
CONSTRUCTION ESTIMATION

Topic Objective:

At the completion of this topic the student should be able to:

 Explain the role estimating plays in the success of a construction company.

 Identify what skills are needed to become a good estimator.

 Explain the role of the bid package in the estimating process.

 Identify the tools available to estimators.

 Explain why practice is important.

Definition/Overview:

Estimating: Estimating is the process of determining the anticipated cost of materials, labor, and

equipment of a proposed project

Key Points:

1. Estimating Methods

The following briefly describes techniques used to estimate.

1.1. Bottoms-Up Technique

Generally, a work statement and set of drawings or specifications are used to take off

material quantities required to perform each discrete task performed in accomplishing

a given operation or producing an equipment component. From these quantities,

direct labor, equipment, and overhead costs are derived and added. This technique is

used as the level of detail increases as the project develops.
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1.2. Specific Analogy Technique

Specific analogies depend upon the known cost of an item used in prior systems as

the basis for the cost of a similar item in a new system. Adjustments are made to

known costs to account for differences in relative complexities of performance,

design, and operational characteristics.

1.3. Parametric Technique

Parametric estimating requires historical data bases on similar systems or subsystems.

Data is derived from the historical information or is developed from building a model

scenario. Statistical analysis is performed on the data to find correlations between

cost drivers and other system parameters, such as design or performance parameters.

The analysis produces cost equations or cost estimating relationships that can be used

individually or grouped into more complex models. This technique is useful when the

information available is not very detailed.

1.4. Cost Review and Update Technique

An estimate is constructed by examining previous estimates of the same project for

internal logic, completeness of scope, assumptions, and estimating methodology and

updating them with any changes.

1.5. Trend Analysis Technique

A contractor efficiency index is derived by comparing originally projected contract

costs against actual costs on work performed to date. The index is used to adjust the

cost estimate of work not yet completed.
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1.6. Expert Opinion Technique

When other techniques or data are not available, this method may be used. Several

specialists can be consulted repeatedly until a consensus cost estimate is established.

2. Data Collection And Normalization

When estimating, cost data is collected; Data may be collected from similar projects, data

bases, and published reports. The basis of the cost data should be documented as part of the

detailed backup for the estimate. The amount of data collected will depend on the time

available to perform the estimate and the type of estimate, as well as the budget allocation for

the estimates preparation. When using the collected cost data, the estimator must be aware of

the source of the data and make adjustments where necessary. Data from one project may not

be consistent or comparable with data from a different project. For example, if historical

costs data is used, the costs may not be applicable due to escalation, regulatory changes, or

geographical differences. The data should be reviewed and adjustments (normalization)

should be made before it is used in the estimate.

Topic Objective:

At the completion of this topic the student should be able to:

 Describe the steps taken to complete an estimate.

 Identify the general scope of work and the items which need to be bid to complete an estimate.

Definition/Overview:
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Bidding: Bidding is an offer (often competitive) of setting a price one is willing to pay for

something. A price offer is called a bid. The term may be used in context of auctions, stock

exchange, card games, or real estate transactions.

Estimating: Estimating is the process of determining the anticipated cost of materials, labor, and

equipment of a proposed project

Key Points:

1. Construction Bidding

Construction bidding is the process of submitting a proposal to carry out a described

residential or commercial construction project for an agreed price. Bidding can occur at the

construction manager, general contractor or subcontractor level. Bids by contractors for the

total cost of construction are submitted to a project owner or developer who then makes

decisions based on price, contractor qualifications, and other factors.

2. Bid Solicitation

Bid Solicitation is the process of making published construction data readily available to

interested parties, including construction managers, contractors, and the public. There are

several services, including government entities and private data services, that allow project

owners to release project details to solicit and obtain contractor bids. These services act as a

gateway for project owners to release project information to a large group of contractors,

general contractors or subcontractors in an attempt to solicit bids. Many of these services are

subscription based or charge a flat rate for project data.

3. Types of Project Delivery
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The most common methods of construction project delivery include design-bid-build (DBB),

the design-build (DB), the Construction Manager as Constructor approach and a Negotiated

Approach. Each of these methods have advantages and disadvantages and all can be used to

successfully plan, design and undertake a given construction project.

4. Design-bid-build

The design-bid-build method is the most common construction delivery method. This process

begins with an owner selecting an architect to prepare construction documents. In most cases,

the architect will release these construction documents publicly, or to a select group of

general contractors, who will then place a bid on the project which reflects what they believe

cost of construction will total. This bid is inclusive of a multitude of subcontractor bids for

each specific trade. The general contractors fee is generally built into the bid cost. Most

government contracts are bid competitively using this method.

5. Design-build

Design-Build (or design/build, and abbreviated D-B or D/B accordingly) is a construction

project delivery system where, in contrast to traditional "design-bid-build" (or "design-

tender"), the design and construction aspects are contracted for with a single entity known as

the design-builder or design-build contractor. The design-builder is usually the general

contractor, but in many cases it is also the design professional (architect or engineer). This

system is used to minimize the project risk for an owner and to reduce the delivery schedule

by overlapping the design phase and construction phase of a project. Where the design-

builder is the contractor, the design professionals are typically retained directly by the

contractor.

6. History

The design/build delivery system often cites the original "Master Builder" model used to

build most pre-modern projects. Under the Master Builder approach, a central figure of the
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architect held total project accountability. From inception to completion, the master builder

was the key organizational figure and strictly liable to the owner for defects, delays, and

losses. The design/build system is a return to some of the fundamentals of the Master Builder

approach.

