inspected

Work Description

Remarks/Comments
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1. Substructure (Earthworks & Pile Boring)

Hems Checklist Explanatory chart Judgment Remarks
Yes o
1.1 |Preparatory Work |(1) Did you confimn the construction
work pian?
{2} O&d you confirm the construction
schedule?
| T T |{3} Dud you check the benchmark of FECERE IR o s B e B B
SUMEy
1.2 |Excawation {1} Is the excavation skops
HENE IVE— s i i PR Chack o Siap Anglw S [P T
{7} |5 the disposal of excavaled soi [ty — =
| @) Etheremovalofwater 1 — Sarmmmeem [
appropriate? Haadetareas
12 |Foundation {1} I the foundation base fem?
Ground
{?) Did you check fhe foundation | IUI | ;!u,u
depth? (Check the abutment top TR - F -
and bottom level and fill in the P
annesoure 2.1)
Verfied By:
Further Insiructions
Given, If Any:
Signature:




Checklist

fes

1.6

{7} Did you check the backhill
material?

{2} I5 there any organic matter, such
as planis, stumps, rools, mixed
inio the backfll matenal?

{2} Did you confirm the soil density
test resufis?

{4} Dhid you confirm the compacted
thickness?

g Fi

oy

Further Instructons
Given, If Amy

{7} Did you check the dimension of
e

{2} Are the compaciion and gradaton
of stone soing sufficient?

{2} Is the l=an concrete (Laveling
PCC)
surface fnished flat?

Chuerk thae prain sipes =11
of coblble stemre

R =
LR = v v aie
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2. Substructure (Formworks and Reinforcements)

ltems

Checilist

Judgment

g Mo

Remarks

21

Freparatony
Concreie Work

{1} Oad you confirm the concrete work plan?
{2} O you confirm the concrete mix plan?
{2} DO ywou confirm the gua%ty control plan?

{4) Dad you check the quality of cement?

- o

Supporting

Fomwork

{1} ks the sirength of bearing ground
sufficient? (Check the fiomness of the
ground)

{2} Are the matenals bemg used nod
damaged, deformed, cormoded, efc?

(3) Dt you check the fim it 2

{1} Are the guafly and thickness of the
formweork materizl appropriate?

{2} Are there no holes, rotfing or wargping in
the forrwerk?

{3} Was the formwork completely cleaned, so
that rust and concrefe are not adhered to 47

{45 the release apent sufficiently applied to
the inner surface of the forrmmork?

{5} Is the formwork clampg fitted appropnately™

{5} Are there no aspenty or gap i the formwornk?

-

i Rlarping of hormscil

Formaock
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el

)

Vema w s e m g
Bl gk

il i

ik e e Hllar
il i 3 oo e Y

o' ol por il b

Hin et wd gl (b b gt e
! ok of 0

Remaowal Timing of
Formwork source,
Standard specification
for concrete sinecbures.

in Japan

{7}| Has the frame been construcied so that the
finished shape dimensions satisfy the
dimensional accuracy?

{8}| Did you check the timing, method and
procedure for removal of the forrmork?

2.4

{1-} Is the supply of fresh concrete being carried
aut
smoothiy?

{2} Has the mixer drumn been conbnuously
rotated during transporiation and standby?

Casting

Preparafion of|(1) Has the formwork, rebar and concrele

surface been cleaned sufficiently and kept
st ?

(2} Have the foot boards been properdy placed so
that the workers do not stand directly on the
reinforcing  bars o formwork duming
concrede
casting®

{3} Has the sheetng been prepared for when
rain = expecisd?

(4] When night-time concrafe casting is
assumed,

has night lighting eguipment been prepared?
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liems

Checklist

Judgment

*¥eg [ ]

28

Reinforcing Bar | (1) Did you condirm the quality of rebar?

(2] Has the rebar been stored propery?

{3) Has the rebar been thomughly cleaned? =

14] Is the thickness of cover concraie been

Rebar does not touch
secured with an appropriate spacer? the prrund

iﬁ:l Has the rebar been fired sufficienty with R
binceng wins? =TTl

{8 s the lap joint length approprate?

———

{7} Are there any other fitings not shown in
the shop draming?

{8} Hawe joints/splices of rebar been point-
welded?

{2) For future additions of rebar, is the proftection
of exposed rebar from the structure
appropriate?

{10} Are the number and diameter of rebar
comect?

~ (i1jAre the posiion and intérval of rebar

approprate?

(12} Are workers not standing drecty on the

rebar while working ?

Fill the checklist form attached as annexure 2.2

Verified By

Further Instructions Green,

Any:

Signature:
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3. Substructure (Concrete)

-

[tems

Checklist

Expdansiony chart

Judgment

Remarks

Yes Mo

21

Castng

n
£2)
(3
{4

B

Lt

{7

(8]

|

(10} s ihe faling height of fresh

(11} Has the casied concrete besn

Oad wou check the class of concrete
before concrete casting?

Is the capacity and number of concrete
casting machines appropriate?

Is the chief engineer 1aking conirol of the
whle work?

Is fe capacily and numiber of vibration
compaction machines aporopriate?

Are the number of workers appropnate?

Has concrete work been done in the proper

" |As 3 general nie, the Bme from concrele mixing to the end of|

concrete casting mast not exceed 1.5 hours when the outside
temperature exceeds °Cand not more than 2 hours when the

time from complete of mixng to complete of oulside temperature is below 25°C.

conorete casting?
Is the location of dropping for fresh
concrete approprate?

Hzas the concrete been caste im horizondal:
|ayers when casting concrete for fall
siruciures?

ks the concrete vibrator insered in the nexd |
layer inserted wp to the old concrete?

concreie approprated?

sufficiently comgpacted with a vilbrator?

Source; Standard specificatons for concrete struciures m Japan

= o

Faling helghl of Tresh concrete
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4

3.5

the Pump

Casting by
the Chute

Horizontal
Concrete
Joint

Concmete
Jaint

(2
3

TEr

T

{2
()

{2
h

1= the diameter of the concrete conveying |

1)

Wihe Warport ploe = Hodket: has i

When using the inclined chute, is the

Checklist

pipe appropriate?

Is the type of the concrete conweying
Pipe appropriate?

Has the concrete cormeying pips not
been placed on rebar or formwork?

i4) " Before concrete casting, has the mortar that]

passed throwugh the concrete comeeying
pipe been discarded?

freshnmmehnfmﬂemweﬁlgpip:l
been discarded?

gradient uniformn and approgriate?
Are the locaticn and mnierval of the
inclined chute appropriate?

Has the |aifance been remowed in
the horizonial concrete joint face?

Is the position and drecton of the
concrete joint face approprate?
Was the concrete joint face pitching
camried oui?
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(2) Is the position and direction of the

concrete joint face appropriate?
3.5 |Quality i1} Did you check the shemp, air content
Comirol and temperature at concrete casting sike?

{2} Did you take sample pieces for
concrete sirength testing?

i3] Does the concrete stength satsfy the
reference value?

{4) |s the sitrength of the concrete - . :
propery managed? Sample  peces  forl (Conorele
strengih lesting] (compressive test
3.8 [Cunng 11} Has curing of concrete m moist = =N T SO —
conditions been carried out soon after o T Standard speciication
mtEna_t.hng’T b i HEC | e b S far mmmh
Mo e TES Smam e Vmgn | n
__Bewnini | S |

{2} Has a suitable method been used for
curing of concrete in moist conditons?

3.7 \Winter i1} Has the concrele casting being properly
Concreting consinucted when constructing In the winler?

{2} Has enow and ice adhered o rebar and
fomreeark Deen removed Defore concrete

casting?

{3} Afer casling concrele, are the melhod, period,
iemperature and management of curng appropnata?

3.8 |Hot Weather {1) |5 concrele casing of fesh concrete done
}Eﬂml‘g within 1 hour afer mixing?

Verined By.
Further Instructions Given, If Amy:

Signahure:
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4. Substructure (Bearing)

Fams Checklist Explanatory chart Judgrnen Remarks
t
¥es Mo
£1 Bearnng —_—
42 Material {1} Oad you confirm the guality of matenal? | The quality of matedal should be confirmed by certificate. Cenfirm by the cerdficate of gualiy
£3 Production {1} Is the dimensicn in accordance with Check by the surwey
the
e shop drawings? )
44  [Hiockout (1) D you check the position and the size Check on the site
of the blockout?
{2} Is the blockout femly fixed so that it Check on the site
will nof be pulled ouf easiy?
45 Shoe Seat (1) O%d wou check the amangement Compare wilh the shop drawing
of reinforcing bars of the shoe seat?
48 In=tallaticn {1} Dad you check the height and posiion Check by the sunvey
of bearing?
T - {2} Dad you check the direction of bearing? Chech the helgnt & 7 |Checkbythe suvey
fion of beardng
{3} Is the iype of bearng {fixed bearing / Compare with the shop drawing
reovale bearng) m accordance with the,
shop drawngs?
{4} Is the bearing clearance appropaate? Check by the sunney
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47 Shrinkage- {Ti Is  the materal of dnzkag-e—l‘l’he guality of material should b= confirmed by certificate. Confirmn by the cert#ficate of guality
compensating compensating mortar in - acoordance
horiar with the specificaton?
{2} Did you check whether the inside of Check on the site
the blockout had been cleanad?
{3} |s the quality of shrinkage- Check on the site
compensating moriar ] Confirm by the test
accordance with  the resut
speciEcation?
{43 Is  the casting tming of Check on the site
shrinkage-
compensating moriar approcrate?
L~ | |5y Is the caseng method of == Checkonthesite
shrinkage- compensating mortsr
appropniate?
48 Anchor Bo {1} Hawe the anchor bolt and sei bolt Check on the site
been tightened sufficiently™
Vesifizd By
Further Instructions
Giwen, If Amy:
Sagnature:
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5. Superstructure-Concrete Bridges (Formworks and Reinforcements)

ltems Checklist Explanatony chart Judgmert Rermaris
Yes | Mo
a1 Preparatory ({1} DOsd you confirm the concrete woek plan? e AZE i R - ]
Concrete Work S e '

(2} O you confirm the concrete mix plan?

{3} DO you confirm the gua%ty control plan?

{4) Dad you check the quality of cement?

a2 Supparting {1} Is the strength of bearing ground
sufficient? {Check the firmness of the
ground)

(2} Are the matenak being used not
damaged, deformed, comoded, ete.?

(3} s the voiume of cambers afowance
appropriate ?

{4} Did you check the timang. method and
procedure for removal of the suppori?

B Fomusork {1} #re the materal and thickness of the form
work materias approgriate? em——
'[2} Ere there no I'I'Eh"S-. |"|:t|1|'|g o 'I'I'Elmlng in li___.'p_.'\_.lilh‘-]i‘h;-m.-n:.ll.

the formwork? _

[- g et

{3} Was the formwork compistely cleaned, so
that rust and concrele are not adhered to 472

(4} k= the release apent sufficiently applied to
the inner surface of the forrmork 7

{5} Is the formwork clampeng fitted appropriately?

{8} &re there no asperiy or gap in the formsork?




T ""i“‘;_';‘:“' Remowval Timing of
Formwork source,
el el sz b o iy it i 3
l:::::.hmmn-:ﬁ_ st T ﬁ:lrunn:jh!ﬂlmhls

I'uqnﬁa"llp-;l-r

wakalnd

o iy

{7}] Did you check the timing, method and
procedure for remioval of the formmwon?

Slab Foommeeork

{1-} Has the frame been constructad so that the
finished shape dimensions satisfy the
dimensicnal accuracy

(2} Croes the undersides of the overhanging
porting of the slab hawe a structure for the

Muml‘mﬂuﬁfpp’rﬁwm

Transport

1)} s the supply fresh concrete being carred out
smoothiby?

2] Has the mizer drum been confinually rotated
during transportation and stand by?

Casting

Preparation of|{1) Has the formwork, rebar and concrete

surface been cleaned sufficiently and kept
meoist?

{2} Hawe the foot boards been property placed =o
that the workers do not stand direcily on the)
reinforcing  bars  or  forreorks  cuning
concrete
casting?

{2} Has the sheefing been prepared for when
rain is expecied?

{4} When night-time concrefe casting is
assumed, has naghi Bghting equipment been
prepared?
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liems Chedcklist

Judgment

¥eg

9.7  |Reinforcmg Bar | (1) Did you condirm the quality of rebar?

(2] Has the rebar been stored properiy?

" (3] Has the rebar been thomughly cleaned?

I5 the thickness of cower concrete been
secured with an appropriate spacer?

i)

Rebar does nof touch

“EHI.H'I-I:I

"~ [5) Has the rebar been fixed sufficiently with
binting wire?
{6} Is the lap joint length approprate?
{7y Are there any other fitlings not showm in
the shop draming?
R T R T
| welded?

||.1.-:.I.n||ll'

{®) For futwre additions of rebar, is the protection RS

of exposed rebar frorm the siruciure
appropriate?

{10} &re the number and diameter of rebar
comect?

{11)Are the posiion and interval of rebar
appropriate?

(12} Are workers not standing drectly on the
rebar while working ?

Rebar Imcpeciian

Fill the checklist form attached as annexure 2.2

WenBed By:
Fui_.ha Instructions Green,
Any:

Signature:




6. Superstructure-Concrete Bridges (Concrete Works)

Bems Checklist Explanatory chart Judgment Riernarks
fes | Mo
6.1 |Casting i1) Did you check the class of concrete

i3
i4)
(5)

5

(=)

(1)

(11)

181 Fias ooncrele work been done in the proper

before concrete casting®

01 E lhe capacty and nunber of consrete ||

casfing machines appropriate?

I the chief engineer taking conlro! of the
whinle work?

Is the capacity and number of
vibration compacfion machines appropriate?
Are the number of workers appropriate?

fime from complete of misng o complete of
concrete casting?

Is the location of dropping for fresh
concrete appropriate?

Has the concrete been caste m horzental
layers when casting concrete for tall
structures?

Has the vibraior been inseried to the
prewious layer when casting the next layer
of comcrete?

is the faling height of fresh concretel @

appropriate?

Has the casted concrete been
sufficiently compacied with & wibrator?

A= @ general rule, the time from concrete mixing fo the end
of concrete casting must not exceed 1.5 hours when the

oufside temgerature exceeds *Cand not more than 2 hours— T

when the cutside termperature is below 257C.
Source:. Standard specifications for concrele structures iny

=
- o e

o — BN = |

mlrb]'Hmﬂﬂ'Jl Mﬂﬂ_ll—mh’ﬂn‘—l

Fallimg height of freshy concreate
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i

a3

B4

by the

Casfing
by the
Chute

Horizontal
Concrete Joint

Vertical
Concrete Joint

i

~ i2) Are the location and interval of the

i1} Is the wverical concrete jomt face

Is the diameter of the concrete comveying |
pipe appropriate?

(2} = the type of the concrete comveying
pipe appropriate?

(&) Has the concrete conweyng pipe not
been placed on rebar or formsork?

(4) Before concrefe casting, has the moriar that)

passed through the concrete conveying ppe

been discarded?

if the transport pips is blocked, has the fresh

concrete of concrele comveymg pipe been

discarded?

When using the incined chule, is the

gradeent uniform and appropriate’?

)]

(1)

inclined chute appropriate?

Has the laitance been removed in the
horzontal concrete joint face?

(1)

f;l'l T
Lwéf%ﬁ@mm_l
PI'-.::m’epumpml

Do w_l

_,_,--;:;.‘ T;-“E,
r' ‘Z‘x,, s

ﬁ_,_...-'—'_,..-'-'

(2} Is the position and direction of the
horzontal concrete joint face appropriate?

pitching camed put?
(2} Iz the posdion and direction of the
vertical concrete joint face appropriate?

a5

Guality Contnod

(1) Did you check the slump, a7 content and
temperaiure at concrede casting sike?
{2y Did wyou fake sample péeces for

concrete strength festing?
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e S S

reference valus?

[_Slmp test] [ Temperature check| [arcomsentiost |

i4) Is the strength of the concrete
e ]
BEampie peces  for Concreme
sirength concrets testing compressive test
8.8 |Curing (1) Has curng of concrete in moist conditicns [ B iy i B | ;
been camed out soon after concrede Wtk (00 | e et | |Siandard specificadions
I:asd:ing? i B 1ELY :-h-h\.qu- cancrete struchures In
e T ;-l.....u.',..,.,
(2) Has asuitable method been used for curng
of concrete o moist conditions?
e
[Shest cover curng |[ wetshest Cuning | | Water Curing |
8.7 |Winter {1} Has the concrete castmg being
Concreting properdy constructed when consfructing n
the winter?
(2} Has snow and ice adhered fo rebar
and fommwork  been removed  before
concrete casting?
(3 After castng concrete, are the method,
penod, femperature and management of
curing appropriate?
8.8 |Hot  Weather [(1) Is concrete castng of fresh concrete
Concrefing done within 1 hour after maxing?
Verdied By:
et } .
. I Ay
Signature:




7. Superstructure-Prestressed Bridges (Formworks and Reinforcements)

ltermis

Chacklist

Explanatory char

Remarks

i

Supporting

{1

{4}

" When introducing  prestressing, s if

3] When using a support with 3 Iéﬁpﬁ?nﬁa?il

Is the struchire not constrainang the
elasfic moduus of concrete when

presiressed?

siructured fo withstand the change of the
load state sufficienthy?

for elastic defomation, can it be adpusted
with 3 wedge?
I= the wokeme of sinking

afowance approprate?

The camber amount 5 collated with calcuiaied value
and fiekd survey value,

T2

Production
Tahle

{1

TR D i it e

Is the grder production tshble sufficiently
=pfd? Has the struciure been constructed)
such that unequal sefilement does not
occur due to concrele placement and the
ground does not loosen dus io curing water
or rain?

accordance with the construction plan?

T3

Fommvsork

i1

12l
{3

i4)

Is the bottomed form 3 struciure that does
not constrain the elastic deformafion of
concrete dunng prestressing?

Is the wolime of sinking
alowance appropnate?
Does the formwork have 3 structure thal)
prevents mortar from beaking from joints)
and holes?

Is the fiong form firméy aitached to the

R

The camber amount s collated with calcufated walue

fommwork?

e

L

B Camial i of contie eaiing
e Ha gap
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5 Are the tme of removal of the botiomed |

farm: and mner fonme of box garder
appropriate?

Is the cleaning of cross beam andlor
slab concrete and girder joints
appropriate?

Is the girder chearance appropriaie?

Has the frame been constructed so that the
finishaed shape dmensions satsfy the
dimersional accuracy?

74 |PC Steel Work
(1}
P
3
Tl
(5)

(8}
{7}

(1)
LET

""Are There sgnficant nrst and hamiul|

"Is stacking pattem for the PC cable

Is the material as per the standard?
Is the storage of PC cable matenals,
fixtures and sheaths appropriate?

scraiches on the PC cable?

wire in siorage anea approprate?

Is the struciure of sheath such that it is
hardly being damaged during concrete
casting?

Is the structure of the sheath water-
fight during concrete casting?

Is the siruchee of the sheath flexible
Is the bending radius appropriate?
Dmﬂﬂﬁrhl&ﬁ:dalgrirt-laﬁlebm

GHNAND S0 E OF

The guality of material should be confirmed by cerificate.

A wdd
f B

=

Is the ion and of the PC
10.1. COMPLETIOMPROGERUIRE o daning?

e

I= the PC cable mstaled with a smooth

7
completion qmmﬂ.ﬁTﬁ:lﬂe the following main confractual events: Taking Over upon

completion of the Works, Hand Over of the project to ultimate beneficiary, Defect Liabiity
Period and Final Closure of contract.

A. Taking Over
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Firacadh glivd

(4} Iz the retention interval of PC cable

yire appropriate?
{5 I= the binding betaeen the sheath and =
the holding member appropriate? | | PC cabie Instaied | [Ginging between e sheain
the hoiding mermioer
BICH _A:eﬁmﬁenﬁ?gpar_ishﬁemﬁjﬁi_ - ST
of the sheath and the fixture treated so that
memh'dnesnntleiatﬂm&nenll
concreie casting?
(T)  Are the connecting parts between the joint e (Ll L
of the sheath and the fxture treated so as!
mot to be crushed at the fime of concrate)
casting? |
(8  Isths P cable not welded? 'Welding for drawing. cuting and machining of PC cabie wire
|wi|] result in significant deterioration of the material, so it must
neyer be done.
“[{8) | Isthe sheath sieelnof welded? =~ The sheath steelshould benotwelded. —~—

(10} Has sufficient rebar been arranged in the
fizing part®

(11} Are grout injeciion pipes and ar weni s necessany to confirm that the installation posdion is as
pipes secursly aitached to the sheath® |5huwn in the drawing.

(12} s the above amangement appropriaie? Illisnenes.aa?t:rmrﬁrm that e installaSon position is a5
|5hmm in the drawing.
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T

Checklist

Judgment

Yes (Mo

Remarks

E’E’; 5

|

‘Tj'hidyw mnl-'lmmequd_it-j'ufmba’?

{2} | Has the rebar been stored propery?

{3} | Has the rebar been thoroughly cleaned?

14} | Is the thickness of cover concrete
been secured with an appropriate

{5} | Has the rebar been fixed sufficiently
with binding ware?

{8) | s the lap joint length appropriate?

{7} | Are there any ofer fithngs not shown
in the shop drawing?

{3} | Hawe joints/zpbees of rebar been point-
welded?

(% | For future addifions of mebar, is
the protection of exposed rebar from
the struciure appropsiaie?

(10} | Are the member and diameter of rebar
coreci?

{11) | Are fhe positon and interval of
rebar appropriate?

{121 | Are workers nol standing directly an

e
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8. Superstructure-Prestressed Bridges (Prestressing and Concrete Works)

ltems

Checkiist

Explansiory chart

Judgment

Yes | Mo

Remarks

B4

Carring

(1

B

(2)

(3

()

“[iE)

(1)

(2

Refar to the Comman Edition {Concreie)
Is the salt concentration of fine
apgregate below the specified value?

"~ Has concrefe work been done in the

proper fime from completon of miong to
compéefion of concrete casing?

Cauwing concrete castng, has there besn
no damage o the formwork, rebar or
shaath?

Has the laitance been removed from thel
contact face between the main girder and

the cross beam ¥

Has chipping of the contact face between
the main girder and the cross beam been

carried oul?

~ s the casting order of the concrete and

the casting method approprate?
in the winder, & fhe curing
method appropnate?

In the summer, i= the curng method

appropnate?

Refer to Concrete Edtion

it is desirable that the time until the complefion of
concrete placement be within ocne hour,

8.5

4]

Prestrezsing

(1
(2)

i3

Cipes the strength of the concrete reach
the predetermined strength?

Is the maintenance and inspecton of
machine iools for tensioning appropnate?

ks thie cafwation pedormed as specified?

Check the jack’s ability. ¥ the hydraufc pressure becomes|
unstable or the reading of the gauge cannot be determined

during the ftension work, stop the work immediately and
perfom the inspection.
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Explanatony chart

Femarks

4

(a] Just before the first pressing

(b) After repairing the jack and pump
() After changing the combmation of the
jack and the pumg

id) After prestressing of 50 to 60 cables
(&) When prestressing work is suspicous
i} In addition, when the supenisor insiructs
Are the personnel necessary for fension
work securad?

At keast ane person who has the appropriate capacity for
each cperation of jack | pump operafion, PC stesl matesdal
elongation measurernent load and elongation recording will

BT

)]

(2

Is the order of tensicning cormectly camied
oui?

Is the prescribed tenson introdaced?

Tension

(3

Is the control methoad for fensioning
properly camsd out?

Is the number and type of cables subject)
to tensicn fesling appropriate?

Does the fcton coeficient of each PG
cable material not exceed the control Emit?

" Are the design songation amount and

the amount of aciual elongabon amount
not guite different?

Is the frictional loss of PC cable not
abnormaly rgs?

|PC cable materials should be managed individual and in
groups.

Safe Contral

{1

Are there peopls standing behind the
tension jack during tensionang?

person shouwd be behind the jack during or

[
|;mn'|=_-dhi-e|]raﬂer5h'ai1ing_
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B

311

Groading

Job Wi
and Material

4
(2
(3

4]

G

Is the prescribed job mix properly camied
out?

Is the prescribed guality control test
praperly camed out? (under construction)
I5 thie admixtune used of proper quality 7

~  Does the misng waler contan harmiul

substances?

"~ Is order of materials being added the

mixer agpropriate?

Breatning rate: 1 fime | day (3 pleces | time),
Compressive strength: 1 time | day (6 pleces / ime)

_m

4
)

)

{3}
(8}

Is groufting promptly done after
prestressing?

Hzas the sheath besn deaned bafore
grouting?

Al=o, 5 the insade of the sheath wei
encugh?

Is the grouting pressure and grouting
rate appropriate?

Is the grouting carred out confnuousiy?
Has the backfiow prevention measures
been aken?

Is the sheath not biocked?

ciga?

If fhe construction is done rapidly, grout will mot speesd
and there is a rsk that arspacs will remain.

in the case of a verfical cable or a slanted cable. it is done |

from a low level o facldate are blesdng.
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8.13 |Curing i) In winter, i the curing method appropriate?

B.14 |Storage, (1) Dioes the compieted girder have a
Transporiation, hazardouws warping or bwisfing?
Ereciion
2 Is the girder storage bocation appropriate?
1 7 7 @ Isthe siorage methed of girder appropriate? |

4] When storing for a leng trme, are
siorage measures taken for the rebar and
sheaath holes?

{5 Are jack supporting brackets, hanging
brackets, etc., provided on the girder?

] +-“ o

L ociiacd e—l i

i) Has the fall-prevention materal and the
brake been installed when mowing the ginder
sideways?

(7} Has sufficsent considerafion been faken for

when mowing the girder sideways on fthe

upper part of the substructure?

{a) Installation position of jacking bracket

ib) Anchor for side movement

() The size of the bridge seat face

(d) Replacement at the time of jacked down | T

s the skope of the drawer irack appropriate?|Be careful when the orbit gradient is 2% or more.

) Are the measwes for fall prewvemtion |
and braking sufficient?

R LEE Are safely measures at the tme of
erection sufficient?

{a} Fulcmum position of the ginder
ib] Tramsverse stability of the girder

| (a by puil & v rrmsimual
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(o) Longitudinal cant when ifing the gimder
1) Are the measures for fall prevention aft
ereclion of grders sufficient?

Werified By:

Further
Instructions
Given, i Any:
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9. Superstructure-Steel Bridge

fems

Checklist

Explanatory chart

fes

B
82

Installation
SurvEYing

{1

3
)

Has the center Bne (planar linear} been
checked?
Has the span been checked?

Has the planned height been checked?
Has the beanng position been checked?

8.3

i1

2]
3
)
1)
{9

Are the matenals being used in accordance
vwith the construction plan?
Is fhe position appropriate?

Is the strength of beanng ground sufficient?
Is there any fear of subsidence?
Is there any fear of falling?

is the verticalty appropeate?

B4

Truck Crane

i

" Is the ground of the work yard sufficient?

=

Are the type of wehicles being used on
sile in accordance with the comstruction
plan?
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Checklist

8.5

Cable Crane

i1

2]

3

)

Are the track wire, hanging wire, baskstay
wre, iowsr and crane @ accordance
with the construction pian?

Has a performance test been conducted
for cranes?

Is there any risk of subsidence of towers? |
Is there any rick of faEngloveriurning of
towers?

2.8

Construction
of Scaffolding

i
2]
3

)
3]

]

{7

Are the materials being used in accordance

with the construction plan?

Has the scaffolding been installed in

acoordance with the construction plan’

Has the pipe joints and miersecting parts

been firmty fioed?

Is fhe spacing of hanging chains appropriate?

5 the imsisfation wid$h of
scaffoiding appropriate?

I fhe inskllaton of scaffolding
board approgeiate?

By

Lateral
Transfer

{1

Has the lateral iransfer been done m
accordance with the construction plan?

2.4

Prewvention
from Sid

Buckling :j
Grders

{1

Has the prevention method for side buckling
of girders been done in accordance with the
construction plan?

ey pmr

Page | 148




Checklist

Judgrent

g Mo

Remarks

B

i1

Before releasing the suppori work after
completng temporary fightening, inspect
the following ifems.

{a) Has the cambers been checked? (fulcrum,
center of span, nstaling position of sway
bracing )

(b} Are there no gaps or damage
to deformation, warpang, etc. on joint
materials on site?

ch s the welding pisie n its
predetermined position?

(d} Has an inspecticn for hole misalignment
be=n camed out?

de

210

ofl(1)

2]

(3]  Fovet ightening inspection

Afer refeasing the support work and
completing tightening, inspect the following
items.

Has the cambers been checked? {fulcram,
center of span, installing postion of sway
bracing)

e w T e

o FEEEE I PR IEE Sl feEy BABEIEE

{a} Is rvet tightening appropriate?

(b] Are there no pocks or cracks on rivet
heads?

{c} Are there no gaps between welding plate
and welding plate?

- A Bimwi fegik
i gk B dEEkE el Wi b i

11| B gups Geiwsen nalding plals and maidicg pioks

811

i1

2]

3

Has the axial force gauge, torgue wrench an
impact wrench been used according to the
construction plan?

Has the on-site tightening management been
performed in accordance with the construction
plan?

Hawe the high-sirength bolts been stored and

handled in accordance with the construction




B2
B13

Factory Coafing

(1}

{4)

{3}
(8}

| Has the work environment been chacked?

Has the condifion of used coaling matenals
been checked?

Has the condifion of coated surfaces
heen checked?

Has the appearance of coaling film
been checked?

Has the coating niemval been chacked?
Has the coating film theckness been checked?

8.14

(1)
2}

#

Appearance inspection of the pars camed
on site shall be performied.

int factory appropriate?
Are the parts which have onfy been coated
with a primer in the factory approprate?

215

Coaling on the

[

13

s the work environment in sccordance with |
the constrection plan?

Has the tightening for the high-strengih
bols been inspecied?
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Hems. Checkisi Explanatory chart Judgmen Remarks
i
Yes
8.8 |Confirmation of |(1] Do the coatng materals comform o the =
Coating prescribed standsnd? i
Materials i
817 |Inspection of ({1} Are the condition of the surfaces coaled in
Coating  Film the fmctory appropriately clean? ;
Condition :
before T Ceriscate of Coatng Materlal
Constnuction
{2} - Hawe any damaged paris of surfaces
coated in the factory been appropriately
repaired?
018 |Work ™ [{(1}) Is the working enveronment sustable for B T
Environmerit carmying out coatmg vwork?
{2} Does the coating interval {re-coafing) FE'"‘“‘““”"‘““?W
conform to the prescribed standard? EwlCIL ) Pt
= Do mot paint in case of
818 |Inspection of {1} Has an inspection of the coating film and
Ciating Fillm confirnation that there are no defects been
Situafion afier carried out?
Consinsction
820 |nspection of |{1} Is the dried film thickness of coafing
Coating  Fidm film appropriate?
Thickness
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821 |Confirmation of {1} Has the amount of coating matesials on used
Used Armownt of site been checked?
Coating
Materials
Verified By:
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10. Bridge-Ancillary Structure

ftems

Explanatony chart

Judgment

Yes | Mo

1001

102
1003

Expansion Joint

Matenal

Cteal Expansion Joint

(1} Did you confirm the ‘cerificate of guality of
miateniat?

The guality of matenal should be confirmed by

104

Produciion

il hﬂmm in -accordance wikth shop.
drawing?
{2} s there no defect in welding?

{3} Has the product been damaged during
ransporiaton?

0.5

Instaliation

{1} s the finger clearance appropriate?

{21 Are the mstafstion height and profile in
accordance with shop drawing?

{31 Is the paint of expansion joint appropriate?

(4] s rust remowval on the concrete contact surface of
the expansion joint appropriate?

{3} Are the slab rebar and parapet mrebar in
accordance with shop drawing?

| Installation heignt |

{1} Oid you check the class of concrete before
concrete casiing?

cleaned and waler sprayed?

{2} Have the concrete joint faces been chipped. |

{1] Did yau check the slump, @ir content and
temperature at cancreds casting sie?

1@ Did you Take sampie pleces for concrete strength

testing?
{3) Does ihe concrele siengh  salisly e
reference yaiue ™

T R T g e

managed
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Explanatory chart

Judgmen

es| Mo

Remarks

(5] ks the curing of concrete appropriate?

| Resin mortal Eyer |

[ Shrinkage- {11 5 the guality of shrinkage- The guality of material shoubd be confirmed by cemtificate.
compensating compensating morar in accordance with
Maortar the specification?
{2} Is the castmg timng of shrinkage-
compensating mertar approprate?
{3} 5 the casling method of
shrnkage- compensaling mortar
appropriate?
18 Buti, Rubber
Joint
0§00  |Material |[1) Did you confimm the certificate of quality |T S R LT e
of matenal?
1011 Production {11 Is the dimension in accordance with the
shop drawings?
1012 Pawernsent {11 Areyou mwngﬂmﬁwdwmﬂ
the floor slab with steel piate, sand. =iz,
before pawng?
10,13 Remowval af[{1} Are you accurately marking the cudting
Pavermsnt position?
Are you acourately marking the cuttng
position before removing the pavement?
1014 Cleaning the {1} Isthe flcor slab chipped and cleansd? Fioar siah igped and ceaned
Bastt Joint
1015 Instaliztion cf|{1] Is the leve! adusiment bracket installad?
Formswork
1098 Riesin Mortar|{1) Has the floor slab been dried enough
Layer before applying the prmer?




121 Oad you confirm the resin mortar job mx?

{3) Did you check the finishing height of Helght of Sealing Rubber |
resin moriar?
1097 |Sel o Sealing |[1] Did you check the height of sealing mibber?) |1 | —
Rubber A —
1018 |Rubber Joint
1018 |Instaliation {1} Isthe concrete joint face chipped and
cheaned?

12} O8d wou check the instaflation height of
e joint installation Exiure?
{3) Dad you check the amangement of

reinforcng bars and anchors?
famly =0 as not to be displaced i and cleaned
concrete casting 7

1020 |[Concrete {1} Is the guality of concrete appropriate? Refer to Concrete Edition

12} s the curing of concrete appropriabe®

1021 |Set of Sealing |[1) Has the fighiening nut been
Rubber sufficiently tightened?

{2y D you check the finishing height of

sealing gum?

1022 Crainage

Apparatus

10,23 |Caich Basin

1024 | Materal (1) O%d you confirm the quality of the catch
basin matenai?

10:25 |Produchon {1} Is the dimensicn in accordance with the
shop drawings?

1026 |Installation (1) Did you chedk the position and height of

the cateh basin®

Anwlgl:mmtnfﬂwnp:nir"g redar




21 Did you check the arrangement of the
rebar?
coverad so that asphalt midure cannot
enter it?

1027 Drain Pipe
1028 Matenial {1} Diid wou confirm the guality of the matenali? | The guafy of material should be confermed by cedificate.
10.38 Produciion {1} Are the dmensions in accordance with
fhe shop drawings?
1040 Instaliafion {1} Iz the drain slope in accordance with the
shop drawings?
| 7 7 | 5 the fiiing bracket painted or hot-
dip gahmanized?
3] Did you camy out a water flow test after
completon?
1041 Curbstone
1042 Concrete i1} ks the guality of concrete appropriate? Refer to Concrete Ediion
{2} Is the curing of concrete appropriate?
1043 PC Products {11 Are there mo breakages, cracks or
defeciive products in the curb installaton?
2] Is the installation position in accordance
with the shop drawings?
10.45 Guard Fence
1048 Fﬂateﬂa] {1} Diidyou confirm the quality of matenal? The guaSty of material should be confirmed by cerdificaie,
1047 Produciicn (1] Are the dimensions in accondance with
the shop drawings?
(2} Isthe curing of concrete appropriate
Al m= —ap— {3) Have nojoint bofts been left out?
2] ks the installaton position in accomdance IW
with the shop drawings?
1048 Wall Balustrade
1048 |Concrete  |{1) Is the quality of concrele appropriate?  |Referto Concrede Ediion U U
{2] Is the curing of concrete appropriate? Wall balustrade
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10.50 {3} Is the imsiallation position in accondance
with the shop drawings?
enfied By:

Further

nsiruciions
wem, If

Sipnaiune:
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AR LI T AAH Gl R il R ] —

{7} Is the siruchue of the sheath flexible
T5 |Bendng {1} Is the bending radius appropriahe?

LETIGN-AND @LOSURE OF

I the of the PC
3 .1.GGMPLE}TIOH,EWE R oere

IsﬂheF'GmhlElEHedwilamﬁl

completion nm[:a:l.res i'r:l.l:le the following main confraciual event=: Taking Over upon
completion of the Works, Hand Over of the project to ulimate beneficiary, Defect Liability
Period and Final Closure of contract. R

A. Taking Over

When the Contractor considers that the Works are substantially completed he should motify
the Project Manager that the works are ready for final inspection and apply for Complefion
Cerificate. Project Manager and inspection team will carmy ouf inspection and f assessed that
the works are completed in accordance with & contract, Project Manager issue Completion
Cerfificate (Form 11/1) stating the date on which the Works or Seclion were completed. For
the purpose of taking over inspeciion the Form 1172 shouid be uzed.

Project Manager should not issue the Completion Cerdificate for the purpose of faking over
umniil the Contracior shall supply the wvarous technical documentafion including as-built
drawings, operational manuals, spares and guaranfteesfwarrantees as detailed within the
Confract. To assist in identifying, monitoring and recording the submigsion and approval of the
required submittals.

After the issuance of Ceriificate for Completion LGED releazes the Peformance Security and
keep Reiention Money for potential correction of defect during the Defect Lisbility Period.

if the Project Manager decides o reject to issuance of Completion Cerificate, he/she shoukd
notify the Contractor by giving the reazons for such decision and specify the work required o
be done by the Confractor to enable the Completion Certificate io be issued. The Condractor
shall then complete this work before issuing a further nofice under this Sub Clause.

The LGED should take over the Site and the Works within seven (7) days of the Project
Manager's issuing & Cerdificate of Completion.

B. Hand over the Project to Ultimate Beneficiaries

Az good practice, the hand over process should be planned in & way that LGED mmediataly
paszs on the works to the end user’ client. This will alleviate LGED from risk in having
posseszion of the works for any period.

Project Manager should plan the hand over process well in advance with the client and user
such that they are prepared o take over possibly on the same day az LGED take owver the site
and the Works.

