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ABSTRACT

Foundation is the major and important phase of the building since its the base for the
building to stand up. For the construction of foundation for different type of building requires
different types of equipments. There are different types of foundations. The design and the
construction of a well-performing foundation must possess some basic requirements. The
selection of the foundation type is based on different criteria. Based on the type of the
foundation selected the equipments are selected considering different criteria. For instance,
A tall building like a skyscraper or a building constructed on very weak soil requires deep
foundation. Shallow foundation are Individual footing or isolated footing, Combined footing,
Strip foundation, Raft or mat foundation. Deep Foundation are Pile foundation, Drilled
Shafts or caissons. This study is based on the overall learning of different types of
equipments engaged in the different types of foundation. And the productivity analysis is

done for backhoe along with comparative study.
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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

A Piling is the process of drilling hole for foundations of the buildings through the ground to
provide more structural strength to the soil with low bearing capacity underneath. Piling

prepares the ground to carry heavy loads, incase of inability of the soil. Foundations provide

support for structures, transferring their load to layers of soil or rock that have sufficient
bearing capacity and suitable settlement characteristics to support them.There are a very
wide range of foundation types suitable for different applications, depending on
considerations such as: The nature of the load requiring support, Ground conditions,The
presence of water, Space availability, Accessibility, Sensitivity to noise and vibration.Very
broadly, foundations can be categorised as shallow foundations or deep foundations.earth
drills based on crawler cranes designed specifically for the construction of foundations for

structures at various construction sites.
1.2 AIM OF THE RESEARCH

The aim is to analyze the different types of foundation and the equipments used for the its
construction. The narrow study on operation management of the heavy equipments,
procedures, codes, selection criteria, cost analysis, fuel consumption and productivity

analysis.
1.3 OBJECTIVES AND SCOPE OF THE RESEARCH
1. To understand the various equipment involved in the foundation.

2. To create the selection criteria to reduce the cost time and increase productivity with
good quality.

3. To understand the operation of the equipment and analysis of the risk associated with it.



4. Identifying the components of the equipments and study on it along with usage,
advantages and disadvantages of each type.

5. It has the scope on criteria identification to reduce the cost, time and increase in the
guality of the service.

6. Eligibility of the operators, owning cost, rental cost, planning for operation of the
equipment.

7. Safety consideration to reduce the risk of accidents and effective work.

1.4 RESEARCH QUESTIONS

1. What are the factors responsible for increasing the equipment productivity?

2. What are considered to be the important criteria for the selection of the equipment ?
3. How the activities are preplanned and schedule is prepared to carryout the work?

4. What are the different types foundation and heavy equipments engaged in the
construction of each type?

5. What are the steps to be followed for the maintanence of the equipmemts?
1.5 RESEARCH APPROACH

1.5.1 Qualitative analysis

» Interviews with the backhoe operator, manufacturer, project manager, site engineer to
know the operation of the equipment.

* Open ended questions to grab informations.

* Observation data of equipment with handling.

« Case studies analysis to know the operation, safety consideration, usage hours.
* Preparing the questionnaire for the better understanding.

1.5.2 Quantitative analysis

« Forming a database with acquired information.

» Performance data of the equipment



Statistical analysis, by taking on site reading based on the operation and capacity

analysed.

Monitoring of the backhoe while operating.

Pile driving equipments statistical informations.

Study with the help of bar chart, graph and pie chart.

1.6 TOOLS AND TECHNIQUES

1.7 FRAMEWORK FOR PRODUCTIVITY

Flow chart for methodology

The mobilization plan preparation

Bar Graphs, Pie chart, Tables

Interviews with the Project managers

Efficiency of load calculation

Diagram showing components of the backhoe, piling rig etc.,

Total productivity measuramant

*.

FPlanning & design

phase

Labour input
Chwhnar cost

= Enargy input

= Construction project
indirect cost

* Owner cost

Procurement Construction Commissioning &
phase phase start up phase
Labour input * Labour input Labour input
Owner cost = Material input Energy input
= Capital input Orwner cost




1.8 RESEARCH METHODOLOGY

1.8.1 Stage 1 - Framing research problem
* Determine Aim and objectives of the Research
* Research approach towards the analysis

* Scope and Need of the research

1.8.2 Stage 2 - Literature study

Study of the components of heavy equipments and its working.

Load calculation and analysis

Risk and safety management

Skilled labour and their job.

1.8.3 Stage 3 - Data collection

* Codes and standards Identification of Case studies to learn effective usage of selected
equipments used for the foundation construction.

* Referring Books to calculate the efficiency of different types of equipment used for the
foundation construction.

e Journals, Magazines, Research paper, Websites.

1.8.4 Stage 4 - Analysis of data
* Interpretation of collected data identified

e Comparative study on the equipments

Usage of tools and techniques identified

Analysing the observed data.



1.8.5 Stage 5 - Conclusion

Final report on the analysis done with conclusion. coming up with the effective solution for
the risk identified. Suggesting an alternative to increase the productivity.

CHAPTER 2

RESEARCH PAPERS / JOURNALS

2.1 Estimation of capital and operation costs of backhoe loaders
2.1.1 Abstract

Material loading is one of the most critical operations in earthmoving projects. A number of
different equipment is available for loading operations.The backhoe shovel is very popular
for digging, loading and flattening tasks. Adequate cost estimation is one of the most critical
tasks in feasibility studies of equipment fleet selection. This paper presents two different
cost models for the preliminary and detailed feasibility study stages. The UVER cost model
is suitable for quick cost estimation at the early stages of project evaluation, while the
MVLR cost function, which is more detailed, can be useful for the feasibility study stage.
Independent variables of MVLR include bucket size, digging depth, dump height, weight
and power. Model evaluations show that these functions could be a credible tool for cost
estimations in pre feasibility and feasibility studies of mining and construction projects.

2.1.2 Introduction

Earthmoving operations are an important part of construction and mining projects, and
mainly include excavation, loading, site preparation, embankment construction, compacting,
backfilling, surfacing and hauling.Moreover, machine owners seek to minimize the cost of
operation by optimum selection of the equipment. The UVER cost model is useful for quick
cost estimation at the early stages of a project.While the MVLR, based on principal
component analysis (PCA), is suitable for detailed estimates at the feasibility study stage.

2.1.3 Literature review

A number of models have been established in attempts to shortcut the construction and
mining cost estimating process. These relate the cost to certain factors in a process or a
unit. For instance, the cost of an excavator may be related to its bucket capacity. The
relationship may be expressed in a formula or a graph.Multivariate cost estimation models,
on the basis of up-to-date data, will overcome these shortcomings.
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Table 1: The various applications of construction and mining cost estimation.

2.1.4 Data

32 different sizes of backhoe shovels, working in construction and mining projects in the
United States are considered and their economic data as well as machine specifications are
considered. The economic data are classified into two types, as capital (CC) and operating
costs (OC). The CC is based on the US dollar (2010) while the OC is based on US dollars
per hour. The operating costs items include overhaul (parts and labor), maintenance (parts
and labor), power, lubrication and wear on parts (the cost of the operator’s time is not
included here) and the technical parameters are bucket size (BS), digging depth (DD),
dumping height (DH), weight (W) and power (HP) (Noakes, Lanz 1993). The average and
standard deviation of all the parameters and data ranges are given in Table 2.
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Maem haedgdt (FYH ml 51 155 10221493 F.1AARS
Blachine weight (W Laxn LRI All 2905 2l
Powor {[HT) hya =4 FANY  TI10FeH BRI NhH

Table 2: Parameters and data ranges.



2.1.5 Research Framework

This paper presents two different cost models for backhoe /l ‘:‘ 31
shovels. Figure 1 shows a normal material loading operation ' ATAR ALY
using a backhoe shovel and dump truck. The first model o L Kt
estimates the costs based on the bucket size of the backhoes, ;'.-"35‘:';*1 Er B
using the UVER technique.The second model is useful for in- | nres Lo el e

depth estimations, and estimates the costs as functions of -
different specification parameters of backhoe shovels, - ;
including the bucket size (BS), digging depth (DD), dump

height (DH), power (HP) and weight (W) of the machine. This

model is presented using MVLR, based on PCA.

Figure 1: Normal material loading

2.1.6 Case example

Sungun Copper Mine is located in East Azerbijan province approximately 125 Km east of
the city of Tabriz is one of the main copper deposits of Iran This project needs about 1.3

million m3 of excavation and overburden removal operation including soil and rocky soll
removal operations. The equipment fleet used in this project is listed.
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Table 3 Equipment used in project Table 4 Backhoe shovels used in the project
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Table 5: Estimated vs actual operational cost



2.1.7 Conclusion

The objective of this paper was to establish reliable cost estimating models for backhoe
shovels which are popular for material handling in mining and construction projects.These
models are quick, easy and accurate tools and can be useful for making accurate decisions
about the size of the loading equipment fleet in construction and mining projects. The UVER
model presents a rough estimate suitable for preliminary cost esti- mations while the MVLR
model is more detailed with reasonable accuracy.

2.2 Areview of pile machines and their selection criteria
2.2.1 Introduction

The piles are frequently used for transmitting external loads onto deeper layers or for
improving mechanical proper- ties of the ground. Ground anchors against the buoyancy
force. stabilization of landslides — piles are driven to the layer below the slide
surface.simplification of foundation or surface object, e.g. introduction of piles to the level of
bridge bearing may simplify the design and performance of a pillar.mong other specialist
foundations, it is the deep foundation based on piles which can be the most efficiently
mechanized and quickly performed.

2.2.2 Division of piles

SO and VDI PILES

FPEEFABEICATED RMONCOPILE FOUNDATION
(roady fo drive) In permancnt casing In terporary casing
reinforeed stezl cteel pipe driven from the steel cape driven from the
— reinforeed stecl-rchar scoments bottam through the plae or tiafy
Tresiressed from the tan throweh the oak steel cape driven from the
ateel-pine core battim through the plug
steel -profiled thin pipe intreduced on the oz above — with a larper
LOTE pile hase
prefubmicated thin pipe mmtro-
duced on the core
— profabricated thin pipe (ofter
tmelerrenmed )y

Table 6: Piles division



Piles can be classified on the basis of the way in which loads are transmitted onto the
ground, the kinds of pile load, performance, material, performance.length:1* short (to 6 m),
2* medium or normal (to 25 m), 3* long (over 25 m). Piles classified according to the
character of work in ground are divided into: piles driven in a bearing layer, supported piles
(poles), suspended piles.