7. Overview of process

Design-build focuses on combining the design, permit, and construction schedules in order to

streamline the traditional design-bid-build environment. This does not shorten the time it

takes to complete the individual tasks of creating construction documents (working drawings

and specifications), acquiring building and other permits, or actually constructing the

building. Instead, a design-build firm will strive to bring together design and construction

professionals in a collaborative environment to complete these tasks at the same time.

Typically the hallmark of a Design/Build project is that one organization is responsible for

both design and construction of the project. If this organization is a contractor, the process is

known as "Contractor-led Design-Build". If the organization is a design firm, the process is

known as "Design-led Design-Build". In either case, the organization employed by the owner

rarely handles both aspects of design and construction in-house. In fact, the organization

often subcontracts with on-site personnel (if design-led) as well as architects and engineers

(if contractor-led).

8. Potential problems of Design-Build

Cost estimating for a design-build project is sometimes difficult because design documents

are often preliminary and may change over the course of the project. As a result, design-build

contracts are often written to allow for unexpected situations without penalizing either the

Design-Builder or the owner. Several organizations (such as the Design/Build Institute of

America) provide standardized form contracts for design-builders to use, but it is not unusual

for the design-builder to provide its own contractual documents. This uncertainty requires the

owner to rely a great deal on the integrity, accumen, and competence of the design-builder.

As the certainty of estimates decreases, the opinion of the construction professionals of the
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Design-Build firm must be trustworthy, accurate, and reasonably verifiable in order to

minimize risk.

9. Benefits of Design-Build

It is important to note that the design-build method, while not focused on saving the owner

construction costs, nonetheless often saves the owner money on the overall project. The

combined effects of carrying a construction loan (which typically carries a higher interest

rate than permanent financing) and an earlier useful on-line date usually yields considerable

overall profitability to the project and may make seemingly unfeasible projects into genuine

opportunities. The compression of time is only one important aspect of the implementation of

this system. Other attributes include: Increased accountabilty by the service provider, Single

source project delivery, and A value based project feedback system

10. Accountability

Rather than a parcelized level of responsibility of the classic design-bid-build, design-build

provides an integrated solution for the owner or client. This moves projects away from the

"finger-pointing" that is often commonplace in contemporary construction projects, and

allows the owner to look to one entity with any questions or concerns.

11. Single Source

Instead of having several contractors and consultants, an owner has just one entity to deal

with. Design revisions, project feedback, budgeting, permitting, construction issues, change

orders, and billing can all be routed through the design-build firm. This single point of

contact allows a certain degree of flexibility for the owner Most design-builders will leverage

that flexibility for the owner's benefit by continually refining the construction program to

maximize the owner's value at the completion of the project. Value-based project feedback:

Typically, in order for a contractor to bid on a project, very specific details relating to the
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methods and materials must be given to avoid any ambiguity and to make an "apples to

apples" comparison of bids. In a design-build context, the owner, the owner's other

consultants, and the design-builder can work together to determine what methods and

materials will maximize the owner's value. In instances where marginally more expensive

materials, designs, or construction methods might yield a higher return on investment for the

owner than those of lower cost, the owner is free to adjust the project's program without

having to re-bid the entire project.

12. Construction Manager as Constructor

Under this delivery method, a construction manager is hired prior to the completion of the

design phase to act as a project coordinator and general contractor. Unlike the DBB method,

a construction manager is hired during the design phase, which allows the construction

manager to work directly with the architect and circumvent any potential design issues before

completion of the construction documents. After documents are completed, the construction

manager accepts bids for the various divisions of work from subcontractors or general

contractors.

13. Negotiated

This delivery method is similar to the Design-Bid-Build method in that design and

construction are performed by different firms. Unlike the design-bid-build approach, a

general contractor and an architect are selected at the projects inception. These firms work

together throughout the design phase. When design documents are complete, the final

construction costs are negotiated by the general contractor through bids from subcontractors

on various scopes of work

Topic Objective:
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At the completion of this topic the student should be able to:

 Perform basic operations in Excel including: managing workbooks and worksheets, entering

data, formatting worksheets and cells, creating headers and footers, and printing worksheets.

 Explain the difference between absolute and relative references.

 Use the ROUND, ROUNDUP, ROUNDDOWN, CEILING, FLOOR, SUM, AVERAGE, and IF

functions.

 Explain how to test worksheets and why it is important.

Definition/Overview:

Microsoft Excel: In computing, Microsoft Excel (full name Microsoft Office Excel) consists of

a proprietary spreadsheet-application written and distributed by Microsoft for Microsoft

Windows and Mac OS X. It features calculation, graphing tools, pivot tables and, except for

Excel 2008 for Mac OS X, a macro programming language called VBA (Visual Basic for

Applications). It is overwhelmingly the dominant spreadsheet application available for these

platforms and has been so since version 5 in 1993, and is bundled as part of Microsoft Office.

Key Points:

1. Microsoft Excel

Microsoft Excel up until 2007 version used a proprietary binary file format called Binary

Interchange File Format (BIFF) as its primary format. Excel 2007 uses Office Open XML as

its primary file format, an XML-based container similar in design to XML-based format

called "XML Spreadsheet" ("XMLSS"), first introduced in Excel 2002. The latter format is

not able to encode VBA macros. Although supporting and encouraging the use of new XML-

based formats as replacements, Excel 2007 is still backwards compatible with the traditional,
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binary, formats. In addition, most versions of Microsoft Excel are able to read CSV, DBF,

SYLK, DIF, and other legacy formats.

1.1. Binary

The binary format specification has been available from Microsoft on request but

since February 2008 the .XLS format specification can be freely downloaded and

implemented under the Open Specification Promise patent licensing.