C. Defect Liability Period

It is imporiant that a procedure is established for managing defect nofification and camying out repair
wiorks during the contract defects Liakility perod. Clear lines of communication befween the End User,
LGED and the Coniractor are required for any defect notification and a protoco! for access to carry ouwt
investigations, remedial works and inspection of repaired works will need establishing.

1) The Project Manager shall give notice to the Contractor, with & copy to PE and others
concerned, of any Defects before the end of the Defects Liability Period, which begins at
Completion Date, and s defined in the PCC. The Defects Liability Period shall be extended for
as long as Defects remain fo be comecied.

2} The Project Manager should use the Farm 11732 to notify Confractor of any defect and specify
the timescale when the defact needs to be remedigied. The Project Manager will also monitar
and frack the defects throughout the Defects Liability Period.

3) Ewary fims a notice of Defect is given, the Contractor shall correct the notified Defect within the
length of fime specified by the Project Manager's nofice.
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4}

g)

a)

b}

c)
8}

When all obligations under the Contract have been completed, including those required fo be
performed dwuring the Defects Lisbilty Penod; the Project Manager will issue a Defecis
Correction Certificate (FORM 11/4).

Between the date of issue of the cerlificate of Compbetion of the Warks and the issue of the
Diefects Comrection Cerdificate, the Project Manager will ensure all outstanding matiers of the
Contract have bean completed. These includes:

Finalization of all repairs, rectificafion of defects, omissions ete. as instructed by the Project
Manager;

Clean up and removal of all site facilitiss erected by the Contractor, and

Restoration and rehabifitation of all areas as reguired under the Contract.

As good praciice, a 12 month Defect Liability Period should be included.

11. Closure of the Contract

After the Defect Liability Period has pazssed, the Project Manager will make sure that the
Contractor has comrected any defect during the DLP. If 20, the LGED upon confirmation by the
Project Manager, will return the percentage of monsy kept as security for comection of defects.
Contract will be considered closed only afier the Defect Liability Period has passed and all
defects are comected by the Contractor {if any) and upon confirnation by Project Manager.
Upon closure of the confract, Project Manager will make sure that all coniract’'s documents
are filed and maintained following the standard filing system
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Form 15: COMPLETION CERTIFICATE Form 10/1
Memo no: Date

01 Mame of PE s Office

02 | Mame of Upazila Office (if any)

03 Mame of Warks

04 Budgset Head

05 | Conbract Mo.

08 | Costractor's Legal Title

07 | Contractor's Contact Details

03 | Contractor’s Trade
License/EnlisimentRegistration Deiails
0% | Reference o NOA with Date

10 Type of Bl & Work Progress

11 Original Contract Price as in MNOA
12 | Revised Contract Price{if applicable)
13 | Original contract penod

{a) Date of Commencement

{b) Diate of Complstion

14 Acteal Implementation Period

{a) Date of Actual Commencement
{b) Date of Actual Completion

15 | Days/Maonths Confract Pericd Extended
18 | Amownt of Bonus for Early Completion
17 | Amount of LD for Delayed Completion :
18 | Description of Werks Contract amoumnt Work done amount | Comments omn
work done

{i} | Earth Works
(i} | Pavement &Surfacing
Works

{iii} | Drainage stnecture

{iv} | Protective Works

(v} | Road Safety Works

18 | Total BOT

20 | Days Confract Penod Extendead
21 | Reason for delay (if any)

22 | Amount of LD for Delayed Completion

Certified that the Works under the Contract has been executed and completad in all respects in strict
compliance with the provisions of the Contract including all plans, designs, drawings. specifications and
all modifications thereof as per direction and satisfaction of the Project Manager. All defects in
workmanship and matenals reported during construction hawve been duly corrected,

Comments:

Mame and Signature of the Issuing Authority
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Form 16: TAKING OVER INSPECTION Form 10/2

Project title:

Confract number:

Contractor:

Location inspacted:

Inspection Date:

Inspection sheet Mr.;

ltem | Inspection [Contractor's Pnrrmrenh, Eatetn be [Sign OF
Issue missions (e.g. as ial Action, completed [Complete and
wild drawings, n Conformance, Dated
anuals, warrantees, arks (inel
spare parts, other hoto reference)
fdocuments)

LGED Representative: Contractors Cther Inspection
Representative:
MM e | P T  R
MOMBC, - oocr aeeiio oy,

Sigmature:. ... Signature:.............l..
-l SR ET I ST Db i
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Form 17: DEFECT NOTIFICATION Form 10/3

Project title:
Contract number: Date:
Contractor Defect notification Mo.

Details of Defect:(Mofe specifications, drawings, standards, procedures eto. departed from, attach
photas if appicable)

Describe Type of Defect:

1. Maierial Fauli:

2. Civil:

Mechanicak

Electrical

3. Safety & Environmental

T Otherjapeciiy]

Defect Classification:
[ Critical (creates drect risk to proper operation of the facilily or safely — to be fived ASAP)

[] Operafional {no direct sk fo operafion of faciity or safety — fix dafe fo be agresed)

Remedial Works Required:

To be completed By Date;

Input and Approval required by Design Consulanis: Yes [ 1No ]
SIGNED BY: DATE:

CLOSE OUT

CONFIRMED DATE: BY:
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Form 18. DEFECT CORRECTION CERTIFICATE Form 10/4

Project title:

Conftract number: Date:

Contractor Defect notification Mo {reference)
Procuring Entify's/iPM comments

SN

Type of defect comrected Defect corrected Hional o

Yas Mo

1 Material Fawlt

2 Civil

a Mechanical

4 Electrical

g Safety & Environmental

i Crherizpecii]

Procuring Entity’s/PM overall comments on the works corrected:

Certified that all defects have been duly corrected in line with Defect Notification submitted

on

ISSUED BY:
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B. BRIDGE CONSTRUCTION SUPERVISION
TECHNICAL ASPECTS
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12. CONCRETE
12.1 Concrete and its class (Practiced in LGED)

The following gradesfiypes of concrete are practiced in LGED for Bridge, Road and Building works.
Table-A: Types of concrefe for Reinforced Cement Concrete (RCC) Work in LGED Bridges Works.
Table-B: Types of concrefe for Reinforced Cement Concrete (RCC) Work in LGED Rosd Works.
Table-C: Types of concreie for Reinforced Cement Concrete {RCC) Work in LGED Bulding Works.
The gradesitypes of concrete and properies of concrete raw materials applicable to the concrete in
vanous parts of infrastructures (Road, Bridge and Building} are shown in the following fable:

Table A: Following B types of Cement Concrete for normal RCC work and 3 types of Cament Concrete for
RCC Work in marine environment and another & types of Cement Concrete for PSC wark are practiced in
LGELD Bridge Works. Further, there are more 8 types of Cement Conorete used for cast in situ and pre-cast
concrete pile

Concrete Types | 28 days strength Max Ratio {By Froperties of ingredients
aolurne) (Onhy
indicative)

8 types of concrete for RCC work @n Bridge

(1) {4.06.01) RCC- for=24MFa 1:2:4 #» Sand Minimum FM 1.8
1TBCCM fe=1TMFa s Coarse Aggregate 20mm downgraded
(Retail) crushed picked brick chips (LAA & Water

absorption not==38 & 15%

» Max™ wic .45,

=» Cement conforming fo BDS EMN 187-1:
2003 CEM-IFA-LAAMAWVIN 425N,

& Allowable Slump S0mime-100mm

# Concrefing with Mizer Machina

(2} {4.09.02) RCC- fcr=28.5MFa 1:2:4 » Sand of Min™ FM 2.2
205CCM fe=20MPa & Coarse Aggregate 20mm down well
{Retail) graded crushed stone chips (LAA<=35)

& Max™ wic 040

» Cement conforming to BDS EN 187-1;
2003 CEM-IVA-LMAAIW 42 BN

# Allowable Stump 7Smm-100mm

& Concrefing with Mixer Machine

(3} (4.08.03) RCC- for =33.5MPa 17152 #® Sand of &in™ Fid 2.5

255CEP (Retal) foc=25MFa ¢ Coarse Aggregate Xmm down well
graded crushed stone chips (LAA=<=30)
o Max™ wic D40
= Cement conforming o BDS EN 187-1:
2003 CEM-IMA-L RN 42 5N
= High range water reducing sdmixture
# Allowable Slump TSmme-100mm
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» Concreting with Mixer Machine

{4} {4.00.04) RCC-
25SCEP (Bulk)

for =33.5MPa
fle=26MPa

7457

= Sand of Min™ Fi 2.5

# Coarse Aggregate well graded crushed
stone chips 20mm down (LAA==30)

& Max™ wic D40

& Cament conforming fo BDS EN 187-1:
2003 CEM-IFA-LAAAIW 42 5M.

# High ramge water reducing admixture

& Allowable Slumg TSmme-100mim

e Concreting wsing Batching Plant
Transit Mizer & concrete pump

(5) (4.00.05)
RCC-30SCBP

(Retail)

for =332.5MPa
fe=30MPa

M Ratio
{By lab mx design)

Sand of Min®FM 2.5

= Coarse Aggregate 20mm down well
graded stone chips (LAA==30)

# Water Cement Ratio as per [ab mix
design {Dose of admixture to be ficed by
the mix design)

# Cement conforming to BDS EM 187-1:
2003 CEM-1.52.50 [ASTM C150 Type-1.
= High range water reducing admixture
¢ Allowable Slumg 100mm-150mm

# Concrefing using Batching Plant,
Transit Mixzer & Cancrete pump Transit
Micer & concrete pump

(8) (4.D0.05)
RCC-30SCAP

(Bulk)

for =38.58Pa
fle=30MPa

Wiz Riatio
{By lab mix design)

Sand of Min® FM 2.5

» Coarse Aggregate 20mm down well
graded stone chips (LAA==30)

# Waler Cemeant Ratic as per lab mix
design {Doss of admixture to be fized by
the mix design)

» Cement conforming to BDS EN 187-1;
2003 CEM-1.52.50 fASTM C150 Type-i:
= High ranges water reducing admicdurs
# Allowable Slump 100mm-150mm

#» Concrefing wusing Batching Plant,
Transit Mizer & Concrete pump Transit
Mlicer & concrete pump

(7} (4.08.05)
RCC-305CBP
(Bulk}

for =450MFPa
fle=35MPa

M Ratic
{By lab mx design)

Sand of Min™ FM 2.8

= Coarse Aggregate 20mm down well
graded stone chips (LAA==25)

# Water Cement Ratio as per [ab mix
design {Dose of admixture to be ficed by
the mix design)

# Cement conforming to BDS EM 187-1:
2003 CEM-1L.52 850 [ASTM C150 Type-1.
= High range water reducing admixture
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® Allowable Stump 100mm-150mm

# Concrefing using Batching Plant,
Transit Mizer & Concrete purmnp Transit
Mixer & concrete pump

(3) (4.00.05)
RCC-305CBP

(Budk}

for =50MFa
fle=40MPa

Wi Rlatio
{By lab mix design)

Sand of Min™ FM 2.8

& Coarse Aggregate 20mn down well
graded stone chips [LAA==25)

# Wailer Cement Ratio as per lsb mix
desigm {Dose of admidture to be ficed by
the mix design)

# Cement conforming fo BDS EM 187-1:
2003 CEM-1.52.50 FASTM C150 Type-1.
= High range water reducing admixdure
# Allowable Skump 100mm-120mm

#» Concreling using Batching Plant,
Transit Mizer & Concrete pumps Transit
Mixer & concrete pump

Ftype of Manne Concrete for Bridge Works

{13 (£.08.9)
Blarine Concrete -
RCC-I0SCCM
(Retail)

for =40MPa
fle=20MPa

Mizx Ratio
{By lab mix design)

Sand of Min™FM 2.5

® Coarse Aggregate 20mm down well
graded stone chips {LAA==2E)

# Water Coament Ratic as per lab mix
design {Dose of admixture to be fued by
the mix design)

& Cement conforming fo BDOS EN 187-1:
2003 CEM-I,B-V 42 51 {70% CEM |
+320% Silicious Fly Ash or CEM HIA
{80% CEM + 40% Blast Fumace Slag)
= High range water reducing sdmixture
# Allowable Slump 100mm-150mem

# Concreting using Batching Plant,
Transit Mixer & Concrete pump Transit
bixer & concrete pump

(2) (4.08.10)
Mtarine Concrete -
RCC-30SCBP)
{Bulk}

for =40MPa
fle=20MPa

Mix Rafio
{By Isb mix design)

Sand of Min®™ FM 2.5

& Coarse Apgregate 20mem down well
graded stone chips {LAA==2E)

# Water Cement Ratio as per lab mix
design {Dose of admixture to be ficed by
the mix design)

# Cement conforming tz BOS EMN 187-1:
2003 CEM-1,B-V 42 58 {70% CEM |
+320% Silicious Fly Ash or CEM HIA
(E80% CEM + 40% Blast Furnace Slag)
# High ramge water reducing admicturs
& Allowable Slump T00mm-150mm
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» Concreting using Batching Plant,
Transit Mixer & Concrete pump Tramsit
Mixer & concrete pump

(3) (4.08.11)
Blarine Concrete -
RCC-305CBRP
(Bulk}

for =45MPa
fle=35MPa

Mix Ratio
(By lab mix design)

Sand of Min™FM 2.5

# Coarse Aggregate 20mm down well
graded stone chips {LAA==2E)

» Water Cement Ratic as per lab mix
design {Dose of admixture to be ficed by
tihe mix design)

» Cement conforming fo BDS EN 187-1:
2003 CEM-1,B-V 42 58 {70% CEM |
+30% Siliceous Fly Ash or CEM KA
{80% CEM + 40% Blast Fumace Slag)
# High range water reducing admixture
# Allowable Slump 100mm-150mem

& Concreting wsing Batching Plant,
Transit Mixer & Concrete pump Tramsit
Bficer & concrete pump

lhlpes of Concrete

for PSC Works in B

ridge

(1) (4.10.01)
Marine Concrete -
PSC-355CCM
(Retail)

for =46kFPa
fle=35MPa

M Ratio
{By lab mix design)

Sand of Min™ FM 2.8

# Coarse Aggregate Xmm down well
graded stone chips [LAA==25)

& Water Cement Ratio as per lab mix
design {Dose of admixture to be ficed by
the mix design)

» Cament conforming fo BDS EM 187-1:
2003 CEM-1.52.5NASTM G150 Type 1
# High range water reducing admixtura
& Allowahble Slump 7Smime-100mm

# Concrefing using Concrete Mixer
Machine

(2) (4.10.02)
Bfarine Concrete -
P5C-355CHP
(Retail)

for =45MPa
flo=35MPa

Mix Ratic
{By lab mix design)

Sand of Min®™ FM 2.8

# Coarse Aggregate 20mm down well
graded slone chips (LAA==25)

& Water Cement Ratio as per lab mix
design {Dose of admidure to be fixed by
the mix design)

= Cament conforming fo BDS EM 187-1:
2003 CEM-1L.52.58M/ASTM C150 Type 1
# High range water reducing admixture
# Allowable Slump 125mm-150mm

» Concrefing using Batching Plant,
Transit Mixer Concreie pump

13) (4.10.03)
Mlarine Concrets -
PSC-255CBP

for =50MFa
flo=45MPa

Mix Riatio
{By lab mix design)

Sand of Min™ FM 2.8
» Coarse Aggregate 20mm down well
graded stone chips (LAA==25)
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{Retail)

» Water Cement Ratio as per lab mix
design {Doss of admixture to be fixed by
the mix design)

# Cement conforming fo BDS EN 187-1:
2003 CEM-1.52 5M/ASTM C150 Type 1

& High range water reducing admixture
# Allowable Skump 125mim-120mm

® Concreting using Reversible Drum
MixerB atching Mo Plant,

(4) (4.10.04)
Marme Concrete -
PEC-35SCBP
{Bulk)

for =50MPa
fle=40MPa

Mix Ratio
{By lab mix desigm)

Sand of Min®™ FM 2.8

# Coarse Aggregate 20mm down well
graded stone chips (LAA==25)

= Water Cement Ratic as per lab mix
design {Dose of sdmixture to be fized by
the mix design)

» Cement conforming to BDS EN 187-1;
2003 CEM-L52 5MASTM G150 Type 1
# High ramge water reducing admixcturs
& Allowable Slump 125mim-150mm

» Concreling using Batching Plant,
Tramsit Mizer Concrete pumg

(5] (4.10.05)
Blarine Concrete -
PEC-355CEP
(Bulk}

for =50MPa
fle=45MPa

M Riatio
{By lab mx design

Sand of Min®™ FM 2.8

= Coarse Aggregate 20mm down well
graded stone chips (LAA==25)

# Water Cement Ratio as perlab mix
design [Doss of admixture to be fixed by
the mix design)

e Cement conforming fo BDS EN 187-1:
2003 CEM-1.52.80/AS5TM C150 Type 1
# High range water reducing admixture
# Allowable Slump TSmim-100mm

e Concrefing using Batching Plant,
Transit Mizer Concrete pumg

() (4.10.08)
Mfarine Concrete -
PSC-355C8P
(Bulk)

for =60MPa
fle=50MPa

i Ratio
{By lab mix design)

Send of Min™ FM 2.8

& Coarse Apgregats 20memn down well
graded stone chips (LAA==25])

# Water Cement Ratio as per lab mix
design (Dose of admixture to be freed by
the mix design)

#® Cement conforming fo BDS EN 187-1:
2003 CEM-L.52.5MASTM C150 Type 1
& High range water reducing admixture
e Allowable Slumg FESmm-100mm

# Concrefing using Batching Plant,
Transit Mixer Concrefe pump

8 types of concrete for Cast-in_ Situ Piles & Pre-Cast Piles
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(1) (4.07.03)
RCC-255CCM
{Retail )

for =33 5MPa
fle=25MPa

12152

Sand of Min™ FM 2.5

# Coarse Aggregate 2mm down well
graded stone chips (LAA==30)

» Bax™ We 04

# Cement conforming to BDS EN 187-1;
2003 CEM-ILMA NS BN

= High range water reducing admicure
# Allowable Slump 1S0mm-200mm

# Concrefing with Mixer Machins

(2) (4.07.04)
RCC-255C8P

{Cast-in-Situ pile)
{Bulk)

for =33 6MPa
fle=25MPa

1:15:3

Sand of Min® FM 2.5

# Coarse Aggregate 20mm down well
graded stone chips (LAA==30)

= Max™ W4

# Cement conforming to BOS EN 187-1:
2003 CEM-IFLMNAAWE2 BN

=& High range water reducing admixture
e Allowable Slumg 150mm-200nmem

# Concrefing using Batching Plant,
Transit Mixer, Concrete pump

(3) [4.07.05)
RCC-30SCEP
{Cast-in-Situ pile)
(Bulk)

for =38 5Pz
fle=20MPa

12183

Sand of Min™ FM 2.5

¢ Coarse Aggregate Hmm down well
graded stone chips (LAA==30)

& Max™ Wic as per mixed design

#» Cement conforming fo BDS EN 187-1:
2003 CEM-L 52 6MASTM 150 Type 1

= High range water reducing sdmixture
# Allowable Slump 150mm-200mm

¢ Concreling wsing  Batching Plant,
Transit Mixer, Concrete pump

(4) (4.07.08)
RCC-17BCCM

(Pre cast pile)
(Retail)

for =24MPa
fle=17MFPa

124

Sand of Min™ FM 1.8

# Coarse Aggregate 20mmm down well
graded crushed brick chips {LAA not
more than 38 & Water absorption not
more than 15%)

o Max™  wicld

# Cement conforming t BDS EXN 187-1:
2003 CEM-IVA-LMMANAN 42 5MFASTM
150 Type 1

= High range water reducing admixdture
# Allowable Slump S0mm-100mm

s Concrefing with concreta Mixer,

{5y {4.07.10)
RCC-255CCM
iPre cast pile)

(Retai)

for =33.5MPa
flioc=25MPa

12152

Sand of Min™ FM 2.5

e Coarse Aggregate 20mmn down well
graded crushed brick chips [LAA& not
more than 30}

o Max™ wic4d
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» Cement conforming fo BDS EN 187-1:
2003 CEM-IFA-LMANAN 42 BNFASTM
150 Type 1

& Water reducing admixture

# Allowable Slump S0mm-10Cmm

¢ Concrefing with concrete Mixer,

(3] (4.07.91) for =33.5MFa 1-1.53 Sand of Min®™ FM 2.5
RCC-255C8BP flo=25MFa # Coarse Aggregate 20mm down well
(Pre cast pile) graded crushed brick chips {LAA not
(Bulk) more than 30
e Max™ wicld
= Cament conforming fo BDS EM 187-1:
2003 CEM-IFA-LMANAN 42 BHFASTM
150 Type 1
# Water reducing admixiure
& Allowahls Slump S0mme-100mim
» Concrefing using  Batching Plant,
Transit Mizer, Concrete pump,
[7) (4.07.12) for =38 50MPa Mixed d=sign Sand of Min®FM 2.5
RCC-305CBP fle=20MFPa » Coarse Aggregate 20mm down well
iPre cast pile} graded crushed brick chips {LAA not
{Bulk) more than 30}
= Max™ w'c as per mixed design
= Cement conforming o BDS EN 187-1:
2003 CEM-I52.5M/ASTM 150 Type 1
# 'Water reducing admiziure
¢ Allowable Slump S0mm-100mm
# Concrefing using Batching Plant,
Transit Mixer, Concrete pump,
(2) (4.07.21) for =38.56MFPa Mixed design Sand of Min®™ FM 2.5
RCC-30SCCM fo=30MPa e Coarse Aggregate 20men down well
{Fre cast driven graded crushed brick chips (L&A not
micro pie) more than 303
{Fetail) & Max™ wic as per mized design

# Cement conforming o BOS EM 187-1:
2003 CEM-IIEZ.5M/ASTM 150 Type 1

# ‘Water reducing admiziere

= Concreting with concrete Mixer,
machine,
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Table B: Foliowing 11-types of reinforcement Cement Cancrete (RCC) are practiced in LGED Road

Works

Concrate Types

28 days strength = Mix Ratio (By

volume) | only
indicative}

Properiies of ingrendients

Concrete for Road Works

(1} (3.07.2.1)
RCC-17BCCM{RW)
(Retail)

focr =24MPa
fle=17MPa

1:2:4

= Band (50% sand FM 1_2+50% sand
FM 2.2}

& Cparse Aggregate 25mm down well graded
crushed brick chips (LAA & water absorption
root <=38 & 159
& Max™ wic 345
= Cement conforming to BOS EM 187-1: 2003
CEM-INA-BA 42 .5M
s Concreting with eoncrete Micer machine,

12} (2.2.1.01)
RCC-17BCCM{RW)
(Bulk)

for =24MPa
fle=1TMPa

1:2:4

= Sand (50% sand FM 1.2+50% sand
Fid 2.2}

& Cioarse Aggregate 20mm down well graded
crushed brick chips (LAA & waler absorplion
not <=38 & 15%)
= Max™ wic 045
& Cement conforming to BOS EM 197-1: 2003
CEM-IFA-AE 42 5N
& Concreting with concrete Miver machine,

(330722
RCC-20BCCM{RW)
{Retail)

for =28MPs
fle=200MPa

1:1.5:3

=  Sand of Mmimum F.M 2.2
& Coarse Aggregate 25mm down well graded
crushed brick chips (LAA & waier absorpiion
naof <=3H & 15%)
s Max™ wic 040
& Cement conforming to BOS EMN 187-1: 2003
CEM-IIFA-84 42 5N
= Concreting with concrete Mixer machine,

{4) (3.072.2.01)
RCC-20BCCM{RW)
(Bulk)

for =28MPa
fle=20MPa

T-1:5:3

=  Sapd of Mmimum F.M 2.2
& Cioarse Aggregate 25mm down well graded
crushed brick chips (LAA & waler absorpiion
ot ==38 & 15%)
& Max™  wic 040
# Cement conforming to BDS EM 197-1: 2003
CEM-IIFA-BE 42.5M
» Concreting with concrete Mixer machine,

(5) (3.07.3.1)
RCC-20BCBRIRW)
(Retail)

for =28MPa
fle=20MPa

1:2:4

=  Sand of Minimum F.M 2.5
#» Coarse Aggregate 25mm down well graded
crushed brick chaps (L&A ==30)
& Max™ wic 040
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= Cement conforming to BOWS EM 187-1: 2003
CEM-IFA-M 42.5M
= High range Water reducing admocurs

& Concreting with concrete Miier machine,

{6) (3.07.3.1.01)
RCC-20BCBP(RW)
(Bufk)

for =J73MPa
fle=20MPa

1:2:4

=  Sand of Minimum F.M 2.5

# Cparse Aggregate 25mm down well graded
crushed brick chips (LAA <=30)
& Max™  wic 0.40
= Cement conforming to BOS EM 187-1: 2003
CEM-IFA-BE 42 5N

High range Water reducing admoxture
& Concreting with concrete Mixer machine,

(7} (3.07.32)
RCC-25BCBP(RW)
{Retail)

for =33.5MFPa
fl=25MPa

1:1.5:3

»  Sand of Minimum F.M 2.5
= Coarse Aggregate 25mm down well graded
crushed brick chips (LAA ==30)
# Max™  wic .40
# Cement conforming to BOS EN 187-1: 2003
CEMHIA-B 42 5M

= High range Water reducing admixturs
& Concreting with concrete Mixer machine,

(8) (3.07.3.20.1)
RCC-30BCBPRW)
(Butk)

for =33.5KPa
flc=25MPa

1153

Sand of Minimum F.AM 2.5
# Coarse Aggregate 25mm down well graded
crushead brick chips (LAA ==30}
& Max™  wic 0.40
= Cement conforming to BOUS EMN 187-1: 2003
CEM-INA-BS 42 5M

High range Water reducing admodure
» Concreting using Batching Plant, Transit
Mixer & Comcrete pump,

(8) (3.07.320.1)
RCC-20BCBP(RW)
(Retail)

for =38.5MPa
fle=300Pa

Mix Ratio {By
mix design)

Sand of Minimum F.M 2.5
& Coarse Aggregate 25mm down well graded
crushed brick chips (LAA ==30)
» Water Cemeant Ratio as per mix design
{Dose of admixiure to be fized by the mix
design)
= Cement conforming to BOUS EM 187-1: 2003
CEM-IE2 SMIASTM C150 Type-1

High range Water reducing admixcture
= Concretng using Batching Plant, Transit
Mixer & Concrete pump,

(10} (2.07.2.3.01)
RCC-30BCBR(RW)
(Bulk)

for =30.5MPa
fle=30MPa

Mix Ratio By
mix design)

Sand of Mmimum F.M 2.5

& Cioarse Aggregate 25mm down well graded
crushed brick chips (LAA ==30}
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= Water Cement Rabio as per mix design
{Dose of admixiure to be fized by the mix
design
= Cement conforming to BOS EN 187-1: 2003
CEM-I/52 BMFASTM C150 Type-1

= High range Water reducing admidurs
» Concreting using Batching Plant, Transit
Mixer & Concrete pump,

{11} [3.607.3.8) for=40MPa Mix Rafio (By =  Sand of Mmimum F.M 2.8
Marine Concrete flc=30MPa mix design) & Coarse Aggregate 25mm down well graded
RCC-30BCEBRPIRW) crushed brick chips (LAA ==25)
(RetailBuk) = Water Cemeant Ratio as per mix design

{Dose of admixiure to be fized by the mix
design)
= Cement conforming to BDS EM 197-1: 2003
CEM-I/52 BMFASTM C150 Type-1

= High range Water reducing admidure
# Concretng using Batching Plant, Transid
Mixer & Concrete pump,

MNote: RW [{Road Work), SC (Stone Chips); BC (Brick Chipg), BP (Batching Plant), CM { Concrete
Mixture}
Nominal rate would be uzed if package cost is less then 5 crore and Bulk rate for more than 5

Crore
Table-C: Types/Grades of Cement Concrete usually practiced in RCC work in LGED Building Warks:
g RCC Works : 1:2:4 with minmmum fe=1% Mpa and mindmum for=28 Mpa with 20mm down well
graded Brick chips and F.M of Sand 1.2 and 2.2 in egual proportion. Minimum w/c ratio: 045
2. RCC Works © 1:2:4 with mimimum =22 Mpa and minimuwm fo=3005 Mpa with 20mm down wel
graded Sione chips and 100% F.M of Sand 1.2 and 2.2 Maximum wic ratio: 0440
3 RCC Works : 1:1.5:3 with minimyuem fe=25 Mpa and mnimum fer=335 Mpa with 20mm down
well graded Stone chips and 100% F.M of Sand 1.2 and 2.2 Maximum w/c ratio: 0.40
4. RCC Wiorks - 1:1.25:2. 5 with minimum Fo=32 Mpa and minimum for=420.5 Mpa with 20mm desm
well graded Stones chips and High range water reducing admixture ({fType G) and 100% F.M of
Sand 2.2 and Maximum wic ratio: 0420
5. RCC Works © 1:1:2 with minimum fc=40 Mpa and minimum fcr=50 Mpa with 20mm down well
graded Stone chips and High range water reducing admizture (fType G} and 100%% F.M of Sand
22

Structural Engineers generally specify the sirength of concrete at different ages for the strucyure
members. Then it is the responzsibility of the Supervisory Engineer Working at site to achieve the
minimum farget strength to fulfill the reguirements of the specifications.
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12.2 Production of Fresh Concrete
The stages of production of concrete are:
i. Batching
ii.Mixing
IiLComveying
iv.Handling and placing
v.Compaciing
vi.Finizhing
wWii. Curing
i Batchimg: Batching iz the process to measure the matenals for making concrete,
Generally, for each batch mix, one bag of cement iz used. The volume of one bag cement is
1.25 cubic feet {cft).
ii) Mixing of Concrete: All concrete shall be mixed in batch mixers. It may be mixed at the the
site of construction; at-a central plant, or in transit. Each mixer shal have attached tot, na
prominent place, a manufacture’s plate showing the capacity of the drum in terms of mixed
concrete and the speed or rotation of the mixing dnum.
Mixing Time:

a) On a site, there iz ofien a tendency to mix concrete as rapidly as possibie,
and it is, therefore, important to know what is the minimum mixing time
neceszary to produce & concrete uniform in composition and, as a result,
of satisfactory strength.

b} This time varies with the type of mixer, and, strictly speaking, it is nof the
mixing time, but the numizer of revolutions of the mixer that i= the criteria
of adequate mixing.: Generally, about 20 revolutions are sufficient.

The mixing fime is reckoned from the time when all the =olid matenals have been put in fhe
mixer, and it iz usual to specify that all the water has to be added not later than after one quarter
of the mixing fime.
iii) Conveying of Concrete:
a)} Concrete shall be conveyed from the mixerbatching plant to the place of final deposit as
rapidly as possible by methods that will prevent segregation or loss of materials.
b) Conveying equipment shall be capable of providing a supply of concrete fo the place of
deposit without segregation of ingredients.
c] Remixing of concrete shall not be allowed. Concrete, which does not reach its final
position in the forms within the stipulated time, shall not be used.
d} The intervalzs between deliveries of batches shall not be 30 long as o allow the concrete
in place to harden parially and in no case such an interval shall exceed 30 minutes.

iv) Handling and Placing of Concrete:

&) In preparation for the placing of concrete all sawdust, chips and other construction
debris and extraneous matter shall be removed from the interior of formworks.
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b} The concrete shall be placed in the position and sequences indicated on the drawings,
and specifications. The concrete =hall be placed in clean, oiled formwork and
compacied before initial set has occurred. In any event concrete shall not be placed
later than 30 minutes from the item of miking.

c) Concrete shall be placed in horizontal layers. Each layer shall be placed and compacied
before the preceding batch has taken inifial 2rt to prevent injury to the green concrete
and avoid surfaces of separation between the batches.

d) Each laver shall be compact 20 as to avoid the formation of a construchion joint with a
preceding layer that has not taken the initial set.

g} The concrete shall be deposited as far az pozsible in its final positon without re-
handhiing or segregation and in such a maner 20 as to avoid displacement of the
reinforcement and other embedded items of fornmwork.

f)} Concreie in slab spang shakl be placed in one continuous operation for each span
unless otherwise provided.

g} Immediately following the discontinuance of placing concrete, sl accumuwlstions of
mortar splashed upon the reinforcement steel and surfaces of forms shall be removed.

h) Where concrete is required to be placed against undisturbed ground, the entire space
between the finished concrete surfaces and the ground, including any over break, is to
be completely filed with concrete of the specified class.

i} The concrete shall be well rammed and compacied to ensure that all cavities are filled.

j¥ Concrete shall not be dropped through a height greater than 1200mm.

k) Afterinitial set of the concrete, the forms shall not be jarred and no strain shall be
placed on the ends of reinforcement bars, which iz projected.

I}y The laying of concrete shall be carmied out in such a way that the exposad faces of
concrete shall be plain; smooth, 2ound and solid, free from honeycomb and
BXCIESCENCIes.

m} Afier compaction the exposed concrete surface shall be siruck off smooth with hand
held steel floats.

n} Mo plastering of imperfect concrete faces will be allowed, any concrete that iz defect in
any way shall be cut out and replaced to such depth or be made good.

o} Consbuction joints shall be formed in the work where indicated on the drawings or as
specified.

V. Compacting of Concrete:
Concrete, during and immediately after depositing and placing, shall be thoroughly compacted.
It iz imperative that 100% compaction of concrete iz one of the most imporant aim to be kept in
mind in good concrete making practices.
The following methods are adopied for compact the concrete:

a} Hand compaction

b} Compaction by vibration

Page | 176



i. Hand Compaction: Hand compaction of concrete is adopted in case of
unimportant concrete works of small magnitude. Hand compaction consisiz
of rodding, ramming or tamping. The strength of hand compacted concrete
will be low because of higher water cement ratio iz required for full
compaction.

ii. Compaction by vibration: The compaction by vibration permits
improvement in the quality of concrete or economy. The vibrated concrete
will have many advantages (strengih, low wic ratio) over the hand
compacied concrete.

The compaciion by vibration shall be done by mechanical vibration subject to the fiowing
provisions:

The vibration shall be internal, which iz most commonty used.

The poker iz easiy moved from place to place, and iz applied at 0-5 to 1m {or 2 to 3 ft)
centres for 5 to 30 zec, depending on the conzigtency of the mix.. With some mixes up
to 2 min may be required. The aciual completion of compaction can be judged by the
appearance of the surface of the concreie, which should be neither honeycombed nor
contain an excess of mortar.

Vibrators must be operated by skilled workmen engaged/appointed mainky for this job.
Vibration ghall be applied at the point of deposit and in the area of freshly deposited
concrete.

The vibrators shall be inzerted and withdrawn from the concrete slowly. The vibration
shall be of sufficient duration and intenzsity to thoroughly compact the concrete, but
shall not be continued so0 as to cause segregation.

Vibration shall not be continued at any one point, 1o the extent that localized areaz of
grout are formed.

Yibration shall not be applied directly or through the reinforcement or sections or layers
of concrete. It shall not be used to make concrete flow in the forms over distance so
long as to cause segregation.

Vibrators shall not be used to fransport concrate in the forms.

Vibration ghall be supplemented by such spading as is necessary to ensure smooth
surface and dense concrefe along form surface and in comers and locations impossibie
to reach with the vibrators.

Vi. Finishing:

Finishimg operation is the fast operation im making concrete. Finsshing in real sense does nof apply to all
concrete operations. For certain conereting, finishing may not be applicable, whereas for the concrets
road pavemnent, airfield pavement or for the flooring of a domestic building, careful finishing is of great
importance.
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12.3 Properties of Fresh Concrete:

Workability:

Workability is the property of concrete which determines the amount of infernal work necessary
to produce full compacition. i is a measure with which concrefe can be handled from the mixer
stage to its final fully compacted stage.

Faciors affecting workability of concrete:

a) Water Content of the Concrete Mix:

Water content will have important influences on the workability in given volume of concrete. The
higher the water content per cubic meter of concrete, the higher will be the fluidity of concrete,
which affect the workakbility.
Wailer requirement iz mainly as=ociated with abzorption by aggregates surface & filling up the
voids between aggregates.

#  The sirength of the concrete may get reduced.

# More quantity of water comes out from the surface of concrete resulfing into bleeding.

# Cement slumy akso escapes through the joints of formmwork resulting into the loss of

cement from concrete.

b) The size of Aggregates.:

Workability is mainly governed by the maximum size of aggregates. Water and paste require,
will be not legs if & chosen size of aggregates for concrete is bigger. Conzsequently, for a given
quantity of water confent & paste, bigger size aggregate will give higher workability.

Mote: On the gite, the maximum size of aggregate to be uzed will depend upon the many factors
such as the handling, mixing and placing equipment, the thickness of section and quantity of
reinforcement.

Later two are very imporiant.

¢} The Shape of Aggregates:

Anqgutar, flaky & elongated aggregate reduces the workabiiity of concrete.

Rounded or sub-rounded aggregates increase the workability due to the reduction of surface
area for a given volums or weighl. Therefore, an excess pasie iz available 1o give betier
lubricating effect.

Rounded shape aggregate has less frictional resistance and gives a high workability as
compared to angular, flaky or elongated aggregates.

Note: River sand & gravel provide greater workability to concrete than crushed sand.

d) Surface Texture of Aggregates:

The roughly texiured aggregates have more surface area than smoothly rounded aggregates of
the same volume. Smooth rounded or glassy aggregates will give better workabiiity than roughly
textured aggregates. A reduction of inter particle frictional resiztance offered by smooth
aggregaies also contributes to higher workability.

&) The Porosity of Aggregates: Porous and non-saturated aggregate will require more water
than non-absorbent aggregates. For the same degree of workability, latter will require less
water. Overall, this factor is only of secondary imporiance.
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f) Grading of Aggregates:

Grading of aggregates has the greatest influence on workability. The better the grading of
aggregaies, the less is the amount of void in concrete so well-graded aggregates should be
used. When total voids are less in concrete, the excess paste iz available to give better
lubricating effect.

With excess amount of concrete paste prezent in the mixture, it becomes cohesive and fatty that
prevents segregations of pariicles & least amount of compacting efforis iz required to compact
the concrete.

