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ABSTRACT: Structures are designed for considering the life span for 100years anatomaidering the construction
supervision of structures as per drawing, design and technical specification. Normally the sapisrsiyond the
control of designers, and the supervisory staff is also not equipped, skilled and trained tgobdceffextvely and
efficiently. Consequenthyproject gets delayed due to interlinking and interdependency nature of actiuititeer, due
to lack of adequate technical supervision, age of structure, functional performance, weak spedammabnce and
earlydeterioration of structures leads to frequent repair and maintemhrscpaper emphasizes on the need of skill
gradationand training of supervisors with general and specific methods for a partiopjlectpEnabling them to track
the time linesfor achieving improved technical supervision by usimgpdern monitoring tools& techniques
Construction supervision ensures that projects are built according to design and specificaticar¢éakibthe quality
of construction, ousees on the safety of thenka

KEYWORDS: Construction supervision of structures, quality management supervision, type of foundation,
monitoring tools, inspection, PERT, CPM, PDCA cycle, SWOT analysis

. INTRODUCTION

Construction supervision critical elenteor a structure to bperformedthe indented purposeduring design service
life.Construction supervision ensures that projects are built according to design and specificaticartakdéshe
quality of construction, oversees on the safety of the witrkieals with (i) Gereraloverviewandproject organization
(i) Estimationofproject cost(iii) Construction Economigs(iv) Planning andschedulindv) Qualitymanagement
(vi) SafetyManagement(vii) Legalaspectsofa constructionproject

Normally the supervision is beyond the cohbf designers, and the supervisory staff is also not equipped, skilled and
trained to do the job effectively and efficiently. Consequently, project gets delayed due tamkintgriand
interdependency nature of activitie®1 long termdueto lack of adequate technical supervisiahe age of stucture,
functional performancestructural performangetsreduced or the structure will fail to perform the intended funiction
service life and early deterioration of structures leads to frequent repair and maintecivittes This paper
emphasizes on the need of skifp gradationand training of supervisors with general and specific methods for a
particular project. Enabling them to tkéreg the time lines with the use of modern tdolwill ensure that projects are
built according to design and specification takes care of the quality of construction, overseesadety of the works.

Paper is organized as follows. Section Il describes general aspect of supervision. The key gsmetdsors of

substructure and superstructure are presented in Section Il and Section 1V respectively, Spotigenmtg Quality
Management System (QMShd Section Vipresents theroject Planning, Scheduling and Monitoringmafrks Finally,

Section VII presents conclusions and recommendations.
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Il. GENERAL ASPECTSOF SuPeRvISION OF STRUCTURES

The general aspects of supervision-are

X

X X X X x

x

Documentationt (i) Sanction letter and technical note, if any (i)  Bill of quantities (iii) Copy of contract
document along with any epial conditions thereof. (ivFopy of approved setf plans and detailed working
drawings. (v) Standards, specifications, guidebneodes of practices etc., according to which the work
must be executed as per contract (vi) Survey, investigation argb#uest reports.

Preparatory Works/Mobilisation: location of siteoffice, storage shegbatching plant, casting yard, taly
camp etc.

Resourcesmaterials like watersand, coarse aggregate &odlders,cement andsteel.etc

Detailed Construction Schedules- CPM, PERT.

Major Mile stone important dates for reviewing the progress of work.

Setting out of site transfer the lggnment of the structure and ground, Fix up permanent bench marks,
reference pillars. Using Auto levels and total Station.

Commencement of Constructionactivities:for various component of structures along with Protective and
safety works.

For effective supervision projeatngineer should have following qualities

x Excellent Communication: A Project Engineer should possess excellent communication skills.

X Ability to Delegate Tasks:A Project Engineer should be able to assign tasks to support/subordinate staff
based on their specific capabilities and specialized skills.

X Ability to Prioritize Activities : Construction projects are mufticeted and complex, A Project Engineer
lay out he most optimal work schedule and execute the plan to the best of their abilities.

x Value Teamwork: teamwork as an integral part of the construction process. a more positive atmosphere
will be achieved, which boosts team morale and increases produativitiyg all workers.

X Possess Problem Solving SkillsA Project Engineer is able to devise strategies that are specific to a
particular project and tailored to a unique group of individuals.

I1l. SUPERVISION OF SUBSTRUCTURES

The supervision of substructures deaith - Foundation, pier, pier cap.

1.

2.