1.2. Office Open XML

Microsoft Excel 2007, along with the other products in the Microsoft Office 2007

suite, introduces a host of new file formats. These are part of the Office Open XML

(OOXML) specification.

The new Excel 2007 formats are:
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New Excel 2007 formats

Format Extension Annotations

Excel

Workbook
.xlsx

The default Excel 2007 workbook format. In reality a ZIP

compressed archive with a directory structure of XML text

documents. Functions as the primary replacement for the former

binary .xls format, although it does not support Excel macros for

security reasons.

Excel Macro-

enabled

Workbook

.xlsm As Excel Workbook, but with macro support.

Excel Binary

Workbook
.xlsb

As Excel Macro-enabled Workbook, but storing information in binary

form rather than XML documents for opening and saving documents

more quickly and efficiently. Intended especially for very large

documents with tens of thousands of rows, and/or several hundreds of

columns.

Excel Macro-

enabled

Template

.xltm
A template document that forms a basis for actual workbooks, with

macro support. The replacement for the old .xlt format.

Excel Add-in .xlam
Excel add-in to add extra functionality and tools. Inherent macro

support due to the file purpose.

2. Export and migration of spreadsheets

APIs are also provided to open excel spreadsheets in a variety of other applications and

environments other than Microsoft Excel. These include opening excel documents on the web

using either ActiveX controls, or plugins like the Adobe Flash Player. The Apache POI
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opensource project provides Java libraries for reading and writing excel spreadsheet files.

Attempts have also been made to be able to copy excel spreadsheets to web applications using

comma-separated values.

3. Programming

A valuable aspect of Excel is the ability to write code using the programming language Visual

Basic for Applications (VBA). This code is written using an editor viewed separately from the

spreadsheet. Manipulation of the spreadsheet entries is controlled using objects . With this

code any function or subroutine that can be set up in a Basic- or Fortran-like language can be

run using input taken from the spreadsheet proper, and the results of the code are

instantaneously written to the spreadsheet or displayed on charts (graphs). The spreadsheet

becomes an interface or window to the code, enabling easy interaction with the code and what

it calculates.

Topic Objective:

At the completion of this topic the student should be able to:

 Explain the purpose and the procedures for preparing a quantity takeoff.

 Explain the purpose of a work package and how they are developed.

 Identify the four main categories of building components and identify what items are associated

with each of these categories.

 Explain how waste is added to an estimate.

Definition/Overview:

Quantity Takeoff: The process of converting the building dimensions and details into estimated

quantities

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

12
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Key Points:

1. Quantity Takeoff

Quantity takeoff is an activity performed by General Contractors, Subcontractors, Cost

Consultants, and Quantity Surveyors as part of the construction process. It involves counting

the number of items associated with a particular construction project, determining the

associated materials and labor costs, and formulating a bid (or estimate) as part of the bidding

process. Quantity takeoff is also applied to the pricing process. Today the quantity takeoff

process is typically done manually using a printout, a red pen, and a clicker. A digitizer is

often used for taking measurements from paper. Autodesk is seeking to streamline the

process electronically using DWF. Imagine if software could answer questions like: "How

many doors do I need for the 3rd floor? What fire ratings do they require? How many square

feet of carpet do I need?"

A key market driver in the building industry is the concept of the Building Information

Model and leveraging data throughout the construction life cycle. Creating a quantity takeoff

solution extends customer investment in digital design data to other project members such as

estimators. Providing a solution that generates a set of takeoff elements (counts,

measurements, conditions that affect cost) enables estimators to more quickly and more

accurately perform takeoff for bidding or pricing.

Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for the concrete, forms, area to be finished, and reinforcing needed to

construct footings, columns, walls, beams, slabs, and other concrete members.
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Definition/Overview:

Concrete: Concrete is a construction material composed of cement (commonly Portland cement)

as well as other cementitious materials such as fly ash and slag cement, aggregate (generally a

coarse aggregate such as gravel limestone or granite, plus a fine aggregate such as sand), water,

and chemical admixtures. The word concrete comes from the Latin word "concretus", which

means "hardened" or "hard".

Key Points:

1. Concrete

Concrete solidifies and hardens after mixing with water and placement due to a chemical

process known as hydration. The water reacts with the cement, which bonds the other

components together, eventually creating a stone-like material. Concrete is used to make

pavements, architectural structures, foundations, motorways/roads, bridges/overpasses,

parking structures, brick/block walls and footings for gates, fences and poles. Concrete is

used more than any other man-made material in the world. As of 2006, about 7 cubic

kilometres of concrete are made each yearmore than one cubic metre for every person on

Earth. Concrete powers a US $35-billion industry which employs more than two million

workers in the United States alone. More than 55,000 miles (89,000 km) of highways in

America are paved with this material. The People's Republic of China currently consumes

40% of the world's cement/concrete production.

2. Compositions

There are many types of concrete available, created by varying the proportions of many

ingredients. The mix design depends on the type of structure being built, how the concrete

will be mixed and delivered, and how it will be placed to form this structure.
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3. Spot Footings

Concrete is a volumetric good

Volume = Height Width Length

4. Forms

 12 or less in height is a linear component

 More than 12 high is a sheet good

 Use height of forms, not height of footings

 Include forms on both sides

 Rebar and dowels are counted items

5. ColumnRectangular

 Concrete is a volumetric good

 Volume = Height Width Length

 Forms are a linear component, sheet good, or counted item

 Use height of forms, not height of columns

 Include forms on all sides

 Rebar and ties are counted items

6. ColumnRound

 Concrete is a volumetric good

 Volume = π (Diameter/2)2 Height

 Forms are a linear component or counted item

 Use height of forms, not height of columns

 Rebar and ties are counted items

7. Continuous Footings

 Concrete is a volumetric good

 Volume = Height Width Length
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8. Forms