2.2.3 Review on pile machines
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Figure 2: Components of pile driving machine
2.2.4 Pile machines - case study

A number of companies produce specialist pile machines, e.g. Soilmec offering SR se- ries,
where the successive numerical denotations stand for the weight of the machine in mega-
grams. These machines are applicable to: large diameter piles (LDP), full displacement
piles (FDP), CFA piles and cased auger piles (CAP, CSP). Presently, the biggest pile
machine of this type is SR-100 for CSP with a double head. Soilmec offers pile machines of
SF series which are designed for making only multifunction pile machines.
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Table 7: Multifunction soilmec pile machine with their specifications and technology

available
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Table 8: Available technologies for Multifunction soilmec pile machine
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2.2.5 Selection criteria O
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2.2.6 Conclusion

Their principal aim lies in transmitting outer loads onto layers deposited at greater depths or
improving the mechanical properties of soil. Bauer, Casagrande and Soilmec dominate in
the production of pile machines. The most suitable pile machine fit for performing large-
diameter piles at great depth should be selected on the basis of the multi-criteria
optimization with synthetic evaluation of measures.

2.3 Environmental Emissions of Construction Equipment Usage in Pile Foundation
Construction Process—A Case Study.

2.3.1 Abstract

Construction industry is a major contributor to the environmental emissions due to the
extensive use of construction equipment.Pile foundation is extensively used in high-rise
buildings construction and it involves operation of heavy construction equipment. This study
developed a pro- cess-based model to quantify environmental emissions of equipment
usage in a typical pile foundation construction using the US EPA methodology.It is seen that
careful selection of machines and equipment can reduce the emissions up to 10 %.These
findings of the study could be effectively used for minimizing the environmental emissions
by careful selection of suitable equipment and technology

2.3.2 Introduction

As a critical phase in the development of high-rise buildings, foundation construction
involves activities like demolition of existing structures if any, excavation, piling works,
extensive concrete works which take time and use heavy construction equipment and
techniques. Therefore, foundation construction accounts for a considerable amount of
environmental emissions. Pile foundation is suitable for soils which have low bearing
capacity and when the heavy loads are to be transferred to the hard rock or to the
surrounding soil directly. Pile foundation can be of two basic types i.e., bored pile and driven
pile.

2.3.3 Past Research on Emissions at Construction Phase

A grenhouse gas emissions throughout its life cycle (Chau et al. 2012; Mao et al. 2013; Yan
et al. 2010). (Guggemos 2003; Guggemos and Horvath 2006). Guggemos et al. in their
studies conclude that CO and NO2 pollutant substances are pre dominant in non-green-
house gas emissions at the construction stage. Guggemos et al. compared the
environmental emissions in concrete and steel building construction.Very few studies have
concentrated on emissions at foundation construction.
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2.3.4 Research method

The section covers the data collection framework development, explanation of the scope
and the limitations of the study and the methodology development for the case study

Topic covered 1 2 3 4 5 & 7 E b
Material phuse % x x x X %
Constoction phase X X X X X

Llse phase w = x kS £ w

End of life phasc % = x %
Cmissions [rom construction squipmment i x
Topic covencd w1 12 |1x |14 |13 | lge |17 15
Marcrial phaze X x X X X
Clomstruction phase e
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Hnd of life phasc X X x
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Table 10 Methodology development
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Figure 3: Major activities related to environmental emissions in a typical bored-pile foundation
construction.

2.3.7 Methodology development

The case selected is a typical high-rise construction in Melbourne. i:'."F“-'é%'?JE’ talalices
The foundation consists of 84 piles of 750 mm diameter. The depth of :
a pile is around 20 m. The advantage of this construction site is that ¥
the water table is below the designed depth of the pile. A capping il
beam of size varies from 480 to 1000 mm width to 500 to 1300 mm l
depth is placed to connect all the piles. Among the construction of 84

) . . Cmh= on dscior ca culation
piles, 54 were closely monitored and data were collected.some piles for 2,

were taken more time to complete construction, largely due to
underground disturbance, rain and minor equipment malfunctions. The
emissions are compared with respect to the activities as well as according to the machines.

2.3.8 Case study
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Tablel2 : Details of machines used during pile construction
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CHAPTER 3
GENERAL LITERATURE STUDY

3.1 INTRODUCTION ON FOUNDATION

The foundations of the building transfer the weight of the building to the ground. A
foundation (or, more commonly, foundations) is the element of an architectural structure
which connects it to the ground, and transfers loads from the structure to the ground.
Foundations are generally considered either shallow or deep.

3.2 OBJECTIVE OF FOUNDATION DESIGN

To ensure that the structural loads are transmitted to the subsoil safely, economically and
without any unacceptable movement during the construction period and throughout the
anticipated life of the building or structure.

3.3 FUNCTIONS OF FOUNDATION

+ Distribution of loads

« Stability against sliding & overturning

* Minimize differential settlement

» Safe against undermining

* Provide level surface

* Minimize distress against soil movement

3.4 TYPES OF FOUNDATION

NLLLLLLLLLLLLLLLLLLLLLLLLL,

Figure 5: Types of foundation
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3.4.1 Shallow foundation

It is often called footings, are usually embedded about a metre or so into soil. Used in
smaller building where top layer can bare the weight.

- Isolated footing

This foundation is constructed for a single column and also called a pad
foundation.Suitable for most subsoil except loose sand, loose gravels and fill areas. Usually
constructed of reinforced concrete, square in plan.

- Combined footing

Combined footing is constructed when two or more columns are close enough and
their isolated footings overlap each other. It is a combination of isolated footings, but their
structural design differs. Footing is rectangle in shape

- Strip foundation

Suitable for most subsoil & light structure loadings. Suitable for those encountered
in low to medium rise domestic dwellings where mass concrete can be used. Also known as
Spread footings or Strip footings and Wall footings. The wider base of this footing type
spreads the weight from the building structure over more area and provides better stability.

- Raft or mat foundation

Raft or mat foundations are the types of foundation which are spread across the
entire area of the building to support heavy structural loads from columns and
walls.Particularly useful where low bearing capacity soils are encountered & where
individual column loads are heavy.Types of raft foundation are Solid slab raft, Beam & slab
raft.

Figure 6: Isolated footing Figure 7: Combined footing
17



Figure 8: Strip footing Figure 9: Raft / Mat foundation
3.4.2 Deep Foundation

It is used to transfer the load of a structure down through the upper weak layer of topsoil to
the stronger layer of subsoil below.There are different types of deep footings including
impact driven piles, drilled shafts, caissons, helical piles, geo-piers and earth stabilized
columns.

- Pile foundation

The main components of the foundation are the pile cap and the piles. Piles are
long and slender members which transfer the load to deeper soil or rock of high bearing
capacity avoiding shallow soil of low bearing capacity The main types of materials used for
piles are Wood, steel and concrete.

classification of piles - based on functional behaviour

« End bearing piles also known as (point bearing
piles)

» Friction piles (cohesion piles)
» Combination of friction and cohesion piles
classification of piles - based on materials

* Timber

« Concrete
+ Steel

» Composite piles. Figure 10: Basic principles of pile foundation
18



Figure 11: Load on pile foundation

- Drilled Shafts or caissons

A caisson foundation also called as pier foundation is a watertight retaining structure used
as a bridge pier, in the construction of a concrete dam, or for the repair of ships. Itis a
prefabricated hollow box or cylinder sunk into the ground to some desired depth and then
filled with concrete thus forming a foundation.

Types of caissons foundation

Box Caissons
Excavated Caissons
Floating Caissons
Open Caissons
Pneumatic Caissons

Sheeted Caissons.

Advantages of caisson foundation

Economics

Minimizes pile cap needs

Slightly less noise and reduced vibrations
Easily adaptable to varying site conditions

High axial and lateral loading capacity.
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Disadvantages of caisson foundation

+ Extremely sensitive to construction procedures
* Not good for contaminated sites

» Lack of construction expertise

» Lack of Qualified Inspectors.

3.5 BASIC DESIGN PROCEDURE

Assessment of site conditions in the context of the
site & soil investigation report

[ Calculation of anticipated structural loading

Choosing the 'Fnundatin;type. should consider:

« Soll condition

* Type of structure

« Structural loading

= Economic factors

« Time factors relative to the proposed contract penod

» Construction problem

Sizing the chosen foundation in the
context of loading, ground bearing
capacity & any likely future movement
of the building / structure
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3.6 EXCAVATION EQUIPMENTS
3.6.1 Power Shovels

It is used to excavate earth of all classes except rock and load it into wagons. They are
mounted on crawler tracks. It consists of a mounting, cab, boom, dipper stick and hoist line.

3.6.2 Back Hoe

The backhoe is hydraulic excavator with a bucket attached to the hydraulic controlled boom
and stick. In this excavator, the excavation bucket moves in downward and backward
direction during excavation. It is used to excavate below the natural surface to keep precise
control of depth of excavation at close range work.

3.6.3 Draglines

They are used to excavate soft earth from below the ground and to deposit or load into
wagons.

3.6.4 Clamshell

Clamshell consists of a bucket of two halves, which are hinged together at top.the bucket
halves can be attached to the shovel-crane units or the boom of the dragline. Clamshell is
used to excavate soft to medium materials and loose material at or below the existing
ground surface.

3.6.5 Motor grader

This is used for levelling and finishing earth-work. They can be either towed type or
motorised type. The working principle of a motor grader is it uses its moldboard, or blade,
for rough or fine grading.

3.6.6 Trenchers

Atrencher is a piece of construction equipment used to dig trenches, especially for laying
pipes or electrical cables, for installing drainage, or in preparation for trench warfare.
Trenchers may range in size from walk-behind models, to attachments for a skid loader or
tractor, to very heavy tracked heavy equipment.

3.6.7 Bucket excavators

A bucket-wheel excavator (BWE) is a large heavy equipment machine used in surface
mining.What sets BWEs apart from other large-scale mining equipment, such as bucket
chain excavators, is their use of a large wheel consisting of a continuous pattern of buckets
used to scoop material as the wheel turns.
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3.6.8 Dredgers

These are the equipment used for excavation of the river, lake or sea for the purpose of
deepening. .Dredging can be done to recover gravel that are used by the construction
industry.

3.6.9 Bull dozers

These machines are high powered tractors with caterpillar or crawler tracks fitted with a
mould board or blade at the front for stripping excavation up to a depth of 400mm.

3.6.10 Rippers

Ripper is used for ripping of rock which is an alternative to the costly and time-consuming
drilling and blasting process.The ripper can be wheel mounted or towed type.