Formwork and Staging- The objective is to design and construct safe and economical formwork and
scaffolding system that will support all loads imposed and provide the necessary rigidity to Hehigves,
grades ad shapes shown in the working drawings. The basic parameters to be considered (@sQualdy;,

(i) Safety (iii) Efficiency(iv) Economy

Placing of Reinforcementifollowing key pointsare ofprime concern of supervision of substructure

xReinforcing steel shall conform to the dimensions and shapes given in the approved Bar Bending
Schedules.

xReinforcement bars shall be placed and tied accurately in position as shown dnavires. The
diameter of binding wire shall not be less than 1 mm/ 1.3mrsuidace and buried structures.

xLayers of reinforcement shall be separated by spacer bars at approximately one meter intervals. No
person shall be allowed to walk directly over the reinforcement placed in position.

xNecessary stays, concrete/polymer covecks, metal chairs, metal hangers, supporting wires etc. to fix
the reinforcement firmly in its correct position.

xPlacing and fixing of reinforcement shall be inspected and approved by the Engineer before goncretin
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3. Open Foundation

The most suitabléype of foundation should be selected as per subsurface investigation report. Isolated open
foundations ardeasible where an SBC of aba&tt/m2 or more is available at shallow depth4n8In case of open
foundation, the excavation should be doneréquired line grade, depth, and level as shown in drawings and
removal/disposal should be done as directed by the engineer in charge. If groundwater encouimgrexicduation
the necessary dewatering arrangement should be done.

Kenledge

=
s RREESEaESSSssS

Fig 2 Loadimg Steiming by Kenfledge .

Fig.1: Typical Diagram of Open, Pile, & Well, foundation

4. Well Foundation - Well sinking: Sinking of well can be accomplished by the following methods:
a) Open grabbing with / without Kent ledge
b) Jack down methods
¢) Pneumatic sinking of wells
d) Blasting: may be employed witbrior approval of authority to help sinking of well for breaking
obstacles such as boulders or for levelling the rock layers for square setting of wells. Blagtiogg ma
resorted to only when other methods are found ineffective.
5. Pile Foundaton

Subsurface investigatiorhe depth of boring shall not be less than the following as to ascertain the nature of strata
around the pile shaft

a) 1.5times estimated length of pile in soil or 15m below the proposed foundation level

b) 15 times diameter gfile in ordinary / jointed rock but minimum 15m in such rock.
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c) 4 times diameter of pile in hard rock but minimum 3m in such rock.

5.1 Construction stages of pile: (i)Control of Piling Installation, (ii)Control of Alignment, (iii)Uderdling Mud
(iv) Cleaning of Borehole (v) lowering of reinforcement cag (vi)Tremie (bucket) Concreting, (vii)Testing of
pile, (viii) Defective Pile

6. Substructure-Piersand abutments

6.1 Piers cap and abutments capThe surface of cap shall be finished smooth and shall have d@lajvaining
of water. For short span slab bridges with continuous support on pier caps the surface shétidoz aaistl.
The top surface of the pedestal on which bearing are to be placed shall also be cast horizontally.

6.2 The surface on which elastorieebearings are to be placed shall be wood float finished to a level plane which
shall not vary more than 1.5 mm from straight edge placed in any direction across the areaatbesurf
which other bearings (steel bearings, pot bearings) are to bal hatt be cast about 25 mm below the
bottom level of bearings.

6.3 Dirt/ ballast wall, return wall and wing wall: In case of cantilever walls, no construction joint shall be
permitted. Wherever, feasible, the concreting in cantilever walls shall be cartiéd @antinuation of the
ballast wall.

IV. SUPERVISION OF SUPERSTRUCTURES

The critical element of supervision of superstructdigisder, deck slab, bearingxpansion joints, crash barriers. The
major activities in constructions are concretipge-stressig, grouting Fixing of bearing, installation of expansion
joints etc. This section highlight important
1. Concreting:Concreting should be done as per approved specified mix.
2. Pre Stressing:
a) Before commencement of the geessing, it shall be ensuréat all the tendons are free to move between
the jacking points.
b) The tendons shall be stressed at a gradual and steady rate and the extension recorded at eatlofijatkm
pressure.
c) The extension of the tendons at the agreedpeeified total forcehall be within 5 per cent of the agreed
calculatedextension.
d) Any appreciable variation between the calculated extension and actual extension should be anotified
settled in consultation with the Engingercharge before proceeding with furthergieming.
e) Stressing shall be done from both ends unless one erstr@gsing is specified in the drawings.
f) Prestressing record of all the cables shall be maintained in the format given in Appendix 1800istrfyidi
Specifications for roads & bridgeorks (third revision).
g) Efficiency of prestressing jack should be found beforehand and catered for in the extension of cables.