 12 or less in height is a linear component

 More than 12 high is a sheet good

 Use height of forms, not height of footings

 Include forms on both sides

9. Rebar

 Cross bars and dowels are counted items

 Continuous bars are a linear good

10. Foundation Walls

 Concrete is a volumetric good

 Volume = Height Width Length

 Forms are a sheet goods

 Use height of forms, not height of walls

 Include forms on both sides

11. Rebar

 Vertical rebar and anchor bolts are counted items

 Horizontal rebar is a linear good

 Do not double-count corners

12. Beams

 Concrete, forms, and rebar are estimated in a similar manner to walls except:

 Include forms on the bottom of the beam

 Need to include specialty rebar such as stirrups
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13. Raised Slabs

 Concrete is a volumetric good

 Volume = Width Length Average Thickness

14. Stairs

 Concrete is a volumetric good

 Volume = Cross Section Width

In Section 2 of this course you will cover these topics:
Woods, Plastics, And Composites

Thermal And Moisture Protection

Openings

Finishes

Fire Suppression

Plumbing

Hvac

You may take as much time as you want to complete the topic coverd in section 2.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to c ontinue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later

Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for wood framing including sills, posts, girders, floor joists, walls,

headers, hold downs, blocking, rafters, trusses, sheathing, and soffit.
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 Describe how the framing method affects the quantity of materials needed.

 Prepare a quantity takeoff for wood decks.

 Prepare a quantity takeoff for wood trim.

 Prepare a quantity takeoff for cabinets and counter tops.

Definition/Overview:

Floor: In architecture, a floor is generally the lower horizontal surface of a room, and/or the

supporting structure underneath it. A floor typically consists of a support structure called a sub-

floor on top of which is laid a floor covering to provide a walking surface. The work of

installing a floor covering is called flooring. This term is also used to refer to any permanent

floor covering and in particular to wood flooring. The various levels in a building are also called

floors.

Wall: A wall is a usually solid structure that defines and sometimes protects an area. Most

commonly, a wall delineates a building and supports its superstructure, separates space in

buildings into rooms, or protects or delineates a space in the open air. There are three principal

types of structural walls: building walls, exterior boundary walls, and retaining walls.

Roof: A roof is the covering on the uppermost part of a building. A roof protects the building

and its contents from the effects of weather. Structures that require roofs range from a letter box

to a cathedral or stadium, dwellings being the most numerous.
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Key Points:

1. Roof

In most countries a roof protects primarily against rain. Depending upon the nature of the

building, the roof may also protect against heat, against sunlight, against cold and against

wind. Other types of structure, for example, a garden conservatory, might use roofing that

protects against cold, wind and rain but admits light. A verandah may be roofed with material

that protects against sunlight but admits the other elements. The characteristics of a roof are

dependent upon the purpose of the building that it covers, the available roofing materials and

the local traditions of construction and wider concepts of architectural design and practice

and may also be governed by local or national legislation.

2. Roof Design

The elements in the design of a roof are:

 the material

 the construction

 the durability

The material of a roof may range from banana leaves, wheaten straw or seagrass to

lamininated glass, aluminium sheeting and precast concrete. In many parts of the world

ceramic tiles have been the predominant roofing material for centuries. The construction of a

roof is determined by its method of support and how the underneath space is bridged and

whether or not the roof is pitched. The pitch is the angle at which the roof rises from its

lowest to highest point. Most domestic architecture, except in very dry regions, has roofs

which are sloped, or pitched. The pitch is partly dependent upon stylistic factors, but has

more to do with practicalities. Some types of roofing, for example thatch, require a steep

pitch in order to be waterproof and durable. Other types of roofing, for example pantiles, are

unstable on a steeply pitched roof but provide excellent weather protection at a relatively low

angle. In regions where there is little rain, an almost flat roof with a slight run-off provides

adequate protection against an occasional downpour. The durability of a roof is a matter of
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concern because the roof is often the least accessible part of a building for purposes of repair

and renewal, while its damage or destruction can have serious effects.

3. Floor Systems

 Sills are a linear component

 Must be a naturally durable or pressure-treated wood

 Posts are a counted item

 Girders are a counted item

 Joists are a counted item

 Rim joists are a linear component

 Blocking is a linear component

4. Floor Systems

 Engineered I-Joists often require web stiffeners at bearing points

 Openings require:

o Doubled trimmers if over 4 feet wide

o Framing anchors on joist headers if over 6 feet wide

o Floor sheathing is a sheet good

o Wood decking is a sheet good

5. Walls

 Top and bottom plates are linear goods

 Studs are a counted item

 Two extra studs are needed at corners

 Two extra studs are needed at intersections

 About two extra studs are needed for door openings

 Up to seven extra studs are needed for window openings eight feet or less in width

 Headers are a counted item
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 Headers constructed of 2 materials require a inch plywood spacer (for 24 walls) or two inch

plywood spacers (for 26 walls).

 Hold downs are a counted item

 Blocking is a linear component

 Wall sheathing is a sheet good

6. Roof Systems

6.1. Construction of a ridged roof

A simple ridged roof consists of inclined rafters that rest on horizontal wall-plates on

top of each wall. The top ends of the rafters meet at the horizontal ridge plate or ridge

beam. Horizontal purlins are fixed to the rafters to support the roof covering. Heavier

under purlin are used to support longer rafter spans. Tie beams or ceiling joists, are

connected between the lower ends of opposite rafters to prevent them from spreading

and forcing the walls apart. Collar beams or collar ties may be fixed higher up

between opposite rafters for extra strength. The rafters, tie beams and joists serve to

transmit the weight of the roof to the walls of the building. There are a number of

structural systems employed to facilitate this, including the use of wall-plates set at

the top of the wall, hammer-beams, which spread the weight down the wall and create

equilibrium between outward and upward thrust, king posts which transfer the weight

of the roof ridge, and various types of trusses. In cyclone and hurricane prone areas

the main engineering consideration is to hold the roof down during severe storms.