3.6.11 Scrapers

It is a self-sufficient machine which can dig, load, haul, and discharge the material in
uniformly thick layers.

3.6.12 Crawlers vs wheeled

Crawler track has a very strong grip with any kind of surface. Its carrying machine has a low
ground pressure.In case of wheel type machine, where machine runs on four tires and has
a high ground pressure.

,/
/ -~
;

Figure 13: Power shovels Figure 14: Backhoe Figure 15: Dragline
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Figure 22: Rippers Figure 23: Scrapers
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3.7 FLOW CHART EXPLAINING THE DIFFERENT TYPES OF HEAVY EQUIPMENTS
USED FOR DIFFERENT PURPOSE. EXTENSIVE STUDY ON EXCAVATORS
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3.8 EVOLUTION OF BACKHOE LOADERS
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3.8.1 Introduction

A backhoe loader, also called a loader backhoe, digger in layman's terms, or Informally
shortened to backhoe within the industry, is a heavy equipment vehicle that consists of

a tractor-like unit fitted with a loader-style shovel/bucket on the front and a backhoe on the
back. Due to its (relatively) small size and versatility, backhoe loaders are very common

in urban engineering and small construction projects (such as building a small house, fixing
urban roads, etc.) as well as developing countries. This type of machine is like and derived
from what is now known as a TLB (Tractor-Loader-Backhoe), which is to say, an agricultural
tractor fitted with a front loader and rear backhoe attachment.
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The true development of the backhoe began in 1947 by the inventors that started the Wain-
Roy Corporation of Hubbardston, Massachusetts. In 1947 Wain-Roy Corporation developed
and tested the first actual backhoes. In April 1948 Wain-Roy Corporation sold the very first
all hydraulic backhoes, mounted to a Ford Model 8N tractor, to the Connecticut Light and
Power Company for the sum of $705.

R S & - T TIRgE IusEcE I
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Figure 24: Before Backhoe invention Figure 25 : The first backhoe loader.

3.9 COMPONENTS OF BACKHOE LOADERS

(1) Bucket o
(2) Stick

(3) Backhoe
(&) Boom
(6) Cab
@ Tractor
(@) Loader

SR 2T Rl

Figure 26 : Components of Backhoe Loader
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3.9.1 Cab

The cab, located on top of the tractor, is where you find the controls for the front loader
backhoe. Some cabs are completely enclosed by safety glass, while others use an open
canopy structure to protect the operator. Inside the cab, an operator can monitor their entire
surroundings from a safe position. The chair inside the cab can rotate, allowing you to
switch from using the front loader to the backhoe easily.

3.9.2 Tractor

Without the tractor, a backhoe loader would have a difficult time manoeuvring in terrain. The
tractor consists of large tires, a cab, and a powerful engine. The main function of the tractor
is to get the machine around the construction site. Once in position, the operator will park
the tractor before using the backhoe or loader.

3.9.3 Front Loader

Whether you’re moving earth, pushing snow, or picking up debris and materials, you’ll use
the backhoe’s front loader. A front loader is mainly just the large bucket used to move and
transport materials from one spot to another. You might also find operators using the front
loader to smooth out surfaces as well.

3.9.4 Backhoe

The backhoe excavates or lifts heavy materials. The backhoe portion of the machine
consists of three main components: the boom, the bucket, and the dipstick. In order to use
the backhoe, you must first park the tractor in a stable position using stabilizer legs. Then
you can use the backhoe to dig up trenches, holes, small ponds, or similar applications.

3.9.5 The Boom

Located closest to the cab, the boom is the long piece of the backhoe arm attached to the
tractor. The boom can lift, lower, or swing left and right. An operator controls the motion of
the boom from the safety of the cabin.

3.9.6 Dipper arm

The other main part of a backhoe arm is the dipper arm. The dipper arm runs from the pivot
to the bucket located at the end of the backhoe arm. The dipper arm stabilizes the weight of
the materials inside the bucket.
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3.9.7 Bucket

Located at the end of the backhoe arm, the bucket scoops and transports debris and other
materials. When you want to scoop dirt into the bucket, you maneuver the bucket toward
the dipstick. To empty the bucket, you move the bucker away from the dipstick.

3.10 PILE FOUNDATION

A pile foundation is defined as a series of columns constructed or inserted into the ground
to transmit loads to a lower level of subsoil. A pile is a long cylinder made up of a strong
material, such as concrete. Piles are pushed into the ground to act as a steady support for
structures built on top of them. Piles transfer the loads from structures to hard strata, rocks,
or soil with high bearing capacity. The piles support the structure by remaining solidly
placed in the soil. As pile foundations are set in the soil, they are more tolerant to erosion
and scour.

3.10.1 Types of piles based on shape and composition

Concrete ( Steel H Precasl Composite
Concrete

Figure 27 : Types of piles

3.10.2 Following are the situations when using a pile foundation can be used
1. When the groundwater table is high.

2. Heavy and non-uniform loads from superstructure are imposed.
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3. Other types of foundations are costlier or not feasible.
4. When the soil at shallow depth is compressible.

5. When there is the possibility of scouring, due to its location near the river bed or
seashore, etc.

6. When there is a canal or deep drainage systems near the structure.
7. When soil excavation is not possible up to the desired depth due to poor soil condition.

8. When it becomes impossible to keep the foundation trenches dry by pumping or by any
other measure due to heavy inflow of seepage.

3.10.3 Flowchart of pile foundation process

| Selection of site

I

| Study of site detail

|

| Soil test result

|

| Classification of sail

I

| Design of pile foundation

|

| Hesult and conclusion
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3.10.4 Classifications of pile foundation

End Bearing Pile: In end bearing piles, the bottom end of the pile rests on a layer of
especially strong soil or rock. The load of the building is transferred through the pile onto
the strong layer. In a sense, this pile acts like a column. The key principle is that the bottom
end rests on the surface which is the intersection of a weak and strong layer. The load
therefore bypasses the weak layer and is safely transferred to the strong layer.

Friction Piles: Friction piles work on a different principle. The pile transfers the load of the
building to the soil across the full height of the pile, by friction. In other words, the entire
surface of the pile, which is cylindrical in shape, works to transfer the forces to the soil.

To visualise how this works, imagine you are pushing a solid metal rod of say 4mm
diameter into a tub of frozen ice cream. Once you have pushed it in, it is strong enough to
support some load. The greater the embedment depth in the ice cream, the more load it can
support. This is very similar to how a friction pile works. In a friction pile, the amount of load
a pile can support is directly proportional to its length.

Pile foundations are deep foundations. They are formed by long, slender, columnar
elements typically made from steel or reinforced concrete, or sometimes timber. A
foundation is described as ‘piled’ when its depth is more than three times its breadth.A pile
is basically a long cylinder of a strong material that is pushed into the ground to act as a
steady support for structures built on top of it.
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Figure 28 : Friction and End bearing piles
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3.10.5 Classification of pile foundation based on the
effect of soil:

Driven piles: Driven piles, also known as displacement
piles, are a commonly-used form of building foundation
that provide support for structures, transferring their load
to layers of soil or rock that have sufficient bearing
capacity and suitable settlement characteristics.They can
also be used in applications such as embankments,
retaining walls, bulkheads, anchorage structures and
cofferdams. Figure 29 : Driven Pile

Bored piles: Bored piles, also known as replacement r
piles, are a commonly-used form of building foundation ' ﬂ'
that provide support for structures, transferring their load |
to layers of soil or rock that have sufficient bearing R
capacity and suitable settlement characteristics. Bored |
piles are piles where the removal of spoil forms a hole for I
a reinforced concrete pile which is poured in situ. The spoil ‘
is replaced by the pile, hence ‘replacement’ piles as y l
opposed to displacement piles where soil is forced away
by driving or screwing the pile. Bored piles are used
primarily in cohesive subsoils for the formation of friction
piles and when forming pile foundations close to existing
buildings. They are popular in urban areas as there is
minimal vibration, where headroom is limited, where there
is no risk of heave, and if there is a need to vary the length
of the piles. Figure 30 : Bored Pile

Screw pile: Screw pile foundations are a
type of pile foundation with a helix near the
pile toe so that the piles can be screwed into
the ground. The process and concept is
similar to screwing into wood. A screw pile
may have more then one helix (also called a
screw), depending on the usage and the
ground conditions. Generally, more helices
are specified if a higher load is required or
softer ground is encountered. Figure 31 : Screw piles
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3.10.6 Classification based on Material of Piles Construction:

Timber piles: Timber piles are the oldest of all the contemporarily used piles. They are
usually precast displacement piles installed with the driving method, or less commonly, the
vibratory method. The natural convergence of pile shafts allows us to obtain a relatively
high pile load capacity.

Steel piles: Driven steel piles are installed using impact or
vibration hammers to a design depth or resistance. You can
install the complete suite of driven piles from small diameter tube
piles to large diameter steel caissons to support your project.

Concrete piles: Concrete piles are common structural foundation
elements used to support offshore structures such as bridges, oil-
rigs, and floating airports. The use of offshore structures is still a
fairly new technique and there is still much research to be done in
this field. Figure 32 : Steel pile

3.11 COMPONENTS OF PILE DRIVING SYSTEM

The driving system consists of the following
components

1.The lead, also called the set of leads,
sometimes including a brace that allows for
the adjustment of the lead angle.

2.The hammer cushion, which protects both
the hammer and the pile from excessive
stress. Hammer cushion materials are
relatively soft compared to steel. Usually, a
striker plate protects the cushion.

3.The helmet, which aligns the pile head and
hammer. It is usually a steel casting.

4.The pile cushion. This is only needed on
concrete piles, and usually consists of several
layers of plywood.