For a given workability, there is one value of coarse aggregate/Fine aggregate rafio, wiich
needs the lower waler content.

g} Uses of Concrete Admixtures:

Thiz is one of the commonly used methods to enhance the workability of concrete. Concrete
admixfures such as plasticizer and super plasticizers greatly improve the workability.

Air enfraining agenis are alzo used to increase the workability. Air enfraining agents creates a
large number of very tiny air bubbles. These bubbles get disiributed throughout the mass of
concrete and act as rollers and increase the workability.

Mineral admixiures like pozzolanic materialz are alzo used to improve the workability of
concrate.

h) Ambient Temperature:

In hiot weather, if temperature increases, the evaporation rate of mixing water also increases
and hence fluid vizcosity increases, too. This phenomenon affects the flow ability of concrete
and due o fast hydraftion of concrefe; #t will gain strength eardier, which decreazes the
workability of fresh concrete.

i} Segregation:

The tendency of separation of coarse aggregates grains from the concrete mass is called
segregation.

With a comect method of handliing, fransporting and placing, the likelihood of segregation can be
greatly reduced.

a} Concrefe should always be placed direct in the posgition in which it is to remain, and

b) Mustnot be allowed to flow along the form.

c) Must not use a vibrator to spread heap of concrele over a larger area.

d)} The danger of segregation due o an improper uge of a vibrator iz increased. This iz
particularly so when vibration is allowed to continue too long. Separation of coarse
aggregate toward the bottom of the form and of the cement paste toward the top may
result.

il Bleeding:
The tendency of water to rise to the swrface of freshly laid concrete is known as bleeding.
Effects of Bleeding:
a) As a bleeding, the top of every lift may become oo wet, and if the water is frapped by
superimposed concrete, porous, weak, and non-durable concrete will result.
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b} If the bleeding water is remixed during finishing of the top surface, a weak wearing
surface will be formed, This can be avoided by
1. Delaying the finishing operations uniif the bleeding water has evaporated, and

also
[Il. By the use of wood fioats and avoidance of overwaorking the surface.

The tendency to bleeding depends largely on the properties of cement. Rich mixes are less
prone to bleeding than kean ones. Reduction in bleeding iz obiained by the addition of
pozzolanas or of aluminum powder.

12.4 Use of admixtures in Concrete:

Admixiures are materials other than cement, aggregate and water that are added to concrete
either before or during itz mixing to alter its properiies, such as workability, curing temperature
range, set time or color.

Admidures are available in the form of powder or fiuids. In normal use, admixture dosages are
less than 5% by mass of cement, and are added fo the concrete at the time of batching/mixing.
Concrete Admixtures ASTM categories:

ASTM C454 specifies the requirement for seven chemical admixture types.

They are:

Type A: Water-reducing admixtures

Type B: Retarding admixtures

Type C: Accelerafing admixiures

Type D: Water-reducing and retarding admixtures

Type E: Water-reducing and accelerating admixiures

Type F: Water-reducing, high range admixiures

Type G; Water-reducing, high range and retarding admixiures,

N @ e W

Water Reduction in the Mix:
Waler reducers have become so important in concrete, that they could be considered the “fifth™
ingredient.
They can be uzed fo:
1)} Increasze slump,
2} Lower the water-cement ratio, or
3} Reduce cement content.

Water reduces come as:
a} Low Range,
b} Mid-Range, and
c) High range super-plasticizers

Page | 180



In general, they provide the required slump with less water in the mix, and may provide higher
strength concrete without increasing the amount of cement.

Conventional water reducers:

Are required to achieve a minimum 5% water reduction. A conventional water reducer can
reduce slump by about 1 to 2 inches without the addition of water.

Mid-Range water reducers

Can reduce water content by at least 8% and az much as 15%. They tend to be stable over a
wider range of temperatures and tend fo give more consisient setling times.

High-Range water reducers {super-piasiicizers);

Can reduce water conient from 12% to as much as 40% and are typically used in concrefes
designed o either increaze siump (by 4 to B inches) or lower the water content of hot weather
concrete mixes. Used to increase fiow ability.

Some Admixtures:

Hydroplast

Hydroplast Super

SICA

BASFE

Daracem

Craclor fixit etc.

ol I - -

12.5 Guring Gnmpnund:
Concrete coming compound is a compound, which helps o prevent the logs of moisture content
from the concrete. 5o, concrete i properly cured which results the full development of strength
of concrete.
Types of Concrete Curing Compounds:

= Swynthetic Resin Compound

= Acnylic Compound

= Wax Compound

= Chiorinated Rubber Compound

Synthetic Resin Concrete Curing Compound: Synthetic resins will zeal the concrete by
forming a membrane. If we want to provide plastering, the membrane can be removed by
washing it with hot weather.

Acrylic Concrete Curing Compound: Acrylic iz made of polymers of acrylic acid. It also zeals
the concrete in good manner. it is having properly of adhesion to the subsequent plaster. Mo
need to wash the surface of acrylic with hot water if we want fo provide plastering.

Wax Concrete curing Compound: Wax compound have similar properties [ike resin
compoend.

Chlorinated Rubber Curing Compound: Chlorinated rubler type curing compound will form
thick iayer when we applied. it seaks the concrete fightly and also fillz the minute: pores present
in the concrete. But the film cannot stay for longer period. It iz wear out in the long run.
Process of Applying Concrete Curing Compound:
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Concrefe curing compounds formed a membrane when we applied fo fresh concrete. This
member does not allow the inzside moizture fo come out of concrete hence, curing occurs. This
curing compounds possess waxss, natural resing, synthetic resins and solvents of high vokatifity.
Generally white or gray colors are appeared when we apply curing compound on fresh concrete.
These pigments are provided heat reflectance and akso useful to check the area of curing
complets.

Curing compound is applied when the finishing is
complete and free water present on the surface
gets disappeared. The curing compound s
applied through spraying pipe a3 shown in figure
with constant rate of pressure. Generally, one liter
of curing compound can be sprayved for 0.20-
0.25m* surface area of fresh concrete. The
sprayer pressure is usually 0.5-0.7 MPa. In small
aregs, we can also use brushes or pamnt rollers to apply curing compounds. Curning compound
should not be applied on surface which receive additicnal concrating.

12.6 Ready-Mixed Concrete (RMC) and Central Batching Plant:
If instead of being batched and mixed on site,
concrete is delivered for placing from & central
plant, i iz referred to as ready mixed or pre-mixed
concrete. This type of concrete is used exitensively
as it oifers numerous advantages in comparison
with orthodox methods of manufacture:

a. Cloze qualty comirol of batching which
reduces the wvarability of the desired
properties of hardened concrete.

b. Use on congested sitez or in highway
conztrucion where there iz little space for
a mixing plant and aggregate siockpiles;

c. Use of agifator trucks to ensure care in trensporiation, thus preventing segregation and
maintaining workakility.

d. Convenience when small guantities of concrete or intermittent placing iz reguired.

The cost of ready mixed concrete, since it is a bought commodity may be somewhat higher than
that of site-mixed concrete. But this iz often offzet by savings in site organization, in supenisory
staff, and in cement content.
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There are two principle categories of ready-mixed
concrete: central-mixed and transit-mixed or fruck mixed.
In the first category, mixing is done at & central plant and
then the concrete is transported in an agitator truck. in
the second category, the materials are bhatched at a
ceniral plant but are mixed in the fruck either in transit or
immediately prior to discharging the concrete at the site.
Trangii-mixing permitz a longer haul and iz less vulnerable in case of delay. But the truck
capacity is smaller than that of the same truck which contains pre mixed concrete. To overcome
the dizsadvantage of a reduced capacity, someiimes concrete is partialiy mixed at the ceniral
and the mixing is completed on the way.
Concrete Batching Plant: A Concrete baiching plant, also known as a concrete mixing plant, is
& machine that combines vanous ingredients to form concrete. It plays a crucial role in modern
construction projects, providing ready-mixed concrete for buildings, bridges, roads, and other
infrastructure.
A concrete batching plant consists of several components, including:
= _Apggregate Bins: These bins store different types and sizes of aggregates, such as
sand, gravel, and cruzshed stone.
*= Comveyor Belts: The aggregates are franzported from the bins to the mixer using
conveyor belis.
+  Cement Silos: Cement is stored in silos and dizpensed info the mixer a5 nesded.
=  Water and Additive Tanks: Water and additives, such as admixiures and coloring
agents, are stored in tanks and added to the mixer in confrolied quantities.
#  Mixing Unit: The mixing unit, ofien equipped with twin shaft or planetary mixers,
combines the aggregates, cement, water, and additives to produce the desired concrete
i,
* Control Panel: The control panel allows operators to monitor and conirol the batching
plant's ocperations, including the mixing process, ingredient proporiions, and discharge.

Concrete batching plants can be stafionany or mobile. Stafionary piants are et up in a fixed
location and are suitable for large-zcale construction projecis, while mobile plants are portalle
and can be eazily ransported fo different job sites.
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Concrete Pump and Transit Mixture:
Mowadays, large quaniities of concrete can be transported by means of pumping through
pipefines over quite large distances to locations which are not easity accessible by other.
The system conzsists eszentially of a hopper into which concrete iz discharged from the mixer, a
concrete pump, and the pipes through which the concrate is pumped.
Concrete is fed into the pump by gravity and, partly, by suction due to the movement of the
pizton, whilst the valves open and close intermittenthy so that the concrete moves in a seties of
impulse but the pipe always remain full; the use of two pistons produces a steadier flow.
Dutputs of up to 60m3 per hour can be achieved through Z20mm (Sin) diameter pies.
Types of Concrete pumps:
Concrete pumps are tools used to convey fresh concrete from the source of concrete to the
place of casting. The basic principles, the types, and selection of concrete pumps bhased on
work are explained briefiy in this arficles.
Based on the pumping pressure, ease of working and developing technologies different
concrete pumps hasz been developed. The main clazsifications of concrete pumps are :
1. Boom Concrete Pumps
2. Line Concrete Pumps

Boom Concrete Pumps:
Boom concrete pumps stay at one
particular position for the entire fime
of concrete  pouring on &
construction project. Hence these
are -stafionary concrete  pumps.
They have a larger dimension which
iz placed on the ground. Thess have
crane or boom arm attached to it in
different lengths. The concrete
pumping o different heighis like in
the construction of high-rise building
can be performed by boom concrefe pumps.

Boom concrete pumps allow the pipeline to reach along, upwards and befow. Hence tight spots

can be cast by theze pumps. Obstacles during the concrete casting path can be easily

overcome by such pumps.

Fig.1.Boom concrete Pumps
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Line Concrete Pumps:

Line concrefe pumps are compact units
that are mainly used for smal
construction projects. The amangerment
has a line pump attached to the back of
the truck or the traller. Hence the
amangement is alzo called as ftrailer
mounted concrete pump  or  buck
mounted concrete pump. Thiz pump
requires steel or flexible concrete
placing hoses to be manually attached to
the outlet of the machine. Those hoges
are linked together and lead to wherever the concrefe needs to be placed.

Transit Mixer:

The Trangit Mixer iz otherwise known as concrete mixer truck that transports ready-mixed
concrete. !t congists of mixing drum and a franzsport fruck. Usually, it keeps the mixing drum
rotating when transporting concrete to delay the concrete solidification time, increases the
concrete transportation distance, and ensures the concrete guality. Cumrently, the transit mixer is
widely used in various commercial concrete plants and large and medium-sized concrete projecis.
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12.7 Methods of concrete mixed design:

The mix design methods being followed in different countries are mostly hased on empirical
relafionships, chartz and graphs developed from exiensive experimental investigations.
Following methods are in praclice:

1. ACI Mixed design method

2. USBR Mix design method

3. Brifish Mix design method

4. Mix design method according to indian standand

Since ACI Mix design methed is an orginator for all other methods, including indian standard
method, whersin every table and charts are fully borrowed from ACI, 20 we follow the ACI Mix
design method in practice.
ACI Method of Mix Design:
i. Design Data
a) Charactenzsfic compressive sirength of concrete required at end of 28 days: Say M
5
b} Mominal maximum size of aggregate:; Say 20mm
c} Shape of coarze aggregate; Angular
d} Required workability st site: Say 50mm (slump value)
e} Type of cement used
fi Methods of concrete mixing
ii. Material testing data {determined in the laboratory)
a) Specific gravity of cement.
b} Specific gravity and Unit Weight of FA {Stand)
c) Specific gravity and Unit Weight of Coarse Aggregate
d} Aggregates are azsumed to be having surface dry conditions
e} Water abasorption capacity of Coarse Aggregaie
fi  Water absorption capacity of Fine Aggregate
g} Specific gravity of Admixture

ACl mix design procedure

The standard ACI mix design procedure can be divided into 3 basic steps:
Selection/choice of glump

Maximum aggregate size selection
Estimation of Mixing water

Selection of Water-cement rafic
Calculation of Cement content
Estimation of Coarse aggregate conient
Calculation of Fine aggregate content
Adjustments of water in the aggregate
Trial Batch Adjustment

e e =B
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Step 1. Selection/Choice of Slump
The choice of slump iz actually a choice of workability. A concrete satisfying following

conditions is said to be workable:
= [Ease of mixing
# Fase of placing

Easze of compaction

Eaze of finizhing

= Without segregation
Typically slump iz gpecified, but Table 1 shows general slump ranges for specific applications.

Table 1. Slump Ranges for Specific Applications

Recormmended Slumps for Specific Applications of Concrets

=1 Slump Range
e Types of Application Inches mm

1 Femnforced foundation and footings 1-3 25-T5h

) Plain footings, caissons and sub-strischure walls 1-3 e

3 Beams and reinfarced wall -4 25-100
4 Building Columns -4 25-100
g Pavements for highways, Airport, Slabs 1-3 28-T5

i} Mass Concrete 1-3 25-T5

T Diry la=n concrets Mo -

Step 2. Maximum Aggregate Size Selection
ACI recommends that maximum aggregate size be limited to 1/3 of the slab depth and 3%
of the minimum clear space betwesn reinforcing bars. Aggregate larger than these
dimensicons may be difficult to consolidate and compact resulting in a honeycombed
structure or large air pockets
Maximum Size of Aggregate 20mm

Step 3: Estimation of mixing water
Slump is dependent upon nominal maximum aggregate size, particle shape, aggregate
gradation, PCC temperature, the amount of entrained air and certain chemical
admixtures. Therefore, AC| provides a table relating nominal maximum aggregaie size,
air entfrainment and desired slump io the desired mixing water quality (Table 3)
Mote that the use of water-reducing admixtures can substantiaity reduce the amount of
mixing water required to achieve a given siump.

Table 2: Approximate mixing water requirements for different slumps and sizes

MHon Air-entrained Concrete
Slump in mm Water in kg per cum of concrete for indicated maximum sizes of
aggregats
10mm 12 5mm 20mmmn 25mim Almm
251050 205 200 185 180 160
5o 100 225 215 200 185 175
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150t 180 240 230 210 206 285
Approximate 3 25 2 1.5 1
amaunt of
entrapped airts

This may vary with the variation of shape of aggregate

Water'cum of concrete: 185kg

Step 4: Selection of Water-Cement ratio

Water-Cement Ratio

The water-cement rafic iz the major single factor which influences PCC strength and
durability. In general, lower water-cement ratios produce sironger, more durakble PCC.IF
natural pozzolans are uzed in the mix (Such as fly ash) then the ratic becomes a water-
cementifious material ratio {cementitious material=FPortand cement + pozzolanic
material). The ACI method bases the water-cement rafio sslection on desired
compressive strengih and then calculates the required cement content based on the
selected water-cement ratio.

Table below with graph shows general estimates of 25-days compressive strength vs.
water-cement ratio (or waler-cementifious ratio). Values in this table tend to be
conzervalive. In most tend to 2et a maximum water-cement ratio between 0.40-0.50.

Table-3: Relationship betweaen compreassive strength and wic ratio

Compressive strength at 28 days kglcm? Water-cement ratio by weight
{Non air entrained)
A60 [
300 0.55
250 0.62
200 0.70
150 0.80
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Step 5: Calculation of Cement Contemnt
Cement content is determined by comparing the following two items;
* Bassd on the selecled water-cement ratio. And
=  The specified minimum cement content. Most case specify a minimum cement contents

in the range of 300-360 kg/m?.
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Step 6: Estimation of Coarse aggregate confent

Estimation of Coarse aggregate content is based on expernmental workability of mixtures. ACI
recommends the percentage {by unit volume) of coarse aggregate bazed on nominal maximum
aggregaie zize and fine aggregate fineness modulus. This recommendation is based on
empirical relafionships to produce PCC with a degree of workability suitable for usual reinforced
conzstruction. Table below shows ACI recommended values.

Table-4: Estimation of Coarse aggregate content

VYolume of Coarse Aggregate (CA) per unit volume of concrete
bdax. size mim ‘olume of dry redded Coarse Aggregate (CA) per unit volume of concrate for
different module of sand

) 28 23 30

10 0.50 048 4 044

125 052 0.57 D.55 0.53

20 088 084 0.az 080

25 0.7 0.8 o.ar 0.85

40 0.78 0.74 072 0.70

For 2and having FM 2.5, volume of CA; D.65cum

i.e. Dry weight of CA per cum of concrete: 0.65x1620 = 1053kg

Step T: Calculation of Fine aggregate content

When absolute volume of water, cement and coarse aggregate per unit volume of concrete iz
estaldished the sand content can be determined by absolufe volume method.

Waana=T CUM - [Vanier+ ¥ cemem+Voa+Var]

Cement - 300 kg = 300/ (3.15x1000) = 0085 cum

Water 185 kg = = 0.185cum

Coarse Aggregate 1053 kg = 1053 (2.6x1000) = 0.405cum
Air enfrapped: (Say 2%) = 0.020

Total = 0. 705cum
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12.8 Shotcrete, Micro Concrete, Polymer Concrete, High Strength

Concrete & Marine Concrete (LGED Specification)
Shotorate
This is the name given o mortar or concrete
conveyed through & hose and pneumatiically
projected at high velocity onto a backup surface.
The force of the jet impaciing on the surface
compacis the material so that it can support ifself
without sagging or sloughing even on a vertical face
or overhead. Generally it is mortar rather than
concrete, the maximum size of aggregate is Smm.
Shofcrete is used for thin, lightly reinforced A tEE=EN :
sections, such as shells or folded plate roofs, tunnel R e —
liningz and prestressed concrete tanks. Shotocrete is alzo used in repair of delenorated concrete
and as thin overay on concrete, masonry or steel. Since shotcrete i sprayed on & backup surface
and then gradually buill up to a thickness of up to 100mm, only one side of fomwork nesded. The
cement content of shotcrete iz high and require necessary equipmeni. The usual range of
waterfcemeant ratio is 0.35 fo 0.5 and there iz fittie bleeding. The usual mortar mixis 1:3:5to 1:4:5,
with zand of the same grading as for conventional mortar.
Curning of ghotorete is particularly imporant because of rapid drying in conzequence of the large
surfacefvolume ratio.

LGED Specifications of Micro Concrete as per Rate Schedule ltem No. 4.6.05
Shotcretelgrunting concrete surface with 40mm thick {avg) cement mortar comprizing of cement,
graded sand conforming to ASTM C33, Coarser aggregaie (20 to 40% of total aggregate for thick
sections if adequate grunting eguipment’s iz available), water and guick setting compound
conforming to ASTM C1141 in the proportion as per guidance of central Quality Conirol
Laboratory (CQCL), LGED or any approved laboratory instructed by Engineer-in-Charge, water
cement rafic ranging from 0.35 to 0.5, denzsity of shotcrete/gunite not less than 2000kg cum,
strength not less than 25 MPa, applied with compressed air under pressure after cleaning
removing old grunting/ part of defective concrete, cleaning the surface and expozed reinforcement
thoroughly by sand blasting, spraying with epoxy conforming to ASTM C381 (@ &7 kglsgm
including cost of wire mesh fabrics S0rmm x S0mm x 10 BWGS in first layer of guniting compleie as
per drawing & direction of E-1-C whergver the reinforcement have been cormoded, the same shall
be removed and replaced by addifional reinforcement.
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Micro Concrete

Micro concrele iz & dry ready mix cementifious based
composition formulated for use in repairs of arsas where
the concrete i dameaged & the area iz resiricted in
movement making the placement of conventional
concrete difficult, it iz supplied as a ready to use dry
powder which requires only addition of clean water at zite
to produce a free flowing non shrink repair micro
caoncrete. This is a cementitious material, with additives,
which impart controlied expansion charactensfics in the
plastic state with reduced water demand.
Purpose: For the repair of damaged reinforced concrete elements like beams, columns, wall efc,
where access is restricted and compaction iz nof possible. Alzo for jacketing of RCC columns o
increase its load beanng capacity.
Usages: It iz designed for use in medium & large volume repairs typically ranging from Smm fo
S0mm thickness & deep. The product can be applied in sections generally ranging from Smm o
S0mm thick although greater thicknezses may be achievable depending on the configuration of
the repair location and the volume of exposed reinforcing steel.
How to Apply Micro Concrete?

1. Surface Preparation

The surface over which micro concrete needs to be applied is firstly prepared, which involves
washing, cleaning, and removing dust, dirt, gravel, or chemicals. Water, acids, or water
blazting can be used to clean io clean concrefe surfaces. Comoded maierials and sieel bars
should be cleaned and coated before the application of micro concreie.

2. Mixing

Micro concrete mix can be prepared manually, but a mixing vessel should be conzsidered if a
large quantity iz needed. The required water quaniity may very bazed on the mix, but it is
commonly around 1:8 water to micro concrete. The mixture is prepared by gradually adding
micro concrete to the water while it is being stirred constanthy.

3. Pouring

This should be placed as soon as possible for the best conzsistency and flow. After that, use

suitahle tools 1o smoothen the midure out and permit it to dry.

Advantages of Micro Concrete

1. Easy to apply; compaction iz not required; hence, heavy machinery iz not needed.

2. Creates a good bond with almost all surfaces:

3. Develop good strength once it iz applied on a surface.

4_ Does not suffer from shrinkages, which means no cracks or folds will ocour.

5. Free from chioride and consequently provide a safe and durable surface.

6. Micro concrete has low permeability, making it & perfect choice for outside surfaces,
kitchens and bathrooms.

7. No exira addifives are required.
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8. Excellent mold resistance.
S It can be colored.

LGED specifications of Micro Concrete as per Rate

schedule What are Polymers?
Item No. 4.16.15 Qe o
Micro concrete work; providing and in position Micro q.-",'
Concrete having minimum compressive sirength 50 Mpa Monomers

after 28 days (as per ASTM C 108), tensile strength 2ZMPa
after 28 days (as per ASTM C 207) and flexural strength
oMPa after 28 days {'as per ASTM C 580), cement based W W ST W
repacked single component, chioride free, non-shrink, Polymer

free flow, self-compacting, ready to use afier mixing waier

in specified proportion obtained from approved manufacture including water tight shuttering and
scaffolding etc, complete as per specification and as per direction of Engineer-in-charge.
Polymer Concrete

Polymer concraete made by mixing cement, aggregates, water, and monomer, the plastic mixiures
are poured into mowlds, cured, dried, and polymerized, polymer concreie is polymerized either at
room temperature or at elevated temperatures.

Through different rezearch, it has been found that the addition of polymer in concrete brings high
improvement n itz compressive strength, toughness, fatigue resistance, impact resistance and
durability. Polymer concrete is extracrdinanly impermeable and resistive towards the attack of
acids, alkaliz and other different chemicals.

Types of polymer concrete

Folymer concrete can be classified info three types. They are;

a. Polymerimpregnated concrete (PIC): PIC is a hardened Portland Cement Concrete which
has been impregnated with a monomer { a low vizcosity monormer is diffused through the
pores of concrete) and finally polymerized in itu. This concrete iz used in precast slab for
bridge decks, maring structures, food processing buildings etc.

b.. Polymer cement conerete (PCC). PCC i produced by incorporating an emulsion of a
polymer or a monomer in ordinary Porifand Cement Concrete. This concrete can be used
in marine works.

c. Polymer Concrete (PC) In PC, polymer'monomer iz employed to act a8z a binder in place
of cement. This concrete is used in Nuclear Power Plant, Prefabricated structures, Precast
slab for bridge decks, Marine structures, food processing buildings, Irigation structure efc.,

ll‘ﬂlrrﬂl!‘llllllﬂﬂ

Advantages of polymer concrete:

1. Polymer concrete can be:applied in very thin cross-sechons.
2. It has high impact resistance and high compressive strength.
3. This concrete iz highly durable.

4, Highly resistance to freezing and thawing.

5. Less permeability.
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6. It reduces the infiliration of carbon dioxide, protecis the concrete from carbonation hence
the loss of alkalinity.

This concrete offers outstanding resistance against corrosion and chemical attack,
Polymer binders set very quickly and resist weathering effects, thus are useful for repairing

exisiing structures.
9. It reduces shrnkags.

Disadwvantages of polymer concrete:

Polymer concrete is costly than conventional concrete.

High =kills and precision work are required when mixing polymers concrefe.
Two-component materialz may have an inappropriate rafio, thus proper mixing is required.
Chemicalz ufilized in polymers concrete coukd be dangerous, subsequently, it i necessarny
to make use of masgks and hand gloves for skin safely.

LGED Specifications of polymer Mortar & Polymer Concrete as per Rate Schedule
[tem Code: 4.16.06

Patching of damaged concrete surface with 25mm thick {avg.) polymer concrete and curing
compounds, initistor and promotor, available in present formulafions, o be applied as per
ingtructions of manufacturer and as approved by the E-I-C. This item ig a proprietary tem available
inmarket as pre-packed polymer concrete and is required to be applied as per instructions of the
manufacturer. Unit: sgm.

ltem Code: 4.16.07.01

k)

L

Providing and applying 10mm thick (avg.) pre-packed cement based polymer mortar of sirength
45Mpa &t 28 days by trowels & float over-the spalled- concrete for bridge deck, pier cap etc.
including scaffolding, shultering, supplying reqguired material including polymer etc. complete as
per the specification & as directed by E-I-C. Primer coat by Nylon brush-must be applied on the
spalled out concrete location before applying pobymer mortar. Average Thickness =10mm thick.
Unit- =gm

item Code: 4.16.07.02

Providing and applying 10rmm thick (avg.) pre-packed cement based polymer mortar of strength
4oMpa at 258 days by trowels & float over the spalled concrete for bridge deck, pier cap etc.
including scaffolding, shuttening, supplying required material including polymer etc. complete as
per the specification & az directed by E-I-C. Primer coat by Mylon brush muzt be applied on the
spalled out concrete location before applying polymer mortar. Average Thickness =25mm thick.
Unit sgm

ltem Code: 4.16.19

oz Providing and Appiying average Trmm thick pre-packed polymer modiffed cement based skim-
coaf for filling blowholes, non-struclural honeycomb and rectifyving other surface imperfections in
newly placed concrete surfaces and achieving a smooth finigh on precast, castin place, filt up or
other unfinished concrete surfaces; including cleaning the surface thoroughly using stiff brush to
remove dust, loose particles, oil etc., neutralizing the surface by applying potable water, ensuring
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saturated surface dry (35D condition of the concrete surface, mixing powder with potable water
in & drum by blending machine, spreading the mixture to any concrete surface uging frowel to get
smooth surface efc. all compiete as per specification and direciion of E-1-C. This is available in
market as pre-packed and is reguired io be applied as per nstruction of the manufacturer. Proper
curing method should be applied for at least 3 days, all complete as per specification and direction
of E-I-C. Unit: sgm

Concrete in Marine Environment

Marine Environment

Most seawaters are gimilar in composition, confaining about 3.5% soluble salts (chlorides and
sulfates) by weight. The pH of seawater varies from 7.5 to 5.4, averaging about 8.2. Concrete
exposed to seawater may deteriorate from the combined effects of chemical and physical
processes:;
®  Sulfate aftack
® Leaching of lime {(calcium hydroxide)
» Alkali-aggregaie expansion
Salt crystallization from altemate wetting and drying
Freezing and thawing
= “Comosion of embedded reinforcing or prestressing stee|
* FErosion and abrasion from waves

Aitack by most of these processes 2 slowed by reducing concrete permeability. Low
permeability helps to keep aggreszive chemicals out of the concrete, slows leaching of soluble
materials such as lime, and limits the depth of carbonation, better protecting reinforcing stee! from
cormosion. Any design and construciion measures that reduce permeability will improve durakbifity.
Marine Concrete can be grouped inio three exposure zones:

1. Submerged

2. Splash and

2. Atmospheric

The submerged zone iz continuously covered by seawater, the splash zone is subject fo
continuous wetting and drying, and the atmospheric zone is above the splazsh zone and subject
to cccagional seawater spray.

Caoncrete in the submerged zone iEnt as vuinerable as concrete in the other two zones. But
concrete in all three zZones exposed to some of the processes that cause damage. And
deterioration in any of these zones tends io increase the concrete's permeability, making the
concrete susceplible to more deterioration. Cracks, spalls, moriar erosion, and corrosion sfains
are visible signs of deterioration that causes increased porosity and decreased sirength.

Designing Concrete in Marine Environments

The following practices are recommended to produce marine concreie of excellent durabifity.
¥ Ome, proper mix proportion using the optimum cemeni content will yield a dense, mpenvious
and relatively unabsorbent concrete.
*  Two, required water-cement ratio for sulfate resistance and comosion protection. ACI 218 states a
rmaximum water cement ratio of 0.45 by weight for moderate sulfate esposure. For commosion
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protection ACH requires the maximum water cemant ratio fo be 0.40 for concrete exposad o sea
waier. Howsever, if the concrete cover i increased by 12.5mm ACH allows a slight increase in
water cement ratio to 045 ACI 357 provides a maximum water-cement ratio for the different

exposure zones in the fable-1 below.

Table : Water-cement Ratios and Compressive Strength
Zone Maocimum wic ratio Minimum 28-days cylinder
compressive strength
Submerged 0.45 5000psi
Splash 04 5000ps]
Atmaospheric O« 5000psi

¥ Three, concreie cover over reinforcing sieel is also important: In the Tabie-2 below, ACI 357
provides recommendations for concrete cover in 2ach exposure zone.

Table: Recommended Concrete Cowver

Zone Cover over reinforcing Cover over postiensioning
steel, inches ducts, inches
Atmosphenc zone not subject 2 3
fo salt spray
Splash & atmospheric zone 2.5 35
subject to salt spray
Euhmergeﬂ 2 3

Cover of stirrups: 05 inch less than those lisied above

The designer also may set maximum Emifs on concrete cower during the design phase. Thicker
concrete cover promotes wider cracks that allows more seawater penefration.

=

Four, type V' cement with § percent tricalcium Aluminate (C3A) confent produces the best results.

Five, non-reaciive aggregates should be used. The chionds ion content confributed from the
aggregate must be less than that permitted for the concrete {<0.10% by weight of the cement for
normal concrete and <0.08% for presiressed concrete)

Sin, an air entraining agent will reduce the danger of deteriorafion dus to freezing and thawing (if
any). Higher air contents are required for concrete containing aggregate with smaller nominal
maximuem size.

Seven, Chemical admiiures. Waier reducing and high-range water reducing admixiures are
commanly used fo enhance uniform cement distribufion and to provide workabie mixes at low
water-cameant ratio.

Eight, especially af the fidal zone concrete should be placed in a confinuous operation.
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= Min2, concrete should be compacted thoroughly fo avoid honeycombing and to provide a dense,
homogenous mass. A 10% redection in consolidation can reduce compressive sirength by S0%,
reduce bond by 78% and merease chionde permeability by 100%.

Developing a high strength, low permeakility mix is a good start to ensure the maximum service
life of the concrete structure.

Marine Concrete RCC_305CCM (Hem Code:4.09.09) LGED Specifications based on laboratony
testing:

Feinforced cement concrete work for Marine region with minimum cement content and mazimmum water
cement ratio (WCR), as specified by the laboratory through mix design having minimum reguired average
strength, for =400 Mpa and salisfying a compressive strength f'c = 30 Mpa a1 28 days on standard cylindars
as per standard practice of Code AASHTO! ASTM and Porfand Composite cement conforming to B0D5 EN
187-1: 2003 CEM-IVB-V, high range water reducing admixture of complying type A or F under ASTM C 484
{Dioses of admodure to be fored by the mix design), sand of minimuwrm FM 2.5 and 20mon down well graded
crushed sione chips broken from boulders (LAA value not exceeding 25) conforming to ASTM C33 including
breaking chips, screening through proper sieves, cleaning, placing shutter in position, making shutter water-
tight properiy, placing reinforcement in position. madng in standard mixiure machine with hoper, maintaining
allowable slumgp of 100mm to 150mm, casfing in forms, compacting by mechanical vibrator machine, curing
for 28 days, removing centernng-shuttering after approved specified time perod, other incidental charges
ete. all complete as per drawing, specification & direction of tha E-1-C.

Mote: Minimum cement content considered in M-30 is (@ 450kg/cum relates to nominal mix rato
1:1:25:2.4 and maximum WCR=0.4, Addifional guantity of cement to be added if required to attain the
requEred strength at the contraciors own cost The cost of reinforcement and its fabrication, welding,
coupling, placing, binding efc. is not included but the cost of admixture & drinkabie water with storage
resenvoir for concreting is included in Laboratory [C2CL), LGED or any other reputed laboratory

approved by the compsatent authority before execution of the work.

Mote: Using Concrete Mizxer.

High-strength Concrete (HSC)

High-strength concrete (HEC) is a type of concrete with high compressive strength compared fo normal-
strength concrete (NSCL Although there s no exact limit of compressive strength that could distinguish
HSC from MNSC, the Amercan Concrete Insiitute defines High stremgth comcrete with 8 compressve
stremgth of more than &.000 psi.

Manufacture of high-sirength concrefe involves making optimal use of the basic ingredienis that constitute
normal-sirength concrete. Producers of high-sirength concrete know what factors affect compressive
stremgih and know how to manipulate those factors o achieve the required strength. In addition io sel=cting
a high-guality Portland cement, preducers oplimize aggregates, then oplimize the combination of materials
by varying the proportions of cemeni, waler, aggregates, and admixtures.

When selecling aggregates for high-strength concrele, producers consider the sirength of the aggregate,
the optimum size of the aggregate, the bond betwesn the cement paste and the agpregate, and the surface
characterisiics of the aggregate. Any of these properiies could Bmit the ullimate strength of high-strength
concrete,

It would be difficult io produce high-strength concrete mixtures withowt using chemécal admixtures. 4
common practice i fo use a superplasficizer in combination with a waler-reducing refarder. The
superplasticizer gives the concrete adequate workakility at low water-cement ratio, leading to concratie with
stramgth. The water-reducing retarder slows the hydration of the cement and allows workers more time to
place the concrets.
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High-sirength concrete is specified where reduced weight is important or where architectural considerafions
call for small support elements. By camying loads more efficiently than nomal-strength concrete, high-
strength concrete also reducss the tofal amount of material placed and lowers the owversll cost of the
struciure. The most common wse of high-strength concrete is for construction of high-rise buildings. At 869
feel, chicago's 311 South Wacker Drive uses concrele with compressive strengths up fo 12,000 psi and is
ane of the tallest concrete buildings in the United States.
Advantages of High Strength Concrete (HSC) are-

® |t reduces the cross-section of structural elements and therefore increases available space,

®  |timproves aesthefics due fo sirmmer cross-section,

# |t reduces self-weight of the structure,

# |tincreases the modulus of elasticity of concrete and reduces cresp (deformation under

contnuous loading ) that controls short-term and long-term deflections, and

» ltimproves the long-ferm durability of structures, which is 3 key concem toward sustainable use
of construction materials.
High-strength concrete is & useful maternal for high-rise buildings, long-span bridges, heavy-duty
indusinal floors, pre-siressed concrete eic.

Concrete i= a mixture of cement, water, coarse and fine aggregates with or without chemical and ménsral
admixiures. As aggregate covers 75 percent of the voleme of concrete, for HEC, high-strength well-graded
aggregate is essential.

The presence of different sizes of aggregate (well-graded) in appropriate proporiions is important to reduce
void. The maxirmum size of agpgregale is alsa another important factor. Due fo the infermnal bieeding of water
in concrete, the bonding can be poor for large-sized aggregate.

20mm downgraded aggregate can be used for making concrele of strength of 6.000 psi or higher, Howewver,
it can be reduced to 12mm if the strength requirement is 10,000 psi or more.

The bonding with cement paste around aggregate is improved for smaller-sized coarse aggregate. For High
Strength Concrete, the amount of cement i to be ncreased compared fo normal strength concrete.

The amount of cement in High vanes from 420 fo 850 kg per cubic meter based on the strength requiremsnt
As the amount of cement is increased, the size of the fine aggregate is also to be increased compared fo
normal strength concrete.

An increase in the sizes of fine aggregate will create adequate free space among aggregates for cement
hydration products generated from a larger amount of cement comparad to the norma! strength concrete.
Dz fo the use of more cement, the heat of hydration and plastic shrinkage of fresh concrete will be
increased but can be controlled with the utilization of mineral admiztures with clinksr, such as fly ash, slag,
ate,

High strength Concreie s a durable concrete and, therefore, all construction works in manne exposure can
be planned with HSG.

The stone chips produced at Maddhapara quamy are very strong (abrasion loss is less than 23 percent),
and therefore can be ufilized for making high strength concrete A mixfure of concrete using Maddhapara
hard rock with WIS of 0.30, CEM Type | cemant of 480 kg per cobic meter, and silica fume of 40 kg per
cubic meter produced compressive strength of 11,000 psi The sirength can be mmproved further by
reducing the maximum size of coarse aggregate and increasing cement content.
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12.9 Problem in Hot Weather Concrete
The success of many hot-weather concrefing operafions depends on the steps taken io slow the
cement hydration reactions within the concrete and fo minimize the rate of evaporation of moisture
from the freshly mixed concrete. Potential concrete problems in hiot weather are [ikely to include:

* |ncreaszed water demand

* |ncreased rate of slump lozs

* |ncreazed rate of setting

* |ncreased tendency for plastic-shrinkage cracking

* |ncreased difficulty in condrolling entrained air conient

* Decreased 25-day and later sirengihs

* |ncreased tendency for differential themrmal-cracking

» Greater vanability in surface appearance

* |ncreased permeability.