Every component of the roof (as of course the rest of the structure) has to withstand

the uplift forces of high wind speeds. This is not normally a problem in areas not

prone to high wind. Modern roofing technologies, apparent in the accompanying

photo of a house under construction in a cyclone-prone region of Northern Australia,

include the purpose-made steel hook bracket which is bolted to the truss with M16

bolt. The bracket is bolted to an M16 bolt cast in situ, embedded 300 mm into the

reinforced concrete block wall
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Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for waterproofing and dampproofing, building paper and vapor

barriers, insulation, shingle roofing, siding, soffit, fascia, and membrane roofing.

Definition/Overview:

Waterproof or water-resistant: Waterproof or water-resistance describes objects unaffected by

water or resisting water passage, or which are covered with a material that resists or does not

allow water passage. Such items may be used in wet environments or under water.

Waterproofing describes making an object waterproof or water-resistant. The hulls of boats and

ships were once waterproofed by applying tar or pitch. Modern items may be waterproofed by

applying water-repellent coatings or by sealing seams with gaskets or O-rings.

Key Points:

1. Waterproof Structure

In construction, a building or structure is waterproofed with the use of membranes to protect

contents underneath or within as well as protecting structural integrity. The waterproofing of

the building envelope in construction specifications is under '07 - Thermal and Moisture'

protection and includes roofing material as well as waterproofing materials. Waterproofing is

used in reference to building structures (basements, decks, flat roofs, wet areas, etc.),

watercraft, canvas, clothing and paper (e.g., milk and juice cartons).
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2. Damp proofing

Damp proofing in construction is a protective measure applied to the exterior of building

foundation walls. Rising damp can arise for various reasons - the failure of an existing damp

proof course (dpc), bridging due to the raising of external ground or internal floor levels, or

in older buildings, the complete absence of a damp proof course. Brick, stone and mortar are

porous allowing damp from the ground to rise by capillary action, carrying with it ground

salts including chlorides and nitrates. These salts can absorb moisture from the atmosphere

leading to wall dampness in conditions of high relative humidity. Also they can ruin

decorations and break down internal plaster.

Damp proofing remedies include:

 Silane Diffusion: Utilising a concentrated thixotropic silane / silicone cream

 Siliconate Transfusion: A gravity fed system with no wastage via hidden voids

 Siliconate Injection: Recommended occasionally for single brick walls

The phrase vapor barrier is often used to refer to any material, typically a plastic or foil

sheet, that resists passage of moisture through wall, ceiling and floor assemblies of buildings.

Technically many of these materials are only vapor retarders as they have varying degrees

of impermeability. This article will use vapor barrier although increasingly vapor retarder

is used in building codes. Vapor barriers resist moisture from penetrating through the barrier

and the moisture will instead remain on the side the barrier originating the moisture. Vapor

moves into building cavities by two mechanisms: diffusion through building materials and by

air transport (leakage), which is usually far more significant and problematic. Permeability,

rated in perms, is a measure of the transference of grains of water through a material at a

standard vapor pressure and temperature. Vapor retarders have permeability ratings of 1.0 or

lower.
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3. Roof shingles

Roof shingles are a roof covering consisting of individual overlapping elements. These

elements are normally flat rectangular shapes that are laid in rows without the side edges

overlapping, a single layer is used to ensure a water-resistant result. Shingles are laid from

the bottom edge of the roof up, with the bottom edge of each row overlapping the previous

row by about one third its length. Historically, at the roof ridge there was a cap consisting of

copper or lead sheeting which in modern times has been substituted by shingles with a plastic

underlay.

4. Membrane roofing

Membrane roofing is a type of roofing system for buildings. It is used on flat or nearly flat

roofs to prevent leaks and move water off the roof. Membrane roofs are most commonly

made from synthetic rubber, thermoplastic (PVC or similar material), or modified bitumen

("torch down"). These types of materials have become the replacement for asphalt roof

systems, an older, less effective type of flat roofing system. Membrane roofs are most

commonly used in commercial application, though they are becoming increasingly more

common in residential application.

5. Thermal and Moisture Protection

The term thermal insulation can refer to materials used to reduce the rate of heat transfer, or

the methods and processes used to reduce heat transfer. Heat energy can be transferred by

conduction, convection, radiation or when undergoing a phase change. For the purposes of

this discussion only the first three mechanisms need to be considered. The flow of heat can

be delayed by addressing one or more of these mechanisms and is dependent on the physical

properties of the material employed to do this.
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6. Factors that compromise insulation

6.1. Moisture

Damp materials may lose most of their insulating properties. The choice of insulation

often depends on the means used to manage moisture and condensation on one side or

the other of the thermal insulator. Clothing and building insulation depend on this

aspect to function as expected.

6.2. Heat bridging

Comparatively more heat flows through a path of least resistance than through

insulated paths. This is known as a thermal bridge, heat leak, or short-circuiting.

Insulation around a bridge is of little help in preventing heat loss or gain due to

thermal bridging; the bridging has to be rebuilt with smaller or more insulative

materials. A common example of this is an insulated wall which has a layer of rigid

insulating material between the studs and the finish layer. When a thermal bridge is

desired, it can be a conductive material, a heat pipe, or a radiative path.