Figure 33 : Components of pile driving machine

All components of the driving system have some effect on the performance of a hammer
and/or how the hammer transfers its energy to a pile.
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3.12 BASICCOMPONENTS OF AN EXTERNAL -

e POWFR NFTLIM
COMBUSTION HAMMER . ARISTEAMMYORAULIC,
L OR ROPE
The hammer is connected to a cable that is jf— CYLNDER

attached to a winch on the crane. The hammer

3

IR

is raised to the desired stroke. The winch has z
. [~ !

a clutch on it that then allows the operator to Z 1
release the hammer, which falls by its own Z

. . . . Z -——— RAM GUIDES
weight and strikes a pile cap and the pile. A (COLUMNS|
hoist from the same crane, which supports the /é//féj(%
pile and the leads, usually lifts it. After lifting Zéf -
the ram to the desired stroke, it is dropped by : Ram
either a tripping mechanism or by releasing /? /;
the hoisting drum. In the former case, all the ///
developed energy remains in the ram; in the [ | e
latter case, some energy is needed to unwind — STRIKER PLATE
the cable from the drum. The available energy [=—=— ]« vamuer cusrion
per blow of a drop hammer is the product of R L rm— P
the ram weight times the drop height. =) D Cisieion
Standard ram weights range from 500 to
10,000 Ibs (2.5 to 50 kN). Typical drop heights l<——— PILE
are approximately 4’ (1.2 m). For a given J'
hammer, varying the drop height can vary the
energy per blow. Figure 34 : Combustion Hammer

3.13 PRODUCTIVITY ANALYSIS FOR EQUIPMENTS

Productivity analysis is much like earned value analysis, in the sense that it compares the
planned value with the actual value. Productivity analysis can provide a deeper
understanding of the activity under consideration compared with the use of just bar charts. It
makes it possible to devise a plan for an activity with respect to the manpower needed and
cost consideration.Productivity analysis for any activity under consideration should go
through three distinct stages: an analysis before the commencement, tracking and
management when the activity is ongoing, and storage of information in a lessons learned
database after the activity has been completed.

Equipment productivity is a key factor that enables contractors to make decisions regarding
project scheduling, fleet selection, and project costs. In construction plan one should
significantly concentrate on the type, number, and schedule of presence of the equipment at
the project site.
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To determine productivity of dozer M = Nurnter of Dozers

Q=qgxNxE * To determine the number of
Moo= oyoke's okl figedes Lme dozers required to complete
icycle/hour) project within spedfic ime

2 = produciivity per hour (m3 / h looag) Total number of dozers = Q / (P x

q = productivity par cycle (m3) L.HZ.a T} where @ = quandty of material 1o be

E = afficiency factor

moved
Io determinge how much time 1= F = nourly prodacton rate per dozer
need to complete the job T = maximum aliowable duration in
Total time (houra) = @ / {F x N} whera hours

L = guantity of malenal to be moved

P = hourly productior rate per cozer

3.13.1 Bulldozer

Bulldozers are considered one of the strongest and toughest heavy equipment used in the ¢
heavy equipment used to move dirty along large open tracts of land. Bulldozers have a wide
flat blade in front that can be operated using two hydraulic pistons allowing the blade to be
moved in limited angles or depths. They are normally used to push piles of earth and for
rough / fine grading depending on the size of the bulldozer. Its weight can be used to crush
larger boulders among other action Construction industry. It is powerful and extremely.

3.13.2 Excavator

Excavators are large earth movement equipment that can be available over wheels or
treads; this one is considered the standard in the industry. A traditional excavator usually
has a long bucket arm attached to a pivoting cab that can rotate a full 30 degrees. The
operator sits in the cab and from there he/she can be able to have visibility over the site.
Excavators are used most of the times to dig dirt or to lift heavy pieces including prefab
pieces, pipes and other smaller equipment.

The most common uses of an excavator are:
» Material handling

» Digging of trenches, holes and foundations
» Brush cutting with hydraulic attachments

* Rough grading

* Heavy lifting

* River dredging.
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The production rate can also be found by the following equation :

g = ((3600sec/hour x B x E x P) / C) x Volume Correction

Volume Correction = for loose volume to bank volume = 1/(1+swell factor)

g = Volume of soil excavated and dumped in a truck by the excavator (CY/hr)
B = Bucket struck capacity (CY)

E = Bucket efficiency factor (from a table or given)

P = Productivity factor (from a table or given)

C = Cycle time for 90 degree angle and optimum depth.

Mo, Kind of Heawy | Time (Hours)
Equiprct
1. Excavator 208586 hours
2, Bulldozer 1287,73 hours
3. Cruimo Truck 551,49 hours
Time bola 2085 268 howrs
1. Esckhoe 1557.95 hours
el Lesaclar 1277 .52 hoiirs
3. Cumz Truck 1277 62 hours
T totsl 2635483 hours
Time Deviation F45,62 hours

Tablel4 : Equipment time tabulation.
3.13.3 Excavation
Excavation is the process of forming a cavity by cutting, digging or scooping.

» Cutting is the usage of implement such as claws, manual tools, hands, heavy
equipment to remove material from the earth surface.

« Digging or scooping is the combination two process 1. Breaking 2. Removal and
relocation.
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-Manual Excavation

] Laborious, Expensive, slow, precise, small
¥ ¥ quantity or definitive work.

Tools used : Trowel, Pick axe, Hoe, Spade,
Shovel.

Types of surfaces
- Mechanical excavation
Less labour, Fast, Not precise, Huge quantity

Machines used : Excavator, Earth mover, Dozer,
Scrapper, Grader, Drills, Breaker. —

3.13.4 Example of bucket capacity calculation

If the capacity of each rotor bucket is 10 cubic feet, the wheel has only one bucket, the rotor
rotates at a speed of 5 rotations per minute, and the filling factor and the soil loosening
factor are one, the productivity of the excavator stands at:

Q = (60 xqgxzxnxkf)/kl, here q=10 cu.ft, z=1, n=5rotations per min, kf=1
Q=(60x10x1x5x1)/1

Q = 3,000 cubic feet per hour.

kf stands for the filling factor of a bucket while kI represents the soil-loosening factor.
3.13.5 Calculation of bucket capacity

Formula for calculating excvator productivity is Q = (60 x g X z x n x kf) / KI.

where Q is the productivity of the excavator,

g is the capacity of each rotor bucket in cubic ft

z is the number of buckets on the wheel and

n is the speed of rotation of the rotor, measured in revolutions per minute.

kf stands for the filling factor of a bucket while kl represents the soil-loosening factor.
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3.13.6 Comparison between different types of earth equipments
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Tablel5 : Earthing equipments comparison

3.13.7 Equipment economics

Tablel6 : Equipment requirement.

The economics of any equipment associated with ownership and operation. Utilization is the

working time duration and not calendar duration.

REPRECIATICN QOST — EQUIFMENT COST - SALAWGE VALUE

ECUIFMENT COST = O'WMING COST = DPERATIMNG COST

ECOMORIC LIFE IN YEARE

Basis of costing: Hourly, Daily , Weekly, Miles and Fuel consumption.

Equipment owning cost - Equipment price, Taxes and Insurance, Cost of capitals,

Depreciation cost.

Economic life of an Equipment - Excavator - 13,000 hrs, Dumper - 2.5 to 3L km

Equipment operating cost - Fuel costs, Maintenance costs, Operator’s costs.
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Fuel costs - Excavator formula

COST OF FUEL CONSUMED IN 1HR = CO5T PER LITRE X HOURLY FUEL CONSUMPTION

HOURLY FUEL CONSUMPTIOMN = 0.75 X RATED HF X LOAD FACTOR

Fuel costs - Dumper formula

COST OF FUEL COMSUMED FPER KM = COST PER LITRE X FUEL COMNSLIMFETION FER KM

FUEL COMNSUMPTION PER KM = 0.15 X RATED HP X LOAD FACTOR

Equipment output capability

PLANNED CWUTPUT = IDEAL QUTPUT X PERFORMAMNCE FACTOR ¥ CORRECTIOM FACTOR

Where, IDEAL OUTPUT = BUCKET OUTPUT/CYCLE X CYCLES/HOUR

Correction factor depends upon the characteristic of equipment and site condition like swing
factor, soil factor, rolling resistance and traction factor.

3.14 PILE EQUIPMENT

3.14.1 Pile types by functioning

End Boanng ~i e Fnction Fila

Yivak Sol

Figure 35 : Pile type - By function
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3.14.2 Pile types by installation

PLACEMENT OF PILE INSTALLATION OF PILE HEPETITION OF PROCESS

Figure 36 : Displacement pile / Driven pile

Phase 1 Paase 2 Phase 3 Phase 1 Phase 5
Casing installation Drilling Irstall reinforcement Pour concrete Extract the casing

Figure 37 : Replacement pile / Bored pile
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3.14.3 Pile construction methodology

Pie cage : Pile rebar + Tie + Cover blocks

Diriller for making holes for piles Column rebars

Inserting plie cage Flla cap top rabara
Pie casting Calumn e bars
Bremking pile head above culb off length Flle cap concneie

Rebar banding for dewelopmant lsngth into
plle cap

Laying PCC

Pie cap bobormn rebara

3.14.4 Comparison between different types of pile equipment

: . Drive steel tubes, sheat To hoist the objct vertically
Drill in soll & cloy, used in ~ Sharp rotating drll to cut the Drive sheat piles, pipes or
UNA0% cast I sbmrfoce P, POCASL CONCTI®  othar eloments nto the sol 7 S0"A1UCton, port and

10 connect to Hammer brake, Opanioop Single, Double and Triple
360° camers rearvew, Imeriacking kelly b, sin ':l...w Irydvaukcs, 3407 sotating  deum, Main shat sotating.
Avalsbie in 251000, S tore

Double-rotary
kelly bars, crowd lorce. nd 7.5 tanne pacity

300 - 10001

10 mph

Table 17 : Pile equipment comparison
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3.14.5 Types of pile foundation

T¥FES OF FILE FOUMDATION
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3.14.6 Bored cast in situ pile

Based on the installation method the mostly adopted type is Bored cast in situ pile. For
installation of the pile, the method is selected based on soil strata, site condition,
availability of machinery and tools.For loose to medium dense soil strata commonly used
method for construction of pile are DMC (direct mud circulation), RMD (reverse mud
circulation), for the dry boarding.

Out of this DMC by means of tyre mounted rig machine (TMR) and dry boring by means of
hydraulic rig machine is used. The comparison between TMR and hydraulic rig machine in
terms of efficiency, fuel consumption, time, quality of work, and ease of work are done. It
also helps to estimate the various stakeholders, difficulties and challenges in construction of
bored in situ pile concrete pile.

Equipment for boring pile - Percussion type rigs / Rotary rigs
Methods adopted
Direct Mud circulation / Reverse mud circulation - To bring the cuttings out.

Bailers and Chisel method
- To avoid effect of suction
- Used in soft layers and loose sands.
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Construction stages:

1. Drilling stage

SOk ELLE Y STAGED Saoks
vy LR S (s sores Fonmrwd sie ' STAGE § ALY STAGE 4 SR
~— [ . e

INE
L

Figure 39 : Excavation with drilling fluids

Each method consist of different stages based
on the stage different tools are used for the job.

Figure 40 : Casing drilling.

To create the cavity or hole in the soil strata of required diameter for the construction which
is equal to pile diameter drilling is implemented with suitable method.