To prevent the above mentioned harmful effects of the hot weather on the quality of concrete the
temperaiure of concrete shall not exceed the temperature shown in the table below:
Maximum allowable concrete temperature during placement of concrete

Relative humidity (%] during time of Maximum allowable concrete temperature
concrete placement {degree centigrade)
Greater than 80 AL
40-G0 oo
Less than 40 JIG

12.10 Most Common Problem in Concrete during construction

The most common concreting izsue is caused by excessive concrefe mixing and carelessness
wihen putting and handling it. The westher, on the other hand, plays & major role in worsening
such izsues that arise during concretion.
a) Bleeding
Bleeding in concrete occurs when the excess water comes to the surface of the concrete due fo
the settlement of heavier components like aggregates, cement. Excessive bleeding can do more
harm &s it les=ens the sirength of concrete.
Ways to reduce bleedings:

# Sirictly maintaining water to cement ratio.

+ Supplementary cementations matenals to increase water absorphion.

=  Adding air entertaining admixiures.
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b} Segregaficn
I this concrefe problem, the cement paste comes fo the top while aggregate seitie down at the
botiom of the concrete. Segregation affects the durability and strength of concrete as good
concrete iz always an even and homogenous misdure.
Ways to prevent segregation:

o Using the recommended proportion of cement and water.

o Awoiding over-vibration or compaction of concrete.

o Being cautious while handiing, placing, or transporfing concrete.

o Awvoiding dropping concrete from long heights,

¢} Plastic Shrinkage Cracking

Plastic shrinkage cracking occurs in the concrete when there is an excessive and rapid loss of
water from concrete before it has even 2et. Thiz occurs when the rate of evaporation of surface
moisture iz higher than the rate of bleeding of water in concrete. This problem i2 very commaon
during. hot weather condifions.

Here are the ways to avoid plastic shrinkage cracks in concrete:

Avoiding over mixing of the concrete.

Providing sunshades around the concrete in hot weather.

Placing or constructing temporary walls to block or reduce wind velocity.

Placing concrete either early in the moming or in the late afternoon o avoid hot
temperaiures.

b e e

d} Laitance
The conzequence of the problems of segregation and bleeding leads io laitance in the concrete.
Dwring this concrete probiem, a thin and weak iayer of cement dust, sand, and lime appear on
the surface. Thiz condition further weakens the sirength and durabiity of cement.
Prevent Laitance with these steps:

¥ LUsing waterreducing admixiures in concrete.

» Not doing are finishing steps till the water has evaporated from the surface.

= Removing clay, silt, dust content before mixing concrete.

¥ LUsing well-graded aggregates in the concrete mixiure.

e) Types of Construction
Defect in RCC Works:

Honeycomb and Rock Pockets

1. Defects due to Concrete Dimensional
Errors

Dimensional ermmors in concrete structures
occur either due to the poor centering of a
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structural member or due to deviaticn
2. Defects due to poor Fomnwork ¥
Instaliation

3. Defects due to Concrefe
Dimensional Ermors

Dimensional emrors in concrete

structures occur either due to the poor centering of a structural member or due to deviation
from the specifications.

4. Defects due to Finighing Ermors

Finighing errors in concrete structures can invelve over-finishing of the concrete surface or
addifion of more water or cement to the surface during finishing of the concrete

5. Defects due to poor Reinforcement Placement

Errorz during reinforcement installation could lead io
sericus concrete deterioration. For instance, inadequate
chair bars and insufficient tying of reinforcement would
cauze rebar movement, which may lead to inadequate
concrete. cover and reduction in effeci depth of the
concrete seciion.
6. Bug holes or swrface wvoids are small regular or
irregular cavities formed due o the entrapment of air
bubblez in the suface during placement and
conzobdation. They commonly ocour in vertical
cast-in-place concrete like walls and columns.
Bugholes are conzsidered as defecis if their width
and depth exceed 381 cm and 127 com
respectively.

7. Crazing

Crazing, altermafively referred fo as patiern
cracking or map cracking, iz the unsven
formation of closely spaced shallow cracks.
Crazing occurs as a result of the fop surface of concrete rapidly hardening due to high
temperatures, an excess of water in the mix, or inadequate curing

[Grab your reader's attention with a great guote from the document or use this space fo
emphasize a key point. To place this text box anywhere on the page, just drag it ]
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13. FOUNDATION OF BRIDGES & PILING WORKS

TYPES OF BRIDGE FOUNDATION

13.1 Guidelines for Bored Cast-in-Situ Pile Construction
File Foundation in Bridge Work:

# Mainly three types of piles are used in LGED Bridge foundation work.
a. Bored Pile (Cast-in-situ pile): Boring, casting and Setling at criginal pile layout position.
i) RCC Pre-cast pile: Casting & curing other than original pile layout position and driving after
matured period of concrete by Automatic diesel hammer or hydraulic push hammer.
i} Spun pile: K iz fabricated & pre-siresz in Pile industry and driving after matured peniod of
concrete by Automatic diezel hammer or hydraulic push hammer.
Bored Cast-in-Situ Pile

Important |ssues:
< |s Pile layout position at dry ground?
«* |5 Pile layout position under water?
< |z Pier Cap casting position above water level?
> |z Pier Cap casting position below water level?
#+ Pile Dia is more than 800mm.
Considering the above situation, design, drawing and esiimate of bored casi-in-zifu pile will be
different.
Steps foliowed for bored cast-in-situ pile constructionfinstallation:
There are 4 main steps followed for Construction of Bored & Cast-in-situ Pile:
1} Making Stabifized Bore Hole: Using Drilling Equipment
2} Cleaning/Washing Bore Hole
3} Placing Reinforcement Cage: Using Lifting Equipment, Crane
4} Powring Concrete: Using Tremie Pipe
There are 3 ({three) basic method followed for making Bore Hole:
1. Dry Boring Method
2. - All Casing Boring Method
3. Slurmy/Wet Boring Method
# Percussion Boring under DMC {Direct Mud Circulabion)
# Rotary Borng:
a) Rotary by power auger
b} Rotary boring under DMC
c) Raotary boring under RCD (Reserve Circulation Boring)

13.1.1 Accessories for Cast-in-situ pile
Temporary Steel Casing
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¢ Temporary sieel caging pipe shall be used at least for the upper 6m from the ground Level
& [Diameter of the casing pipe shall not more than 10mm than that of the pipe shaft.
FPermanent Steel Casing

Minimum wall thickness of the permanent steel cazing shall be 6mm

Minimium length shall be from 100mm above the boftom of the pipe cap to Sm inside
the ground

Casing pipes may be transporied to the sife in pieces and shall be welded fo the design
length

Two coats of anti-comosive tar type paint ghall be given to the oulzide surface of the
casing for a maximum depth of Sm from the underside of the pipe cap.

Tremie pipE

A tremie having a diameter of not less than 150mm, sufficiently long reach the end of pipe boitom
and additional S00mm. Good tread at end and no leakage all over the pipe. The tremie shall be
supported so as to permit free movement of the discharge end over the entire top surface of the
work 20 a8 to permit rapid lowering when necessary fo retard or stop the flow of concretie.

Drilling Fluid/ Bentonite Slurry
*= Prevent borehiole from collapsing

=  Controlling Parameter-Density

*  Remove of cutting

= Controliing Parameter-Yiscosity, Gel Sirength

= Borehole Cleaning/Borehole Flashing

* Controling ParameterlViscosity, Gel Strength and Type of fiow

CHARACTERISTIC FOR BENTONITE SLURRY
Froperiy Units Siages Test equipment
Fresh Ready for re- | Before Concrefing
use
Density Giml | =1.10 =125 =115 Mud balance
AMarzh SEeC 32to 50 | 32 to'60 321050 Marzh funnei
viscosity
Fluid lo=s m =30 ol na Filter press
P+ Tio 11 Tto12 na P meter
Sand content | %% n.a n.a =4 Sand content et

13.1.2 Boring Equipment:

Bazed on Power Syztem, Drilling Equipment are-as Follows:
¥ Mechanical Powered System
# Hydraulic Powered System

Page | 204




5.2.2 Boring Equipment:

Based on Power System, Drilling Equipment are as Follows:
» Mechanical Powered System
¥ Hydraulic Powered System
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Pulley

Wire Rope

Tripod

Mechanical Powered Rig (Local)
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13.1.3 Bore Hole Drilling System

Two type of boring system includes
1. Percussion drilling & 2. Rotary Drilling
Percussion Drilling: Percussion drilling involves the dizintegration or breaking up to soil
or rock by impact. The broken material may be removed with a bucket or other means such as
shurmy or air circulation.
Percussion Drilling Tools:
1. Double Fish Tail (Locally Made)
2. Clam-shell Buckets
3. Hammer Grabs Rock
4. Breakers and Drop Chisels
5. Down Hole Impact Hammers etc.

Rotary Drilling:
Rotary drilling involves the disintegrafion or breaking up fo of soil or rock by rotating the cutting
tools in the bore hole. The broken materiale may be removed with the tools itself, with a bucket

or other means such a2 circulation.

Rotary Drilling Tools:

1. Augers 2. Buckets 3. Core Barrels 4. Full Faces 5. Rotary Rock tool 6. Specialized Rotary
tools etc.
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AS per LGED Specification (Based on the drilling fools)

-

Percuzssion Drilling is used for pile up to 800mm Dia. Under Direct Mud Circulation (DMC)
Rotary Drilling i used for pile above 800mm Dia, Under DMC/Ressrves Circulation Dirilling
{RCD)

Percussion Drilling System

Step to be followed for Percussion Boring:

1.

2.

3.

a)
b)

c)
d}
&}

Filing Party Selection shall be basad on
a) Must have good previous sufficient experience and proven record (If any)
b} Sound and appropriate eguipment in good working condition
¢} Drilling operator must have experence and responsibility for making good pile.
Drilling operator must be a committed person, and should be inferviewed and
approved by the Engineer.
d)} Alzso have experience of preparation, testing and circulation of bentonite slumy for
bore hole stabilization
e} The sub-coniractor (if any) shall submit to the Engineer detail methodology
including equipment detail for good pile construction and should be approved by
LGED officiais.
Equipment Quality Check:
a) Diameter of double fizh tail chiselfcutter should be equal or maximum 25mm less
than the pile diameter and blade of the cutter should have sufficient thickness.
b) The hollow threaded drill shaft should have sufficient weight so that it can
dizintegrate hard soil strata i any.
::} The attachment of chizel and drilling shaft, drilling shaft and drilfing pipes should
be zound enough so that they never dropout during boring operation
d) The winch machine must have adequate capacity and good quality.
E] The eguipment et should include baler to disintegrated hard soil layer.
f} The tripped shouid be enough strong and height to install reinforcement cage.
g} The pipe party should have mechanically operated skurry preparation tank
{Cyclone) and circulation
h) Slurry circulation pump, generator, welding set and other tools be in sound working
condition
|) The contractor/pile party must have bentonite slurry testing Kit
Setting out Pile and Initiate Boring:

Place Tripod stand at center pf the selected Pile location;

Attach chiselfcutter tools to drlling shaft, shaft to winch machine through pulley hanging
from tripod. Alzo connect the drilfimg shafi at top =lurry tank through fiexible pipe.

Start boring and cutting =o0il by raising and dropping of chissl;

Circulate bentonite slumy to the hoke through drilling shaft from shurry tank

Iniial depth of boring shall be about 1.5m before placing of casing;
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f} Boring of pile shall be done following the sequence of pile consiruction as shown in the
drawing/design;
If not provided, boring for & pie shall not be commenced until 24 hours elapsed after completion
of any pile within close prosimity (radiuz of three times pile diameter). Boring

ing Dirilling Fluid ﬁ

Fluid with Curtj ngsfank

L.
=
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13.1.4 Bored Cast-in-Site Pile Construction
a) Setting out Pile and Initiate Boring:
a]l Place fripod stand at the center of the selected pile Location
b) Attach chiselicutting tools with Drilling Shaft (Thread and welding).
::} Start boring by raising and dropping of chisel.
d) Circulate Bentonite slurry to the hole
E]I M3 Casing pipe iz installed in the bore hole to protect the bore hole wall from

f)

g)

h)

i
k)

h

collapsing.

M5 casing pipe iz alzo required when bored pile is io be constructed in water or in
very softfvery loose soil.

If provision of permanent casing = not kept in the design, temporary MS casing
miust be installed at the upper part of bore hole after inifial boring.

The internal diameter of the permanentTemporary MS caging shall be at least
equal or 25mm higher than the specified diameter of pile.

Thickness and ength of permanent casing ghall be provided in accordance with
the design provision. However, the length of temporary casing, when provided
shall not be less than 4 0m.

The permanent casing must have uniform thickness and circular shape throughout
its full length.

Installation of M3 casing in the bore hole must be done by hammering the MS
casing pipe zo that the casing pipe is tightly attached with the soil.

The permanent casing pipe shall be of new M3 sheet and must be free from any
intermediate patch and segment shall be as high as possible

m} M3 casing ghall be insfalled after-initial drilling {1.5m) of bore hole

n}

a)

Pl

The zplicing of permanent casing pipe, if required, shall be continuously amooth
welded around the pipe perimeter both outside and inzide. The lifting hole in
permanent casing must be closed during instaliation.

In case of boring carried out in dry land, the top level of casing pipe must be at
leazt 0.3m above GL or 2.0m above GWL whichever i greater.

In case of boring camied out in water, the top level of casing pipe must be at least
2.0m above the water level ouizide the casing pipe.

b) Progressing of Boring:
a) After installafion of casing the chisel attached with drilling shaft shall be placed ingide the

b}

casing. Boringlcutfing of soil shall be progressed by confinucus raising and dropping of
chizel using winch

Bentonite slumy of required denszity and viscosity ahall be continuously suppiied from the
slwry tank to the bore hole through the drilling shaft

Slumy shall stabifized the borehole and prevent from caving. it also loose the =oil
digintegrated by chisel due to raizing and dropping. The slurry level inside the borehole
shall be maintained at a level not less than 2.0m above the level of oulzide ground water.
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d)

)

a)
h)
i)

i}
k)

Slurry shall be retumed through the annular space between drilling shaft & borehole face
and remove the cutting materiaks from the bore hole,

The retumed shumy with the cutting soil shall be deposited  the receiving tank attached to
the slurry supply yank for reuse.

The supplied slumy shall be tested after certain interval o confirm iz properiies (viscosily,
dengity etc. ). ¥ required concentrated slurry from the rezerve tank shall be mixed to enzure
the required properiies.

If any boulder, hard stratum or obstruction iz observed in the hole disintegrate the layer
by increaszing the falling height of chizel dropping or use baler if required.

Confinuousky monifor the boring operation uniil achieving the pile foe level.

The boring depth {Pile toe level) should be confirmed by measuring the bore hole from
casing top level,

Mo additional boring should be made beyond the design depih.

The complete boring operation shall be recorded in a standard boring format and
preserved for future reference.

c) Cleaning/Washing of Bore Hole:

a)

b)

c)

d)
e}

f)

On confirmation of the final bore hole’s depth as per design, the batiom of the bore hole
must be carefufly cleaned of mud, sedimentation and other soft materials.

The waszhing operation shall be carfied out by supplying benionite slurmy from the supply
tank with required viscosity and density.

The supplied slurmy shal go down through hollow drifling shaft and return back to the
receiving tank through the annular gpace bebween shaft and hole wall and carmry out the
deposition from the bore hole bottom.

The smaller sand paricles shali be floated on slurmy and retum to the receiving tank with
the back fiow of lurny.

The slurry at the hole's bottom shall be tested by sand content tester to confirmed its sand
content.

Washing shall be confinued until the sand content of slurry reduced to less than 4%

d) Placing of Reinforcement:

a} Reinforcement for pile shall be tested prior to fabrication fo confirmed s
properiies as per design requirement

b} Fabricalion of re-bar cage shall be done as shown in the drawing. Main
reinforcement in the form of a cage shall be assemble with additional support, like
spreader forks, fo form a rigid cage.

c) Spiral reinforcement shall fit closely around the main longitudinal bars and welded
to the main longitudinal bar at each altermmate contact point.

d) Mumbers and length of re-bar cage shall be made az shown in the drawing.

e} The clear cover {7omm) of the re-bar cazse shall be ensured by insering circular
concrete disc of 150mm diameter and S0mm thick in spiral bar at regular interval.
The concrete of the covenng disc shall be same guality as of pile concrete.

f}  Altemately, clear cover ghall be maintained by providing steel chairs welding with
main reinforcement.
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al
h}

i)

i

k)

I

The main longifudinal re-bar in each cage must nof have any splicing

The fabrication of re-bar cage for selected pile must be completed and approved
prior to commencing of boring operation.

The bottom re-bar cage az gshown in the drawing shall be placed first using lfting
toolz (winch, crang) in the bore hole maintaining the comect center fine position
and hold it by any means on top of casing pipe.

The remaining re-bar cage shall be installed and spliced with the previously placed
cage successively as per drawing.

The lap length for splicing in successive two cages shall be as per drawing and
zplicing ghall be done applying confinuous welding (both face) in main longitudinal
bar.

Splicing of longitudinal bar shall be staged and not more than 50% of main bar
shall be spliced in a horizontal plan.

m} Altemately, splicing can be carried out by using couple, a mechanical splicing

nj

e}

Pl

aj

— : . b ~ "a e .-' '. : -‘-I--_ L

system, if permitted by the client.

Special care should be taken during the splicing of successive two case to prevent
the falling down of lower case.

The complete spliced re-bar case must be con-centrically placed in the bore hole
g0 the clear cover of re-bar is uniform around the cage.

The complete spliced re-bar cage must be hanged from the casing top by a both
end hooked stee! rod 2o the rebar case does not penetrate into bore hold's bottom
The bottom of lower re-bar cage shall be 150mm above the bore hole base or as
shown in the drawing.

The time required for completion of splicing and placing of reinforcement cage in
the bore hole should be minimum as per as possible.

= ’ e =

Reinforcsment Cago Baing Assembiled, Showing Threaded
Couplara
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E} Re-Wash of Bore Hole

ili. Az it takes fime for splicing and placing of re-bar cage into the bore hole
some sediment fioated in the slumy may deposits to the bore hole’s boltom

iv. Hence, further cleaning of bore hole must be camied out to flash out the
deposition from the bore hole.

v. The washing can be camied out by supplyving siurmy {o the bore hote through
the drifling pipe placing inside the re-bar

¥i. The re-washing shall be continued uniil the sand content iz further reduced
to less than 4% by volume

f) Placing of Tremie Pipe

B} Tremie pipe iz required for pouring concrete in the bore hobe under drifling fluid

C} The tremie pipe shall be made of heavy gauge steel pipe (Min 6mm)

D) The diameater of the fremie pipe shall bbe not less than 200mm

E)} The joint system of tremie segments must be zound and wateriight and needs the
approved of the Engineer.

Fi The total length of tremie pipe shall not be less than depth of bore hole

) The tremie shall be piaced such way that the tremie bottom shall be maximum
150mm above the borehole bottom.

H} The tremie should be provided with adequately sized funne! or hopper connecied
at the top of tremie fo facilitate transfer of sufficient concrete from the delivery
device.

I} The joint between the funnel and fremie should be sound and watertight

J) The zize (volume) of the hopper shall not be less than the volume of concrete
required for filling up 1.5m length of pipe.

K} The full tremie pipe should be marked with paint at 0.3m interval for monitoring
lifting of tremie pipe during concrating.

g} First Eharging Concrete:

a} [fthe bottom of tremie pipe’is open to drilling fiuid after placing, the tremie
concrete shall be directly mixed with slumy ingide the tremie which makes
the concrefe guality very poor.: Hence, concrete shall not be placed free
into the water or drilling slurry.

b} The mouth of tremie at top should be temporarily plugged/closed by steel
circular plate {stopper) which shall be hooked for its lifing out.

¢} When the sieel plate stopper shall be lift out, full volume of concrete from
the hopper shall be =suddenly fall down through the tremie which quickly
flash out the sturry from inside the tremie and the process is termed as first
charging of remie concrete.

d} When the stes! plate stopper shall be it out, the full volume of concrete
from the hopper shall be suddenly fall down through the tremie which
quickly flash out the skurry from inzide the tremie and the process is temed
as first charging of tremie concrete.
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e} The first charged concrete shall raise up to 1.5m through the bottom of
tremie pipe and shall remove up any small deposition at bore hole base. In
the same process second charge of concrete should be applied zo the
concrete level in the bore hole shall be raised up to 3.0m.

» Alemnately, Cement plate with inclusions of Lathe Cutfing/Mut-
Bolts- Small M5 rod pieces {shape: Cylindrical, Size: diameter
shightly larger than the inside diameter of tremie pipe and length iz
about 300mm) can be used, known as plug, at the fremis mouth for
separating concrete from. slurmy

= A steel plate closer may be used at the tremie bottom for making
tremie free from any slurry tin the inside, which shall be opened

h) Pouring of Concrete:

a) Concrete shall be then poured in the hopper untd fully filed up the tfremie pipe. Tremie
pipe shall be slowly raized & dropped (Max. 150mm) 2o the concreie in the tremie fall
down and concrete level is further raised up outside the pipe.

b} The lifiing of fremie should be such that it always embedded in the fresh concrete a

minimum of 2.0 to 3.0me

¢} The embedment of tremie in the concrete should be maintained through the concreting fo
prevent entry of waler into the pipe.

d} Rapid raising and lowenng of the tremie pipe should nof be allowed and ail verfical
movement of tremie pipe should be done slowly and carefully.

e} Concrete shall then be confinuously placed without any interruplion by meal breaks,
change of shift, movement of placing pogitions and like 2o that a monolithic concrete shaft
of full cross sechion id formed.

f} Ifblockage in the tremie occurs during placing of concert, the tremie shall be guickly raised
150 to 450mm and then [owered to dizlodge the blockage:

gl Altemately, tremie surface may be hammered from ocutside to dialoged the blockage.
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h)

i)

i

k)

The depth of pipe embedment (2.0 to 3.0m} must be closely monitored during all such
attempiz.

Mote that the tremie bottom shall never be aflowed to ift above the concrete fop level
within the bore hole.

Suppled volume of concrete, comesponding concrete level in bore hole. Lifting of tremie
should be closely monitored and recorded in a format.

In case of iemporary casing, concrete pouring shall be confinued undil the fresh concrete
iz reached at pile cut-off level.

As top level of concrete in the bore hole i of poor quality, hence concreting cannot be
stopped undil the top level of concrete i found at least 0.75 to 1.0m above the pie cut-off
level.

m} In case of permanent casing, concrete pouring shall be confinued until the soundffresh

nj
o)

P}
q)

n

5)

concrete iz reached at cazing fop level. it means, some portion of upper level concrete
must be over fiown to achieve the sound concrete.

The total supplied volume of concrete: to the bore hole must be compared with calculated
volume of full bore hole.

The supplied volume must be always higher than the calculated volume.

If possible. The concrete pouring work should be done in day light for easy monitoring.
The full concreting operation ghould be completed within shortest poszible fime preferably
within & hours.

MNecessary arrangement (double sef of mixiure machine, lab uretic) for quick preparation
and placing of concrete shoulkd be kept at site.

For large diameter and higher lengih pf pile where concrete volume is more and concreting
cannot be completed n 8 (sight) hours amangement of batching plant, ready mix concrete,
transit mixture, pump concreting should be ensured for completion of concreting as early
as posszible.
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i) Pile Construction Records:

15t RING FILE shall be made for each Abutment and pier. The 1 page of the ring file
iz the pie construction sequence sheet. The ring file ghall contain several sub-files.
Each sub-file shall various records for each pile and these inciudes the pile driving log,
Laboratory report of fresh concrete (Slump, Setfing time of concrete efc. 0 and
hardened concrete (Cylinder strength etc.). Bendonite suspension test report {Dengzity,
Viacosity, Zand content fest etc.) ID number of materials used for consiruction. Each
sub-file shall be separated by colored page separator.

The 2™ RIMG FILE shall contain the Laboratory fest report of construction materials
(cement, Aggregates, and Reinforcement etc.), Bentonite powder test report (Liguid
Limit, moigture content etc.), Admixture test report, Mix Design report, Trial Mix report.
Al new materials shall be tested before uze. Materials shall be stocked property and
marked with peg and Tag (1D number) and test report shall be kept sequentially for
each, material with amival date and quantity procured. Colored Page separator ghall
be used for each material type.

The 3 RING FILE shall contain all test report related {o the Test File.

Site Order Book.

Meazurement Book (MB)

24 hours Duty Roster signed by supervising LGED siaff, Consuitant and Coniractor
with date and time.

Variows Slages of Concreling by Tremila is ghvan Below
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j) Feature of Rotary Boring:
a) Boring advances, cuiting soil by-a rotatin | i
b} Dl it s attached with hollow drill =tring
c) Mud fiows through the hollow stem of drill rod.
d) Bentonite slurmy iz used ag driling fiuid.
e} Slurry stabilizes the borehiole and remove cutting from borehole
f}  Mud circulation from underground mud tank
g} Slurryfmud flows down through drill road.
h} Slurry refurms through annular space between drill & borehole face.

Ratcry Drillifmgg Crhvervicws [ Direct Moad Circ wlofiomn -DARC)

e g

|
| l| ; g i i g O el
I e v b Fs

ndea
[

Slurry/Wet Methods (Rotary Boring Under DMC):
Advantages:

* Less disturbance

# Equipment cost is cheaper than RCD

* Relatively cheaper than other rotary boring technigue
Disadvantages:

v Slow method

*  Mud management is temible

»  Torque is low

* Borehole cleaning/flashing is poor

*  Huge space is required
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Slurry/Wet Method: Rotary Reverse Circulation Drilling RCD:
Features:
a) All feafures are same as DMC only difference is mud circulation
b) Mud circutated from partially underground mud tank
::} Slurmyfmud flows down through annutar space bebween drill rod & borehole face
d) Slurry returns through drill rod
e} During return, flow velocity is very high
f) Very efficient in [emoving cutfings
6. Pile Construction Record Keeping
1%t Ring File: For each Abutment and each pier
¥ Design an drawing; comection if any
# Pile construction sequence sheet
* Warious Record of each pile including pile driving log.
2™ Ring File:
# Materials Lab Test Report of each lot
#  Concrete Mixed design report
J4rd Ring File
Lab Test report {Fc) of each component individual casting.
Site order book
Measurement Bock (MB)
Duty Roster signed by employ

b s R
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» LOCAL GOVERNMETN ENGINEERING DEPARTMENT
*  SECOND RURAL TRANSPORT INPROVEMENT PROUECT (RTIP-I), DESE- R4, (IDA CREDIT N .E107-BL)
+ Vi Bridge Checklist For Boring and Casting Record of RCC Cast-in-5itu Plle, rFoa swenpe po -

¢ Dairk Upaalia: Costinzt Pacaapgs | Sles Ma: Clzby:
" Kamo ol Wark |Craineget
*  Homa ol Cortracton
L]
* .__.,..u..unu.______.._nm:an__._n:qn____=rum_=n-5ulsnu.mi=ﬁuunﬂii Record of REC Cast-in-Siu Plls - Chisal Ja P
+  [hacripthon: Baring Length - m
famaed | Telalfa.| Leaglhol _..:._“u Yelmma | Comint “_z:_._ ﬂf | Bereg m__...__.:r. inig RT3
nl—.-.—- ol Fla Fi ] LT | iy ey i il Ing |Ewpasd| Blan | €88 | Eispasd S| iad | Lha LT
agitlen | BloafPlis| jlacwis Ealtdi Fin | Reqend| i | Elnp | Ead | Thand ’
SR f ___"..-_..-_ TLA S| [eam’ | Baraieh _.____.__.- Hma Tl | T ._|i._.— (it T Tiwd | New ! Tiwa Tiwa n._.-..._
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= i | F _ _
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¥ Romarks -
Slgnaure SRE Upazila Englinoor ARE, DASC-R1, Exscutive Enjinsor,
of Coitractor's Wpazia: Upnzila: RTIP-II, LGED LBED
Repraontative District: District: Dilstrick: Disiriei:
TROJBLE SHOOTING-BULGING
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13.2 Trouble shooting installation of Cast-in-Situ Pile

Trouble Shoofing — Bulging

Bulging may occur when borehole wall collapses within a cerfain depth resulfing in

enlarged diameter. Common cause of borehole wall coliapse iz drilling fluid unable to hold the
integrity of the boreholte wall or inadequate length of casing in sandy strata.

®

-

®

To avoid such probiem soil profile should be carefully studied and adequate density of
drilfing fluid and casing must be maintained.

Mecking may occur in soil when driliing fluid pressure cannot hold the open resulting in
reduced diameter. Mecking may occur due to lower density of drilling fluid or inadeguate
length of casing

To avoid such probiem =oil profile should be carefully studied and adequate density of
drilling fluid and casing must be maintained.

Trouble Shoofing — Discontinuity

3
F

-

s

Discontmuity may occur for inadequate l=ngth of fremie in fresh concrete.

Vhen concrete iz placed inside the fresh concrete, the concrete column rizes thru the
hole and slurry iz dizplaced.

However, if concrete iz placed above fresh concrete then delwris and mud may get
trapped between concrete, creating a separation.

To avoid such problems, tremie must be always placed in concrete at least 3. meters.

Trouble Shooting — Deformation

*
=
»

Caszing may be withdrawn after concreting if above conditions stated earlier are met.
Casing should be withdrawn a2 soon a concreting is complete.

When withdrawing, cazing shouid be withdrawn skowly and verticality must be
maintained.

Otherwize, pile head may be damaged due to deformed shape, loss of clear cover,
damaged to the rebar.
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Pile Driving Equipment (Full Article)

13.3 Tolerance of Construction Works

Uinless it has been specified otherwise, all works shall be constructed within the tolerances
shown in the Table given below:
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Type of lem Tolerance
Siructure
Concrete Tolerance from specified position {(Structure) 25mim
Structure Maximum depariure of plan posifion struciure or
element
Tolerances from specified dimensions {Structure) +6mm
Maximum deparure in thickness or cross- -3mim
secfional dimensions of  columng, beams,
buttresses, piers, wall fooling etc. like up to and
including S00mm thick (except tunnel and shaft
lining=}
Ditto — S00mm to 1000mm thickness +10mm
-Smim
Ditto — 1000mm to 4000mm thickness +10mm
-Bmim
Ditto — COwer 4000mm thickness +25mm
-10mm
Tolerance from - specified position (Surface) 25mm
Maximum departure of verical, stoping or curved
surfaces including joint surfaces.
Maximum departure of honzontal or near- 20mm
horizontal surfaces including joint surfaces
Tolerance on siraightnesz or Departure. from 12mm in 2m
Specified Curve (Surfaces)
General Surface
Maximum Deviation in horizontal or wverical
direction-gradual
Maximum Devialion in horizontal or vertical Emm
direction-abnupt
Surface in coniract with low velocity flowing water Bmm in 2m
Maximum deviation in direction of flow or normal
1o fiow-gradual
Maximum deviation in direction of flow or normal 4mm
o flow-abrupt
Surface in Condact with High velocity fiowing Jmmm in 2m
water
Maximum deviation in direction of flow or normal
to fiow- gradual
Maximum deviation in direction of flow or normal 0
1o fiow-abrupt {Grind to 1 in 50
level)
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Formmanork

Sectional dimension
Pluml
Levels (before any deflections has been taken

+5mm

+1 in 1000 of height

place) +3mm
Reinforcement | Length of splice ~Z2omm
YWariation of protective cover +5mim

Wariation in indicated position or reinforcement:
s Starier bars

One bar diameter

*  Slabs and Walls 0.25 times the
indicated spacing
* Beams and columns +3mm
Dimensicon of bent bars:
»  Shimups and ties +3mim
s (Other bars +10mm
Slope protechion | Stone Works +50mm over 2m
Pitching and Masonry
Thickness of tipped rock or filter +50mm+
-Doo
Block workl brick Work +3mm in 1m
Vertically
Line +3rmum in 3m
Finished level ~ +10mm
Piles 1. Pre-cast driven pile
a) “ericality for vertical pile 1in 30
b} Vericality for raker pile 1in 25
c)  DCeviafion from position shown on the plan 1141 of least
for veriical and raker piles after driving dimension or 7omim
whichewver iz greater
Concrete piles casting tolerance:
vii. Maximum departure  in +6mm
thicknessz or cross section -0.00
dimesnsions
viii. Deviation of pie face Bmm in 3m
ix. Devialion of cross-section 10
centroid from straight line
connecting the centroid of
the end faces of the pile
2. Bored and Cast-in-situ pile:
a) Verticality for verical pile 1in 75
b} Verticality for raker pile 1in 25
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cl DCeviation from position shown on the plﬁn_ Maximum 75rmm in
for vertical and raker piles shaft any direction
Elazstomeric Level of the top surface 3 mim
bearing

Point on either surface in contact with the bearing T mm

from the plane of that surface

Slope of each face SITHTY pEF M

Horizontal position of any point from the location 10mm

Pre-condition for Surface Coating: Surface preparation is must by blasting system before
coating. White surface must be obtained before applying the contents of coafings. The
surface preparafion standard would be 54-2.5 to 3.0 (Swedish standard). Curing times is T
to 14 days.

Table: Tolerance for Placing Reinforcement

Depth of Member, d Tolerance for d Tolerance for Minimum
Concrete Cover
d="200mm +10mm =10mm
d= 200mm 13mm -13mm

13.4 Bentonite Slurry Tank & Descending Machine

Following tests fo be camed out for bentonite
- Liguid Limit {fresh bentonite)=450

- Swell Index=450

- Density

- Viscosity

- s

Drilling Fluid Properties:

Parameter Unit Valuez Test Method
Density glcc 1.03.40 1.10 max 1.12 huod balance
Vigcosity Sec 30to 60 Marsh Funns!
el Shear Sirength | N/=gm 14 to 10 Shear Meter
P no S9to 11.5 Paper strip

a) Slurry Preparation & Circulation System

a) Slurry tank is double Chamber Rectangular in shape.

b} Yolume of slumy=2.5 10 4 imes of Borehole Yolume

c) Depth of tank=up to 1.5m

d} Bore hole to zatting tank to circulation tank to supply tank

e} Nomally the supplies slumy contains 4% to 6% fresh benfonite by weight to mest the
required value of viscosity, density and gel strength

f) Initialhy 15 to 20% bentonite iz mixed with potable water in a cyclone having confinuous
shiming system
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a)
h)

i)
I}

k)

h

The mix is then transfemed to a rejuvenation tank {(volume is one third of supply chamber)
and kept there for 24 hours,

Before the stariing of borng works, slurmy from the rejuvenation tank is transferred fo
supply chamber and be diluted mixing with three times water.

The properiies {viscoaity, denzity etc.) of slumy from supply tank shall be tested

After getting safisfactory propertied, the shumy shall be supplied to the bore hole by
pumping through the drlling shaft.

The cutting materials in the bore hole shall mixed with slurry and back to the setting tank
for re-use

The cutiing particles shall sefile in the 2efting tank and circulation tank and the glurmy shall
be flowed 1o the suppiy tank

m} The deposited materials shall be removed from the setting and circulation tank at certain

n)

intenval

The slumy from the supply tank and bore hole shall be tested ai cerain interval to
confirmed the properties. If needed concentrated slurry from the rejuvenation shall be
mixed

The slurry tank shall be under ground-so the mud refurns to mud tank under gravity from
borehole

Cluantity of glurry shall varies 2.5 to 4 times of volume of borehole

Depth of tank shall be restricied up to 1.5m

All sides and bottom to be fined with brick wall

hud to be spiled off from one chamber to another

To be located away from pie point-Most of the sand deposited ‘in surface drain before
reached o the circulation tank

=teel tank can be used if crane i available at site-manual shifting would be difficult

In caze of RCD-Mud tank to be a bit (about S00mm) raized from EGL-Mud flows from mud
tank to borehole under gravity.

b) Quantity of Bentonite:
Factnm affecting quantity of bentonite:
Size of the pile

Soil Type Boring technigue
Quality of bentonite

Recycling of mud

Efficiency of mud managemeant

c} Field Testing of Bentonite Slurry (Equipment Kit)

| -}

W

htarsh Funnel & Viscosity Cup

< Mud Balance
&+ P"Test Paper
#» Sand Content Kit

o
ko

Fluid Samipks
Stop Watch
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1. Slurry Formation
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« Suppoirt for Excavation: Bentonite is used to create a slurmy that supporis the walls of
boreholes during piling operations. This prevenis coflapse and maintzins 5tEH:;iity in soft or
loose soils.

» Hydraulic Properties. The slurry has excellent viscosity and yield strength, which helps in

stabilizing the borehole and comtrolling fluid koss.

2. Soil Stabilization

« Sealing Properties: Bentonite can swell and form a gel-ike mass when mived with water,
effectively sealing porous soils and preventing water mgress.
+ Reduction of Soil Erosion: The use of bentonite helps in reducing soil erosion around
the piling area, which is crucial for maintaining fhe integrity of the site.
3. Environmental Protection
« Contaminant Barmier: Bentonite is offen used fo encapsulate contaminants in the sail,
preventing their spread during excavation or piling operafions.
= Minimizing Waste: lis use can help minimize waste and manage byproducts during
construction, ;uumulmg maore susiainable praciices.
4. improved Load-Bearing Capacity
+ Enhanced Bonding: Bentonite can improve the bonding between the pile and the
surrounding sodl, enhancing the overall knad-bearing capacity of the sinscture.