7. Shingle Roofs

Shingles have been made of various materials such as wood shingle, slate shingle, asbestos-

cement, bitumen-soaked paper covered with aggregate (asphalt shingle) or ceramic. Due to

increased fire hazard, wood shingles and paper-based asphalt shingles have become less

common than fiberglass-based asphalt shingles. In the United States, fiberglass-based asphalt

shingles are by far the most common roofing material used for residential roofing

applications. Nearly all the houses and buildings in colonial Chilo were built with wood, and

roof shingles were extensively employed in Chilota architecture. Roof shingles of Fitzroya

came to be used as money and called "Real de Alerce".
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8. Membrane Roofing

8.1. Types

Synthetic Rubber (Thermoset) This type of membrane roof is made of large, flat

pieces of synthetic rubber or similar materials. These pieces are welded together and

the welded seams form one continuous membrane. The finished roofs thickness is

usually between 30 and 60 mils (.75mm to 1.5mm). Other types of related materials

are CSPE, CR, and ECR.

9. Thermoplastic Membrane

This is a similar type of material to synthetic rubber, but in this application the seams do

not form a continuous membrane. In this case the seams are bonded with heat or solvents,

and can be as strong as the rest of the membrane. Other type of related materials are

CPA, CPE, EIP, NBP, PIB, and TPO.

10. Modified Bitumen

This type of roofing is an evolution of asphalt roofing. It is made from asphalt and a

varying array of modifiers and solvents. There are a few ways of connecting pieces of

this material. In a heat application process the seams are heated to melt the asphalt

together and create a seal. There is also a cold-applied adhesive application process, and

some self-adhesive forms or this system. This material is also referred to as APP or SBS.

11. Advantages Over Asphalt Flat Roofing Systems

These three application types of membrane roofing show distinct advantages over the

previously more common flat roofing method of asphalt and gravel. In asphalt and gravel

application, it can be very difficult to create a proper seal at all seams and connection points.

This can cause many roofs to leak early in its lifespan, and require much more maintenance.

When installed correctly, newer materials are either seamless, or have seams as strong as the
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body. This eliminates much of the leakage concerns associated with flat roofing systems.

Repairs for asphalt and gravel roofs can be hard, mainly because it is difficult to locate the

exact point of a leak. Newer systems can be patched relatively easily, and breaks and leaks are

easier to locate. Originally asphalt roofing required a layer of gravel above it for two reasons.

First, asphalt with direct exposure to sunlight degrades much faster, mainly due to the

expansion and contraction throughout a day, and also the damage created by UV rays. Second,

asphalt needs weight above to hold it down, because it sits on the top of a building, instead of

being attached to it. Each of the three newer types of membrane roofing systems contain

materials that resist expansion and contraction, as well as reflect much of the UV rays. Also,

because these membranes are either lack seams or have strong seams, what expansion and

contraction does occur does not create leaks and breaks at these seams. These newer roofing

systems are also attached directly to the top of a building, which eliminates the need for

excess weight above

Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for doors, windows, commercial storefront, glazing, and hardware.

Definition/Overview:

Door: A door is a panel or barrier, usually hinged, sliding, or electronic, that is used to cover an

opening in a wall or partition going into a building or space. A door can be opened to give access

and closed more or less securely. The term door is also applied to the opening itself, more

properly known as the doorway.
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Key Points:

1. Doors

Doors are nearly universal in buildings of all kinds, allowing passage between the inside and

outside, and between internal rooms. When open, they admit ventilation and light. The

purpose of a door closure is primarily to give occupants of a space privacy and security by

regulating access. For this purpose doors are equipped with a variety of fittings ranging from

simple latches to locks. The door is used to control the physical atmosphere within a space by

enclosing it, excluding air drafts, so that interiors may be more effectively heated or cooled.

Doors are significant in preventing the spread of fire. Doors also have an aesthetic role in

creating an impression of what lies beyond. They are also used to screen areas of a building

for aesthetic purposes, keeping formal and utility areas separate. They act as a barrier to

noise. Doors are often symbolically endowed with ritual purposes, and the guarding or

receiving of the keys to a door, or being granted access to a door can have special

significance. Similarly, doors and doorways frequently appear in metaphorical or allegorical

situations, literature and the arts, often as a portent of change. When framed in wood for snug

fitting of a door, the doorway consists of two vertical jambs on either side, a lintel or head

jamb at the top, and perhaps a threshold at the bottom. When a door has more than one

movable panel, one of the panels may be called a leaf.

 Doors are a counted item

 Be sure to specify swing

2. Windows

A window is an opening in an otherwise solid and opaque surface that allows the passage of

light and, if not closed or sealed, air and sound. Windows are usually glazed or covered in

some other transparent or translucent material. Windows are held in place by frames, which

prevent them from collapsing in.

2.1. Window construction

Modern windows are usually glazed with one large sheet of glass per sash, while

windows in the past were glazed with multiple panes separated by "glazing bars", or
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"muntins", due to the unavailability of large sheets of glass. Today, glazing bars tend

to be decorative, separating windows into small panes of glass even though larger

panes of glass are available, generally in a pattern dictated by the architectural style at

use. Glazing bars are typically wooden, but occasionally lead glazing bars soldered in

place are used for more intricate glazing patterns. A beam over the top of a window is

known as the lintel or transom.

2.2. Sun incidence angle

Historically, windows are designed with surfaces parallel to vertical building walls.