To stabilize the borehole, three methods can be used:

1. Dry pile construction.

2. Wet pile construction

3. Cased pile construction.

The next step is the construction of the pile: firstly, the reinforcing cage is lowered into the
hole and then concrete is cast. In the method of using the casing for the soil stabilization

two types are found. Temporary and permanent casing. Temporary is removed after casting
and permanent is left inside the borehole after casting concrete.
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Crrilling, removing loose material from bora hole,

A . In stabla soil
reinforcemeant cage and concreting

1 Dryexcavation

, . Special bentonite or polymer slurries are used to
Excavation with

- o In Mo stable bara
2 . i stakilice the borehole walls, Those bentonite is
drilling fluids . , hole
producad in the sita.

, , Temporary casings into the borehole driven usi
Excavation witkmut porary a o o . ng
3 . . the retary head of drilling rig Jor a Rydraulic
drilling fluids \
wi bratery hammes

In Mon stable bora
hole

Segmental casing is used as a temporary or Despar unstabls soil

Excavation with casirg =
4 . 9 permanent support. Installed and extracted by - bions
sHpEpe using a drilling rig or an esdllator.
. . Twa tyae af casings are termparary and Soilz with recks or
= Casing drilling permansnt casing bauldars

Table 18 : Type of drilling

Each of these methods have their own areas and applicability based of the soil strata and
availability of drilling tools and machinery.

2. Cleaning of bottom Borehole

The main purpose of bottom cleaning is to remove the loose material at the bottom of the
bore hole. In case of DMC (Direct Mud Circulation) the flushing should be done after
lowering the cage by means of tremie pipe lowering in the borehole for concreating
purpose.

3. Cage Lowering

The cage is lowered in the borehole by using suitable machine like Crane/ Hydra/Rig
Machine. The reinforcement cage should be properly held in position by means of resting
hooks while driving into the borehole. Before lowering the cage make sure that the proper
cover block is attached as per cover given for the particular pile.

4. Tremie concreting

» The concrete should be coherent, rich in cement (not less than 400 kg/m3) and of slump
between 150-180 mm;

« The tremie should have a hopper attached to its head by a water-tight connection;
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+ The tremie pipe should be large enough in relation to the size of the aggregate. For 25
mm down aggregate, the tremie pipe should have a diameter not less than 200 mm.

+ A steel plate or a ball is placed at the bottom of the hopper and the hopper is filled with
concrete. The first charge of concrete is sent down the tremie by removal of this plate or
ball.

* The tremie pipe should always be kept full of concrete and should always remain at least
one meter into the concrete in the bore hole.

» All tremie pipes should be cleaned before and after use;

Advantages of Bored Pile:

Piles of variable lengths can be extended through soft,compressible, or swelling soils into
suitable bearing material.

Piles can be extended to depths below frost penetration and seasonal moisture variation.
Large excavations and subsequent backfill are minimized.

Less disruption to adjacent soil occurs.Vibration is relatively low, reducing disturbance of
adjacent piles or structures.

For many design situations, bored piles offer higher capacities with potentially better
economics than driven piles.

3.14.7 Pile cap

A reinforced concrete slab or block which interconnects a group of piles and acts as a
medium to transmit the load from wall or column to the Piles is called a Pile Cap. The Pile
cap should normally be rigid so as to distribute the forces equally on the piles of a group.

Parameters of pile cap

» Shape of pile cap.

* Depth of pile cap.

* Amount of steel to be provided.

* Arrangement of reinforcement.
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Shape of pile cap

1. 1S 2911 partl, sections 1 and 2 recommended a minimum spacing of two and half times
the diameter of the pile for bored cast in situ piles.

2. The size of the pile cap is made 300 mm more than the outer- to outer distance of the
exterior piles. (150 mm on either side).

3. Standard pile caps:
Spacing of pile (S) = F x hp, Where
hp = diameter of pile in mm.

F = Spacing factor= Centre to centre spacing / pile diameter.

Depth of pile cap

Depth of pile cap is dependent
on the following factors:

300 70
150 2010 «Shear Capability of Pile Cap.
400 700 *Soil shrinkage and swelling.
450 1000
500 1100 Frost attacks.
=50 1200 Pile anchorage.
&0U 1400
*Water table & soluble sulfates.
750 1800
Ceduran
Table 19 : Pile depth -
il — Pl
* Holding bolt assemblages for steel columns. Bk o wothr
Type of dmp
foundations
Because it is subjected to concentrated loads, the pile cap is
usually deeper than the pad footing. This results in substantially
stronger bending moments and shear forces. Figure 41: pile cap
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3.14.8 Direct mud circulation method

The method is termed as Direct Mud Circulation because it involves the circulation of mud
from the pile bore directly to the bentonite pit where the pump reuses the bentonite slurry
leaving alone the settled mud. It is used for bored cast-in-situ piles. DMC is a fairly cheaper
method to install piles.

Two stages to use the Bentonite
orlznds ilssmy pimmas d back o e bare SUSpenSIOn

| | Piletre | eFirst flushing: When the earth is being
 — bored, bentonite suspension of specific

gravity between 1.05to 1.12 is to be
maintained.

Felu oy w e brgm e 0 U Bepaliim e it

Nbaach s i e athes dhcsaan s et gt eSecond flushing: When the bore has to
be cleaned after the completion.

Figure 42 : Direct mud circulation method.
Process Of DMC Method to install Pile

» Set the tripod in position and start the winch machine.

Make a bore hole for installing the casing. Install the casing in proper position.

. Apparatus - A tripod pulley, winch machine, wire rope, chisel, Drill popes, Treme
pipes, a vertical pump and a pit where Bentonite powder is mixed with fresh water.

. Specific gravity of bentonite between 1.05 to 1.12 used during drilling and flushing.
. Now remove soil from casing.

. After inserting the casing insert the chisel inside the casing for drilling.

. Attach 'n’ number of drill pipes with the chisel for drilling upto required depth of pile.

. Drilling continuous mud from bore keeps moving to the bore hole and directed to the
bentonite pit.

. After completion of bore chisel is brought outside.
. Insert cage inside the bore and treme pipes are inserted. Check depth before
concreting.
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. Attach the hopper to the treme pipe hopper is top hung by wire rope.

. The joint between the hopper and the tremie pipe is closed with a steel plug.

. The hopper is then filled with concrete to its full capacity and steel plug is removed to
allow the concrete to flow down the tremie pipes thereby replacing the bentonite
solution.

. Concreting is done up to at least 1m above the cut-off levels to ensure good concrete

for proper embedment into the pile cap.

3.14.9 Checklist for concreting

PAOJELT NAME : EVEMI :
DRANING REFERENCE DATE
COMNCEETIMNG Y=h Paib

1 |[lype of cement - TP/ PRC

2 |Mix ratia - As par structural drawing

3 |Ensure min camani content

3 |slump value [150-180mm)

Drap the firet concrate for tha minof 0.5

Lo Ohéh coern

5 Ensura tremia always inside concrete \min
T.2m]

; Teka spieirrn ‘o Lasling min siz (150mim
cubes]

5 Continue poring till the fresh conerate
COMmIng ot

2 Hemove the casirg oipe with two side
ropE

10 Compare actual nd theoriticel

comeLmpticn

Table 20 : Checklist for bored cast in situ concreting.
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CHAPTER 4

LIVE CASE STUDY

4.1 IT COMMERCIAL PROJECT, OMR - CHENNAI
4.1.1 Project details

City - Chennai

Location - Old Mahabalipuram Road

Site area - 6.7 acres

Buildup area - 20,240 sq.m

Type of foundation - Bored Pile foundation

Structural consultants - ECPL

Stage - Ongoing project

Project duration - Dec 2020 till date

Type of project - IT and IES commercial

No.of storeys - Basement + 1 to 4 Stilt + Podium + 1 to 14 storeys + Terrace
No of units - Phase |, 11, llI

No of blocks - 3

Total No of piles - 1083 piles

Pile diameter - 600mm, 1000mm, 1200mm.

4.1.2 Equipment details

Type of Crane - Hammerhead Tower crane
Condition - Not fixed yet

Brand - Potain cranes

Pile driving machine - MAIT
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Model no - HR 180

No of equipment - 2
Drilling rig - MAIT

Model no - BR 165

No of equipment - 1
Rotary drilling rig - SANY

Model no - SR 205

No of equipment - 1
Total No of Pile driving machine used - 4 Figure 43 : Site picture.
Dump truck - 2

Its an ongoing IT and IES commercial project in OMR, chennai. Based on soil examination
report the foundation recommended is pile foundation. The clayey soil is identitified. Hence,
bored in-situ pile is selected and implemented. The project is in foundation construction
stage now.The equipment for foundation used is analysed in detail further. The labour,
material, fuel, maintenance is studied in detailed manner.

4.1.3 Pile layout - phase Il block

» The pile foundation is adopted for this particular project due to the presence of Clayey
solil.

» The total number of piles planned for this project is 1083 with diameter of 600mm,
1000mm and 1200mm.

« MAIT brand pile driving machine and SANY rotary drilling rig is employed in the site
work.

» Number of pile driving machine employed are 4.
« Upto 5 piles are casted in the site per day with the usage of four equipments in the site.
» The average minimum labours required for employing one machine in the site is five.

» Labours are required for the work of casting, sample collection, supervision, signalling,
guality checking, depth checking and for flushing (cleaning) work.

« Safety precautions to be considered before initiating the work. Dump truck is used to
carryout the excavated soil from the bore hole.
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Figure 47 : PC 4A Details

Figure 46 : PC 2A Details

Figure 45 : PC 1A Details
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Figure 50 : PC 7A Details Figure 51 : PC 10A Details

The pile detailed drawing shows thw distance between each pile and the distance between
the column location and the piles below. The pile number varies for different size of the
columns. The Detail drawing (sections and plans) shows the size, quantity and location of
column, pile spacing, edge distance and pile cap thickness. The center to center distance of
the pile is mentioned along with the overall dimension.
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Figure 58 : PR10 Details
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4.1.4 Pile layout sections

Figure 59 : Section 1 Figure 60 : Section 2
o
- ‘. Fl. -
— =
1 < &
Figure 61 : Section 3 2 2

Figure 63 : Section 5

Figure 62 : Section 4
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4.1.5 Flowchart for the excavation of bored pile process

Provint and angls is ocabed

Vislcding reinfoncsamen! sheal casing

Hole is drilled wsing the Augur pul pit machina Insert rainforcement steel casa

Vertical accuracy of the slesl caging & checked Insart rainforcemant stesl cags

Insert tha tarporary steal casing using dragling Insart tramia tube

Hole drilled 1o required depth using the bucket Concrete is poured inand tuba is removed
Inzart Benionita ahlurmy o withsiand pressure Pile iz allowed far curing
wikthout shiding back in
4 rudmreeives  emiambs  Aniaps
Drilled sod disposed offsite by truck L a . e

Exira bantonite is pumped and taken cut

Figure 64 : Stages in bored pile construction

4.1.6 Procedure for construction of bored pile - Cast In situ

Prior to the commencement consider the following:

* Prepare construction program that involves main project milestones.