» Friction Reduction. The slippery nature of bentonite helps reduce fricfion during pile
msiallation, making it easier fo drive pikes into the ground.
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TYPES OF PILE TESTING AND WHY THEY ARE NEEDED

13.5 Pile Load test (Static & Dynamic)

13.5.1 Pile Load Test:
Pile Load Teat : It is a test conducted physically on piling site to test the magnifude of the
pile foundation strength against the civil engineering load factor.
Objectives of Pile Load Test:
o~ The pile load test involved the direct measurement of pile lead dizplacement ibn the
responze to a phyzically applied test load.
o Load testing is the most accurate way to determine the ultimate compression and
tenszion capacity of the desp foundation.
MNecesszity of Pile load tesf:
*  To determine the procflultimate load cammying capacity of pile
* To ascertain the actual factor of safety against the design load of pile
*  To check or compare the theorstical design load with the actual pile capacity
*  To determine the load sefflement behavior of a pile
*  Toincrease or reduce the designed pile length;
*  Todetermine of the structural soundness of pile
Types of Load Test on Pile:

* Compression Load Test . o determine the vertical load camying capacity of
pile

¥ Lateral Load Test : to determine the laferal load carrying capacity of pile

*  Lplift test - defermine the uplifi or tension capacity of pile

Categories of piles for testing:
Two categonies of piles are faken for test:
I. Pilot pile test Initial test
- This test is carried out on pile I test piles which may or may not be incorporated in the
whork
lii. Service pile test / Routine tesis
- This test shall be camed ouf as a check on working pile
Test frequency:
- The number of initial and routine tesiz on pile iz determined depending upon the number
of foundation type of super structure and uncerainties of foundation strata
- Momally the initial load test shall not be legs than 2 (IRC), and routine fest shall not less
than 2% of total nos. of pile or not less than 2
Compression Load test:
There are two types of compression load tesis-
a. Maintained Loading (ML) tesi
*  The best suted method of camied out & compression load test on pile;
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*  The load is applied in sfages and maintained constant unit the resulfing
settlement of the pile ceases before appling next increment
b. Constant rate of penetration (CRP) test:
[l The load being adjusted fo given a constant rate of down warded movement to
the pile and continued until failure point as reached
[l The testis rapidly performed but does nof show any elastic-settlement under
working load
13.5.2 Methodology of Pile Load Test
Loading Procedure:
01. Kentiledge Method:
- A platform iz constructed on the head of the pile on which a mass of heavy material
termed “Kentiedge” is placed;
- A hydrologic Jack iz placed on the pile head and load iz applied jacking against the
Kentiedge load
02. Anchor Piles Method:
- Anchor piles capable of withstanding an upward force are constructed on each
side of the test pile with a beam tied down to the load obtain a reaction againsi

the underside of the beam

Test Loading Type:
b. Siatic Load-Continued up to failure load
M. Cyclic load- Repetitive Loading

Test Standard:
The test has been standardized ag ASTM-D114 3. However, some local codes may stipulated
the load increments and fime sequence.
Test Load:

% The test load carmied o some multiple of the working load

% Test load on pilot pile may be 210 3 imes the working load

% The test load on service pile for routine test shall be 1.5 to 2 times the working / design

load

Compression Load Test of Pile: The test has been standardized as ASTM-D1143

&h D 1143

PG, 1 Sehomatic Sa-tip for Apsiying Lioads iu Pils Usieg Hydmusc Jock Acling Ageinsl Anchored Beaclicn Frems
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Testing Equipment:

Hydraulic Jack . | Placed on the fop of pile head and loads iz applied to the pie head
through it.

Prezasure Pump ;| Connected to the jack and pressure is served to the hydraulic jack by
pipe

Pressure Gauge | : | Attached to the pump and hydraulic pressure is recorded

Defiection Gauge | - | Attached to the pile and pile head dispiacement is recorded

13.5.3 Preparation of pile to be tested:
i. & pile shall not be tested until the curing pericd iz over;

ii. In case of driven pile, the period shall not be earfier than T2 hours after the driving is
completed;
iv.The head of the test pile shall be cut-off leveled and chapped with a stee! plate to produce a
level bearing surface;
v.Pile head to b e adequately reinforced or protected to prevent damage from the
concenirated application of load

Necessary check list prior to Testing:

a) Weight of Kentiedge (Min. 1.25 times the test load)

b) Plate form stability (Particulariy height of Kentiedge),

c} Adeguacy of reaction beam {For Anchor pile system);

d) Calibration of the pressurefioad dial gauge;

el Jack efficiency/Jack calibration;

f} Capacity of Jack;

g1 Ram diameter of Jack {IC};

h) Accuracy of deflection meter

i} PFipes and other acces=zores should be in order

Cyclic Loading Procedures

The load shall be applied and removed in increments based on the anticipated working load of
the pile with the following schedule:
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Load az Percentage of Working Load Minimum Time of holding
Bored Pile Driven Pie Lioad
20 o0 1 hour
o0 100 1 hour
5 125 1 hour
100 150 1 hour
75 125 10 minutes
50 100 10 minutes
29 50 10 minuies
0 0 1 hour
100 150 6 hour
125 200 1 hour
150 250 8 houwr
175 27D 1 houwr
200 300 24 hours-Proof Load
175 275 10 minutes
150 250 10 minutes
125 225 10 minutes
100 200 10 minutes
75 150 10 minutes
-0 100 10 minutes
25 50 10 minutes
0 0 1 hour
Record of Pile Load Test
=eneral Information:
Project Name: Contact No.
Pile Type: Pre-castiCast-in- Date of driving! Casting of Design/ Service Load
gite Pile
Test Type: Pilot PilefService | Date of Test Started Test/Proof Load
Pile
Pile Location: Drate of Test Ended Jack Ram Area:
Pile Size/Dameter Pile Length Jack Efficiency:
Load & Settlement Record:
Date Timme of | Observed | Actual Actual Settlement (mim) Remarks
Load Gauge Zauge Applied
Applied | Reading | Reading | Load
M1 M2 M3
Contractor's Representative Consuitant’s Representative Client's

Representative
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13.5.4 Office Order of LGED

eiErs T e fifen e el dmee it Static Load Test JF 5@ deHts

i Gemmre flifs s S wrs =)

Y | Teme g Sub Confractor SR (5% (O & T8 HIE F408 2041 Sub Contractor
fev ! ey offaomers Tl eqpeloifle &l arme #a0s =9 |

| Pressure Gauge Gi ID No <@ Pressure Gauge ¢R Capacity F94T% 700kglem2
TEEH |

© 1 Pressure Gauge < Calibration BUET (0% Test %0 i siurs %0 amirs 4 |
8 | Hydraulic Jack <& Ram dia F9%0% 450mm (187) =TT A |

& | Hydraulic Jack % catalog @3 Hydraulic Jack <@ efficiency test =41 4i=rs =7 |

& | 3 3f Electric Hydraulic pump 7% anos 29 |

91 Recker beam or Reaction gird i
i n girder TCF @ 5 Wl &R Heavy Plate(Min.A0mm) ST

b | Main girder (Joist) Tt o9 :
gm | (Joist) AT 4o F6 A (Size:350mmx1 75mmax15mm)

| (Reference pipe or Angle 3fF @ e Tt 30 w3 W T 7 |
3% 1 Dial Gauge 2wl Dial Gauge 97 Capaity o T0mm Y/=ns 26
32 | Kent ledge < (4T Test load T4 0% % dire 2rq
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13.5.5 DYNAMIC LOAD TEST ON PILES

Dynamic Load Test on piles iz a method that
can be uszed to evaluate pile load-carrying
capacity by applying a dynamic load. The
method i valid, reliable, and helps to
evalugie pile capacity gquickly compared to
static load tests, and one or more piles can
be tested perday as per the requiremnent of
the project. Dynamic load test for piles is
conducted using File Driving Analyzer (FDA)
to determine pile load capacity by collecting
and anaky/zing force and velocily data under
drop-weight impacts. The field dats are
further analyzed using Pile Wawve Analysis to
refine the soil parameter and assumplions.

= ool

13.5.51 Objectives: Dynamic

Load Test on Piles
— Static pile capacity at the time of load

testing.

Simulated static load test curve

Bearing capacity and skin friction

Distribution patitern of skin friction

along the pile =haft
— Developed compressive siresses

during testing
— Displacement of the test pile
— Pile integrity

12.5.5.2 Dynamic Load Test Preparation:
= Dynamic lcad test on piles ig camied out by fixing strain sensors and accelerometers o

the sides of the pile below 1.5 times of pile diameter or higher from the pile head top and

then connecting them with PDA.

Teszt pile shoukd bhe extended o 1.6 times pile diameter after chipping top loose concrete.

In the case of the liner pite, two openings (300mm x 300mm) shall be lefi below 1.5 times

of pile diameter from the top of the pile head for sensor fixing.

— The extended pie head diameter, reinforcement and grade of concrete should be the
same as the acfual pile. A higher grade of concrete mix can be used for pile head built up
if required after special approval from the authority.

= “erlical and helical reinforcement shall also be exiended to avoid cracking of concrete
under hammer impact.

Uuu

%
¥
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A reinforcement mesh must be provided at the top of the pile reinforcement, as shown on
the test pile drawing.

Concrete at the sensor level shall be:smooth, hard and uniform.

It iz necessary to ensure that the pile top has sound concrete, and it should be even and
flat at the top. The pile sides alzo shall be reazonably uniform in diameter,

After grinding, a fiat surface is prepared to fix the sensors.

Sometimes & pile top cushion consisting of sheets of phywood with & total thickness
between Z5mm to S0mm or as directed by the Test Engineer shall be placed on the pile
top.

12.5.5.3 Pile Monitoring and Analysis:

a)

b}

c)

d)

g}

a)

h)

il

k)

After 15 days of pile installation, a dynamic load test on piles may be cammied out, providing
the cube compressive strength of pile concrete and buit-up portion concrete has achieved
the reqguired strength.

High Strain dynamic foad test for piles iz conducted by fixing sfrain transducers and
accelerometers to the sides of the pile shaft. The sensors, as meniioned asbove, are
connected to the PDA through the main cable.

First of all, sensors record sfrain and acceleration measurements and convert them from
analogue to digital from display them on PDA screens.

Dynamic load test for piles is stared by impacting the pie head with a hamrmmer blow,
starting with a smaller drop height (typically 0.5m}. This iz to ensure the comreciness of the
data and setup amangements.

Each hammer blow, the strain transducers measures sfraing, whereas accelerations are
measured by acceleromeiers connected on the other sidez of the et pile.

By integration, these signalz are converted to digital from by thr equipment and then
converted io force and velocity.

PDA dizplays immediate field results in the form of the mobilized capacity, pile top
compression, integrity, strezses etc., are shown after each hammer blow.

The force and velocity curve shall be as per ASTM D45945.

Cynamic load test on piles is continued by increaszing the hammer height by around 0.5m
increments until sither the pile set or the pile capacity reaches the required or fimiting
values.

The fimiting value: for the pile capacity wouid be the test load at which settiement would
be 3-4mm per blow. In other words, a fest can be terminated when setilement is more
than 3-4mm per blow.

Generally, the pile capacity shall be congidered fully mobilzed if the energy levels due o
hammer impact are enough to cause 8 measurable net displacement of at least 3-4mm
per blow for minimum of three successive impacis.

Suppose the pie setilement is less than 3-4mm per blow and the pile achieves the
required capacity. In that case, it implies that not all the stafic pile registance has been
maobilized and that the pile still has some capacity that could nof be measured or was not
required fo be meazured at the fime of testing.
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m} After combining measured field dafa with the pile wave equation, an analytical method

)
o)

P}
)

r)

5)

t)

u}

can predict the static bearing capacity of the test pile and distribution of =oil resistance.
Recorded force and velocity data is siraight input as obtained from field meazurements.
Depending on the measured velocity, the program computes the force required to cause
the imposed velocity.

Both measured and computed forces are plotted as a function of time.

The interactive analysis iz continuad until a good match guality between both the curves
iz received.

It the match quality is not satisfactory, the soll registances at the pile point and along the
pile shaft are adjusted uniil a good match i found.

This provides a better judgment of the actual static pile capacity measured during the field
dynamic load test on piles and the friction and end-bearing components.

A good match iz obtained when match quality is less than five tor bored piles. However,
there may be exceplions that ghall be acceptable when justifiable.

A graphical pnintout can be obtained on-site, which shall include input and output
quantities; the forcelvelocity response graph, the upward and downward wave time
rezponze graph, the static and dynamic resistance-time graph, the energy fime and
dizsplacement time graph shall be presented along with the following key input and output
results.

13.5.5.4 Input Parameters for Dynamic Load Test on Piles:

13.

L N R A N L A N 1

n

buduuuul

Pile No.

Date and time of test

The pile length below gauges (LE)

The adopted pile wave speed at the pile head and the overall wave speed
The wave return time (2L1c)

The pile moduiuz at the fransducer location

The pile specific weight

The pile area af the transducer location (AR)

The pile impedance

The Case Method damping factor {Jc)

5.5 Output Parameters for Dynamic Load Test on Piles:

The maximum force applied (FhX)

The maximum energy imparted fo the pile (EMX)
The maximum displacement of the pie head (DMX)
The pile capacity estimate (RMx, RS

Force velocity Proportionality (FVP)

The maximum compressive stress in a pile (C35X)
The maximum tensile stress ina pile (TSX)
Estimated finalize set (DEN)
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The final report confains all aspects of pile monitoring. The report will incorporate the resulis of
CAPWAP analy=is and a plot of simulated =tafic load test curve with all the output mentioned in
the introduction that satisfies all the requirsmenis of a standard dymamic load iest on pies.

13.5.,5.6 Limitation of Dynamic Load Test on Piles:
== Although the method can be used to predict skin friction and end bearing along the length of the
pilz, thesa values should be used with caution as the CAPWARP is an iterafive procedure.

=+ Further, this separafion also depends on pile geometry; reliability of sod bore log, and movement
of the pile under repetitive impacts,

Unlike static testing, the evaluation of dynamic pile test results requires an experienced
engineer trained in interpreting the results.

13.6 Pile Integrity Test

A Pite Integrity test (PIT) is done fo azsezs the quality and structural integrity of concrete piles
used in deep foundation, by detecting potential defects ke crack, voids, or incongistencies
along the pile shafl, enzuring the safety and load-bearing capacity of the foundation system
without the need for extensive excavafion or destructive testing: essentially acting as a quality
contral measure to ideniify major izsues that could compromise the pile’s stability and
performance.

13.6.1 Key points about pile integrity testing:

a) Mon-destructive method:
- It iz a low-ztrain, non-desiructive test, meaning it doesn't damage the pile while
evaluafion itz condition.
b} Low-cost and efficient:
- Compared to other pile testing methods, PIT iz relatively cosi-effective and can be
performed quickly on a large number of pile on a project site.
c} Early defect detection:
- By identifying potential izsues early on, it aliows for comective actions to be taken
before further construction, improving overall foundation stability.
d} Detectz major defects:
- The test can idenfify significant anomalies like crack, necking, soil inclusion, or
voids within the pie shaft.
e) Quality assurance:
- By performing PIT, engineers can verify that the pilez meet design specifications
and standards, coniributing to overall project quality
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How it Works:

Impact and data collection: & small hammer is used to strike the pie head, generafing
stress wave that travel down the pile. An accelerometer attached to the pile head records
the reflected wave data, which iz then analyzed fo identify irmegularities.

Applications:

Cluality control during pile instaliation

Aszezsing the condition of exisfing pites in older siructure
Werifying pile length

Identifying potential issues before further construction

13.6.2 Key steps in a pile integrity test:
a) Preparation:

c)

d)

€)

Clean the top surface of the pile fo ensure good contact with the accelerometer

Attach the accelerometer imotion transducer) firmly to the pile head

Connect the accelerometer to the data acquisifion system

Impacting the pile:

U=e a light hand-held hammer to strike the pile head with a controlled impact

Record the impact force and time of impact

Data acqguisition:

*  The accelerometer records the velocity or accelerometer responze of the pie as the
siress wave traveils through it and refiects back from the pile toe or other anomalies.

+  The data acquisition system stored the recorded signal.

Data analysis:

*  Analyze the recorded wave pattem to identify any significant changes in
impedance (related to concrete quality, cross-section variations, or defects ) within
the pile

*  |nterpret the wave refleciions fo determine the pile length, identify potential defecis
like cracks or voids, and assess overall pie integrity

13.6.3 Important Considerations:

Calibration: Ensure the accelerometer is properly calibrated before testing

Multiple Impacts: Perform multiple impacts on different locations on the pile head to
get a more comprehensive picture.

So0il conditions: Consider the =oil conditions sumounding the pile as they can affect
the wave propagation and interpretation of results.

Data fiiteﬁng: Apply appropriate filtering to remove noize from the recorded signal

13.6.4 Key elements typically inciuded in a pile integrity test Report:

a) Project details:

L 3

Project name, Location, Pile type, design parameters
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) Testing equipment and procedures:
* - Specific pile infegrity testing method used {e.g. sonic echo, fransient response),
equipment detailz, calibration nformation, test procedures followed.
c} Test results:
*  Waveform graphs showing reflections at different depths along the pile
* |nterpretation of wave patterns io identify potential defects) e.g9. voids, cross-zectional
changes)
= Mumerical values [ike "“impedance” or "beta” depending on the analysis method used
d) Data analysis and interpretation:
Aszessment of pile quality bazed on the test resulis
*  |deniification of any critical defects and their location
*  Comparizon of test results against acceptance criteria

13.7 Pile Load Test & Integrity Report Analysis

a) Pile Integrity Test Results, Load test Results & Photo already mentioned in Chapter 7.0
Cuality Control tests Reguirement
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13.8 Precast Driven Pile (Concreting, Driving methods, driving
Equipment, Problems & Trouble Shooting etc.)

13.8.1. Pre-cast Concrete Piles Casting & Driving Features

General: Thizs work shall congist of pre-cast reinforced concrete piling furnished and driven in
accordance with these specifications and in conformity with the requirementz shown on the
drawings or stated elsewhere in the confract documents. The type and sizes of piling to be used
shall be indicated on the drawings pre-cast concrete driven piles have been used for the design
but the Engineer shall consider and may give approval for the use of alternative types of piling.
The contracior in submitting an aifentive iype of pile shall provide design data, the specification
to which he proposes to work, piling expenence records and calculations supporting the pile
design and any variations in the substructure design.

Concrete: Pre-cast concrete pies shall be constructed in accordance with the details shown on
the drawings, of concrete class, proportioned, mixed and placed in accordance with the section
3.0 of Session-8. all cement used shall be as specified and approved quality and proporioning
should be az per specification of RCC work mentioned. The cross sectional dimension of the pile
shall be not less than those specified and shall not exceed them by more than 1 cm. Any face of
a pile shall not deviate by more than Emm from a straight edge of 3m long laid on the face, and
the cenier of any cross section of the pile shall not deviate by more than 171000 of the length of
the pile from the siraight line connecling the center the end faces of the pile.

Formmwork: The formwork for 2quare pre-cast concrete piles shall with the general requirement
for concrete formwork as described in section 1.0 of Session-9. The head of each square pile
shall be square to the longitudinal axiz. The comers of the head and the comers of the pile shafi
for a distance of 30mm from the head shall be chamfered 25mm.

Reinforcement: Reinforcement shall be in accordance with the Drawing Design and
Specifications.

Casting of Piles: Sguare piles zhall be cast in & horizontal position. Special care shall be taken
to place the concrete so as to produce a pile free from any air pockets, honeycombiing or other
detect, and so ag to produce a salisfactory bond with the reinforcement. Concrete shall be placed
continuouzsly in one uninterrupted pour for each pile and shall be compacied by vibrating or by
other means satisfactory to the Engineer. The forms shall be slightly overfilled, the surpius
concrete screened off, and the top surface finighed to & uniform, even texiure similar o that
produced by the forms.

Curing and Remowval of Formwork: Curing of the concrete shall be commenced prior to the
formation of surface shrnkage cracks but only after the concrete has hardened sufficiently fo
prevent damage. Curning shall conform o the requirements of section 3.1.13. Under good weather
curing conditions, side forms may be removed at any time not legs than 24 hours after placing the
concrete but the pile ghall remain supported for at least seven days and shall not be subject to
any handing stresses unit the concrete has set for at keast 21 days or a longer period, as
determined by the Engineer, in cold weather.
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Finishing: Piles shall pre-cast a true, amooth, even surface free from any surface blemishes and
true to the dimensions shown on the drawings, within the iolerance limits.\

Marking of piles: After a pile has been cast, the date of casting reference number, length shall
be clearly-ingcribed on the outer surface of the pie. In addition, each pile shall be marked at
intervals of 25mm along the top 3m of itz length before being driven.

Handling and storage of piles: The method and sequence of leting handling, fransporting and
sorting piles shall be proposed by the contractor with 2upporting calculations. for apoproval of the
Engineer which venfies, the piles shall not be damaged during lifting, handing transporialion and
sioring. During fransporing and storing, pies shall be adequately sup potted under the lifting
pointz of the pile. The storage of piles shall be camied ouf in 2uch & manner that older piles can
be withdrawn for driving without disturbing newer piles. Concrefe piles shall at no fime be
subjected to loading, including s own weight, which will induce a compressive stress in it
exceeding 0.33 of ii= strength, whichever ig the leszer. For this purpoze the azsessment of the
strength of the concrete and of the stresses produced by the loads shall be subject to acceptance
by the Engineer. All piles within & stack shall be grouped by the 2ame length. Packing of uniform
thickness shall be provided between piles at the lifting points.

Spliced Piles: The Drawing do not detail any splices in piles. The Coniractor may adopt spliced
piles provided details of the splicing method and drawings are submitted fo the Engineer for
approval priorto the manufacture of piles.

Strenpgth of Piles: Piles shall not be driven uniil the concrete has achieved the specified 28 day
strength.

Leaders and Trestles: Af all stages during driving and unit mcorporafion in the supersiructure
the pile shall be adequately supported and resirained by means of leaders. or other guide
amrangements to maintain position:

Driving Equipment: Before starding any piling operation, the contractor shall submit to the
Engineer full details of the pile driving equipment and the method he intends to uge in camying
out the work. For special types of piling, driving head mandrel, or other device in accordance with
requirements shall be provided so that piles may be driven without injury. (Fig. Pre-cast Piie
Driving)
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Piles shall be driven with steam hammers diesel hammer. When diezel hammers are used, they
shall be caiibrated by load test if necessary. The driven equipment shall be of type, which assures
that the energy needed to peneirate the pile to the required depth is transmitted fo be the pile
head without damaging the pile. When gravity hammers are used for driven concrete piles, the
drop of the hammers shall not excesd 1.0 m and the hammer shall have a weight if not less than
B0% of the weight of the pile and driving head. The fall shall be requiated =0 as to prevent injury
to the pile. The minimum energy developed by other types of hammers shall be the same as
gpecified for gravity hammers.

Driving procedure and Re-drive Checks: Each pile shall be driven continuousky untif the
specified or approved set andior depth has been reached, except that the Engineer may permit
the suspension of driven if he iz satisfied that the rate of penefralion Prior to the cessation of
driving shall be substantially re-established in = resumplion or if he iz safisfied that the
suspension of driving is beyond the control of the Contrackor. & follower (long dolly) shall not be
used. The Confractor shall inform the Engineer without delay if an unexpected change in driving
character rusfics is noted. A detailed record of the driving resistance over the full length of the
nearest available pile shall be taken if required. At the start of work and in a new area or section,
sets shall be taken at intervals during the last 3m of the driving to establizh the behavior of the
piles. The Contractor shall give adequate nofice and provide all facilities to enable the Enginesr
to check driving resistance. A set shall be taken only in the presence of the Engineer unless
otherwize approved. Re-drive checks, if required, shall be carried out to an approved procedure.
Final Set: The final et of each pile shall be recorded either as the penetration in milkmeters per
10 blows or as the number of blows required to produce a penetraiion of 250 mm. When a final
set is being measured the following requirements shakl be met.

a) The exposed par of the pile ghall be in good condiion without damage or distortion.
b} The doliy and packing, if any, ghall be in sound condition.
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Pile Driving Equipment (Full Article)

c) The hammer biow shall be in fine with the pile axis and the impact surfaces shall be flat
and at right angles o the pile and hammer axis.

d} The hammer shall be in good condifion and operating comectly.

g} The temporary compression of pie shall be recorded if required.

f} The Engmeer will provide the limit of the final set.

Driving Sequence and Risen Piles: Piles shall be driven in an approved sequence to improve
the defrimental effeciz of heave and lateral dizplacement of ground. VWhen required levels and
measurement shall be taken o determine the movement of the ground or any pile resulting from
the driving process. When a pile has risen as a resull of adjacent piles being driven the contractor
shall submit to the Engineer his proposals for concreting this and avoid itin subsequent work.
Jetting: Water jetiing shall not be allowed Confinuous vibratory percuszsive methods shall be used
to drive a pile to both its degsign depth as well as sef where the upper strata avoid high resistance
to driving.

Length of Piles: The lengths of the piles shown on the Drawings are based on information which
has been obiained from a gife investigation prior to the driving of test piles. Before pie lengths
are finally selected, the Contractor shall consfruct fo the lengths shown on the Drawings such fest
piles as may be found necessary and these piles shall be driven in the position specified by the
Engineer who shall be notified in advance of driven, The Contractor shall fumish the Engineer
detailed record of the driving of test piles throughout the full depth of driving. After attaining the
approved set, drawing shall be continued until the Engineer directs that it shall cease. Driving of
test piles beyond the point at which the approved =&t is obtained shall be called tor to demonstrate
and conform driving rezistance continues to increase. The Contractor at his own expense can
increase the lengths to provide for fresh heading and for fresh heading and for such lengths as
may be necessary o suit his method of operation.

Repair of Damaged pile Heads: When reaping the head of a pile, the head shall be cut of 2quare
at sound concrete, and all loose particles shall be removed by wire brushing, followed by washing
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with water. If pile is to be subjected fo further driving, the head shall be replaced with concreie of
the pile is below the cut-off level, the pite shall be made good to the cut-off level with concrete of
grade not inferior to the concrete of pile. Repaired piles shall not be driven until the added concrate
has reached the specified characteristic strength of concrete of pile.
Summary:

*  Set up formwork for pile construction.
Construct the reinforcement case according to the design specifications, placing it within
the formwork.
Iix the concrete to the specified grade outlined in the design.
Pour the concrete into formwork and ensure through compaction using vibrators.
Tranzfer the completed piles to curing tank.
After the curing process, the precast concrete piles are ready for use

bl

¥ 5 Wy

13.8. 2. Spun Pile Features

“Spun Pile" is the concrete products by wsing the advantage of pre-stressed concrete.
¥ Spun pile is produced by a centrifugal farce.
¥* Less permeability which works to protect the pile from marine or high chioride soil.
* Spun pile is a prestressed concrete pile with circular hollow section.
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14. BASICS OF PSC GIRDER BRIDGE CONSTRUCTION

14.1 Basics of Pre-stressed Concrete
14.1.1 Simply Supported Beam
A. Simply Supported Concrete Beam (Applied Load Gij:
Load Applied, Q
BT I I I BN S R TG R N SN AR 3 W

a) Tensile stress developed at bottom

b} Compressive stress developed at top

c) Deflectionizagging shall develop-along the beam alignment

d} Reinforcement is required when tensile stresses exceed allowable limit and seciion shall
be designed as cracked seclion

B: Simply Supported Concrete Beam (Applied Load P):

L External Compressive force, P applied from both end of beam
1. Tensile stresz shall develop at Top
L Compressive stress develop at Bottom

V. Upward hogging shall develop along the beam alignment

A+B: Simply Supported Concrete Beam (Simultaneous loading of P & G}
Pic

Load Applied, Q

AREIE RS IR IR

1} Tensile stress at botiom shall be minimized
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2} Compressive stress at top shall be minimized
3} Deflection along the beam alignment shall be reduced
4} Mo reinforcement is required at botiom

14.1.2 Pre-stressed Concrete

Pre-stressed concrete can be defined as concrete in which there have been introduced intemal
strezses of such magnifude and distribution that the stresses resulting from given exiernal
loadings are counteracted a desire degres of acceptable fimit.

Pre-stressing iz arificially inducing compressive sireszes in a structure before itis loaded so that
any tensile stress which might be caused by extemal dead and live loads are automatically
cancelied and the cracks are fully efiminated.

14.1.3 Source of Pre-stress:

Pre-stress force can be induced to a concrete members by elongating high-tensile steel,
known as pre-stressing steel, embedded in concrete which in turns creates internal
siresses to the concrete sscion up to desired level & distribuion and known as pre-siress
force.

The elongation of pre-stressing =teel can be done by puliing the steel using mechanical
device (Jack), healing the steel with eleciricity, expanding concrete member by chemical
reaciion etc.

Pre-stressing force can also be induced without elongation steel, by externally jacking at
proper places or cast concrete on pre-deformed shape.

14.1.4 Methods of Pre-stressing:
The methods of pre-siressing can be classified under four groups:

Mechanical Pre-stressing: The fensioning operation i2 done by pulling the tendons by
means jack. Mostly used method in the pre-siressed concrete industry.

Elzcirical Pre-stressing: Pre-stressing s done with application heat with electricity.
Thermoplastic coated tendons are pieced in the concrete with protruding threaded ends.
Afier concrete has hardened, electric cumrent is passed through the tendons. When the
bars are cooled pre-stressed is developed.

Chemical Pre-stressing: Using expanding cement in concrele, embedded steel is
elongated by the expanzion of concrete. Thus, the sieel iz pre-streszed in tensiong which
in furns produce compressive force in concrete. This often termed as self-stressing or can
be called chemical pre-stressing.

Mizcellansous

Mizcellansous; Other than the above, a new method known as "Pre-flex™ method is
developed in Belgium: Thiz is a composite section of high tengile steel beam and concrete.

14.1.5 Advantages & Disadvantages of Pre-stressing

Advantages of Pre-stressed Concrete:
a) Reduces or eliminates undesirable tensde stresses in the concrete member
b}  Cracking under zervice loads can be minimize or even avoided entirely
c) Deflections may be fimited {0 an acceptabie limit or fully efiminated
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d} Reduces self-weight of the members: hence reduces the load foundation
e} Reduces the depth of the member's section; hence longer span can be achieved.

Disadvantages of Pre-stressed Concrete:

1} Involves high cost on formwork and shuttering/scaffolding matenals.

2} Pre-stressing steel (high fensile strength) and fensioning squipment are not locally
manufactured and nesds to be improved.

3} Nesds gualified and skilled technical persons to maintain the gquality of Pre-streszed
concrete construction and pre-stressing operation.

4} Needs high care for installationverection of pre-cazst PC members to itz final posifion on
bearing.

14.1.6 Pre-stressed vs. Reinforced Concrete:

a) Entire section becomes effective in pre-stressed concrete; section above neutral axis
become effective in BC concrete.

b} Due to pre-compression and curved tendon, concrete shear strength is higher in PC
member than thiat of RC member. Hence, smaller amount of shear reinforcement is needed in PC
member than RC member.

c) In elastic design lever am (jd) between tension and compression force in member
section is consfani for RC member whereas it iz variable in PC memiser design.

High strength material (steel & concrete) can be economically ufilized in pre-stressed
concrete than in RC.

f} For longer span, pre-stressed concrete iz more suitable and economic than reinforced
concrete section.

14.1.7 Application of Pre-stressed Concrete
i} Bridge Industry:
a) Longitudinal pre-stressing in concrete bridge girder {1, 'T' section, Box section, voided
slab eic.)
b} Tranzverse pre-stressing in deck slab (pre-castiin-situ)
ch Cable-stayed concrete box Girder Bridge (segmental)
ity Other Areas:
Rail-road sleepers, Concrete Poles, Pre-cast concrete piles, Concrele pavements, Water
tank, marine struciures {floating docks, off-shore platforms) efc.
14.1.8 Classification of Pre-stressed Concrete:
Pre-streszed concrete structures can classified in 8 number of ways depending upon their
features of design and constructon:
a. Based on Design Philosophy
01. Fully Pre-sireszed concrete: The whole external load effects is counteract pre sfressing
and hence no-cracks developed.
02. Partial Pre-stressed Concrete: Major poriicn of the external load effect is counteract by
pre-stressing and remaining effect is counteract by providing reinforcing steel.
03. Extra-dodged Pre-streszed: Pre-siressing force amount for external load effect is reduced
by providing cable-stayed.
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b. Based on Construction Method

01. Pre-cast Pre-stressed concrete: The member is cast and pre-stressed in a separate place
otherthan the final position and installed on bearing by many ways (pre-cast 1, T" girder,
segmental box girder etc.)

0Z. In-situ Pre-stressed concrets: The Member iz cast and pre-stressed on its final position
and does not require transportation, liting, shifting etc. (Box girder, progressive cantilever
etc.)

03. Composite Concrele. Section: Part of the tolal section is. pre-cast pre-siressed. After
ereciing on final pogition, the remaining portion g cast in place. {Composite bridge deck
slaby)

c. Based on Member's Shape

01. Linear Pre-siressing: Member should be straight or glightly curved and Pre-stressing force
ig imparied to member at singlefboth ends (girders, slab, piles, poles efc.)

02. Circular Pre-stressing: Generally used for circular structures fike cylindrical fanks, silos,
pressure pipes etc. Tendons are provided in the form of rings.

d. Based on Tendon Exposition:

01. Bonded: The pre-siressing steels are bonded throughout their length to the surrounding
concrete. Pre-tensioned tendons are necessarily bonded ones. Posi-fenzion tendons may
be either bonded or un-bonded to the concrete.

0Z_Un-bonded: The pre-sitressing sieslz are not bonded throughout their length io the
surrounding concrete. For un-bonded tendong, protection of the tendons from corrosion
miusi e provided by galvanizing, greasing or some other means:

. Base on Pre-stressing Time:

07. Pre-fensioning: The pre-stressing zieels are stressed before concrete is placed. After
concrete has attamed desired strength, the stress iz transferred fo the concrete. The pre-
siressed g transferred by bonding of stesl with concrete. Tendons: are siressed by
temporarily anchored them with butiress/abutment.

02. Post-tensioning; Post-tensioning is 8 method in which tendons are tensioned after the
concrete has hardened. Tenzioning iz done against the concrete member itzelf and stress
is transferred to the concrete by anchoring the tendons with concrete memibser.
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Pre-tensioning of Girders

14.1.9 PC Bridge Girder Section
a. Common Types of Sections

o. Common Types of Sectona

{a) Roctangular Ssction s} Symmetrical 1 Section

) Unevonmetricnl I Sections

|

{a] Rectamgular Section (b} symmetrical | Secticn
{bj
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b. Standard PC Girder Section
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14.1.10 Pre-stressing System and Post-tensioning System

% To maintain the quality of pre-atressing and io enzure the effectivensess of pre sfressing
force, the pre-stressing systems developed by many authorities were patented at early
siage.

4 Mozt of the patentz on pre-siressed concrete are based on either or both of the following
two operational detaiks:

+ The method of applying pre-stress
¥+ The detailz of end anchorage.

Some Post-tensioning System:
Common types of post tensioning systems based on anchorage methods are as follows:

01 Freyssinet System - France: Mostly use in Bangladesh
02 Mangie System - Belgium

03 B.B.R.V System - Switzerland

04 Prescon System - LISA

05 Stress-steel - LISaA

Comparison of Pre and Post-tensioning System:
1. The members of pre-tensioning shall b= pre-cast; for post-iensioning the member may be pre-cast
or cast-in-placs
2. Pre-siress force s transferred to the concrete by bond i pre tensioning: whereas end anchorage
is needed for fransfeming force for post-tensioning.
3. Transportation cost can be ssved from post-fensioning systam
Long and heavy members are the best for post-tensioning system
5. Carving of tendons are noft feasible in pre-tensioning system; hence advantage of reducing shear
reinforcement due to curving is achieved in post-tensioning system.

-
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14.2 Materials & Equipment for Pre-stressed Concrete

14.2.1 Pre-stressed Concrete Materials
Concrete:
a) Mommally, concrete of substantially higher compressive sirength is used for pre-stressed
concrete due to following reasons.
b} Use of high strength concrete reduces the loss of pre-stress force as the creep strain and
elastic strain is less.
¢} High sirength concrete increases the bearing strength of concrete at the anchorage of
post tensioned pre-siress.
d} In caze of pre-tensioned concrete, the use of high sirength concrete permitz the
development of higher bond stresses.

Specified Concrete Strength, Pc
» The specified compressive strength for pre-stressed concrete shall not be less than 28
Mpa at 28 days of casiing (Cylinder).
# Nomally, specified compressive strength for pre-stressed concrete as used in
Bangladesh is 35 Mpa.

Concrete Strength at Transfer, Pci
a} The compressive strength at fransfer shall be adequate for the requirement of anchorage
or for transfer through bond as well as for camber and defiection reguirements.
b} Momally, the concrete strength shall not be less than 65 percent of the ultimate strength

High Strength Concrete
i Specdial attentiond/care shouid be taken for manufaciuring.
i Mix design or trial mix must be made at lasboratories conszidering all parameters
affecting the sfrength pricr to-actual concreting.

Factors affecting High Strength Concrete:
Among others, following are the factors nesd more attention for high strength concrete:
a} Cement Content including type and brand
b) Water cement ratio; Slump etc.
¢} Proportion of Aggregates
d)} FProperies of Coarse aggregates. ie. LA, AlY of coarse and FM of fine aggregates eic.
e} Gradabion of aggregates
fi Use proper admixture; use vibrator, Curing time

Stress Limit of Concrete
Concrete stress limif is considered in'two stages of pre-stressing force losses.
1. Temporary stresses before loss: Concrete siress at fransfer of pre-stress shafl be as
folkows:
a) Compressive siress:
The compressive stress limit for predensionsed and posttensioned concrste
components shall be 0.67ci Mpa.
b} Tensile Stress:
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* For without bonded tendons: 0.25vfci Mpa
= For with bonded tendons: 0.63+Fci Mpa

2. Final stresses affer loss: Concrete siress at service limit state after all losses of pre-siress
force shall be follows:
a) Compression stress: The compressive stress limit for pre-tensioned and post-tensioned
concrete components shall be:
#  [Due to zum of effective pre-siress and permmanent loads: 0.45 f.c Mpa
+  [ue fo live load one half the sum of effective pre-siress and pemanent loads:
040 fe Mpa
*  [us to the sum of effective pre-stress, permanent loads and transient Loads:
0600w f'c Mpa; {Pw= stress reduction factor based on skendemess ratio)

14.2.2 Pre-sf.ressing steal
— High-tensile steel iz almost the universal matenal for
producing pre-stress. and supplying the force in pre-
siressed concrete. \
— High tensile steel for pre-stressing usually takes thres
fonms:
1. Steel wires- designated by &
2. Steel strand- designated by T
3. Steel bar- designated by B
* Gteel Wirez: Conformz fo ASTM
specification A-421.
= “Uncoafted Stressrelieved Wire for Pre-stressed Concrete”
+  The wires are round bar of high tengile having diameter vanes from 4 .Smm
to 11mm.
= Mozt usable zize in Bangladesh= Tmm dia.
¥ Minimum tensile strength: = 1655 and 1725 Mpa
¥ Typical modulus of elasticity, E = 200102 Mpa
¥ Typical elongation at rupture = 5to 6%

Pre-stressing Steel Wire — Steel Strand:
+»  Conforms to ASTM specification A-416 or AASHTO- M- 203 "Uncoated Seven-wire siress-
relieved Strand for pPre-siressed Concrete”.
*  The Slrands are conzgists of T rounded wires of amall diameter.
v These zeven wire strands all have a center wire slightly larger than the outer six wires
which encloze it tighthy in helbx.