3. Grouting:

a) Grouting shall be carried out as early as possible as but not later than 2 weeks of stresslng.in ten

b) Before graiting, ducts shall be flushed with water for cleaning as well as for wetting the surfaces otshe duc
walls. Water used for flushing should be of samequality asused for grouting

c) Water/cement ratio of grout mix should be as low as possible, consistemioskihbility. This ratio should
not normally exceed 0.45.

d) Mixing time depends upon the type of the mixer, but will normally be between 2 and 3 minutes. tHoweve
mixing should be for such duration as to obtain uniform and thoroughly blended grout.

e) Itis esential that the gout is maintained in a homogeneous state and of uniform consistency so tlsatdhere i
separation of cement. Use of grout mixers to obtain a colloidal grout is essential.
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f) The pump should be a positive displacement type and should béecapajecting the grout in a continuous
operation and not by way of pulses.

4. Bearing

a) Bearings: Bridge flexibility is primarily achieved by a component called, elastomeric bearing pad. This is
typically made of a strong and pliable material such as neoprangpe of heawduty industrial rubber.

b) Installation- Polytetrafluoroethylene (PTFE) issginthetic fluoropolymer of tetrafluoroethylene that has
numerous applications. The best known brand name of #a6&d formulas is Teflon by
Chemours.Correct installation of all types of structural bearings is critical to their performhacaost
important aspects of installation are:

¢) Ensuring intimate surface contact with the structatesolutely no voids above or belowthe bearings.
Cementitious or epoxy grout must be properly mixed and must be of adequate strength.

d) Bearing orientation and pisets musbe carefully checked and adjusted where necessary. Horizontal and
vertical alignment. Where applicable, anchor bars must be substantially encased within the steel
reinforcement of concrete members.

e) Prevention of contamination, especially slurry, ofélkposed stainless steel sliding surfaces. Preventing
mechanical damage to the corrosion protection system.

f) Expansion Joints:designed to allow for continuousffic between structures while
accommodatingnovement, shrinkage, and temperature variation®ioforced and prstressed concrete,
composite, and steel structures.

Fig. 2: Condition of Expansion Joints showing lack of supervision during Installation
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ELASTOMERIC STRIP SEAL

STEEL EDGE BEAM (MONOLITHIC)

TRANSVERSAL ADDITIONAL

20 mm J(Min.) BAR FOR
[ﬁRHNFORCEMENT

WEARING COAT
{_unchﬂva
|

13

200

ANCHOR STUDS
(TYPICAL)

DECK SLAB
CROSS-SECTION OF STRIP SEAL EXPANSION JOINT

Fig.3: Correct Installation of Expansion Joints

Pot-PTF-Bearing installation

Fig.4: Elastomeric Bearing Pot PTFE Installation
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V. QUALITY MANAGEMENT SYSTEMS

To ensure building of safe, serviceable, durable and economically viable structures, it is nezéssara strategy
for management of human skills by way of quality systifining quality policy, quality assurance and quality audit.
Approved project quality assurance plan for given project should ensure the quality managenmment Isystéound
that mobile labs are quite useful and time saving for large project; the ssateen for QMS should be followed
wherever applicable.

Codal(IRC/ISIMORTH) provision &uidelines cover quality system for activities of bridge and structures using
concrete elements and include project preparation, design and drawing, constructionraisibsupgentract

management, quality of materials, test/standard of phacee criteria and equipment's used in construction and
workmanship.

VI. PROJECT PLANNING , SCHEDULING AND M ONITORING OF WORKS

1. Planning & Scheduling:

1.1 Construction planning is a fundamental and
challenging activity in the management and execution
construction projects. It involves the choice of technolog
the definition of work tasks, the estimation of the requir
resources and durations for individual tasks, and
identification of any interactions among the different wo
tasks.