* Prepare and maintain all templates and quality check
formats.

STEP 1 : Setting out pile points

» Mark set out points properly so as the points are clear and fix
to avoid detrimental effect of other activities around the area.

» Use total Station or theodolite to set out pile position. Make
sure to recheck these points before starting the piling activity.
Establish temporary reference points (TR) for this purpose. Figure 65 : Setting points
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STEP 2 : Plan preparation for rig movement

Prepare a layout that illustrate the expected path for rig movement based on the work
program and the planned deployment of resources.

The layout shall guarantee easy movement of all rigs without causing disturbances and
problems to other rig operations.

STEP 3 : Boring process

Position the rig over the established pile point.

Diameter of the cutting tool shall not less than the required pile diameter by more than
75mm.

After rig positioning, drive the casing into the ground. Drive steel casing to a minimum a
depth of 1 m below the ground level to take lateral loads and movements.

stabilize the borehole during boring process using bentonite or other suitable means.
Consistency of the drilling mud shall be controlled throughout the boring as well as
concreting operations. This measure used to stabilize the borehole as well as avoid
concrete getting mixed up with the thicker suspension of the mud.

Practiced great care to guarantee straight piles driven.

It is recommended to carry out penetration tests to estimate ‘N’ value of the founding
strata. In addition to take and maintain soil or rock samples from the founding strata, for
future reference.

It is also advisable to take soil samples from each intermediate soil strata at the depths
specified in the soil test report.

Finally, end the boring process upon reaching the designated boring depth. Check the
borehole depth through measuring bailer pipe length after its removal from the borehole,
and use sounding technique to recheck the borehole depth.

Figure 66 : Boring for pile Figure 67 : Reinforcement cage
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STEP 4 : Reinforcement placement

» Lower reinforcement cage into to the borehole vertically, without disturbing the sides of
the hole.

« Equip the reinforcement cage with adequate stiffener bars to avoid sideways sway.

« weld stirrups, stiffeners and laps to prevent breakage.

STEP 5 : Bored cast in situ pile Concreting

« Concreting begins by lowering tremie pipes in to the borehole. Common tremie pipe
diameter is around 200mm.

* Clean borehole bottom adequately before concrete pouring.

« Connect a hopper to the top of tremie pipe. After that, close the joint between hopper
and tremie pipe with a steel plug before concrete first charge.

» Then, fill the hopper with concrete to its full capacity. Once filled, remove the steel plug
to allow the concrete to flow down, and replace the bentonite slurry present in the pipe.

» Keep the bottom end of the tremie pipe embedded, at least 2m, within the laid concrete.
To replace bentonite from bottom upwards and avoid mixing concrete with water or
bentonite.

» Extend pile Concreting at least 60cm to 90cm above the cutoff level to ensure good
concrete for proper embedment into pile cap.

» If the cutoff level is at ground level, then permit spill over of concrete till good concrete is
visible.

S
-

R a5
A

Figure 68 : Concreting Figure 69 : Pile riggers in the site
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4.1.7 Equipment details - Mait HR 180

BORED PILEZ

Figure 70 : MAIT HR 180 - Main specification.
Description:

The HR 180, has versatility, and it is easily adaptable to many
different applications such as:

- Drilling with augers or buckets

- Execution of drilling casings directly with rotary and by
casing oscillator

- Continuous Flight Auger (CFA)
- Diaphragm Walls Figure 71 : Mait pile rigger
- Execution of Double Head drilling

The HR 180 is available in two versions: HR 180 CP — the
standard version, is equipped with a Pull-down Cylinder
which exerts it’s force on the rotary, and is principally utilized
for drilling large diameter bore holes. The rotary is able to
work with a stroke of 5.100 m (17 ft) approx.The HR 180 CP
uses a parallelogram system of articulation. HR 180 THD —
available upon request, The THD system moves the rotary by
utilizing the winch, allowing the rotary to be used along a
larger stroke of the mast, 10 m (33 ft) approx.The THD
version is particularly useful for driving and extracting casing
tubes directly by the rotary, and without a doubt increasing
your daily productivity. The HR 180 drilling rig base is already
predisposed for all the various works listed above. Figure 72 : Piling work
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Technical data
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Table 21 : Technical data of Mait Hr 180
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4.1.8 Equipment details - Mait BR 165

EORED PILES

Figure 73 : MAIT BR 165 - Main specification

Description:

The BR 165 is a drilling rig suitable for medium to large
diameter drilled shafts in any kind of soil by using a rotary
system with kelly bar, augers and bucket. This model of
hydraulic rig combine the high quality and reliability from
MAIT experience with a design with renewed line. The cabin
has been designed to offer maximum efficiency and comfort
for the operator and equipped with air conditioning and
heating system.

Figure 74 : MAIT BR 165

Working characteristics

Wiorks W ith Augers & Buskets

W Dimmmeter L2 rm 3]
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Table 22 : Technical data - Mait BR 165



4.1.9 Equipment details - Sany SR 155-C10
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kax, Fila Hameter Wt Pile Depth Dprating Wisgnt Hated autpul torque ERgine poswer

1500 mm 56/44m 4BT 155KN ‘m 147KV 2100 pm
Figure 75 : Sany SR 155 - Main specification  Description:
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el e :‘J IH* Economical fuel saving: Using power
L i ol ) } .. . .
Stoke — 1300 optimization control technology, real-time
Main wnc: adjustment of power distribution, quick
L ki 150 response, high fuel efficiency,
AP A o A ar [iial oo . i
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Figure 76 : Friction kelly depth / interlocking kelly

L

Figure 77 : Horizontal transportation dimension

The SANY SR 155 pile rotary drilling rig is employed
in the site.

Special chassis :Telescopic large widening chassis
designed for rotary drilling rig, roller type large
diameter slewing bearing to guarantee the high

Trrropme-Spwanet Calanlsaet moein)
e
N — Y i |
"o _1_.‘.-,-a 2|

(1) g

Toque cress.reiRozs driding madz

R S R |

stability in deep borehole construction. Figure 78 : Vertical transportation dimension

Economical : Imported large-displacement EFI engine with
strong power, adopts power optimization control
technology, adjusts power distribution in real time, fast
response speed, higher fuel efficiency and more energy-
saving.

Figure 79 : Equipment in the site
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4.1.10 Pile calculation

Total number of piles = 1083 (Retaining wall pile + column piles)

Expected duration to finish pile construction = 2 months (Avg 60 days)

One machine work =5 pile per day

No of equipments used in the site (Pile drilling machine) = 4

Number of pile to be casted per day = No of piles / Duration
=1083/60 =18 nos.

Number of Pile machines required = No of piles to be casted per day

One machine work per day
=18 /5 =4 machines.
Hence, The number of equipment in the site is satisfied.
If the time has to be reduced further and work to be finished as soon as possible number of
equipments should be increased. The selection of equipment is important in considering the
time and cost of the pile construction. The pile should be casted in odd and even number

format to avaoid the pile collapse once its casted. Minimum of 5 people required to operate
a machine to cast the pile, upto 15 people can be employed for the job.

4.1.11 Concrete estimation for a pile

Quantity of cement = ratio of cement X total volume / total ratio sum of grade used
Total volume = volume of pile
Ratio of cement = ratio in grade of concrete used

Total ratio sum = sum of cement, sand, aggregate ratio
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Quantity of sand = ratio of sand X total volume / sum of ratio

Quantity of aggregate = ratio of aggregate X total volume

For steel or reinforcement

- Bar bending schedule is made

- As per drawings we know main bar and distribution bar dia and spacing.

e.g =#6 @8 = 6mm dia at 8” spacing = Main bar

=#8@10" =

4.1.12 Weekly schedule fo pile construction

8mm dia at 10” spacing = Distribution bar.

Planned schedule for week 1 - week 9 , Assumption vs Actual

Fiks driling meshing 5 nua,

Fils driling weshins 4 nua,

LLUT'L | 142 140 4 h i)
Backhoe 2 Duwio truck 2 Rackhoe 2 Domis truck )
- Pk deiling mechine b nos. Pk driling mechine 2 nos, - . .
seenk L 10 1 12 5 q
- Eakhuw 2. Dumiy truzk 2 Backhow 2, Dorng bruchk 2
imak % 15K 16 Fibs |J'i|i||'._| mchine 5 nus,  Fike i |i||'._| muhiiire 4 nua, a4 " va
Gackhoz 2 Duman tuck 2 Goackhors 1. Dumo truck 1
Wank 4 im0 158 File ehiling mechine 5 oo, Fike chiling mseline d s, 42 i 15
o Backhor 2 Dumotuck 2 Backhoz 1, Durws tugk 1 ) '
. . . . Fike deiling maching 5 nus,  Fik deiling machine d nus, . .
ol 120 1 42 15
e Backhom 2 Do truck 2 Backhos 1 Domis truck ) .
., Y . File driling maching 5 nos,  Fike diiling machins 4 nos, . . e
Wil & 1 10 Farkhae 2, Dumntrurk 2 Fackhae 1. Domatuck 1 a 5 e
. Mlke driling mechime b nas, Pike detling mechine O noe, .
1 "
sRERE 17 b EBarkhows 2. Dumin truck 2 Backhow 1. Dorna truzk 1 " ! *
. _ . Ple detling mechee b nas, Pk deling mechine 2 nos, - -
o 121 1 i i
e 2 % Backhaw 2, Doma truck 2 Backhaw 1, Do tusk 1 * ’ £
ook 7 121 128 File deiling mechine b nos, Fike driling mechine 2 nos, 5 1%
B Barkham 2 Dumiateuck 2 Backhag 1, Duma teuzh
Yok 10 o File eliling mehine 5 s, Fike ciling maehine d nps, in 2
B Packhom 2 Do truck 2 Backhae 1, Domis truck )
TETAL 108 TRES 4 1w 184

Table 23 : Weekly schedule
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4.2 SATHYABAMA AUDITORIUM, SIST CAMPUS, CHENNAI
4.2.1 Project details

Project name - Sathyabama institute of science and technology Auditorium
City - Chennai

Location - OMR

Site area - 15060 Sg.m

Buildup area - 8690 sg.m

Type of foundation - Pile foundation

Type of Pile - Bored in situ pile

Pile diameter - 600 mm

Pile cap types - 4

Pile cap group - 6 pile group ,4 pile group, 8 pile group and 2 pile group
No of floors - 2 (with mezzanine floor)

Stage - Yet to start

Type of project - Auditorium construction

Total No of piles - 439.