¥ Momal Size of strands are varies ¥ Minimum tensile strength ; 1724 and
6.35 mm to 1524 mm 1861 Mpa

v Most usable size in Bangladesh = + Modulus of elasficity = 197000 Mpa
12.Tmm dia. " Minimum elongation at rupture © 4%
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v Two types sitrands are  available

based on relaxafion:
* MNommal Relaxation: 5%, fy=
0.85fpu
= Low Relaxation - 3%, Ty
= [0.90fpu

Pre-stressing Stesl Strand — Steel Bars:
Conforms to ASTM specification A-322 and A~
20
The bars are deformed round size of high fensis
hawving diamster vanes from 25 4mm to 34.9mm
¥ Minimum tensie sirength : 1000 and
110C Mpa
¥ Typical moduius of elasticity, E =172 to
183=10"3 Mpa

¥ Typical elongation ai nupiure =
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Siress limit of Pre-stressing Steel bar
The tendon stress imit dus o pre-stress or at the service limit state for post tensioning shall be as

fiollowrs:

Tendon Type
Lo 5 High
Condition Sirezs Relieved | Low
Sirand Felaxation g
Bar
Prior to Seating D90y 0.50fpy D. 90 py
At anchorage after transfer 0.70fpy 0.7 0fpy 0_TOfpy
Elzsewhere along the: length
i fimars 0.70py 0. T4fpy 0.7 Ofpy
At service mit state afier all
K 0.50fpy 0.80fpy 0.60fpy

14.2.3 Pre-Stressing Cables
1) For post tensioned pre-stressing system cables are made up of wires or strands depending on the
deszign.
2) The cables are either placed inside their ducts before concreting or threaded through the empty
ductz after concreting
31 The standard cables are made out of 12 elements, a number of which may be changed 4 to 19
elements
4) Pre-stressing may be carried out using single bar or single strand know as mono-strand or mono
bar.
Pre-stressing Cables Notation:
a) The notation for any cable conzizt of three pars
¥ The number of elements in the cable
¥ The type of steesl
¥ Diameter in mm
b)Y Example-1:12 @7 designates a cable of 12 wires of 7 mm
¢) Exampie-2 : 12T 13 denotes a cable of 12 strand of 13mm
d} Example-3 : B 26 designates single bar of 26 mm
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Cables Ducts:

1)
2)

3)
4)
3)

6)
7)

8)
9)

Ducts for tendons shall be rigid or semi rigid either galvanized fermous metal or polyethylene.
Polyethylene ductz shall not be used when the radius of curvature of the tendon is less than
8 0m.

The connection between duct sections is made by threaded zieeves or by slip connections.
The water tightness of the joint should be completed by adhesive fape.

The inside diameter of ducts shall be at least 6mm larger than the nominal diameter of =ingie
bar or strand for mono-strand

For mulfi-strands tendons the ingide cross-sectional area of the duct shall be at least 2.5 times
the net area of the tendons

The =zize of duct shall not exceed 0.4 fimes the least gross concrete thickness at the duct
The strand inside diameter of duct for 12713 cables is Tomm

The external diameter of the ducts is 6mm larger than internal diameter.

Cable Ducts:

Types of Sheaths

14.2.4 Post tensioning Anchorage:

g) Pre-siressing cablez are anchored in devices, called anchorage, to fransfer pre-stress force to the
concrete member.

fi Anchorage systems are based on varous type of cable system ie, 1287, 6T13, 12T13 elc.
g) Anchorages are depends on varnious types of patented post-tensioning system.
h) Freyssinet branded or equivalent type anchorage systems are generally used in Bangladesh
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Some Freyssinet Anchorages:

BN HOIRAGE

=l ——
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Pic: Multi-strand wedge type anchorage (Post-tensioning Institute ]
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Fig. 3-7. Anciorsgs or singhs- SrEng eanaon CPest-Tenskoning insiiois). i

Ancharage for single-strand tendan [Pol =
Tenslening insiuba)

Fig. 3.7. Anchorage for single-strand tendon (Post-Tensioning institute].
Anchorage for single-strand tendon {post — Tensioning Institute)
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B~ Freyssinet Type "B1° Internal Amchaor
B- Freyssinet Types "BA" External Anchor

Fig.3-8. Freyssinet “T” system anchorage cones {Prescon/Freyssinet)
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14.2.5 Pre-stressing Jack :

In both pre-fensioning and posttensioning, the most method of stressing the tendons is jacking
In posi-tensioning, jacks are used to pull the steel against the hardened concrete

In pre-fensioning jacks are used to pull the steel against the end bulkhead

Hydraulic jacks are normally used because of their high capacity

Hydraulic jacks are operated using hand or electric pump

Loy

L e I il
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14.3 Testing of Equipment (Anchorage System Test, Calibration of Jacking
Equipment and analysis of Test Report)
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15. PSC GIRDER BRIDGE CONSTRUCTION SEQUENCE

15.1 Step by Step Construction Sequence of PC Girder Bridge

Prior to construction of PC girder contractor should submit detall methodology of constructon
procedure and pre-stressing system for approved of the authority.
The methodology should cover at least the following:
Materials Detail preparation
Formwork & Shuttenng materials details & shop drawing
Equipment Detail
Design drawing of staging/casiing yard
Fabrication bending binding & shuttering
Concerting
. stress operation
Grouting operation
. Lifting & shiffing operation
A. Materials Detail Preparation
a) Concrete:

1) Mecessary tests of Sand, stone aggregate, water.
i) Type of admipdure to be used and itz proportion
i} Mix design/Trail mix for specified concrete class of PSC girder
iv) Cement content, water cement ratio eic.
v} Methodology & Sequence of concrete casting in PSC ginder,
vi) Cunng system
b) Pre-stressing steel (HT wire/strand)
F  Mamdfacture’s certificate for guaranteed of materialz specifications
# Manufacture's Test resuits of pre-stressing steel
# Lab test results of steel (actusl strand area, Unit weight, Ultimate tensile strength,
Elongation, Modulus of elasticity, Yield strength, Siress-girain curve)
# Storage of Materials at site
c) Anchorage:
Type and brand of Anchorage: gripping details
Manufacture’'s cerificate for guaranteed of anchorage brand & type
Test report for Anchorage capacity, slip limit etc.
Anchorage literaturefbrochure supplied by the Manufaciure
Fieid test of anchorage to confirm ite capacity
d. Sheathing Duct
# Sheathing material type
F  Sheathing size {inner & outer diameter), thickness

TErEmhmoome

YY Yy

W
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¥ Sheathing splicing system

e. Grouting of Duct
¥ Mix composition and their proportion
# Compressive sirength of grout

r

& Admixture type and its proportion

B. Formwork and Shuttering

Formwork materials (must be steel of required
thickness)

¥ Formwork materials (must be sieel of
required thicknesz)

Formwork section and framing system
End shuttering geometry must satisfy the design =ection
Bottom shutier

Joint of various segments should be water tight

Casting Yard/staging System

Casting of PC girder may be done either on a separate casting bed on bank or over a
staging sysiem on bridge alignmenis

Details of casting bed withdrawing {if propose)

Detsil of staging system; Framing system of stage (drawings)

Size and materialz of post to be uzed in stage

Moz, of post in row and columng. bracing system

Load carrying capacity of each post: depth of driving post

Calcutation of load carrying capacity (Enginesrning news fomulae

YYYw % L

L

Steel Staging system: Mostly used in Bangladesh

[ aeah W
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ELEVATION SHOWING STEEL TRUSS SUPPORT FOR
FORMWORK

(Typical)

e Liapie ETCLL T
i

DETAIL "aA*
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C.Equipment Details:

Pre-stressing Jack:

- Jack type (should be mufti-pulling sy=stem)

- Jack model and brand for specified siressing system;
- Maximum tensioning and blocking capacity of Jack

- Tenzioning and blocking ram area size; maximum siroke: length;
- Jack efficiency/calibration should be ensure;

- Jack operation manual (brochurefiterature)

- Type of Jacking pump (musi be electric)

Pressure Gauge for tensioning & blocking

- Identification Mo. for fenszioning & blocking gauge

- Latesi calibration charts for pressure gauges

Grout pump
- Type, brand and capacity of grout pump

Concrete Casting Equipment
- Form vibrator type & Moz

- Mixture machine's capacity & MNos.

D.Pre-Stressing Operation:
- Detailz of tensioning sy=tem (single/both end siressing)
- Standard siressing Format be used
- Elongation correction due {o grip length
- Elongation correction for medified strand properties
- Elongation conirolling system
- Elongation measuring sysiem

- Hogging recording system
E. Erection or Installation of Pre-cast PC Girder to the Final
Position:
Lifting and Shifting System:
-  When PC girder are concreted adjacent to their aclual location, these may be lifted by
hydraulic jacks, shifted by sliding and placed in positions by lowering as required.
- Thiz gy=tem iz very common practice in Bangladssh, Needs hydraulic
- Jacks
- Anyrizky as labour based
Jin Pole System

- When the PC girder are concreted adjacent o the spans immediately below, either at dry
bed level or by erecling low height scaffolding, these may be lifted by and placed in
positionz by using Jin pole
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- Thiz system Meeds two poles at either end of the girder; rarely used in Bangladesh; Iniial
cost iz high but low risk.
Crane System:

-PC girders are concrefed in the pre-cast yard either away from or nearer fo the
focation of the bridge. These are then fransporfed by traillers and then fifted & placed
in position using crane.
F. Grouting of Post-tensioning Duct:
Filling of space between pre-siressing sieel and the: sheath/duct by cement mortar iz known as
grouting
Objectives of Grouting:
*  To profect the steel against correction
*  Toeffect bond between the pre-stressing steel and the concrefe
Conditions of Good Grouting Operation:
The mortar must completety fill the duct, without air pockets;
The mortar must nof contain any componentz which could aitack the steel
The mortar must have a strength of about 25 Mpa;
The duct must in to way have obstacles to the flow of mortar;
The duct must be uniform as possible; without changes in sechon;

The area free space inside the duct must be more than sieel area;
The gout equipment must be powerful o ensure passage mortar

Composition of the Mortar:
8. Nomally a mixture of water and OPC iz used as grout mortar,
k. WIC ratio variea between 0.4 to 045

¢ Admixture may be used to reduce the WIC ralio and also act as expansive agent;
d. Salt water must not be used for making grout

Functioning of Multi-pull Jack
Post tensioning Operation is performed in three Steps:
*  TenzioninglStressing Operation

* LOCK-Off Operation
* RAM Retraction

YY Yy wy

¥
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RS
15.2 Post Tensioning Operation of PC Girder
Jack Threading Sequence for pre-stressing Operation
Technical Specification
| Local Capacity o | 2000EM (200 Sitroke Length of Lock o | 2omm (Max)
tonz) Off Ram
Main Ram Area > | 628.50 cm
Working Pressure o | 325kg. flem2 Strand Gripping Length |- | 750 mm {Min)
Stroke Length of Main o | 220 mm (Max) Total Closed Length DT mim
Ram
Lock off Ram Area o 179150 cm2 Total Extended Length 19371 mm
Stressing Operation:

1.

Oil flowes imto the stressing chamber of the jack through the siress port, thus exerls pressure
on the main ram, in fum main ram extenzion moves out from back side.

The oil of retum chamber flows out of the jack through the return port goes back to the cil tank
of power pack.

The pulling plate placed on the rear gide of the ram holds the strand with the help of reguired
number of conical masier grips placed in the female conical holes

Az the ram moves out, the strands locked in the pulling plate gets elongated and induces
stresses in the tendon.
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Lock-Off Operation

1.

p——— |

When the desired elongation & siress is achieved, wedges are required o be pogifioned in
the taper female hole of the bearing plate before tranzfeming the stressing force from master
grips to the live grips.

This operafion ig carried out with the help of the locking cylinder of the jack, when the lever
of the lock-off D.C valve iz actuated, oil flows from pump to the lock-off chamber of the jack
and pushes forward the lock-off ram and thus the lock-off plate provided at the front zide.
The face of the lock-off plate comes completely in contact with all the wedges and thus
pughed forwmard up toits maximum possible zealing pozition.

4. Locking force should not excesd the prescribed recommended level.

Jack Retraction

1

i

After lock-off operation the fransfer of load from master grip to live grip i achieved during the
process of refraction

Dwuring refraction, the streszing force of the strandfcable gefs slackened and thus ries to move
inside along with the [ive grips due to friction between them.

The threaded semations provided in the grips penetrate to the strand and thus hold the load
of the strand/cabie. Any jerk or sudden refraction may cause the falure of ive grips.

Master grips leave its seat and remain rapped around the sirand and can be removed after
completed retraction of the main ram.

Lock-off ram alzo refracts simulfansously during thiz operation.
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Design information of PC Girder:

Following are the minimum degign information that should be mentioned in the working drawing of
PC girder:

1

Dimenzional details of PC girder including plan, elevation, section, end-block & recess end
details.

Minimum girder concrete strength at the fime of tensioning and at final stage (Cylinder or Cube
atrength)

Detailz of cable system, nos. of cables, cables profile (horizontal ND VERTICAL) INCLUDING
CABLES ORDIMATION AT MINIMUM INTERVAL, CABLE ELONGATION AT RECESS
END.

Type and grade od pre-siressing steel, properties including normal area, ulimate tensie
strength, yield strength, modulus of elasticity.

Anchorage system, brand and set back delails od anchorage setfing, jack system, design grip
length, limit of design slip.

Sheath/ducting type, size, and materials thickness.

Tengioning schedule including minimum age & sfrength of concrete ai the time of tensioning,
stage & sequence of cable tengioning.

Jacking force of cable prior to iransfer including requirement of jacking force modification due
to jack loss.

Single end or both end tensioning must be mentioned

Elongation of each cables, requirement of elongation modification dug to grip length, dus to
change of material properties, infiuence length of elongation

10. Elongation controliing guides, maximum limit of elongation, jack force etc.
11. Hogging detailz at various stage of tensioning
12. Detailz of non-pre-siress reinforcement, spiral & mesh re-bar etc.

Check List Prior fo Stressing Operation:
Girder concrefe surface should be checked for cracks, distress eic.; Tendons should be checked for
free movement;

a)
b}
c)
d)
&)
)
al

Test result of concrete sample should be satisfactony;

Test result of pre-streszing steel should be available at site;
Calibration of stressing Jack, pressure gauge etc. should available;
Tenszioning equipment jack, pump, generaior eftc. should be in order,;
Tengzion recording format;, graph paper, fape, stationary efc.
Communication equipment like mobile phone, intercom, walky-talky
Deszign and drawing of PC membser

Tensioning Operation

3

Correction of Jacking Force:

a) Required for Jack efficiency or Jack lozs as per calibration or efficiency report of Jack
Required Jacking Force= Design Jacking ForcelJack efficiency
b} Jacking force io be converted fo pressure bazed on Tenzioning RAM area of Jack
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fii.

V.

Jacking Pressure=Jacking force/RAM Area
c) Jacking Pressure fo be calibrated as calibration of pressure gauge Y [(Aciual
pressure j=A+BX{obsernved pressure) Where A & B = Constant From gauge calibration

Correction of Elongation

Feaszon for Elongation comection:
1. Change of Cable Gripping length
2. Change of Pre-stressing steel properfies
3. Slacking of cable in the Duck (Zero Correction)

Correction of Elongation for Grip Length:
Mew Extension =EX +P (AG-DGYAE
Where

EX = Design Elongation

P = Deszign Jacking Force

AG = Actual Grip Length

DG = Design Grip Length

A = Area of Tendon

E = Modulus of Elasticity
Cormection-of Elongation for Change of Steel Properiies:

Fevized Extenzion =EX A EATE]
Where EX = Design Elongation
A = Design Area of Tendon
E = Design Modulus of Elasticity of Tendon
A1 = Actual Tendon Area
E1 = Actual Modulus of Elasticity of Tendon

Correction of Elongation for Slack of Tendon:

a) At the beginning of stressing, the cable iz lyving freely in

itz sheath and the jack is not tightly attached. To removed Figirs e 5

slack, a small jacking force must be applied to the cable #

which makes it difficult fo define exactly the beginning of i e

sirezsing, i.e. the moment where the tengion in the cable 510 =

is equal to zero and where, in theory, the marks must be A0

placed to measure the elongation_ m:: i

b)The fixed zero point is determine im the following i

manner: Tt - Elorgelem |
LS Ea
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=

The pressure is raized to an arbitrary value, 100 kgfcm2 foe example, and the marks are

place on the wires or sfrands.

Thiz iz point A of the diagram. The stressing iz then camied out in steps, 200 then 300 kgfem2

uniil the final pressure P, and at each pressure the comesponding elongation = measured,

thus giving B, C and D pomnts of the diagram

a) Forthe systems 1228-12 T 13 and 12T 15 the marks are placed at 200 kg/cm2 and points
recorded at 400 kgfcm2 and 500 kgfcm2 or at the final pressure P.

b) Because the elongations are proportional to the load in the elastic zone of the diagram the
line CBA can be prolonged undil it meets the base line ar the origin 01. The total elongation
iz thus d+e, & being the elongaiion from the arbitrary starding point 0
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Vi) _Irregularities in the Elongation Resuits:

If after reaching the calculated final pressure P in the jack a discrepancy of more than 5%
exists between the calculated and meazured elongationg, a special investigation must be
made.
Firzgtly the pressure-slongation diagram muzst be drawn. Mizs reading of marks or gauge are
possible and these emors can be detected by misalignment of the pointz on the diagram. The
diagram will also permit the correct location of the point of origin. A bend in the diagram at
high pressures is due o plastic flow of the sfeel as it passes the yield poind, resulting in extra-
elongation.
If the calculated slongation &o iz reached before the calcutated gauge pressure Po, continue
tensioning until Po provided the elongation does not exceed 1.05 40. In case thiz elongalion
1.0540 iz reached before Po, stop stressing and inform the engineer.
If at the pressure Po the elongation Ao haz not been reached, confinue tensioning by interval
of 5 kafem2 uniil the elongation Ao has been reached or a pressure no greater than 1.05 Po.
If the elongation at 1.05 Po iz less than 0.95 4o the following measure must be taken, in
guccession, to define the cause i this lack of elongation.
Recalibration the pressure gauge.

I Cheched the comect functioning of the jack, pump and leads;

Il. Detenfion the cable. Slide it in itz duct to check that it iz not blocked by mortar which

has entered through holes in the sheath. REetention the cable if free.

If the reguired elongation iz not obtained, no finishing operation such as culting or sealing,
may take place without approval of the engineer.

vii) Record of Jacking force & Elongation in Stressing Book:

- Tensgioning from Both END
- Tengzion from sngle END

15.3 Grouting Operation of Cable Duct
The following guidelines recommended by LGED should be followed in Grouting Operation of a Cable

Duet:
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15.4 Lifting & Shifting Operation of Girder .
o BTER 797 Cable <4 Tensoning  Groufing &feem! eI 79 3 o0 N
[ing & Side Shiing 223 T4 Bearing 48 FRIMP LR |

v 7B Raarig 5 57 G % Beaing 49 T W <0 4% 9w Tedt 7R

o B Giter 8 Cattng T (47 O TORUR T WR ONOR 6 MR Evipment
&g & hiing Jack, Cheel e ) 75279 %75 Beaing 43 WG TR TR

v TR IR G (3 R g k% 8 S B N TR
o P Girder Bearmy 4R %9 AR #% T8 F TR Congs e Castrg RO R

o Cooge Grder Castng 1 3607 #78 PC Grder 45 9% #1802 070 Lakera Sugpor
7 Gt 7% Staie Contibn < HTE TR
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15.5 Calculation of Jack pressure and Cable force
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15.6 Post Tensioning FORMAT for PC Girder

POST-TENSIONING FURMAT FOR PSCGIRDER.
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Procedure for Girder weight Calculation

I 1100 I I 1100 I
1 1 I 1
AT » 150 Bl T 150
I = ] 'Igc 4 I — EX — |:;:.- -
- P - 108
e S
= E :,_.: AZE
® gt F
e > &
& = =0 2m
= |
e
A B5 A
fa R Bg- g
o ]
=0 To0
End section Mid secton
Area for End Secbon
A= 1100X150 = 165 m2
A2= m:c 40 = D037 m2
A&3= TS 1513 = 1208 mz

Area for End Section, A&

Al = A2 + A3 = 1410 m2

Bres for Mid Section

B1= 1100150 = D165 m2
B2= ﬂﬂgﬁx 75 = D58 m2
B3= —4‘5{’515“:{ i00 = (035 m2
B4= a7ER250 = 0244 m2
B5= @zﬁx 250 = 0125 m2
Ba= 7EOM250 = 0185 m2
Area for Mid Section, B = B1 + B2+83+84 =BS5S = B = B4 m2
Tolal Lengn of Glroer - 300 X 1 = 30,04 L
Lengrt of Mid Seaclion - 2280 X 1 = 2281 Lb
Lengrt of End Secton - 200 X 2 = 408 13
Lengrt of Tapoes poetion - 160 % 2 = 32 lp
Walumme of Glirder = B&¥Mla - BEXLDh = h-;_—_ﬂ ALp
= IWTEL ™3
Iinit weight of Concre= = F) kg3
Weght of Grder = §388 Ton = 213  Torm

Paga | 282






16. PSC GIRDER BRIDGE CONSTRUCTION GUIDELINE
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17. UNDERSTANDING OF PSC GIRDER BRIDGE DETAIL
DRAWING

Learning Objects:
Overall, thiz session will help pariicipants fo improve their skiled in conducting effective field
supenvision for construction of PSC Girder Bridge. More specifically, by the end of this session
the participant will be abke to:
= Answer any query regarding detail drawing of PSC Girder Bridge.
# Explain to other the drawing details shown on any-sheset of PC Girder Bridge drawing detail
* et the work from the contractor according to the drawing design
# Direct the site staffl workers to camy out centering, shuttering and reinforcement work
according fo the drawing design
# Instructed the site staffl workers to comrect any defectz or mistakes found in centering,
shutiering and reinforcement work on site
¥ Comect misconceptions of the participants (if any) about drawing details,
17.1 About Drawing
Drawing are a part of the information prepared by the design team in order to provide important
instructions regarding the proposed bridge and how it is to be congtructed. These drawings usually
congist of a =zet that includes plan, Seclion. Elevation and Siructural detailz eic.
They are included in the construction contract and tender documents, which makes them a vitally
important part of the agreement between the construction company! confractor and the client
For eaze of understanding, we can divide these drawings info the following caiegories:
Architectural Drawing: Site plan Bridge Top plans, Sections and Elevations.
Structural Drawings: Structural plans, detail drawings of specific parts (Bridge Deck details,
Girder details, Bridge Railing detaits. foundation details etc.).
Mechanical Drawings: Include information on mechanical work i.e. Expansion joints, Bearing,
Seismic Device, electrical installations etc.
Site Plan: “Plan” refers to the top view of an object, and =0 a Site plan is essentially a map that
shows the extent of the proposed site. This is created after a careful and thorough analysis of the
propozed Ares for construciion and the new construction is marked on it, this provided the confracior
with the exact dimensions, access pointz, greenery, exigting physical features, and other details of
the site. The neighboring context iz aiso included in the site plan as it might impact the functionality
of the neighboring structure.
Bridge Top Plan
Bridge top plan iz a fully details @0 map of the top view of the bridge. This plan akzo provides position
of Expansions joints, Bridge railings; Foot path, Wheel guard, Bridge approach etc.
Elevations
Sections are eszentially an overview of the exterior faces of the propozsed structure. They are drawn
as an vertical Hlustration if one view to lock directly from the outside. Elevations are useful because
not only they specify the height details for the structure but alzo provide an inside into what the
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struciure might look like from the outside, once it i conztrucied.

Sections
Sechions are extremely useful drawings especially when you are dealing with multiple layers in a
struciure. They are similar o elevalions in that they both prezent & verical ifustration of the structure
but as the mame might suggest, sections only show a specific part instead the entire view. A seclion
provides us with the hidden detadz that can be seen i the building were to be cut verically. Theze
details are incredibly important &s they provide us with the detailing of the structure {position of
foundation, abutment/ pier, girder, etc_).
Detail Drawings
Since mostly the scale of the drawing s so amall that it iz mpossible to see the minute detailling n
various components. For this purpoze, Blown-up drawings of just those specific components are
provided to the contractor and bullders.
The scale iz much bigger than that of regular drawing (for exampie it might be around 1"=4" or 1°=6"
while nomal drawings are around 1°=20" or 1"=40)
The standard bridge detail drawing shall contain following;

1. General Motes for RCC Components

2. General Motes for Pre-stressed Concrete

3. Guede fine for Cast-in-situ bored piles

4. Sub-Soil Borelog

5. Topographical Survey and Brdge Lay-out Plan

g. General Plan and Elevation

7. . Bridge Deck Profile

8. Pile Lay-out Plan

B, Details of Bridge Deck

100 Detaits of RC Girders (Long & Cross sectons)

11. Dietails of Pre-stressed Concrele Ginders

12. Dietails of Abutments

13. Details of Abuiment Piles

14. Details of Pier

16, Dietails of Pier File

18. Details of Railing

17. Dretails of Bearing on abutment and Pier

18. Expansion Joint

18 Protective Works around Abuiment & Approach road

20. Detais of Guard Post

21, Approach road cross-secton & Alignment plan

22 Electrical installation & circull diagram

23. Long & cross drain of Approach road

24 Dietails of underpass (in needad)

25. Drawing for assumed construction sequence

20. Camber drawing
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17.2 Check List for Detail Drawing of a PSC Girder Bridge

SI.No. | Subject Yes |No

1. Check point of Bridge Layout?

.8 PWD R.Lof TEM?

G 1 Morthing and Easfting of TEM?

4. Total Length of Retaining wal?

T Length of each PSC Girder and Arch Rib?

B Width of Expansion Gap of end span?

7. Deck Top B.L at center of the Bridge?

B Mumber, Length; and Dia of the piles below Abutment?

9. R.L of Pils top cut-off level below Abutment?

10. Level difference between Bridge Top and Bridge end?

11. c/c distance of pier?

12 Type of slope of Bridge Arch Portion and PSC portion?

12 Coordinate of Pile (P01)?

14. Coordinate of Pier?

1 CIC spacing of PSC girder?

16. Width of support diaphragm?

17. Width of infermediate diaphragm?

18, C/C disfance belween middie iwo diagrams?

13 Thicknesz of deck slab?

207 Thickness of wearing surface of deck slab?

21. Thickness of bearing seat of infermediate girder and end
girder?

22 Width of bridge camiageway?

23. Total width of the bridge?

24, Size and thickness of pre-cast siab of bridge foolpath?

2 Dia, and spacing of deck siab main rod at top and bottom?

26. Dia, and spacing of deck slab binder rod at top and boltom?

27 Strength of concrete of deck slab?

28. Yield Strength of re-bar of deck slab?

285
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18. FORMWORK, SCAFFOLDING AND DESIGN OF PSC
CASTING BED

18.1 Formwork

General: Forms shall be used to confine the concrete and shape it to the required lines.

Unkesz otherwize approved forms shall be designed and constructed by the: Contractor in
accordance with the appropriate Standard and shall have sufficient strength to withstand the
prezsure resulting from placement and vibration of the concrete without excessive defection of
any part or surface and shall be maintained rigidly in position. The jointz in the formwork should
be fight against leakage of cement grout. The formwork should be rest on firm base. The
contractor shall be solefy responsible for the entire operations.
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Strength: the form should be designed so that they will safety support all loads without
collapse or danger to the workmen or the structure.

Rlﬂidiw Formsz must be sufficiently rigid under construction loads to maintain the required

ghape and alignmenl Formwork tolerance are generally tighter than the tolerances specified for
the finished concrete.

Loading on Formwork: Dead loads (weight of fresh concrete, Formwork materials,
reinforcement efc. }Superimposed loads (Weight of workmen, equipment, runways, allowances
foe impact etc.) lateral pressure of concrete which increases with the height of concrete, Vibration
of concrete alzo increases lateral pressure, Wind loads etc,)

For design of Formwork unit weight of RCC work should be taken as 2T00Kg/m3

Lateral Pressure of Fresh Concrete: Verical forms are loaded by the lateral
pressure of the wet concrete. The freshly placed concrete behaves temporary like a fluid
producing & hydrostatic pressure which-acts laterally on the veriical forms. This lateral pressure
iz comparable to a full liquid head when concrete iz placed to the full height within the period
required for its initial set.

Materials: Mo plea in the event of any damage shall be accepted. Forme shall be of wood,
metal or of other approved material. Forms for exposed surface shall be lined with metal or
phywood, or other approved material. Forms shall be sufficiently fight to percent fosz of mortar
from the concrete. The engineer shall be informied in writing before the confractor sitp off any
formwork and its supports etc. The contractor shall remain fully responsible for the safety of
structures from which he removes formwork and iis support eic. He should take all precautions
taking sfructural concept of the whele structure in conziderationz.

Forms-Ties: Embedded ties for holding forms shall remain embedded not léss than two
diameters or twice the minimum dimension of the tie or 10mm, whichever iz bigger from the
formed faces of the concrete. The ties be consiructed =o that ends or end fasteners can be
removed without causing appreciable spelling of the faces of the concrete. Receszes resulting
from removal of form-ties shall be repaired =so that it nicely matched with the original concrete
face.

Treatment of Forms: Before forms are erscted the surface of the forms shall be coated
with an approved form-oil that shall effectively prevent 2ticking and ghall not stain the concrete
surface. The confractor shall submit, for approval, the proposed form-oil. When concrete to be

piaced, the surface of the forms shall be free from encrustations of mortar, grout, or other foreign
maternial.
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Removal of Forms: Except as directed or approved, forms shall be removed carefully as
zoon as the concrete has hardened sufficiently to prevent damage in order to facilitate saifisfactory
progress with the specified curing and enable the earliest practicable repair to imperfeciions on
the surface of the concrete in accordance. Concrete curing shall be started immediately after the
forma have been removed and curing only temporanly stopped in the aciual locations where
repairz are being carried out. Immediately after stripping off, the concrete forms to be reused shall
be cleaned; the surface shall be repaired as necessary and oiled with form oil-and shall be
carefully stored in itz true shape.

The folfowing table is a guide to the minimum pericds that must elapse between the complefion

of the concreting operations-and the removal of formwork. Mo formaork shall be removed without

the permission of the Enginesr and such pemmission shall not relive the contractor of his
responsibiibies regarding the safety of the structure. The contractor ghall be held responzible for
any damages arising from removal of formmwork.

Type and Position of formwork Approximate period {days)
Side of beams, wallz and columns {unloaded) 3
Slab soffits (props supporting) 14
Removal of props to slabs 21
Beam Soffts (props supporiing) 21
Removal of props to beams 2B

Tolerance for concrete construction
Allowable deviation from plumb or level and from the alignment, profile, grades and dimensions

shown on the drawings subject to the following tolerances unless otherwize specified in this
document or Drawings or as directed by the Engineers.

Sectional dimension +/- Smm
Piumb +/- 1 in 1000 of height
Levels +/- 3mm before any deflection has been taken place

Where tolerance are not stated in the Specification or shown on the Drawings for any mdividual
structure or feature thersof permissible deviations will be interpreted in conformity with the
prowisions in this document. The confractor shall be responsible for sefling and maintaining
concrete forms sufficiently within the tolerance limitz and shall ensure that the work is completed
within thie tolerance specified. Concrete work that excesds the tolerance limit specified in this
clauze ghall be remedied or removed and replaced by and at the expenze of the coniractor
Uniess otheraize siated on the drawings, wrought formwork shall be usaed for ail permanently
vigible concrete surfaces. Wrought formwork shall be such as to produce a smooth and even
surface free from perceptible irregularities. Tongues and grovel paneled boards, phywood or steel
forms shall have their joints flushed with the surface. The formwork shall be formed with approved
standard size panels. The panels shall be amanged in & uniform approved patiern, free from
defects likely to be delected in the resuliing concrete surface.
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In all types of formwark to form finished exposed concrete, only non-stamning mould oif shall be
uzed as approved by the Engineer.

The repelitive usage of the same formmwork to cast from-finizhed exposed concrete =shall be as
decided by the Engineer and in no case the formwork, not guaranteed to produce the reguired
form=finish to the =atizfaction of the Engineer, and shall be used.

The exposed concrete shall have a uniform finish. The finigh of the concrete, when shultening and
formwork are removed will generally be without any blemigh and will be such as will not required
touch up. Siight touch up for a small spot if necessary 2hall be camied out skilfully s0-as to'be
synonymous with the entire surface.

The finished surface shall be within the specified folerance and full cover fo the reinforcement
zteel shall be maintained.

Formwork for non-exposed concrete surface

Unlkess otherwize stated on the Drawing, rough formwork may be used for all surfaces, which are
not permanently exposed. Rough formmwork may be constructed of plain buf joined zawn timber.
But the Coniractor shall ensure that all joints between boards shall be grout tight.

The finished surfaces shall be within the specified tolerances and full cover to the reinforcement
ateel shall be maintained.

Vertical Formworks:
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&ll exposed concrete surfaces are to be Torm finish’ and shall be cast in any approved formsork
and shall be free from honeycomb, fing, projections and air holes. All external angles to form finish
concrete surfaces zhall be chamfered as directed.

Forme for concrete surfaces exposes to view shall produce a smooth surface of uniform texture
and codour substantially equal io that which would be obtained with the use of phywood. Such
forms ghall be sufficientty rigid so that the undulation of the concrele surface shall not exceed
Amm when checked with & 1.5m long straight edge or template.

18.2 Scaffolding
Scaffolding i3 defined io be any temporary structure required to suppont structural elements of
concrete, steel, masonry, or other materialz at the time of their construction or erection.

Plans, drawing and structural calculations of scaffolding in details shall be submitted fo the
Engineer for approval, but in no case shall the Confractor be refieved of his responsibilifies for
rezuliz ochtained by using this Document.

All scaffolding shall be designed and constructed to provide the necessary nigidity and strength fo
zafely support all loads imposed and produced in the finished structure, the lines and grades
indicated o the Drawing. The supports shali be designed fo withstand the worst combination of
self-weight, formwork weight, formwork forces, reinforcement weight and wet concrete weight
together with all incidental dynamic effeciz causzed by placing, vibrating and compacting the
concrete. Mo harmful cracking should occur in'the placed concrete. The Engineer may reguired
the coniractor to employ screw jacks or hardwood wedges to take up any setilement in the
formwork eithier before or during the place of concrete.

All scaffolding, sxceeding 20m or zix stories in height, shall be constructed of noncombusiibie or
fire-retardant materials.

scaffoldimg shaill be founded on a sofid base, which ids safe against undermining, protected from
zoftening and capable of supporting the loads impozed on it. Scaffolding which cannot be founded
on a satisfactony fooling shall be supported on piling, which shall be spaced, driven and removed
in & manner approved by the Engineer.
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Horizontal and cross bracing shall be provided for posts higher than 3m. Spans of beam boftoms
ghall be supported by posts with maximum 1m apart when steel iz used and instruction from the
manufacturefsuppfier shall be sirictly followed. Spacing of the props under beams shall congsider
the increased load and shall be posted closer than those under the fioor slab.

Scaffolding can, in certain cases, be supported on structures aiready constructed. In thai case,
the confractor shall gubmit in dug time to the Engineer in writing all information on the loading
from the scaffolding a3 required. The Engineser shall consider the ioading and submit in writing.
Scaffolding shall be ==t fo give the finished structure the camber shown on the Drawing or
gpecified by the Engineer. If any weakness develops or the scaffolding shows undue setilement
or distorion during construciion, the work shall be stopped and any structure affected thereby
shall be removed and the scaffolding shall be further strengthened before work is resumed.
Suitable screw jacks, pairs of wages or other devices shall be used at each post to adjust
zcaffolding to grade.

All materialz used in the construciion of the scaffolding shall to the comesponding ASTM or BS
standards or any other equivalent International Standards. Material tests and cerlificates may be
required by the Enginesr. Examinations of welding may also be required. Test loading of the
scaffoldings may be requested for the determination of the flexibiity and the strength. All
expenzed of the tesis and examinatons of scaffcldings shall be borme by the contractor on nomn-
reimburzable baziz.

Scaifolding shall be made from strong bamboo poles, wooden posts, steel pipes or any other
suitable materialz. They shall be adequately tide fo vertical members resting on firm floor.

Strong ropes shall be used to fie up bamboo poles. In addition, cross-bracing with bamboo or
wooden posts shall be provided along with lies or guys of steel wire or rood nof l2ss than Bmm in
diameter.

Good, sound and uniform bamboo shall be collected in sufficient quantifies. for providing
scaffolding, propping, temporary staging, ramp eic. The bamboo shall be free from any defects,
firmly ties to each other and joints made smooth. Joining members only with nailz shall be
prohibited, Bamboos for verfical support shall not be less than 7¥Smm in diameter and shall be
straight as far as possible. Bamboos may be used as veriical support for up to a height of 4m, if
horizontal bracings are provided at the center. Splicing shall be prohibited.
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After siripping the formwork, the bamboo posts shall be cleaned and stacked veriically in shade
protected from rain and sun. Defective or damaged bamboo posts shall be removed from the site.
Timber pozsts shall be used in supporting up to a height of 6m. The posts shall not be less than
80mm in diameter at any place and shall spread to at least 150mm in diameter at the top. The
timber posizs shall be supported on timber planks at the botiom. Either the bottom or the top of the
posts shall be wedged with a piece of triangular wood peg for easy removal, Adequate horzontal
and cross braces shall be used for all imber centering. All timber posts shall be carefully inspected
before uze and members with cracks and excessive knots and crookedness shall be discarded.
The joiniz shall nomally be made with bolts and nutz. Mo rusted or 2poilt threaded bolts and nuts
zhall be uzed.

When steel scaffolding are used, it shall be painted in-a manner that no mark of corrosion shall
appear on the permanent concrete structure.

The Engineer shall only select the type of scaffolding. Bamboo scaffolding will only be used if
agreed and allowed by the Engineer. All scaffolding shall remain in place for a period, which shall
be determined by the Engineer.