Such a design allows considerable solar light and heat penetration due to the most

commonly occurring incidence of sun angles. In passive solar building design, an

extended eave is typically used to control the amount of solar light and heat entering

the window(s). An alternate method would be to calculate a more optimum angle for

mounting windows which accounts for summer sun load minimization, with

consideration of the actual latitude of the particular building. An example where this

process has been implemented is the Dakin Building, Brisbane, California; much of

the fenestration has been designed to reflect summer heat load and assist in

preventing summer interior over-illumination and glare, by designing window canting

to achieve a near 45 degree angle.

Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for interior finishes including metal stud partitions, drywall, tile,

acoustical ceilings, wood and laminate flooring, sheet vinyl, vinyl composition tile, rubber base,

carpet and pad, and paint.
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Definition/Overview:

Drywall: Drywall is a common manufactured building material used globally for the finish

construction of interior walls and ceilings.

Faux ceiling: Faux ceiling tiles were developed to keep up with the high demand for the tin and

aluminum tiles. The faux ceiling tiles are more affordable, the installation is simplified and the

faux material gives additional advantages. The material of choice is usually PVC plastic,

Polystyrene, and fiberglass. These materials are lightweight, virtually maintenance free, and

ensures the longevity of the product. Unlike their "dropped ceiling" counterparts, these tiles are

usually glued or nailed to the ceiling. This does not reduce the height of the ceiling, unlike when

using the suspended grid.

Key Points:

1. Construction and architecture

In construction and architecture, a dropped ceiling, also referred to as a drop or suspended

ceiling, is used as a secondary ceiling formed to conceal piping, wiring, or ductwork, into an

area called the plenum. It consists of a grid-work of metal channels in the shape of an upside-

down "T", suspended on wires from the overhead structure. These channels snap together in

a regularly spaced pattern - typically a 2x2 or 2x4 foot grid in the US or 600 x 600 mm grid

in Europe - and each cell is filled with lightweight "acoustic ceiling tiles" or "panels" which

simply drop into the grid. Tiles can be selected with a variety of materials, including wood,

metal, plastic, or mineral fibres, and can come in almost any color. Fluorescent light fixtures,

air supply diffusers, and return air grilles of the same dimension, and incandescent lights,

various electrical devices, and sprinkler heads are then installed into the grid as desired.
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2. Vinyl composition tile (VCT)

Vinyl composition tile (VCT) is a finished flooring material used primarily in commercial

and institutional applications. Vinyl tiles are composed of colored vinyl chips formed into

solid sheets of varying thicknesses (1/8 is most common) by heat and pressure and cut into

12 squares. Tiles are applied to a smooth, leveled sub-floor using a specially formulated vinyl

adhesive that remains tacky but does not completely dry. Once in place, tiles are typically

waxed and buffed using materials and equipment specially formulated for this application.

3. Gypsum Board

A drywall panel is made of a paper liner wrapped around an inner core made primarily from

gypsum plaster, the semi-hydrous form of calcium sulfate (CaSO4. H2O). The raw gypsum

(mined or FGD) must be calcined before use. Flash calciners typically use natural gas today.

The plaster is mixed with fiber (typically paper and/or fiberglass), plasticizer, foaming agent,

potash as an accelerator, EDTA or other chelate as a retarder, various additives that increase

mildew and fire resistance (fiberglass or vermiculite), and water. This is then formed by

sandwiching a core of wet gypsum between two sheets of heavy paper or fiberglass mats.

When the core sets and is dried in a large drying chamber, the sandwich becomes rigid and

strong enough for use as a building material. Drying chambers typically use natural gas

today. Depending on plant efficiency and energy costs, 25% to 45% of drywall cost today is

related to energy, primarily natural gas

4. Vinyl Composition Tile (VCT)

Vinyl tile is favored over other kinds of flooring materials in high-traffic areas because of its

low cost, durability, and ease of maintenance. Vinyl tiles have high resilience to abrasion and

impact damage and can be repeatedly refinished with chemical strippers and mechanical

buffing equipment. If properly installed, tiles can be easily removed and replaced when

damaged. Tiles are available in a variety of colors from several major flooring

manufacturers. Some manufacturers have created vinyl tiles that very closely resemble wood,

stone, terrazzo, and concrete. Tiles can easily be cut and assembled into colorful and

decorative patterns. Vinyl composition tiles took the place of asbestos tiles, which were
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widely used in schools, hospitals, offices, and public buildings up until the 1980s. Use of

tiles and adhesives containing asbestos were discontinued when asbestos materials were

determined to be hazardous. Tiles free of asbestos are easily distinguished by their size

asbestos tiles were commonly manufactured in 9-inch squares. Mastics and adhesives

containing low concentrations of asbestos were used into the 1970s and are generally

considered non-hazardous because the asbestos is not considered friable. Non-ACM

(asbestos containing materials) floor tiles are NOT identifiable by their size. ACM flooring

(tiles, sheets, panels, etc.) may come in any color or size and the use of asbestos in flooring

and mastics has not been eliminated.

Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for a fire sprinkler system.

Definition/Overview:

Fire Sprinkler System: A fire sprinkler system is an active fire protection measure, consisting

of a water supply, providing adequate pressure and flowrate to a water distribution piping

system, onto which fire sprinklers are connected. Although historically only used in factories and

large buildings, home and small building systems are now available at a relatively cost-effective

price.
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Key Points:

1. Usage

A sprinkler head will spray water into the room if sufficient heat reaches the bulb and causes

it to shatter. Sprinkler heads operate individually. Note the red liquid in the glass bulb.

Sprinklers have been in use in the United States since 1874, and were used in factory

applications where fires at the turn of the century were often catastrophic in terms of both

human and property losses. In the US, sprinklers are today required in all new high rise and

underground buildings generally 75 feet (23 m) above or below fire department access,

where the ability of firefighters to provide adequate hose streams to fires is limited.