1.2 Scheduling basically means determining the intel ‘

Construction
Planning
Cost Schedule
Oriented Criented

‘ ‘ Time

Resource
Oriented
{Job Schop
Schedule)

Criented
(Critical

relationship of various activities of a project.
Costs Costs Path

Direct Indirect
Froblem}

Fig.5: Construction Planning

2. Monitoring
To monitor the progress of the work at various stages, necessary data must be maintained atngjtéhehmosition
of eachactivity, targets to be achieved, bottlenecks, if any, expenditure and position of funds, etc.
Monthly/quarterly progress reports may be prepared in the approved Performa and submitted tethuaciyncerned
authority for their information and for keimg a close watch on the progress of the work and the problems encountered
in the field with a view to sort them out.
It is necessary to ensure simultaneous completion of a structures and its approaches. Accoodjregy, rpade on the
approaches may s be indicatedMainly three monitoring discussed in this study(i) PDCA Cycle (i)SWOT
analysis (iii) PERT and CPM

2.1When to Use PlarDo-Check-Act cycle:
X As a model for continuous improvement.

When starting a new improvement project.

When develojmg a new or improved design of a process, product or service.

When defining a repetitive work process.

When planning data collection and analysis in order to verify and prioritize problems or root causes
When implementing any change.

X X X X X
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Plan-Do-Check-Act cycle Procedure
X Plan: Recognize an opportunity and plar

a change.

x Do: Test the change. Carry out a small
scale study.

X Check: Review the test, analyse the
results and identify what you've learned.

X Act: Take action based on what you
learned in the study sielf the change
did not work, go through the cycle again
with a different plan. If you were
successful, incorporate what you learne
from the test into wider changes. Ust = [mprove
what you learned to plan new
improvements, beginning the cycle agair

+ Manitar

\.

Fig.6: PDCA Cycle
2.2 SWOT

SWOT is a strategic planning technique used to help a person or organization identify strengths, esakness
opportunities, and threats relatedbtsinessompetition or project planning.Strengths and weakness are frequently
internallyrelated, while opportities and threats commonly focus on the external environment. The name is an
acronym for the four parameters the technique examines:

Strengths: characteristics of the business or project tf

. . Helpful Harmful
give it an advantage over others. to achieving the objective  to achieving the objecti
Weaknesses:characteristicof the business that place th
business or project at a disadvantage relative to others.
Opportunities: elements in the environment that th
business or project could exploit to its advantage.
Threats: elements in the environment that could cau
trouble Pr the business or project.

Strengths Weaknesses

igin Intemal origin
nment)  (attributes of the oganization)

Fig.7: SWOT Analysis

Copyright to IJIRSET DOI:10.15680/IJIRSET.2018.07129 12352


http://www.ijirset.com

)
1@ ISSN(Online): 2319-8753

| I IRSET ISSN (Print): 2347-6710

| nternational Journal of Innovative Researchin Science,
Engineeringand  Technology

(A High Impact Factor, Monthly, Peer Reviewed Journal)
Visit : www.ijirset.com

Vol. 7,Issue 12, December 201 8

2.3 PERT and CPM

BASIS FOR PERT CPM
COMPARISON
Meaning PERT is a project management techni used tc | CPM is a statistical technique of projt
manage uncertain activities of a project. management that manages well defined
activities of a project.
What is it’ A technique of planning and control of tir A method to control cost and tin
Orientatior Even-orientec Activity-oriente(
Evolution Evolved as Research & Development pr¢ Evolved as Construction proj
Model Probabilistic Mode Deterministic Mode
Focuses ¢ Time Time-cost trad-off
Estimate Three time estimat One timeestimat
Appropriate fo High precision time estime Reasonable time estim
Management ( Unpredictable Activitie Predictable activitie
Nature of job Non-repetitive natur Repetitive natut
Critical and Nor- No differentiatior Differentiatec
critical activities
Suitable fo Research and Development Prc Non-research projects like ciy
construction, ship building etc.
Crashing conce Not Applicable Applicable
VII. CONCLUSIONS AND RECOMMENDATIONS

The important conclusions of this study may be summarized as follows

X With the growing application of EDMS and WPMS (Electronic data managesysiein/Web based
project management system), level and standard of supervision is to be improved.

x If thesesystems are followed, then life cycle document management system for project construction
management, becomes a referral/model document for coming projects

X Necessary training calendar should be ready for every fiscal year with innovation incorporated and
updated trends in construction

X In any company/any project the end objective is to achieve project goal as defined by the seppesttim
Quality and client satisfaction. The overall scenario is to harmonize the function of supervisegt to
the projectbobjectives.

X The use of modern monitoring and supervising tools should be encouraged for optimum utilization of
project team available at site

Apart from the technical capabilities and skills associated with construction, a Project Engisteleewelcoming and
approachable to create an atmosphere that support/subordinate staff enjoy being a part of.
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