Scaffolding shall be dismantled after use piece by piece. Holes in the wall shall be filed up with
the same materialz as that of the wall. Filled up holes shall have uniformity in texture and color of
the surrounding surface.

Triangular wooden wedges shall be put under the posts for easy dismantiing of the members.
Timber planks or steel sheets shall be placed at a time below the veriical or inclined posts covering
several posts.

Materialz and joints in scaffolding shall be nepected from fime to fime both before and after
erection for the soundness, strength, damage due to weathering etc. Inspections shall be made
for gpillage of materialz or liguids, loose material ying on the gangways and proper access to the
piatform.

The zcaffolding shall be secured fo the building ai enough places; no fies shall be removed
waming sign, prehibiting the use of any defective or incomplete scaffolding and working in bad
weather and high wind, shali be posted in prominent place. Inspeciions shaill be made for the
obzervance of those requirements.

Steel or Tubular Scaffolding:

38 to 64mm diameter steel tubes and special type of steel couples or fitlings are used for
connecting different steel members. The sieel tubes used for scaffolding for normal building
construction work are of heavy class and of diameter vary from 40 to 60mm. In thiz type of scaffold
the veriical tubes called uprighis are spaced 2.5 to 3.0m apart which are welded to a base plate,
square-or circular, the baseplate has holes so that it can be zpiked o a timber or concrete basze,
thus formming rigid foundation for the scaffolding. The longitudinal fubes or ledges connecting the
vertical tubes are spaces at 1.8m verlically apart.

Tubular scaffolding has several advantages over the bambooftimber scaffolding such as rapid
erecting and dismantling, greater sirength and durability and higher fire resizting qualities and
zalvage value and economical due fo ifs increazed number of reusez and hence it is being
extenzively used now a days.
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Platform Gantry: This iz needed for providing a working piatform above ground level and leaving
the space below free from obstruction. The gantry consists of vertical post fixed to common sole
place at itz baze and to a head piece at the top. The entire frame s thoroughly braced dogged.

Inspection Checklist of Scaffolding:

A checklist for final inspection of scaffolding is as follows:

ta) Check io see that there iz a sound base (fooling) under every leg of every frame on the job
and that the base area is adequaiely drained.

{b) Check that all base plates or adjustment screws are in firn contact with the base. All
adjustment screws should be fidy against the legs of the frame.

(c) Make sure that the scaffolding has been constructed as shown in the approved drawing. If
variation, consult with the engineer who prepared the drawing for the approval of the
amended.

(d) Frames should be checked for alignment in both directions. The maximuam fokerance iz 1 in
300. if the frame exceed this tolerance, the bass should be adjusted.

(e} All frames must be connected with at [east one cross bracing.

if) While checking the cross braces, also check the locking devices to ensure that they are in
tiveir correct position and they are all tight.
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18.3 Load Calculation of Steel Prop for Staging & Sample drawing of
staging for single and double PC Girder casting

SAMPLE LOAD CALCULATION OF STEEL PROP FOR SRAGING

1.

AR RETE R)

™

e ®

Load Calculation:
Length of PC girder =30m
Yolume of girder concrete =22 cum (Say)
1. Weight of PC Girder, say = 22x24 = 528 KN { unit wt of concrete= 24 kn/m3)
2. Wit shutter and form work, joist ete. 10% of the girder = 52.8 KN
3. Wit of labour, equipment etc. on stage duning casting/ tensioning: Say 5% of the girder wi
=264 KN
4. Total load as stated (1+2+3) = 607 20 KN
o, Say, the total load on stage = 610 KN

Stﬂgﬂ Geo I'I"!E"tl'j':
Mos. of MS pipe's line [parallel to the girder) = 4 (spacing = 1.0m cfc)
Mos. of pipes in each ine = 18 oo spacing 1.5m)
Total nos. of pipes = 1824 = 78 nos.
Size of M5 pipe =5 o " dia
Az the framing system is not 100% rigid, hence the mid line post will camy the maximum load from
girder. Considering 30% of total load shall be taken by each of the mid ne props
Mos. of support including pier at both ends = 18+2 = 21 [See drawing in the following page)
The load on mid ling individual propos = 030610/ (18+2) = B.714 KN = B8E Kg
Driving Capacity: Using drop Hammer
Capacily of post, P = WHE{S+C) (Engineering News Formuias}
W =Wt hammer in kg, say 100 kg
H = Hit of fall of ram, in mm. say 5 = 1500mm
5 = Avg. Penefrafions in last few blows, mmiblow
iz = Pensetration constant, 25 (for S unit)
Factor of safety =@
Henc=, P = WH/ME{5+C)
&88 = 100x1500/B{5+25)
5=3.15mm

Thus, to atisin the driving capacity of each post B2Bkg, the post shall be driven fo a depth unfil the
average peneiration shall b= less tham 3.15 mm per blow.
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19. GUIDELINES AND INTRODUCTION TO ARCH BRIDGE
CONSTRUCTION

19.1 Principles of an Arch Bridges

The basic principle of an arch bridge is itz curved design, which conveys load forces along the curve
of the arch to the supports at each end rather than straight down. These supporiz (known as
abutments) bear the entire bridge's weight and are responsible for keeping the arch in precise,
urmoving position.

Arch Bridge, bridge in which the supporting elements are arches. Arch bridges can be made of atone,
concrete, iron, or steel and typically require less material than beam bridge of the same span.

An arch bridge carries loads primanity by compression, which exerts on the foundation both vertical
and horizontal forces. Arch foundations must therefore prevent both vertical sefting and horizontal
aliding.

19.2 Different Type of Arch Bridges

There are many different types of arch bridges. The arch bridge can be classified into different types.
Following are the types of arch bridges:

Deck arch Bridge

Through Arch Bridge

Moment Tied Arch

Fixed-Fixed Concrete Arch

FPinned-Pinned Concrete Arch-

Bowstring Arch

Corbel arch bridge

ol RN e Rl

Example of different types of Arch Bridges shown in the photos below:
Example of Dechk Arch Bridge:
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Selection of Arch Type and Form

-—-,.———-—_-n H.ﬁ# |-|__-|--|-.-|_ —
e =

"l Tr————

Photo: Deck & rcih Sodge

Photo: Deck Arch Bridge
Some of the important elements influencing selection of type and form of arch are as follows.
Foundation Condition: If a bridge is required to carry a roadway or railroad across a deep valley
with =teep walls, an arch is probably a feasible and economical solution. {Thiz assumes that the
required span is within reasonable limits for arch construction.) The condition of steep walls indicates
that foundation conditions should be suitable for the construction of small, economical abutments.
zenerally, it might expected that under these conditions the solution would be a Deck Arch Bridge.
Tied-Arch Construction: At a bridge location where relatively deep foundations are reqguired to carry
heavy reactions, a frue arch, transmitting reactions direclly to buttreszes, i= not economical, except
for short zpanzs. There are two altemnafives, however, that may make it feazible to use arch
construction.
If a series of relatively shori gpans can be used, arch construction may be a good solution.
In this case, the bridge woulkd comprise a seres of equal or nearly equal spans. Under these
conditions, dead-load thrusts at interior supporis would be balances or nearly balanced. With the shor
gpans, unbalanced livelioad thrusis would not be large. Accordingty, even with fairly deep
foundations, mtermediate pier congtruction may be almost as economical as for some other layout
with simple or continuous spans.
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Photo: Tied Arch Bridge

The other altemative to meet deep foundalion reguirements in ted-arch construction. The tie relieves
the foundation of thrust. This places the arch in direct competition with the other types of structures
for which only veriical reactions would resuit from the application of dead and live loading. Tied arches
often provide cost effective and esthetically pleasging structures. This type of structure should not be
dismissed over these concems, because it can be easily designed to address them. Tied arches act
zubstantially ag two-hinged, regardiess of the detail of the connection to the lie.

Length of span: Generally, determination of the best layout for a bridge startz with irial of the shortest
feasible main span. Superstructure costs per foot mcreasze rapidly with increase in span. Unless there
are large offsetting factors that reduce substructure cosiz when spans are lengthened, the shoresi
feasible span will be the most economical.

Arch bridges are applicable over wide range of span lengths. In addition fo foundation conditions,
many. other factors may. influence the length of span selected at a particular site. Over navigable
waters, span iz normally 2et by cearance requirements of regulatory agencies.

zenerally, architects and engineers prefer, when all other things are equal, that deck structures be
uzed for arch bridges. If through or half-through siructure must be used, solid ribbed arches are
desirable when appearance is of major conosm.

Arch Form as Related to Esthetics: For solid-ribbed arches, designers are faced with the decision
a3 to whether the rib should be curved or constructed on segmental chords (siraight between panel
pointz). A rib on a smooth curve presents the best appearance. Curved ribs, however, involve some
increaze in material and fabrication cosis.
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Another decizion i whether o make the rib of constant depth or tapered. An architectural consuitant
rated these inthe following order:

Tapered rib, curved

Tapered-rib on chords

Conztant-depth rob, curved

Conztani-depth rilb on chords

Photo: Arch Rib of Constant Depth (Tapered Rin)
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19.3 Arch Bridges Construction Guideline
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19.4 Arch Bridge Failure Case

Arch Bridge Centering Shuttering/Formwork

e Scaffolding using Steal Prop but no Standard
B (Bad Practice)
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Stanndard Seatfolding for Bridge Works

Some Images of Scaffolding Failure of Arch Bridge
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CAUSES OF FAILURE

Cnuses:

Construction Sequence SFNAT A1 FAT1, W16 BEATETHA 4%
Scaffolding yr=1 o= Trafiger
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20. EXPANSION JOINTS

20.1. WORK DESCRIPTION

The guality and maintenance of the expansgion jointz are vital to the behavior of the bridges and their
durability. Accardingly, 1t should be ensured that expansion jointe are waterproofed as well as
resistant to leakage.

When water leakage occurs at expansion joints, dirf, soil, gravel and water are coliected on the
bearing szeat locafions. Thiz condition will initiate corrozion of steel members including the steel
bearings, bottom flanges at ends of steel girder and steel connection accessornes.

Thiz repair methed is intended for damaged steel type and rubber fype expansion jointg, which would
be replaced with suitable water-proof type expansgion joints.

Concrete cufter shall be used to cut both joint edges of the concrete surface to form a siraight cutting
fine pattern. The defective expanzion joint ghall then be dismantled after chipping off the concrete
with an electric jack hammer. The new expansion joint shall be installed with itz top level matching
the required finish surface. Concretel/grout shall be finally poured, leveled, and then cured.

Photo 3-16-1 and 3-16-2 shows example of water proof type steel expansion joint

Photo 3-16-1 _ST-I'UEt_HlE af the Photo 3-16-2 After installation
Steel Expansion Joints

20.2. APPLICATION CRITERIA

Feplacement of the stesl expansion joint shall be implemented depending on condition of the
expansion joint obfained through Bridge Condition Survey and daily maintenance acthivities or
information from road users,

Foliowing conditions can be referred as one of the Standards for decision of replacement of the stesl
Bxpansion joint.

* Water leakage: detected area >50%

» Abnomal Spacel serious Moise: Detected

Paga | 327



* [ifference in Elevation: =30mm at expansion gap

Meanwhike, followings can be referred as Standards for decision of replacement of the rubber
expanzsion jont:
*  Water leakage: deiected area >50%

» Abnomal Spacel Noise: Detected

»  [Difference in Elevation; =30mm at expansion gap
*  Rubber seal dislodge or rupiure: detected area =50%
Deriorated Sealant: Pourable joint sealant mayhe almost lost off from location

20.3. WORK SEQUENCE
Work sequence of replacement method of the SteellRubber expansion joint is as shown in Figure 3-18-1.
START

—

i it concrete
..""\-\.‘ lﬁ

. e
Selling, mew eXpPansion joi I i

: Chipping concrele I
" t

|
$ e 2 I—L

Foming concrete
[

Dramanfling - damazed

) EXPANEICN Jont
* n
oy
Cnpng conctete I T |
H o H\..\- = &
EXIL:

Figure 3-16-1 Work sequence

20.4. REQUIRED EQUIFMENT/TOOL AND MATERIAL

20.41 Equipment/Tool
Folowing equipmenttoo! will be required for replacement works of the expansion joint:

* Concrete Cutter

* Electric impact hammernzmall jackhammer
*  Electric concrete vibrator

*  Trowel

20.4.2 Material
*  Mew Expansion Joint with water proof nubber
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*  Febar (16 mm dia.)
»  Concrete/grout

20.5 Requirement, Specification
Material
For new expansion joint
»  Sieel plates, anchor bars: ASTM A3E or equivalent
* NMortarconcrete: refer to Plate 3-3 Polymer cement mortar
The expansion joint rubber seal shall comply with the following 2pecifications:

Table 3-16-1 Specification of Expansion Joint Rubber Seal

Tensile Strength ASTMD412 | MPa 0.98 (Min)
Elongation at break ASTMD412 | % 100 (Min)

The type and size of rubber seal for expansion joint should be determined based on Elongation
o be approved by the Engineer.

Work requiremenmnt
(1) Cut concrete surface

The Contractor shall submit for Engineer's approval, shop drawing for the new water-
procfing type expansion joint and the construction plan for the dismantling and

instalfation.
With a concrete cutter device, lmits of concrete to be demolizhed near the existing
expansion joints shall be defined in the fransverse direction of the bridge deck (200 mm

at each edge of the expansion gap).

{2} Chip off concrete and Dismantle Expansion Joint

Bazed on the dafined limits, the Contractor shall chip-off further the concrete with a jack
hammer to expoze the defective joint and porions of the existing reinforcement. Afier
chipping off iz accomplished, existing expansion joint material shall be removed from
the locafion.

Dismantling damaged
expansbon jolnt
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(3) Setup new expansion joint
The new expansion joini shall be installed to proper poziion conzsidenng the requirsd
finizh level of the deck. The confractor shall submit for Engineers approval, result of
measurement verifications for the proposed installation.

Miaw expansion joint

............... waterproof materials

.IIIIIIIIIII (LR R RN KO NEY
B -

Hoke in Anchor \l Rebar [D15]
(3} Pournng concrete

The confractor shall submit for Engineer’'s approval meterials test result Of coOncrete. After
approval, the contractor shall commence pouring of the concrete at identified
locations near the new expansion joint. Final concrete shall be finished using
trowel and shall be subjected to curing process.

Mew axpansion joint Waterproof materials

Pouring concrete L

20.6 MEASUREMENT AND PAYMENT
6-1 Method of Measurement
The method of measurement for this method shall be by linear meter of joint length which will
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be defined by the Engineer.

6-2 Basis of Payment
The confract price paid per liner meter of seambiess joint shall include full compensation for
furnishing all labor, materialz, tools, equipment, and incidentals, and for executing all related
Works.

FPay em No. MHame Lnit of Meazurement
F-16-{1) Replacement of Steel Expansion Joint Linear Meter (m)
3-16-(2) Replacement of Rubber Expansion Joint Linear Meter im)

BEARINGS
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21. BEARINGS

21.1 WORK DESCRIPTION

Function of a beanng shoe iz ransfemng all load from a supersiructure including own load of the
gsupersiructure to & substructure such as an abuiment and a pier.

In caze the bearing shoe has some defect, a road surface will loze its flainess and causes impact to
both of the superstricture and substruciures. This impact will to be a cause of damages to the
superstructurs and substructures.

Meanwhile, rusting condition of the bearing shoe area iz one of the most serious areas due to namow
space and concentration of debris and water.

Effective service jife of elaztomeric bearings iz estimated to be 15 25 years. As the material ages
during its serviceability perod, it exhibits severe bulging or cracking. These are signs that the
elastomeric bearings need o be replaced.

Reptacement with new bearing shoe should be perdormed sirictly in accordance with the relevant
technical requirements and recommendations provided by the bearing manufacturers. Installafion
should be performed by highly experenced staff subject to close supenision.

Usually, the jack-up girder technigque is ufilized to allow for repiacement of bearings. During
replacement of the bearings, traffic may remain opened but with imposed restriction on passing speed
as safety precaution. The girder shall be jacked up to around 5 mm io 10 mm, with one jack siroke.

T Jﬂ i¥
X > s .
W] I.i_ _J -

5 W ! -

— Chlmoprens Hubber

Inner Steal Plate

Burface Rubber

21.2 APPLICATION CRITERIA
Replacement of bearing shall be implemented if exigting rubber bearings already exhibited severs
cracks and abnormal bulging. O4d steel bearings need to be replaced ezpecially if loose connections
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were found.
The capacity of the new bearing should be the same as the old bearing, subject to approval of the

Engineer.
21.3 WORK SEQUENCE
Work sequence of replacement method of the Rubber bearing shoe iz as shown in Figure 3-13-1.

Figure 3-19-1 Waork sequence

START
¥
Jack up the girder
’
L ‘Dismantie existing Bearing
Jack Down Girder and chipping bearing bas
after Curing ‘
: 4 -
¥ Cast New Bearing Seat and
Dismantle Jacks and Set up Mew Bearings
Temporary Supports
u
EMD

21.4 REQUIRED EQUIPMENT/TOOL AND MATERIAL

41 EquipmentTool

Following tocls/equipment will be required for replacement works of the bearing shoe.
. Hydraulic Jack
. Electrical Jackhammer
. Portable generator
. Trowel

4-2  Material

Following toolsfequipment will be required for replacement works of the bearing shoe.

= Elastomeric bearing pads.
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=  Rebar
=  Mortal/concrete
21.5 REQUIREMENT, SPECIFICATION
Material
{1) Bearing Fads
Elastomeric bearing pads shall be confirmed o AASHTO M251.

Property Test Method Uni Specificatio
t n
Hardness, Durometer ASTM D 2240 605

The material test shall be applied for Hardness fest to be approved by the Engimeer.
Work requirement

(2) instaliation of jacking stages
The Contractor shall submit the shop drawings of
jack up bracket staging and the working staging to
b= approved by the Enginser.
The jack up bracket shall strong encugh agamnst
reaction from jacking load. Concrete of the bracket
shall be cured unfil concrefe strength developad
required sirength.

{3} Jack up girder
The jack capacity shall be agreed with the
Engineer considering dead load and bve losd
during the replacemsnt work.
The surface of expansion joint shall be secured fo
provide safety for passing traffic during jacking up
process. Moreover, the height difference betwesn
surface of abuiment amd girder shall be kept
smaller than 10 mm.

Chipping shoe bed concrete

{4) Casting bearing seat and set up new
bearings
The Contractor ghall submit shop drawings for
the new bearing seat to be approved by the
Engimeer, prior to execution of related works
including concrete chip off. After providing
temporary support for the girders near the
bearing locationz, oid bearings shall be
dizmantied. Position and level for the new
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bearings shall be sst-up accordingty.

{4) Jack down girder After Curing ; <4
Mortariconcrete shall be cured fo achieve ‘& Clacktirug ruiw sping pekt
sufficient strength for supporting the load S| NS o B g ho
reactions. The Confractor shall submit test
results of specimen strength in accordance
with the specifications, subject to approval of
the Engineer. If the test results are acceptable,
jack down the girder fo consequently releaze g
Inad reactions from the jacking device. R

{3) Dismanfle Jacks and Temporary Supports
When the reaction iz safely fransfemred fromthe
jack to the new bearing, jacking device shall be
dismantied.

Temporary jacking bracket and staging shall
be removed, epoxy anchors for bracket shall
be cut at the surface of the concrete and cut
end shall be applied zinc rich paint. Staging
anchor bolts shall be remained with application
of zinc rich paint for future’s use.

W rr—

zinkrich paint |
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21.6 MEASUREMENT AND PAYMENT

8.1

6.2

Method of Measurement

The method of measurement for replacement of bearings shall be by number {quantity)
approved by the Engineer.

Basiz of Payment

The quantiies, measured az prescribed above shall be paid for af the coniract unit
price which shall cover full compenzation for fumnishing, preparing, fabricating,
tranzporting, placing and instaltation. The new rubber bearing, jack up work, chipping
concrete, pouring concretelgrout, jack down work and other activitiez are deemed
mciuded in priced item.

Pay tem No. Mame Unit of Measurement
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22. COFFERDAMS

22.1 COFFERDAM CONSTRUCTION

& cofferdam iz temporary wall or structure intended to exclude water from construction work (usually
foundation}). It must therefore be designed for stability under maximum water level conditions, and
should be safe against bursting, sliding, and overtuming, Since cofferdams are temporary structure,
economy iz also major considerafion. The selection of the fype depends upon the area io be
protected, the depth of water to be catered for the possibility of overtopping by fioods, and the nature
of the material in which the cofferdam iz founded (which must be reasonably impervious). In flowing
gireams, the possibility of scour due to the reduciion of the waterway by the cofferdam, and the effect
of pressure on the face of the dam, must not be overlocked.

22.1.1 Steel sheet piling

Steel sheet piling iz 8 common material used for the construction of cofferdams. It has the advantage
of great strength and iz abile to be salvage relatively easily at the completion of the work. Excepi when
the bottom is bare rock, a single wall of steel sheet-piling iz generally the most effective cofferdam for
depths ranging from 5 to 20 meters. Even on zare rock, if the surface iz =oft enough to permit a
minimum of 300mm penefration, steel sheefing may be used successfully.

There have besn many shapes of secion devized for steel sheet-piling, and all are usually provided
with suitable interlocking ‘clutches’ along each edge.

one advantage of steel sheeting iz that i may be driven below the boliom of the excavation to cut off
water and to retain soff and unstalde material. The depth of cut-off should be at least half the depth
of water acting on the cofferdam.

& zingle wall of steel sheeting iz driven by means of a guide frame .In water of up to 10 meters depth,
this may take the form of timber piles with wailing bolted into position to provide alignment for the
sheeting .In deep water, i iz usual to build a framework which will brace the pifling after the cofferdam
iz pumped out it iz ezsential io keep the sheeiz verical, and thiz iz most easily achieved by standing
up a long row of sheets and driving them down a short distance; the whole row being gradually driven
io the required depth _Ancther mportant point is to place a very heavy grease in the interlocking
clutches prior to azsembly to prevent rusting and make extraction easier.

22.1.2 Concrete sheet Pilling

Concrete sheet piles are precast members consfructed either with or without & jointing system (e.g.
tongue and groove).

The pointz are often cast with a bevel, which tends to wedge each pile againzt the previous -driven
pile. The pies are relatively bulky and they displace a relafively large volume of =oil. The larger
displacement of 2od tends to increasze the driving resiztance.

By cleaning and groufing the joinis after dnving, & reasonably waterfight: seal may be achieved.
Grouted walls may need expansion jointz along the wall.
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22.1.3 Braced Cofferdams

Braced cofferdams are designed =o that loads on each set of horizontal waling are equal in order to
standardize the size of members.

Waling's are inztalled by hanging them from the guide frame.

Allowance should be made in design for the possibility of struts being damaged by the digging buckel
It iz usual to support them with braces and postz at reazonable intervals in order to reduce their
unzupporied length as cofuming. They must aiso be amanged to avoid fouling the permanent structure
as much as possible.

22.1.4 Dikes

Dikes are embankments of earth fill, and designed as gravity dams. They are the simplest form of
cofferdam but must be high enough-to avoid any chance of overtopping unless suitably protected.
Earth iz uzed in quiet water and rock in more turbulent locations. Sealing the latter iz often a difficult
jol, but may be achieved by sandbagging the face with clay. Dikes are usually employed for imited
pericds, particularly to enable instaliafion of @ more permanent cofferdam behind them.

22.1.5 Suspended Cofferdams

Suspended cofferdams are used when piles or caiszons have o be capped below low water, and the
depth to the river bed is large. A walertight box is constructed, generally of timber, with suitable holes
in the fioor to fit over the caizson or pile heads.

22.2 DEWATERING OF COFFERDAMS

Dewatering of coffer dams must be camied out with great care and attention. A=z soon as the cofferdam
iz clozed, The water should be pumped down in stages, with accurate obeervalions of mflow of water
between pumping periods. Sealing of bed leakages and installation of bracing (A2 required) can
proceed during these stages. Cofferdams pumps are usually of the cenfrifugal type with wide
clearances since zand, silt and other foreign maiter are generally contained in water.

After the inside of the cofferdam is dry, it should be kept dry unless a blow -in cccurs a5 a result of
the floor being forced up by water pressure from outside. If this ocours, as a result of the fioor being
forced up by water pressure from outside. if this occurs, there is obviously not enough cut-off below
the toe of the sheeling, and further driving to- achieve a better seal may be necessary. The foundation
area must be obzerved at all times for signs of weakness which may lead to & blow-in, and personal
should not be permitted to stay in the area if danger is suspected. Al the first sign of zevere leakage
or weakening of the botiom, the area should be flooded and steps taken to obiain a better seal. On
rock foundation, grouting may be effective in blocking leakage through fissures. If this iz not pozsible,
or if & cofferdam cannot be dewatered completely, excavation will have to proceed under water, and
a concrete seal (designed against up iift) installed on the finished bottom, thus enabling the cofferdam
o e pumped dry 20 that further consfruction work may proceed as planned,

Cweropping of cofferdams should be avoided, ¥ possible, flood hazards should be soundhy
investigated. and the height of the cofferdam determined by judgment. The economical height iz that
at which the cost of additional protection will be more than the cost of delay and damage due o
overtopping and flood. If a cofferdam iz in danger of overiopping, simiar aclion must be taken as with
a blow -in or serious leakage. Water should be pumped into the workings to prevent senious damage
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which may resuit from sudden ingress of large volumes of water. When danger has passad, the area
may again be dewatered.

Generally, it iz expected that after a cofferdam is dewatered, work should proceed to its conclusion
inside az fast as possible, with the inside of the cofferdam maintained as dry as practicahle.

22.3 REMOVAL OF COFFERDAMS

The design of a cofferdam must take into account its removals on completion of the permanent works.
There must not only be sufficient clearance inside the cofferdam to pemmit itz remowval without damage
fo the completed permanent structure, but alzo to enable work to proceed with reasonable access to

all partz of the structure during the construction period. Bracing locations must be carefully chosen
s0 that the braces may be removed without fouling.

Sheet pilling if pulled with exiractors, care being taken not to damage the gheeting. The greatest effort

will be required at the start in loozening the pilling both from the ground and the infertocks and difficult
sheets may be left until neighboring ones have been exfracted.
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Annexes:

Supervision/Monitoring Check list for:

Drilling Bore hole & lowering of reinforcement Cages:

Slno

ltems/Steps

Guidedine Description

Borehole Types

&} Borehole at dry land shall be partially

case type by driving temporary

stee! casing at the upper part of borehole fo prevent
callapsing of hole

Plus to ensure smooth baring and concreting of the pile
successfully.

b} Borehole through the water and soft upper sail layers
shall be case with Permanent steel casing f shown in
the drawing.

Crfling Equipment
Types

a) Percussion drlling equipment {Tripod ng system)
shall generally be used For piles having diamefers up
o BO0nmm:

b} Hydraulic Rotary drilfing equipment shall be used for
piles having Diameters abowve BO0mm.

= Dirilling bit'cutter diameter of the boring tools shall not
b= less than pile design diameter to ensure the design
diameter of pile.

= Orilling kit bottorn shape should be flat for easy

cleaning of sand deposition from the hole botiomn plus
to awoid any unnecessany deposition of soil at botiom.

= Prior to commencing boring works well function of
drilling eguipment, drlling bit diameier, bottom
shapelsize fo be werfied and ensure fo be acceptabls
condition

Driflireg Fluid/Mhud
(Material)

a) Fresh Bentonite powder shall be used for preparafion
of driling slurry'mud reguired to be circulated inside the
hole during boring to Stabilize borehole and fo prevent
amy caving of borehode wall.

b) To get the approval from Client, Confractor should
submit to client the manufacturer certificate of fresh
benionite indicating the manufacturer's name, matenal
type, dafe & place of manufaciure, details of benionite

Properties (liqusd limét, swell index, viscosity range, gel
strength, pH value efc )
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¢} The liquid limit of fresh bentonite powder shall be noi
less than 400% and Swell index shall b= not less than
450%

d} The density of fresh bantonite shall be less than 1.1
[g'rnl}, Viscosity shall be 32 fo0 40 sec and pH value to
be T o B.

&) The Manufacturer certificate and the Client's approwval
cshall be made available at site during preparation of
benionite slurmy.

f} Bentonite shall b= handled and store at site
acceptable to the Clisnt and in a manner which will not
resulis in spillages on the sife.

Tempaorary Steel
Casing (Materialf
Geometry)

a) Temporary steal casing shall be used for piles need
to be constructed &t dry land.

b) Temporany casing length shall be selected based on
the depth of upper soft soil layer to protect caving of
borehole at upper level. However, the length of the
casing pipe shall not be less than 8.0m.

¢} Inner diameter of the casing shall be more than drillimg
bit‘cutter diamefer fo ensure smoothfree passing of
cuiter through casing pipe.

d} The casing pipe shall be fabricated to the specifisd

size and shape from mild steel plus to be agread by
Clisnt

&) The casing pipe shall b2 smooth, clean, watertight,
and sufficiently strong (with adequate wall thickness]) to
withstand both hamdiing and driving stress plus the
pressure of both concrete and eartth matenal.

f} It shall be free from significant distortion and shall
hawe uniform cross- section throughout the confinuous

length.

Permamnent Steesl
Casing (Matenal &
Fabrication)

a) Piles when nesd to be consiructed at water or very
soff sodl permaneni steel casing (if shown in the

drawings) are reguired to be installed.

b} The permansent casing shall b2 made from new steel
plate matenal conforming fo the ASTM AZE plus
complying Specification, & drawings.

o} Manufacturer's cerificate of steel casing matenals

including properties and test results to be submitted by
the confractor to the Clent for review and approval

d} The minimum wall thickness, inner & outer diameter
and length of the casing pipe shall not be less than as

specified in the designfdrawings.
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&) The fabrication of permanent casing pipe shall be
carried out by suitable method as approved by the
clisnt

f) The casng pipe fabricafion works including plate
falding. welding joints, assembiing, storing. surface
finishing, coafting (if any)} etc. must be mspected and
accepted by Client's representative.

gl The casing pipe shall be smooth, ciean, watertight,
fres from dirt, cil, grease, rust, mill scale efc. and shall
be sufficienily strong to withstand both handling and
driving stress plus the pressure of both concrete and

Surrounding material.

h) It shall be free from significant distortion and shall
hawve uniform cross-section throughout the confinuaws
length.

i} The casing pipe shall be stored in 3 suitable place at
construction site preventing from environmental
degradation plus handled in @ manner that shall
prevent buckling and other deformation.

Shurry Mixing and
Tectk

a) Mix ratio of bantonite powder 1o waler for a:'.h_ieving
desired shurry properies (density & viscosity) depends
on the gually of dry bentonite powder.

b)) Accordingly, trial mix ratio of bentonite slurmy fo be
established by the Caonfractor at laboratory for
complying the desired test resulis as required for the
actual ground condifion.

¢} Mominaly for pile boring operation, guaniity of
bentonite shall be 4% to 6% by wight of water.
Howewer, Contractor shall confirm the mix ratio by rial
test complying the desired properties at his cwamn
responsibifity, and to be witnessed and approved by
Clisnt.

d) The reguired slurry properties of frial mix shall be i
Density: = 1.10 {gfml}. ii. Viscosity: 32 to 50 sec and pH
value: T fo B. Confractor to take special precautions by
adjustingfmodifying the slurmy mix ratio considerng the
aciual sodl condition, salinity affect etc. of the borehole
so fhat the slurry s saitable for the support of the
baorehole wall.

e} Contractor is needed to prepare drawings of tank/pit
for shurry mixing. delivering, collecting, de-sanding sfe.
indicating the tank location, size, shape, surfacs
finishing type, delivery & re-circulation systerm and get
it approved by Client,
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f} Bentonite siurmy to be prepared in the fank properly
maintain the approved mix rafio for safisfying the
required properfies witnessing plus accepted by Clisnt
g} Bentonite shall be thorowghly mix with water in a

cofloidal miker. The water shall be taken from the public
supply of potable water or other source of fresh water

approved by the Chent.

h) Contracior shall have to ensure availabiity of all
testing kits in good condition at site for frequenily testing
slurry properties at his own cost and responsibiliy.

i} The fesfing Kits {Mud Balance for density, MARSH
FLMMEL for wiscosity, pH meter, SAND COMTENT
SET ete ) are to be inspecied and accepted by

Cliznt

Borehole FPositiocn
and Boring

Seguence

a) The Confractor shall have to prepare & construction
drawing of pile group layout plan precisely indicating the
coordinates of each pile center posifion, alignment etc.
refarence fo esiablished BM co-ordinaie for review and
acceptance by the Clieni's representative.

b} The Confractor shall have to submit a plan with
drawings/sketches - indicating the sequence of pile
constrecton in a pile growp for approval by the Client

c) Boring of a pile shall nof be commenced untl 24 houwrs
expired afier complefion of concrefe pouring fo a
recently constructed pile within a radius of five times the
pile diamefier.

d} The Contractor shall have to identify at ground level
the actua! borehole position/co-ordinates of a pile
complying to the design co-ordinatefcenter position of
the pile and shall be venfied plus accepted by Chent.

e} Contractor shall investigate and establish the ground
water table around the pile cluster using suitable fools
& method acceptable to Clisnt

Criving of Steel
Casing [ Temparary
Permanent)

a} Contractor is reguired to submit procedure of driving
steel casing pipe indicating the casing driving eguipment
type, pipe liftng & posiioning system, in-situ splicing
system in muBli-segment pipe for permanent casing,
pipe werficalily mamniaining/checking system. soil
removal during pipe driving efc. for review and spproval
by the Clisnt.

b) The casing pipe pgeometry and quakty (length,
diameter, thickness, segment, joint guality, coafing,
surface condibon efc) to be checked and confirmed
prior to commencing driving.
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¢} Center posifion of driving casing pipe at ground fo be
checked and confirmed to the co-ordinate of the design
pile center,

d} Casing fo be driven very carefully to ensure the
verticality of the pipe avoiding any inclnation. The
verticality of the driven pipe shall be frequently checked
by using & Chnometer, Inverted pendulum efc, during
the driving time.

e} For multiple segments of permanent casing, in-situ
segment splicing/joineng by welding to be carried out by
professionally experienced welder.

) Afier doving of the casing pip= both top & bolfom
level of pipe to be checked by survey method and to ba
confirmed with design/drawings.

g} For temporany casing pipe at dry land, fop level of
pipe should be maintzsined at 0.5m -1.0m above the
existing ground.

h} Contractor shall assess the required bore hole depth
fromn the fop level of driven permanent casing pipe fo
the proposed pie boftom level as shown in the
approved drawing.

Shurry Circulation
Systemn

The following two methods are wsed for slurmy
circulation to the borehole.

a) Direct Mud Cireudation [DMCY: Slurry is directly
supphied from the slumy tank to the borehole through the
drilling pipe during boring. This DMC method s used in
percussion driling for piles of less than 200mm
Diarneter.

by Reverse Circulation (RC): Slurry is direcily supplied
fromn the slurry tank fo the borehole through the top level
of casing pipe. This RC method is used in hydraulic
rotary drilling for piles above 800mm diamster.

= Prior to commencing slumy circulation to borehols,
slurry properties (viscosty, density, PH etc.) are to be
checked at site taking sample from the slurmy supply tank
and fo be confirmed with the approved properties.

= For slurry re-circulation, coliected slumy from the
borehole is fo be deposited in separate tank and shall
be de-sanded by seifing in the fank. Properties of de-
sanded slery are to be verified and confirmed to the
required properiies prior o re-circulation fo the borshaole.
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= Benionite shumy which will not be re-used for circulation
shall be removed from the site as socon as practicable
and safely disposed.

10

Boring/Driling

a) Drilking to be done using acceptable eguipment and
method as described.

b) Slurry with proper properties to be continuously
supphed from the shurry tank inside the hole

c] Slery top level inside the borehole must be
maintained at least 2.0m abowve the ground water table
to avoid bore hole coflapse.

d} Dridling inside the hole to be carsfully’smoothly caried
out fo maintain borehole verticality avoiding formation of
any inciinafion.

&) Used slurry collected from the hole to be de-sanded
by suitable means and sensure properties prior fo re-
girculated inside borehola.

f) Drilling bit digmeter to be checked time to time and to
be adjusted i found less than the inifial diameter/size.

g} During boring soil sample encoundtered from the
borehale to be frequently collected and checked for soil
type. Contractor shafl also compile a borng log
indicating depths and types of soi layers encounterad.

h} Cirilling time for each driling segment to be obsenved
and recorded to understand the soil strength

i} If any cbstruction encountered inside the hole during
boring process which makes wery hard for dridling
progress, the Confractor shall fake necessany measures
approved by Client to remove the obstruction at his own
cost and responisibility.

i} The borehale depth fo be measured by suilable means
and drilling to be confinued until the measure depth
safisfy the required dasign dapth from the casing fop
lewel

k) T awoid any caving or collapse of hole, boring works
shall be continuous without any interruption until the final
tip lewel is achieved.

11

Initial Borehaole
Wash/Cleaning

a} Initial CleaningWashing of borehole should be done
by an approved method affer completion of
boring/drifling works up to required design degth.

b} Contracior shall submit to clent for approval the
procedure of borehole washing/cleaning  including
cleaning equipment, materials, sand content testing
toots, time of cleaning etz fo be ussed.
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¢} Cleaning shall be dome by flushing the borehole
supplying fresh bentonite slurry. Cleaning shall also b
dane by air fing method through a process of supplying
air to the bottorn of hole from air compeessor.

d} bn hydraulic rotary boning. cleaning buckei shall be
used to remove sand and mud deposifion from the
borehole botiom level.

2} Siurry sample to be collected from the botiom of
borehole using a accepiable tools and sand content ta
be checked by sutalkde means (Sand Content Set).

f} Cleamingfwashing of borehode shall be continued until
sand content at the borehole bolfom reduced fo a
safisfactony lewel (= 295

g} During borehole cleaning peried the slurry top lewval
inside borehole also to be maintained at least 2.0m
abowve the ground water table

12

Borehaole Glualty
Check

a) After completion of driling holes up to desired depth,
the borshole quality i.e. cenfer position, hole diameter,
shape, veriicality etc. to be checked by suilable fools
(KODEN, Soni-caliper, REBAR CAGE | Inwveried
Pendulum =fz.)

b} The Corntractor shall arrange il equipment and tools
pius conducted borehaole gualify test in presence of the
Engineer at the Confractor's. own cost & responsibility.