4.2.2 Pile design consideration

Type of Pile : Bored Cast in situ

Pile Diameter : 600 mm

Spacing of piles : 2100 mm

Column Dimension B x D : 750 x 750 mm
Circular column dimension : 900mm dia

Depth of pile : 15.5 m
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Pile type - Bored Cast in situ

Volume of single pile : 346 sq.ft or 9.75sq.m

Concrete Mix : M30 Grade

Central column load : 40 to 50 tons (approxy)

Pile cut-off level : 1.5m from FGL

Factor of Safety : 2.5

Safe vertical capacity of single pile : 116 tonnes.
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Figure 81: Site plan of the auditorium.
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Figure 82 : Proposed pile layout.

4.2.3 M30 Concrete design mix

Selection of Water Cement Ratio

FAaximum Water Camant o
Selection of Water Contam

Grade dasignartion B30

Typee af carment CPC 53 grade

Maximum Mominal Size of Aggregate 20mimr

Finimum Cement Content 320kcg Souum

Fazimur Cermant Contenl A5 eu.m

EAaxirnur Water Cormant rates A%

Warkabi ity 50 -FZmm (slump)

Type aof Aggregate Crushsd fingular Aggregate

Chemaczl Sdmixbure Type Superslasticizer Confemng o I5-%103
T condition Marmal

Mix proportions for one cum of concrete

| Maximur water content 15 10262 table 2 186 In
Estimabod water comntent for S0-75mim sl a 1&0 1
Estimabtod WhT matio DaZ
Cement content (160 047 380 kgfocum

Mass of cement in kgfoum 380

Flazs of water in kgfou.m 160

Mass of Sine & coarse agomegate in kolcum 711 and 1283
Fazs of A0mm & 10mm in sgfew.m F24 ard 359
Flass of Bdmixbure n I:f:n..rn 150

Table 24 : M30 concrete design mix



4.2.4 Calculation of Volume of pile
Four group pile :

Volume of Pile

Diameter of pile - 600mm or 0.6m

Radius of pile - 300mm or 0.3m

Depth of pile - 15.5m No.of pile - 4

Concrete volume of pile =Tr2h (1 = 3.14)
=3.14x0.3x0.3x155x4
=17.52 cu.m/ 4.38 cu.m for 1 pile

Volume of Pile Cap

Length of pile cap - 3.5m or 3500 mm

Breadth of pilecap - 3.5m or 3500 mm

Depth of pile cap = 1.4m or 1400 mm

Volume of Pile cap = Length x Breadth x Height

=35x35x1.4= 17.15cu.m

Six group pile :

Volume of Pile

Diameter of pile - 600mm or 0.6m
Radius of pile - 300mm or 0.3m

Depth of pile - 15.5m No.of pile - 6

66

Diameter

Depth |

Figure 83 : Volume of the pile



Concrete volume of pile =Tr2h (11 = 3.14)
=3.14x0.3x0.3x155x6
=26.3 cu.m

Volume of Pile Cap

Length of pile cap - 5.65m or 5650 mm

Breadth of pile cap - 3.6m or 3600 mm

Depth of pile cap = 1.4m or 1400 mm

Volume of Pilecap=LxBxH =5.65x3.6x1.4 =28.3 cu.m.

Eight group pile :

Volume of Pile

Concrete volume of 6 pile = rr2h (11 = 3.14)
=3.14x0.3x0.3x155x8
=35 cu.m

Volume of Pile Cap

Length of pile cap - 5.65m or 5650 mm

Breadth of pile cap - 5.75m or 5750 mm

Depth of pile cap = 1.4m or 1400 mm

Volume of Pile cap = Length x Breadth x Height

=5.65x5.75x14

=57 cu.m.
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Circular piles - Peripheral

Volume of 1 pile = 3.14 x 0.3 x 0.3 x 15 = 4.23 cu.m

Volume of 54 pile = 4.23 x 54 = 229 cu.m

Pile cap for 4 group = 17.15 cu.m

Pile cap for 2 group = 8.4 cu.m.

4.2.5 Field sampling

BH -7 415935,

FaE

14237

F4.753

4.067

[y

BH -2 415%30.

BEH -3 418892,

L9

A47

14231

14237

18711

5767

4103

4,050

[y |

BH -4 415825,

14231

17.74%9

2.844

L
L

Table 25 : Sample collected in the field.

BH 3 4158354,

a%s

4.2.6 Soil profile

Based on visual identification of soil samples and test results (of both field and laboratory
tests), the soil profile arrived. Subsoil is made-up of five distinctive layers there are

(i) Soft to medium stiff CLAY up to -3.5m with SPT’s N= 3-10
(i) Medium dense SAND -3.50 to -5.0m with SPT’s= 11-30
(iit) Stiff to very stiff CLAY-5.0m to -10.0m with SPT’s N=14-24

(iv) Medium Dense SAND -10.0m to -13.0m with SPT’s N=17-30

14237

FO.BZZ

4117

i

i

(v) Soft disintegrated Rock -13.0m -16.50m with SPT’s N=>100.
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Figure 84 : Sub soil profile of the site.

SAFE LATERAL CAPACITY
SAFE

LENGTH OF SAFE UPLIFT |WITH REGARD TO S5mm
PILE {m) ELL;DM Eﬁﬂrﬂﬁt capaciTy  |DEFLECTION
FROM FGL o T = FREE HEAD |FIXED HEAD
{Toennes) (Tonnes)
15.5 450 73 32 1.3 3.3
15.5 500 35 42 1.4 37
15.5 600 113 21 1.7 4.4

Table 26 : Pile capacities.
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4.2.7 Pile design considerations - Tabulated
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Table 27 : Pile details considered.
4.2.8 Equipments for pile construction

Bored Piles typically utilise a Drill Rig, Helper Crane, Spoil Handling (loader, skip pan, etc.),
casing, slurry handling, cage erection template, concrete truck and concrete pump truck.

Selection criteria:

It is important to select an appropriate machine. The optimally selected pile machine
guarantees fast and efficient performance of assumed tasks at a lower cost. The
optimization can be realized on the basis of technical parameters of the machines and their
rank. Hence few steps are followed.

1. Establish significance of particular criteria of a machine; its sum should equal to unity.

2. Establish minimum and maximum values for particular criteria
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3. Calculate the range of values for particular criteria.
4. Transform the particular criteria into a normalized values.

5. Calculate values of measures being relative distances of particular criteria from the
respective optimum values for successive machines.

6. Calculate the values of measuresl| being relative distances of respective values in group
of machines.

7. Calculated synthetic measures should be multiplied by established value for the
respective criteria.

The obtained synthetic measures can be used for the evaluation and comparison of ma-
chines among themselves. The pile machines were pre-analyzed in view of their technical
characteristics, without taking into account the economic aspects.When selecting a pile
machine attention was mainly paid to the CCS pull up/down force and torque.

429 Pile machine calculation

Total no.of piles = 439 (pheripheral column piles + building column pile)
Expected duration to finish pile construction = 60 days (aproxy 2 months)
One machine work = 1.5 pile per day
Number of pile to be casted per day

= No of piles / Duration

= 439/60

= 7 nos of pile.
Number of Pile machines required

= No of piles to be casted per day / One machine work per day

= 10/1.5 = 7 machines.
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4.2.10 Material calculation for concrete

Requirement for 439 piles

Cement bags

Volume of 1 pile - 4.38 cu.m

Cement for 1 pile - 6307 kg

No of cement bags required for 1 pile - 126 bags
Cement bags for 439 piles - 126 x 439 = 55,314
Sand

Sand for 1 pile - 3867 kg / 86 cu.ft

Sand for 439 piles - 86 x 439 = 37,754 cu.ft
Aggregate

Aggregate quantity for 1 pile - 1066 kg / 25 cu.ft
Aggregate quantity for 439 piles = 25 x 439

= 10,975 cu.ft of aggregates.

4211 Labour

» The pile should be casted in odd and even number format to avaoid the pile collapse
once its casted.

« Minimum of 4 or 5 people required to operate a machine to cast the pile, upto 15 people
can be employed for the job.

» The market range of labour wages is 1000 rupees per day (private) and 450 to 800 /day.
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4.2.12 Water requirement

The water is required to fill the whole depth of the pile to clean the mud.
Diameter of pile = 600mm or 0.6m

(5D2/4) =5 x 0.6 x 0.6/4 = 0.28sq.m = 4.38 cu.m

1pile = 10,000 litres (approxy)

Water is mixed with bentonite for the usage.

4.2.13 Steel cage

Pile cages are used to support weight loads and protect the
earth from general or seismic movement that can collapse
the structure. Once the pile cavity has been bored,
reinforcing steel cages are lowered into the hole with spacer
wheels maintaining clearance from the bored hole edges.
The maximum weight of the reinforcement cage will be
approxymately 9 ton. Pile cage (1 cage = 10 to 16 rods). Figure 85 : Steel cage

4.2.14 Piling work in the night time

» For work during the night time, the lighting of at least 100 lux intensity shall be provided
at the worksite.

» The lighting provided for the whole construction area is named as “Area lighting”. The
separate spot lighting to be provided for the pile casting area.

» Usually concreting work is carried out in the night time due to cool environment where
the concrete temperature plays a vital role. And low traffic during the night time makes it
feasible to work.

» Drilling works are carried out during the day time.

« The construction power to be brought separately for the usage. Diesel generator can
also be used if the power bill is found to be high.

* The labour accomodation is also considered for the electricity arrangement in the night
time.

* The power consumption of the equipment. Its preferable to use the new equipment
because old equipments utilizes more power and fuel.
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4.2.15 Market overview of piling rig

The demand for foundation equipment in India, has been growing at the rate of 25-30
percent year on year basis. The market size of the foundation equipment is estimated to be
INR 150-170 crores.
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Figure 86 : Global Piling Machine Market.

The piling rings segment accounted for approximately 36% of the market share in 2021.
Piling rings are used for different applications, such as foundation reinforcement, cast-in
piles, and installing diaphragm walls among others. Piling rings can perform auger boring,
drilled percussion, impact-driven, and rotary boring piling activities. Piling rings are utilized
to dig within the earth’s subsurface, making of the water wells, oil wells, or natural gas
extraction wells, and to install sub-surface fabrications among others.

CHAPTER 5
ANALYSIS AND CONCLUSION
5.1 ANALYSIS OF PILING MACHINE
5.1.1 Piling rig cost analysis

Cost elements

« Transportation cost: the cost of transporting equipment to the proposed site from a

predecessor site or elsewhere.
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+ Consumables cost: the cost of materials and chemical supplies that are consumed by
operating the equipment such as fuel, oil and grease. These cost items can be applied
to all equipments even considering the various consumption rates and types of
consumables.

» Labor cost: refers to the cost of equipment drivers, operators, assistants, riggers and
the rig captain. It includes daily rates, catering, motivation and bonus structure based on
productivity metrics. The supervision and services staff are excluded as they will be
included in other cost items.

* Maintenance cost: it the total cost of equipment regular maintenance during the project
performance period by an authorized service center or retailer. It can be obtained using
the time ratio of the performance period to the whole year.

» Depreciation cost: calculated as the decrease in equipment book value using straight

line depreciation (SLD) method during the project performance period and can also be
calculated using the time ratio of the performance period to the whole year.

5.1.2 Cost break down
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5.1.3 Pile sequencing
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5.1.4 Weekly schedule for pile construction

Planned schedule for week 1 - week 9
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Table 30 : Weekly schedule

5.1.5 Analysis of pile rigging machines
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Table 31 : Comparison of pile rigging machines
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5.2 ANALYSIS OF EXCAVATOR

5.2.1 Excavation details of the project

Mumber of Excavator used 3
Duration ot work estimated 12 days
Excavation depth 1to 3m

Type of soil Clay, Stiff elay and sand
Excavation per day 180 - 200 cu.m
Bucket capacity (assumed) 1.2

Time taken for 1 bucket excavation

Digging time & 58C
Scooping time 8 58C
Swinging time 10 58C
Loading 3 5ec
Maoving and positioning 5 58C
Total time 0.56 Min
Working hrs of excavator hrs
Effective work of excavator 75%

Effective work of excavator in min 36000% Min

Production per day

190

Cu.m

Table 32 : Excavator analysis
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Capacity of Dumper 5.00 Cu.m
Dumper Ave. Speed (Km/h) 30 km/hr
Leading distance(Twe way trave) 1.00 km
Loading Time 10 i
Unloadirg Time 2 min
Travel Time 2 min
Pasition Time 2 min
Tatal Tima/Dumpar|14 min
Working hours for Dumper o hrs
Effective work af Dumper /5%
Effective work of Dumper in "mn" 36000% min
No of trips raquired/Dumper 23 Nos
Procuctivity Per day per Dumpaer 115 Cu.m/day
Tota dumper required/day (Practically) 3 Nos

Table 33 : Dumper analysis.

5.2.2 Equipment economics

Provide the right equipment at the right time and
place, so the work can be accomplished at the

lowest cost.

» Basis of costing
* Hourly

« Dalily

* Weekly
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Figure 87 : Ownership cost




* Miles and Fuel consumption Figure 88 : New equipment

Rs.1,90,00,000 Figure 89 : 4 years later Rs. 90,00,000

Ownership expense = 1,00,00,000. Include the
cost of all attachments and delivery charges in
initial machine cost.

Cost

Operating cost

Consumables - fuel, oil, grease & filters (FOG)

Repair Usage
Maintenance

Tires or tracks

High wear items - cutting edges, teeth. Figure 90 : Operating cost.
Cost of equipment

» Construction equipment can be purchased or rented.

- Purchased when used extensively Rented when used sparingly.

*  When equipment is purchased, it is necessary to determine:

— (a)ownership cost
— (b) operating cost.

* Ownership costs include:

-Initial cost,
-Financing (investment) costs,
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-Depreciation costs

-Taxes and insurance costs.

The operating costs include:
Maintenance and repair costs, Storage costs

Fuel and lubrication costs.

Fuel costs

Construction equipment require fuel for operating

The fuel may be gasoline or diesel.

The equipment is seldom used for 60 minutes per hour.

Most machines normally operate for 45 minutes per hour.
Moreover, the machine is not operated at its full capacity all the time.
It may work at full power during heavy load conditions.

At normal temperature and pressure;

— Gasoline engine will consume approximately 0.06 gallons of fuel for each hp developed.

— Diesel engine will consume approximately 0.04 gallons of fuel for each hp developed.

Calculation

HOURLY FUEL CONSUMPTION = 0.15 X RATED HP X LOAD FACTOR

LOAD FACTOR = LOAD IN EXCAVATOR / LOAD CAPACITY = 0.50

Fuel Consumption per hour = 0.15 x 672 x 0.50 = 50 litres /hour

Fuel cost = Fuel rate X Fuel consumption per hour = 65 x 50 = Rs. 3250.

Labour cost

Operator cost = Rs. 800 per day & Rs. 100 per hour. (approxy).
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Maintenance cost

Equipment maintenance cost per month = Rs. 5600

Average maintenance cost per hour = Rs. 35

Road tax = Rs. 10,000 for 13,000 hours = 0.75 per hour (aproxy)

Insurance = 9.8% of value so that per year = 9800 / year

Insurance per hour = 9800 /(120*12) = 6.80 per hour.

Equipment operating cost

Equipment owning cost per hour = 6.80+0.75+35+100 = 142.5 /hour

Equipment operating cost per hour = Fuel cost per hour + operator cost per hour

= 390+100 = 490.

EQUIFMENT COST = OWNING
COST + OFERATING COST

Equipment cost = 490 +142.5 = 632.50

Contractor margin = 10% of equipment owning cost = 63.2
So, the contractor can rent out excavator = Rs.700 (per hour)
Working hours = 8hrs x 14days =112 hours.

5.2.3 Analysis of excavator

Number of Excavator planned to be employed in the site was 2 for the digging work after
the completion of the pile cap work.

Selection criteria for Excavator

» Based on the soil - If the soil to be excavated is loose and marshy nulk excavation is
involved.
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» The appropriate model of equipment based on different characteristics such as payload
of bucket and speed required.

+ The number of equipment needed for the project to carry out the given quantity.
» The number of associated equipment required to support the main equipment.
Delay factors contributed by equipment

* Equipment breakdown and their idle time and lack of tools in market.

« Shortage of heavy equipment when necessary.

» Lack of skilled operator leading to low efficiency & productivity.

« Wrong kind of equipment selection and lack of advanced equipment.

« Complication in transporting to the site.

MATURE OF SOQIL DIGGIMG EFFORT S0IL EFFORT
Loam, Sand graval Easy digging 1.0
Cammeoen carth Madium digging i J: 1
SHH clay, Solt rock Hard digging 0.&7

Table 34 : Digging effort.

Table 35 : Angle of swing bucket.

MUETILRE OF SOBL BAMK VOLUNME |LODOSE VWOLUNE -::::uF-.-J.-::."I‘El::

Aamiman Earih LI Lt 250
T .‘I.II:IIEI- '1-.1: -'E'.'F'E
L 1 O 127 Pl u]
Rack Blastad 1 1 50 1.0

Table 36 : Nature of soil factor.
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5.2.4 Daily inspection checklist

Check to make sure there is enough coolant and Check engine oil and hydraulic oil
levels

Check for leaks in compartments and under machine
Check track (see Undercarriage below for more detailed information)

Check coolers to make sure they are free of debris and Drain water from fuel/water
separator.

Check dust ejector from air filter

Make sure teeth are present on bucket and they are in good condition

Check wear plates on bucket and Grease all pins and bushings daily

Check controls and seat belt in cab and make sure they are operating properly

Turn on machine and check controls, windshield wipers, seatbelt and air conditioning
system

Remove trash and debris from cab.

5.2.5 Maintenance process

Figure 90 : Flowchart for the maintenance process.
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Table 37 : Comparison study of Excavator.

5.3 Analysis on efficiency of the piling rig and excavator
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The analysis is done for both selected piling rig and excavators based on the two
important criteria which is time and cost. The torque is considered for the piling rig
machine which is vital in efficiency increase. Likewise, the horse power (HP) is
considered for the excavators which is vital for the efficient performance.

In the piling rig graph, MAIT HR 260 and SANY SR 235 consumes less time to complete
the work, meanwhile their cost is high. In the excavator analysis graph, Komatsu PC
1250 and CAT 345 GC consumes less time since it has high horse power but their cost
is high compared to other equipments. So equipments are chosen based on these to
criteria.

5.4 Conclusion

e Because of outstanding advantages, piles are most widely applied for the construction
purposes. Their principal aim is found in transmitting outer loads onto layers deposited
at greater depths or improving the mechanical properties of soil. By providing incredible
strength it brings possibility to build even in the soil with less bearing capacity.

e A number of companies produce specialist geoengineering equipment all over the world.
Among them few are very experienced companies which have existed on the market for
years and who have systematically improved their products as years pass by. Sany,
Mait, Casagrande and Soilmec dominate in the production of pile machines. In the
sameway, Komatsu, CAT, and JCB tops in the excavator production.

o The most suitable pile machine fit for performing large-diameter piles at great depth

should be selected on the basis of the multi-criteria optimization. Knowing the scope of
88



5.5

work, one can establish the weight of particular parameters of pile machines on the
basis of particular parameters of the machines, assess them and select the right one.

Recommendation

The recommendation is based on the certain criterias such as time to drill the bore hole,
the productivity range, soil type, capacity to drill efficiently and time consumed to finish
the work. In the study of a pile machine for large diameter and long piles, the selection
was based on the multi-criteria optimization. My recommendation based on my study is
as follows.

The cost is also the main factor to be considered, the new equipment with higher torque
and horse power is costly and if its exceeding the budget its better to go for the medium
range torque and horse power piling rig and excavator equipment. But in that case time
can be the constraints, it consumes more time to finish up the targeted project
foundation.

The analysis of the results revealed that the best pile machine observed is HR260 of
MAIT. It had the highest CCS pull up/down force and highest torque. Another machine is
SR235 of SANY and has slightly lower parameters than MAIT HR 260 piling rig
machine.

The excavator is employed in the site for scooping and dumping the mud exerted from
the piling work. Based on the analysis result the best excavator found to be employed to
obtain more efficiency is PC 1250 8R of Komatsu and another machine identified is
345GC of CAT which has the highest engine power thus provides maximum efficiency
to finish work sooner.
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