) Deviation of borshole cenfer position more than
S0rmm im lateral direction andior pile wertical skope
deviated by miore than 1% shall not be acceptable.

d} Mecessary remedial measures of borehole quality
deviation including correction of inclination, lateral
deviation =ic. to be carried out by an acceptable means
and tools at Contractor own respansibility.

13

Rebar Cage {Material
& Fabrication)

a) Prior to procurement of reinforcing stesl intendent to
be wsed m the pie, the Confracfor at his own nskl
responsibility shall have to ensure that the rebar grade,
qualty, and properbies will satisfy the design/drawing
and Specification requirement.

b} Contractor is required to submit the Blanufactursr
certficates of reinforcing stee! including rebar grade,
composition & properties defsils, factory fest results of
each size of rebar, record plus performance of previous
use of the rebar in any project eto. for review and
acceptance.

) After dedivery of rebar at site, the Contractor at his own
cosi shall make amangement to take samples for each
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size of rebar in presence of Client's representafive for
conduciing laboratory test from a reputed organization
[BUETHUET/CUET} acceptable fo the Chent.

d) The conducted laboratory test resulis of rebar are to
b submitied by the Contractor for review & acceptance
by the concerned authonty complying with the
Specification and Design reguirement. Similar sampling,
testing plus getting approval are o be camied out by the
Contractor for each batch and size of rebar when
delivered o site.

&) Rebar cage fabrication and assembling are to be
carnied out strictly fallowing the acceptable pile ebar
drawings.

fi Main rebar & spiral bar, stiffensr bar diameter,
numbers, length, splicing length, rebar suface guality
{no |loose rest, no pit) efc. are fo be checked and
confirmed with the approved drawings.

g} Spiral rebar spacing, lap length, binding & fying with
main bar efc. are to be carefully checked and to be
complad with the approved drawings.

h} Concrete cover blocks size, numbers, spacing,
strengthiquality, fixing with cage etz ©©o be checked
complying with the approved drawings.

i} Individual rebar cage length, total cage length, lap
length, main rebar boifom profection, rebar cower,
straightness of rebar cage, ouferfinner cage diameter,
stiffiener numbers spacing efc. o be checked and
confirmed with the drawings.

j¥ Binding wire quality (Gl), wire tying, tack & spot-
welding nos.fsizefquality {if any) efc. io be checked and
confirmed with the drawings.

k} Hoops. links, helical reinforcement shall fix
closalyfightly to the main rebar. If wire is used to fix
these bar to main rebar the ends of wire to be tumed to
the intericr of rebar cage fo ensure rebar cover.

14

Rebar Cage

Instalfiaton

a) Theck and confirm the bore haole depth, botfom level
of hole, center position etc. pricr to rebar cage lowernng
inside the hola.

b} Confracior shall feks remedial measures if any
unacceptable sandfscil deposition, less boring depth
eie. are identified prior fo lowenng rebar cags.

c) Emsure that each rebar cage remain wertical/siraight
during lifting and installafion inside the bore hole. No
excessive bending of rebar cage shall be allowesd during
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installation. Contractor shall take necessary measures
to avoid any rebar cage bending a5 accepiable fo the
Client.

d) Ensure that rebar cage center is acceptably match to
the borehole center,

&) Check and ensure that sphicing of successive rebar
cage is satisfaciorily done by acceptable means as per
designidrawings (using coupler, welding eic.)

f) Emsure that lap length of verbcal rebar and spiral
rebar after splicing safisfy the agreed drawings.

gl After rebar cage installation, inspect and ensure that
clear cover to the culside of rebar cage inside the hole
has achiewed the minimum cover as shown in the
drawings.

h} Inspect and ensure that rebar cage tip level is at |=ast
200mm above the borehole fip level, and the full rebar
cage is vertically fvedhanged fo the casing top level by
suitable means accepiable to the Clisnt

15

Final Borehole Wash

a}) Final washing of borehcle must be done after proper
installation plus acceptance of all re-bar cages to the
barehaole.

b} Cleaning and washing of fthe bore hole chall be
carred cut by air liffing methed andfor supplying fresh
Bentonite Sy throwgh Tremie pipe or any other
suitable means accepiable to the Client

) Confractor shiall demonstrate the procedure of final
borehole cleaning using the tools {air lifting system, air
compressor, eto.) for approval of the Chent.

d} Prior fo start of cleaning hole by slumy circulation
methed, shirmy properiies o be tesfed for required
density and Viscosity.

) During final washing slurry sample fo be coliecied
fromn the bottom of boreholbe by an acceptable tools and
sand content to be checked by sutable means.

fi Borehole cleaning shall be contnued untd sand
content is reduced o sabisfactony level (less than 2%).

gl Cleaning shall continue until the water inside the hole
is clear and fres from particles of =oil, silt. sand =tc.

h} Measures shall be taken to prevent the accumulation
of silt and other matanial at the base of the borahals.
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i} During borehole cleaning period the slurry top level
inside borehole also to be maintzined at least 2.0m
above the ground water table

16

Tolerances of FPile The Conifractor, jontly with the Client representative,
shall assess the following parameters of the constructied
pile by any suitable methodfesttools acceptable to the
Cliznt. The final construcied pile shall not b= accepied
far the permanent works unless satisfy the following
tolerances from the Specified design/drawings:

a) Lateral deviation of Center position of pile at Cut-off
level S0mm: [Max. )

b) Vertical deviafion of cut-off lewel : () 25mm
c) Pile Tip Leved Elevation : (£} 200mrm

d) Pile Diameter at any section - (-] 10mm

) Pile Verticality Deviation - 0.5% [Mazx.)

fi Acteal Poured Concrete Volume - {-) 1.0% (Max_} of
thearetical walums.

FParametars

ii. Concrefing of P

ile Check List

Slno

ltems/Sieps

Guideline Description

Tremie Pipe

Lovwering

a) Check the fremie pipe inmer diameter that showld be varied from 150men (for
800mm dia, pile) o 250mm {akove E00mm dia. Pile} based on pile diameter as

accepied by the Chent.

by Check and measure l2ngth of each segment of fremie pipe, tofal segment
nurmkbers ete. and to be safisfied to the borshole depth.

c] Ensure that the inneroutsr surface condition of tremie pipe are clean plus free
from any hard mortar or unaccepisble material

d) Ensure that both ends of each segment of tremie pipe is propery threaded o
ENSUre proper joining.

&) During lowering fremie pipe ensure that successive tremie segments are
smoothlyfightly spliced without any leakage.

f) Emsure that tip level of tremis pipe = 200mm abowve the borshole bottom
lewel.

gl Ensure that hopper imner surfacs is smooth, clean and free from any hard
mzterial
hj Enzure that hopper is perfectly fwed at top of tremie pipe.

i} Ensure that tremie pipe full length is fred'hanged to the casing pips fo
properly mainiain the bottom level above the borehole tip Evel.
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Concrete (Material &
Preparafion)

al) Al material (Cement, sand, apgregate. water, admizfure) brand, type,
properties including laboratory fest resulis elc. must be checked and accepied
by the concerned authority.

b} The contracior shall ensure that 2l material test results, certificate, appraval
letter efz. are available at site for review by the nspection team.

¢} Check and confirm mix design of concrete including, mixing ratio, water cament
ratio, cement conteni, admixiure dose, concrete grade, strength 2t 28 days, initial
& final setting tme, design slump =tc.

dj Mominally inifial setting time shafl be £ fo 10 hows to ensure that pile
concrete pouring could be finished within the initial setting time._

e} Check and confirm the madng eguipment (Mixzture machineBatching plant),
calibration, functoning, maternal measuring system etc. are acceptable.

f) Emsure the inner surface of mixing drum is clean plus free from any hard
material (grout, mortar ete.)

gl Caloulate required gquantity of concrete to be manufactured based on actual
bore hole depth, concrete top level, wastage sic.

h} Emsure all concrete material quantity based on required concrete volume are
available at site plus accepted by the Clisnt.

i} Required concrete volume shall be compuled based on borehole fip level o
pite cuf-off plus 2.0m of pile length above cut-off level. The acieal volume of
concrete to b= poured in the borehaole should not be less than reguired volume.

i} Check and confirm the concrete delivery system (transit truck, pump, head
load ete.) to borehole from mixing plant as accepiable to Client

k} The Contractor shall ensure availability of all toois & eguipment st =ite to
measuraftest reguired fresh concrete propertes (slump, temperature,
cubefoylindsr mold etc.) ie be done immedistely after production.

1} Mark the desired concreie top level inside the casing pipe prior fo concrefe
pouring accordingly.

Concrete Pourimg fo
Pilz Borehols

a) Each pile borehole shall be commenced for concrete pouring immediately after
complefion of final borehole cleaning and acceptad by the Clisnt

b} Prior to concrete powring to tremie pipe hopper, the fremie pipe fop opening
shall be closed by foamiplastic balllany suitable means which must be flush out
or remove durning the 1st charging of concrete and shall be commence only after
thie full vodume of hopper is filled by concrete.

c} After then concrete shall be continuously poured in the bore hole through
tremie hopper. Emnsure that there shall not be any excessive delay or time gap
betwesn pouring of successive baich.

dj Check fresh concrele temperature, slump, gquantity etc. of sach batch of
concrete satisfy the design requiremsnt prics to pouring.

e} Mominally temperature of fresh conerete should not be more than 32o0C, and
slumip shall be 180mm fo 220mm o ensure free and smooth pouring through
tremie pipe.
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f) Properties (femperature and slemp) of fresh concrete defivered at site if do not
satisfy the requirement shall be rejected and cannot be used.

gl Atleast three concrete samples (cubelcylinder) per 1000 cum of fresh concrete
are to be taken fram the mixed concrate prior to pouring for leboratory tast,

hj Messwre and record top level of concrete inside hole afier powring of each
batch of concrate.

i} Ensure that during pouring concrete, the tremie pipe fip level must be
embedded inside at least 2.0m from poured concrete top level inside the hole.
Tremis pipe shall not be raised more than this limit accordingly.

1¥ Dwring concrete pouring small exiernal wibrationsfshocking may be applied to
the fremis pipe to ensure that there is no clogging/'blocking insids the tremie pips
during concrefing.

k) Corntractor to take remedial measures as acceptable to the Client to avoid any
clogoing/bbocking f identified. In no way. tremie pipe shall be removed from the
poured concrete, and it shall b2 embedded 2.0m inside concreta top level.

I} Concrete pouring shall be confinued wntil the poursed concrete top level is
reached at least 2.0m above the pile design cut-off level (s marked sarlier)

m} The concrete volume of the lasi batch should be such that fhe aciual total
poured concrete wvolume shall not be less tham the theoretical required concrete
wolume.

n} After confirming the pouring of required concreie, tremie pipe fip shall be
gradually raised to ensure that fresh good quality concrele level is above the pila
cut-off level and top level of poured concrete reached at 2.0m above the pils
design cut-off level.

o} The Contractor is required fo record starting & finishing fime of each baich of
concrete pouring, and o be ensured that full concrete pouring is finished within
the mitial setling fime of 15t batch of concrele pouning
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iii.

Bore Log Format
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iv. Bore Log & Concreting Format work out
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" District [ [Tangsil | Upamis | [ Mezapur |
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Pile Load Test (Statig2c)

erfEEfE's wamny e s Frdnfim S wEew Static Load Test <7 oS SEv=
e D s Tl e s o

3 | WS g Sub Contracior WH (TS (B8 &F 305 W4 9908 T4 | Sub Contractor
ferarest sxaeg v R et e o TS TR |

21 Pressure Gauge Gi ID No v#% Pressure Gauge 9% Capacily 9% 700kg/cm?2
WeE 0 )

% | Pressure Gauge < Calibration BUET (40% Test 7 P19 S9=/0 7505 91408 24 |
8 | Hydraulic Jack &7 Ram dia 1% 450mm (18") TS T4

@ | Hydraulic Jack 4 catalog <@, Hydraulic Jack &2 efficiency lest T 4% 20T

& | ¥ 3fF Elechric Hydraulic pump &0 T14rs 771 |

41 Recker beam or Reaction girder 7% ¢ o6 w7y :
etk icy T8 7 4R Heavy Plate(Min.40mm) w1

r | Main girder {Joist) 90w :
E;.;.-q— | (Joist) W &3 AR 30 76 o (Stze:350mmx1 75mmyct Smm)

% | Cross-girder (Joist e
ws% : (Joist) #0eF oufs am affefd 3o ‘I‘EFﬂT{Slae:E-ﬁDmmﬂﬁﬂmmxﬁmm}

33| {Refarence pipa or Angle A &R wrice 30 45 oy I o |
»» | Dial Gauge 2wU Dial Gauge ¥ Capacity F247% 70mm T W

|
3% | Kent ledge 93 ¢ Test load T 309, & s e

ﬂﬁﬂﬂmmﬁﬁﬂﬁﬂﬁ?wﬁ
b PR o s . e A
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vi. Pile Integrity Test

Pile Integrity Test (PIT) Execution:

A Test Procedure:

Faollow the approved PIT test procedurs (2.9, ASTM DSEEZ).

Enszure that the test is performed by qualified personnel.

B. Data Acquisition and Interpretation:

Redord the test data accurately and sfore it s=curely.

Interpret the test results and identify any potential defecis or anomalies.

C. Documentation:

Prepare a comprehensive test report, including test procedures, data, and interpretations.

Submit the test report to the relevant parties (e.g.. consuliant, client).

A. Pile Layowt and Coordinates:

“erify pile layout and coordinates against approvad drawings.

Confirm that pile locations are accurately marked on the ground.

B. Access and Safety:

Ensure safe acoess fo the pile location for testing equipment and personnel.

Implement necessary safety measures, including bamicades, signage. and personal profective equipment

{FPE}.

C. Cleaning:

Ensure the pile top and surrounding area are free from debris, loose soil, or obsinuctions that could interfare with

the testing.

D. Dewatering System (if applicable):

Werify that the dewaterng system is functoning correctly and maintaining: thie required water leval.
Il. Equipment and Materials:

A_ Testing Equipment:

Cionfirm that the PIT equipment {hammer, accelerometer, data acquisition sysiem) is calibrated and in good

wiorking order.

Ensure adeqgusate power supply and communication devices are available.

B. Materials:

Check for availability of necessary materials such as hammer pads, cables, and data sforage devices.
lll. Document Review:

A Piling Inspection Approval:

Verify that the piling inspeciion approval from the consultant or relevant suthority is obtained.

B. Valid Building Permit:

Confirm that the valid building permit for the project is in place.

C. Concrete Cube Test Reports:

Review and verify the concrete cube test reports to ensure the concrete strength meets the design

reguirements.

0. Previous Test Reports:

Review any previous test reports {e.g., dynamic or static load tests) for the pile.

E. Pile Design Drawimgs:

Ensure that the pile design dawings are available and accessible for reference.
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vii. Pre-concreting

L. Pre-Concreting Checks:
Pile Details:
Pile number and locafion
Pile diameter/dimensions
Filz type (2.g., bored, driven)
Design of pile (e.g. test pile report)
Reinforcement details (cage dimensions, spacing. ete.)
CDiepth of pile
Concrete Details:
Type of mix (RMC/site mix)
Caoncrefe supplier
Concrete grade
Slurmp test resulis
Caoncrete quantity per pile
Cubes cast for strength testing

Shuttering/Formwork:

Shuttering material {steel sheets, etc )
Properly erected and secured
Cleanliness of shutiering surfaces
Water sprayed on shuttering surfaces
Height of forrmenork

Werficality of shuttering

Properly fighiensd and braced

Check for any damage or deformation
Reinforcement:

Reinforcement cage in place and secured
Proper placement of reinforcemeant
Clear cover fo reinforcement

Check for amy damage or cormosion

Safety:

Safety equipment (PPE] available and used
Clear access fo the work area

Proper signage and barricades
Eovement of heavy eguipment under supsnasion

viii.  During Concrete

i. During Concreting:
Concrete Placement:

Continuous concreting from one end to the other
Concrefe placed within 30 minutes of mixing

Haight of free fall within 3 fest

Ayoid freguent mowvement of laborers ower reinforcement
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Usa of plain shest as walkway for camying concrete

Thickness Check:

Thickness checkad at 3-foot intervals

Curing:

Proper curing methods implemented

Ensure concrete is kept moist for the required duration
Documentation:

Record pile details, concrete mix, and concreting progress
Blaintain a log of all relevant information
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Concrete of Prestressed concrete girder check list
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During prestressing operation
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BL | ltem Mame Issues on the Quality of Work Performed Dpinion
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During grouting Operation
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wii. Formwork Inspection Checklist

s | Staifolding & Fomuor

o Seaffiding 5 T 99O & () 5 diamater @ 35" Thickness &% M3 Fipe T58
TR |

o 2975 Gider Casting % 57 MS Pipe "% 4% &' (¥415) %0 "% Long Direction %48
Diive T TR €= Transwerse Direclon 78 T0°7% (1) 7 Ppe 790 1608
T Do SN ER

«  Enginearing Mews Fermul [P=HIS[S+Cl} 9957 37 Pipe 705 Boaring Capacty W%
TR 9 driving record FEPRTE HECE A TR IR

o D &5 39 F24T8 120 Kg 49T Hammer SRR TRUT IR @38 Heght offal e
¥ (B TR R

o Diiving < 78 Pipe 753 Sellkemert #78 775 2% Bonc® i T @ AT T WA
278 [¥iuing Conlinue F5T8 2 1

o Seaffoidng &3 X-bracing % 9 2" 1" A" Size &5 M Angle Welding 5 T 91 |

v Brating 7% Horizontal &7 Varticd 8 7w Lo R R P AR
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Staging (Prestressing Bed) Inspection Checklist

Bridge Approach Embankment Construction
Check Plasticity Index (PI} value of filling sarth az per design & specification.

Check layer by layer compaction of filling earth as per design & specification
Check RL of formaficn level as per design & specification

Check width of embankment as per design.

Check side slope as per design.

Check camber of embankment road as per design.

Check longitudinal zlope as per design.

Check & monitor benching for side slope compaciion as per design.

Bridge Approach Pavement Construction
Check CBR of sub-grade as per design.

Check CBR & compacted thickness of improved sub-grade as per design & specification.

Check CBR & compacted thickness of sub-base as per design & specification.
Check rafio of AS & gradafion of course & fine aggregales as per design

Check CBR & compacted thickness of base course as per design & specification.
Check gradation of course aggregates as per design

Check Camber of paved width & shoulder as per design & specification.

Check longitudinal slope of paved road as per design

Check bitumen content of carpeting as per design & specification

Check peneiration of bitumen as per design& specification

Check thickness of carpeting of pavement

Check =etting of edging as per design & specification

Check temperature of bitumen during heating a= per design & specification
Check mixing temperature of bitumen & stone chips az per dezign & specification
Check gradation of stone chips as per design & specification

Check mix ratio of different gradation stone chips & dust per dezign & specification
Check laying temperature of carpeting on road {mim HJE]F} as per design

Check rolling of carpeting by static & pneumatic roller of min 10 tonzs.
Check nos, of pass over laying carpeting as per direction of E-in-charge.
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xv. Bridge Approach Slope Protection

*  Slope Protection work with long Routed road or embankment by Grass Turfing with 1:2
zlope & as per Design.

+  Slope Protechion Work for High Embankment {above 4.5mHaor Areas/Coastal Areas by
Grass Turfing with 1:1.75 slope& az per Design.

+ Slope protection work with Grags Turfing & Geo-Jute on Slope for Sandy Soi with 1:2 slope
& as per Design.

* Slope Protection work with grass Turfing Geo-Jute on Shope for Clayey Soil with 1:1.5 slope
& as per De=ign.

#* Slope Protection work with Grazs Turfing Geo-Jute Slope for Hilly Areas with 1:2 slope & as
per Design.

+ Temporary Slope Protection work with gunny bagged Rip-Rap and Geo-Textile in Haor
Areas/Coastal Areas with 1:2 slope & as per Design.

# Slope Protection work with Gabions in in Haor Areaz/Coastal Areas with 1:2 slope & a2 per
Deszign.

+  Slope Protection work with Vegstation, Block and Gabions in Haor Areas/Coastal Areas with
1:2 slope & as per Desgign.

* Slope Protection work with Palizading and Concrete post in General roadiembankment with
1:2 slope & as per Design.

#* Slope Protection work with Pafizading and Concrete post & Gunny Bags (Haor Areas) in
General Road/Embankment with 1.2 slope & as per Design.

wi. Social, Environmental and OHS safeguards inspection
Checklist for addressing the issues regarding acfivities to monitor the compliance of social,
environmental, road safety, and gender development Perspectives:

Name of Subproject: Lz Dist.: Date:

™ oA

Activities Results Remarks
Yes | No

Social Safeguard Environmental Mitigation
and Gender Development:

a1

Labor Shed(With adequate facilities)

oz

Site office{With signboard)

03

Safe drinking water facilifies / Tube well.

Arsenic testing of tube well water(if required)

o8

Temporary todet facities{rmalefemale)

aoF

First aid box with related medicine.
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oa

ag

Any accidentfincident that happened & recorded

Referral Physician in the nearby hospital. (fatal case)

10

Land problemidisputel acouesibion.

1

Personal Protection Equipment {PPE)

12

Ensure Face masks, Hand Gloves, safely bools,
gogpgles, helmets, ete.

13

Hand wash materials with soap, water, and a towel.

14

Installation 2 nos. COVID-12, display sign board.

15

Ensure 100 no's: COVID-1818 awareness leaflet and
posier,

16
17

Maintaining & K2 Thermometar.
Roadside free culting and plantation.

18

Confractor manpower as per schedule.,

18

Women Employment

20

Wages{Egual wages for Equal waork)

21

Resting place for women and working environment.

To maks aware the waorkers of their basic facilities,
dufies, and rights. {informal traiming}

23

Child labor engaged in work.

Gender-based violence, SEAISH (If any)

25

Waste disposal management.

Cirganic bin and disposal process.

Inonganic bin and disposal process.

26

Availability of Test Results:

WWater

&ir

Moise

Cement, Rod, stone, sand, Brick chips, concrete
cylinder, etc.

Control of Pollution:

Water spray

Moise monitored

28

Books/Registers/Minutes/Photocopy:
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Site order book

Complaint register

Envircnment Social Managemeant Plan(ESMP)

GREM commitiee

Site plan(A4 size)

Labor Attendance

Display Sign Board:

Project Sign Board.

COWVID-18 Sign Board

Traffic cautionary signs & signals

Divarsion sign boarnd

Permanent sign board

Road Safety:

Safety managemsant.

Typical Traffic Management Plan{TMP)

Customize fraffic mgt. plan

HBB/earthen diversion road and proper sloping.

Fencing/protection around the construction area.

Diversion road as per specification.

Share piling {if needead)

Flag menfwomen for trafficking.

Speed breaker,

Lighting faciies.

Draimage pips

Guide Post

ACBMISC:

Recommendation/Suggestions/Actions performed:

Accomplished by:
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axvii. Accident, Incident Inspection and Reporting

a. Initial Response & Scene Management:
Ensure Safety:

First Aid: Provide immediate madical assistance fo those njurad.
Scene Security: Secure the area to prevent further ham and preserve evidence,
Emergency Services: Contaci relevant authorities if necessary.
Document the Scene:
PhotographyVideography: Capture the scens with photos or videos, if appropriate.
Sketch: Create a sketch of the area, noting key feafures and posifions.
Mote: Document the waather conditions, lighting, and any ofther relevant envircnmental factors.
Gather Information:
identify Involved Parties: Mote the mames, positions, and contact details of those involved,
ldentify Witnesses: Gather information from witnesseas, including their names and contact information.
Collect Evidence: Carefully collect and preserve any relevant evidence (e.g., damaged eguipment, materials .
b. Investigation:
Interview Witnesses:
Conduct interviews with withesses to gather factual informaticn about the ncident.
Analyze the Incident:
Determine Root Causes: Inmvestigate the underlying factors that confribuied to the incident.
ldentify Contributing Factors: Detarmine any environmental, humnan, or precedural factors that played a role.
Develop a Report:
Chronological Order; Document the events in a clear and chronological order,
Detailed Description: Provide a defailed description of the incident, including what happened, where, and
when
Injury Details: Document any injuries sustained, including their severty and treatment
Recommendations: Include recommendations for preventing similar incidents in the future.

c. Reporting and Follow-up:

Submit Report:
Ensure the incident report is submitted to the appropriate avthonties or personnel.
Implement Corrective Actions:

Take aetion to addrass the identified root cavses and prevent future incidenis.

Rewview Risk Assessments:

Evaleate and update risk assessments based cn the incident investigation findings.
Follow-up:
Monitor the effectiveness of cormective actions and conduct regular follow-up inspections.

d. Incident Report Checklist
» Incident Details:
¢ Incident Reporting Information:
s Incident Type:
¢ Incident Description:
» Safety and Hesalth Implicafions:
¢«  Property Damage Azsesament:
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¢« Wilness Statements:
« Foot Cause Analysis:

xviii. Completion Inspection etc.

l. Design & Planning:
a. Design Review:

Vierify all design documents (drawings, calculations, specifications) against relevant Bangladesh standards and

reguiations.

Confirmn compliance with environmental impact assessments (ElA) and other reguiatory reguirements.

Ensure design meets the required load capacity, durahility, and safety siandards.

b. Site Survey & Geotechnical Investigation:

Werify the accuracy of the site survey data and geotechnical reporis.

Confirm that the design considers the specific site condiions (soil type, groundwater table, etc ).
Ensure the foundation design is appropriate for the site conditions.

. Utility Coordination:

Cionfirmn that all utilifies (power lines, water pipes, eic.) are relocated or protected as per design.
“erify that there are no conflicts bebween the bridge structure and existing wtilities.
ll. Construction:

a. Material Guality:
Ensure that all materials used in consfruction (concreie, steel, eic ) meet the required guality standards.

Conduct regular material testing and inspections,

b. Construction Progress:

Monitor construction progress against the project schadule and ensure fimely complation of all stages.

Blamiain sccurate records of all construction activities.

. Safety Measures:

Ensure that all safely measures are in place on the construction site (personal protective equipment, traffic

control, efc. )

Conduct regular safety inspeciions and audits.,

d. Chuality Control:

Conduct regular inspections and fests to ensure that the construction guality mests the required standards.
Address any guality control issues promptly.

lll. Testing & Inspection:
a. Structural Testing:
Conduct load tests to verify the structural capacity of the bridge.
Perform non-destructive festing (MOT) to identify any potental defects.
b. Visual Inspection:
Conduct thorough visual inspections of the bridge structure fo identify any signs of distress or damage.
Use specialized eguipment [drones, cameras, ete.) for remote visual inspections.
c. Environmental Inspection:
Ensure thaf the bridge constructicn has not had any negafive impact on the swrownding environment.
Conduet envirenmental montoring and reporting.
d. Utility Inspection:
Werify that all utilites are functioning comectly and are not affected by the bridge structure.
Conduct utifity inspections and tests.
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IV. Handover:
a. Documentation:
Prepare and submit all project documentiation (as-buoilt drawings, test reports, 2fz.) fo the client
Enszure that all documentation is complete and accurate.
b. Training:
Prowide training fo the client's personnel on the operation and maintenance of the bridge.
Ensure that the chent has all the necessary information to mainizin the bridge.
c. Final Inspection:
Conduct a final inspection of the bridge fo ensure that it meets all the requiremants,
Obtain a certificate of complefion from the relevant suthority.
d. Project Closure:
Close out all project confracts and ensure that all project costs are reconciled.
Conduct a post-project review to identify lessons learnsed.

Page | 372



LIST OF REFERENCES

-

Bridge Construction Supervision Manual of Republic of Indonesia January 1993

General Construction Supervision Manual of JICA December 2015

3. Draft Works Construction Management Manual (Final Version) August 2016 of
LGED

4. Bridge Rehabilitation and Strengthening Manual (Final Draft) August 2018 of

RHD.

Bangladesh Road Transpori Authornty Manual.

Shraddha A Ariicle.

Brid Dog Traffic control Articie.

The Risks to road safety Article .

3. C.T LRFD Article.

10.Vinay Mangrulkar, Proprietor & Civil Engineering professional.

11.VYARA senvices & Kerb stone Installation guidelines.

12.Design Manual LGED.

13.CT Caltrans Article.

14. Technical Specifications for Bridges on the Upazila Union Roads, LGED.

15. Specifications for Bridge Construction, Alberta Transportation, Canada.

16. Technical Guidance documents structure & bridge Manual, Virginia, USA.

17 https:/futtarakhandimigation. com/uploads/documents/2700-weanng-cost-and-
appurtenances.pdf.

18.TFI Intemational Inc, Transport Company, Canada

19. Cast-in-place Bored pile Construction Guideline, By Nani Roy

20.PC Girder bridge construction rules, By Chaitanya Kumar Mandal

21. Construction & CQuality Management of Bridge Work (Part-01) LGED

22 Construction & Quality Management of Bridge Work (Part-02) LGED

fa

e L

Pagza | 373



	Artboard 1-50
	Artboard 2-50
	Artboard 3-50
	Artboard 4-50
	Artboard 5-50
	Artboard 6-50
	Artboard 7-50
	Artboard 8-50
	Artboard 9-50
	Artboard 10-50
	Artboard 11-50
	Artboard 12-50
	Artboard 13-50
	Artboard 14-50
	Artboard 15-50
	Artboard 16-50
	Artboard 17-50
	Artboard 18-50
	Artboard 19-50
	Artboard 20-50
	Artboard 21-50
	Artboard 22-50
	Artboard 23-50
	Artboard 24-50
	Artboard 25-50
	Artboard 26-50
	Artboard 27-50
	Artboard 28-50
	Artboard 29-50
	Artboard 30-50
	Artboard 31-50
	Artboard 32-50
	Artboard 33-50
	Artboard 34-50
	Artboard 35-50
	Artboard 36-50
	Artboard 37-50
	Artboard 38-50
	Artboard 39-50
	Artboard 40-50
	Artboard 41-50
	Artboard 42-50
	Artboard 43-50
	Artboard 44-50
	Artboard 45-50
	Artboard 46-50
	Artboard 47-50
	Artboard 48-50
	Artboard 49-50
	Artboard 50-50
	Artboard 51-50
	Artboard 52-50
	Artboard 53-50
	Artboard 54-50
	Artboard 55-50
	Artboard 56-50
	Artboard 57-50
	Artboard 58-50
	Artboard 59-50
	Artboard 60-50
	Artboard 61-50
	Artboard 62-50
	Artboard 63-50
	Artboard 64-50
	Artboard 65-50
	Artboard 66-50
	Artboard 67-50
	Artboard 68-50
	Artboard 69-50
	Artboard 70-50
	Artboard 71-50
	Artboard 72-50
	Artboard 73-50
	Artboard 74-50
	Artboard 75-50
	Artboard 76-50
	Artboard 77-50
	Artboard 78-50
	Artboard 79-50
	Artboard 80-50
	Artboard 81-50
	Artboard 82-50
	Artboard 83-50
	Artboard 84-50
	Artboard 85-50
	Artboard 86-50
	Artboard 87-50
	Artboard 88-50
	Artboard 89-50
	Artboard 90-50
	Artboard 91-50
	Artboard 92-50
	Artboard 93-50
	Artboard 94-50
	Artboard 95-50
	Artboard 96-50
	Artboard 97-50
	Artboard 98-50
	Artboard 99-50
	Artboard 100-50
	Artboard 101-50
	Artboard 102-50
	Artboard 103-50
	Artboard 104-50
	Artboard 105-50
	Artboard 106-50
	Artboard 107-50
	Artboard 108-50
	Artboard 109-50
	Artboard 110-50
	Artboard 111-50
	Artboard 112-50
	Artboard 113-50
	Artboard 114-50
	Artboard 115-50
	Artboard 116-50
	Artboard 117-50
	Artboard 118-50
	Artboard 119-50
	Artboard 120-50
	Artboard 121-50
	Artboard 122-50
	Artboard 123-50
	Artboard 124-50
	Artboard 125-50
	Artboard 126-50
	Artboard 127-50
	Artboard 128-50
	Artboard 129-50
	Artboard 130-50
	Artboard 131-50
	Artboard 132-50
	Artboard 133-50
	Artboard 134-50
	Artboard 135-50
	Artboard 136-50
	Artboard 137-50
	Artboard 138-50
	Artboard 139-50
	Artboard 140-50
	Artboard 141-50
	Artboard 142-50
	Artboard 143-50
	Artboard 144-50
	Artboard 145-50
	Artboard 146-50
	Artboard 147-50
	Artboard 148-50
	Artboard 149-50
	Artboard 150-50
	Artboard 151-50
	Artboard 152-50
	Artboard 153-50
	Artboard 154-50
	Artboard 155-50
	Artboard 156-50
	Artboard 157-50
	Artboard 158-50
	Artboard 159-50
	Artboard 160-50
	Artboard 161-50
	Artboard 162-50
	Artboard 163-50
	Artboard 164-50
	Artboard 165-50
	Artboard 166-50
	Artboard 167-50
	Artboard 168-50
	Artboard 169-50
	Artboard 170-50
	Artboard 171-50
	Artboard 172-50
	Artboard 173-50
	Artboard 174-50
	Artboard 175-50
	Artboard 176-50
	Artboard 177-50
	Artboard 178-50
	Artboard 179-50
	Artboard 180-50
	Artboard 181-50
	Artboard 182-50
	Artboard 183-50
	Artboard 184-50
	Artboard 185-50
	Artboard 186-50
	Artboard 187-50
	Artboard 188-50
	Artboard 189-50
	Artboard 190-50
	Artboard 191-50
	Artboard 192-50
	Artboard 193-50
	Artboard 194-50
	Artboard 195-50
	Artboard 196-50
	Artboard 197-50
	Artboard 198-50
	Artboard 199-50
	Artboard 200-50
	Artboard 201-50
	Artboard 202-50
	Artboard 203-50
	Artboard 204-50
	Artboard 205-50
	Artboard 206-50
	Artboard 207-50
	Artboard 208-50
	Artboard 209-50
	Artboard 210-50
	Artboard 211-50
	Artboard 212-50
	Artboard 213-50
	Artboard 214-50
	Artboard 215-50
	Artboard 216-50
	Artboard 217-50
	Artboard 218-50
	Artboard 219-50
	Artboard 220-50
	Artboard 221-50
	Artboard 222-50
	Artboard 223-50
	Artboard 224-50
	Artboard 225-50
	Artboard 226-50
	Artboard 227-50
	Artboard 228-50
	Artboard 229-50
	Artboard 230-50
	Artboard 231-50
	Artboard 232-50
	Artboard 233-50
	Artboard 234-50
	Artboard 235-50
	Artboard 236-50
	Artboard 237-50
	Artboard 238-50
	Artboard 239-50
	Artboard 240-50
	Artboard 241-50
	Artboard 242-50
	Artboard 243-50
	Artboard 244-50
	Artboard 245-50
	Artboard 246-50
	Artboard 247-50
	Artboard 248-50
	Artboard 249-50
	Artboard 250-50
	Artboard 251-50
	Artboard 252-50
	Artboard 253-50
	Artboard 254-50
	Artboard 255-50
	Artboard 256-50
	Artboard 257-50
	Artboard 258-50
	Artboard 259-50
	Artboard 260-50
	Artboard 261-50
	Artboard 262-50
	Artboard 263-50
	Artboard 264-50
	Artboard 265-50
	Artboard 266-50
	Artboard 267-50
	Artboard 268-50
	Artboard 269-50
	Artboard 270-50
	Artboard 271-50
	Artboard 272-50
	Artboard 273-50
	Artboard 274-50
	Artboard 275-50
	Artboard 276-50
	Artboard 277-50
	Artboard 278-50
	Artboard 279-50
	Artboard 280-50
	Artboard 281-50
	Artboard 282-50
	Artboard 283-50
	Artboard 284-50
	Artboard 285-50
	Artboard 286-50
	Artboard 287-50
	Artboard 288-50
	Artboard 289-50
	Artboard 290-50
	Artboard 291-50
	Artboard 292-50
	Artboard 293-50
	Artboard 294-50
	Artboard 295-50
	Artboard 296-50
	Artboard 297-50
	Artboard 298-50
	Artboard 299-50
	Artboard 300-50
	Artboard 301-50
	Artboard 302-50
	Artboard 303-50
	Artboard 304-50
	Artboard 305-50
	Artboard 306-50
	Artboard 307-50
	Artboard 308-50
	Artboard 309-50
	Artboard 310-50
	Artboard 311-50
	Artboard 312-50
	Artboard 313-50
	Artboard 314-50
	Artboard 315-50
	Artboard 316-50
	Artboard 317-50
	Artboard 318-50
	Artboard 319-50
	Artboard 320-50
	Artboard 321-50
	Artboard 322-50
	Artboard 323-50
	Artboard 324-50
	Artboard 325-50
	Artboard 326-50
	Artboard 327-50
	Artboard 328-50
	Artboard 329-50
	Artboard 330-50
	Artboard 331-50
	Artboard 332-50
	Artboard 333-50
	Artboard 334-50
	Artboard 335-50
	Artboard 336-50
	Artboard 337-50
	Artboard 338-50
	Artboard 339-50
	Artboard 340-50
	Artboard 341-50
	Artboard 342-50
	Artboard 343-50
	Artboard 344-50
	Artboard 345-50
	Artboard 346-50
	Artboard 347-50
	Artboard 348-50
	Artboard 349-50
	Artboard 350-50
	Artboard 351-50
	Artboard 352-50
	Artboard 353-50
	Artboard 354-50
	Artboard 355-50
	Artboard 356-50
	Artboard 357-50
	Artboard 358-50
	Artboard 359-50
	Artboard 360-50
	Artboard 361-50
	Artboard 362-50
	Artboard 363-50
	Artboard 364-50
	Artboard 365-50
	Artboard 366-50
	Artboard 367-50
	Artboard 368-50
	Artboard 369-50
	Artboard 370-50
	Artboard 371-50
	Artboard 372-50
	Artboard 373-50
	Artboard 374-50
	Artboard 375-50
	Artboard 376-50
	Artboard 377-50
	Artboard 378-50
	Artboard 379-50
	Artboard 380-50
	Artboard 381-50
	Artboard 382-50
	Artboard 383-50
	Artboard 384-50
	Artboard 385-50