Sprinklers may be required to be installed by building codes, or may be recommended by

insurance companies to reduce potential property losses or business interruption. Building

codes in the United States for places of assembly, generally over 100 persons, and places

with overnight sleeping accommodation such as hotels, nursing homes, dormitories, and

hospitals usually require sprinklers. If building codes do not explicitly mandate the use of fire

sprinklers, the code often makes it highly advantageous to install them as an optional system.

Most standard US building codes (UBC and IBC included) allow for less expensive

construction materials, larger floor area limitations, longer egress paths, and fewer

requirements for fire rated construction in structures protected by fire sprinklers.

Consequently, the total building cost it is often less by installing a sprinkler system and

savings money in the other aspects of the project, as compared to building a non-sprinklered

structure.

2. Operation

Each closed-head sprinkler is held closed by either a glass bulb heat-sensitive device or a

fusible link, made of a fusible alloy such as Wood's metal and other alloys with similar

compositions. The glass bulb or link applies pressure to a seal, (pip cap), which prevents

water from flowing until the ambient temperature around the sprinkler reaches the design

temperature of the individual sprinkler head. Each sprinkler activates independently when the

predetermined heat level is reached. The design intention is to limit the number of sprinklers

that operate to only those above the fire, thereby concentrating the available water from the
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water source over the point of fire origin. Sprinkler activation will do less damage than a fire

department hose stream, which provide approximately 900 liters/min 250 US gallons/min).

whereas an activated sprinkler head used for industrial premises, moderate risks, generally

discharges about 150 litres/min (40 US gallons/min). However, some Early Suppression Fast

Response, (ESFR), sprinklers at a pressure of 100 psi or 690 kPa will discharge in excess of

250 US gallons per minute, (900 litres per minute). In addition, a sprinkler will usually

activate within four minutes, whereas a fire appliance takes an average of eight minutes, after

receiving an alarm, to reach an incident. This delay can result in substantial fire damage

before the appliance arrives and a much larger fire requiring much more water to achieve

extinguishment.

Commonly, sprinklers are equipped with a red-colored glass-bulb with a breaking

temperature of 68 C (155 F). The bulb breaks as a result of the thermal expansion of the

liquid inside the bulb. The time it takes before a bulb breaks is dependent on the temperature.

Below the design temperature, it does not break, and above the design temperature, it takes

less time for higher temperatures. The response time is expressed as a response time index

(RTI), which typically has values between 35 and 250 ms, where a low value indicates a fast

response. Under standard testing procedures (135 C air at a velocity of 2.5 m/s), a 68 C

sprinkler bulb will break within 7 to 33 seconds, depending on the RTI. The RTI can also be

specified in imperial units, where 1 fts is equivalent to 0.55 ms.

3. Design intent

Sprinkler systems are intended to either control the fire or to suppress the fire. Control mode

sprinklers are intended to control the heat release rate of the fire to prevent building structure

collapse, and pre-wet the surrounding combustibles to prevent fire spread. The fire is not

extinguished until the burning combustibles are exhausted or manual extinguishment is

effected by firefighters. Suppression mode sprinklers (formerly known as Early Suppression

Fast Response (ESFR) sprinklers) are intended to result in a severe sudden reduction of the

heat release rate of the fire, followed quickly by complete extinguishment, prior to manual

intervention.
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4. Types

5. Fire sprinkler control valve assembly

5.1. WWeett ppiippee ssyysstteemmss

By a wide margin, wet pipe sprinkler systems are installed more often than all other

types of fire sprinkler systems. They also are the most reliable, because they are

simple, with the only operating components being the automatic sprinklers and

(commonly, but not always) the automatic alarm check valve. An automatic water

supply provides water under pressure to the system piping. All of the piping is filled

with water. Until sufficient heat is applied, causing one or more sprinklers to fuse

(open), the automatic sprinklers prevent the water from being discharged.

o Operation: When an automatic sprinkler is exposed to sufficient heat, the heat sensitive element

(glass bulb or fusible link) releases, allowing water to flow from that sprinkler. Sprinklers are

manufactured to react to a specific range of temperatures. Only sprinklers subjected to a

temperature at or above their specific temperature rating will operate.

5.2. DDrryy ppiippee ssyysstteemmss

IN US building codes Dry pipe systems can only be used (by regulation) in spaces in

which the ambient temperature may be cold enough to freeze the water in a wet pipe

system, rendering the system inoperable. Dry pipe systems are most often used in

unheated buildings, in outside canopies attached to heated buildings (in which a wet

pipe system would be provided), or in refrigerated coolers. Dry pipe systems are the

second most common sprinkler system type. Water is not present in the piping until

the system operates. The piping is pressurized with air, at a "maintenance" pressure

which is relatively low compared with the water supply pressure. To prevent the

larger water supply pressure from forcing water into the piping, the design of the dry

pipe valve (a specialized type of check valve) intentionally includes a larger valve

clapper area exposed to the maintenance air pressure, as compared to the water

pressure.
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o Operation: When one or more of the automatic sprinklers is exposed to sufficient heat, it opens,

allowing the maintenance air to vent from that sprinkler. Each sprinkler operates individually. As

the air pressure in the piping drops, the pressure differential across the dry pipe valve changes,

allowing water to enter the piping system. Water flow from sprinklers needed to control the fire

is delayed until the air is vented from the sprinklers. For this reason, dry pipe systems are usually

not as effective as wet pipe systems in fire control during the initial stages of the fire.

Some view dry pipe sprinklers as advantageous for protection of collections and other

water sensitive areas. This perceived benefit is due to a fear that a physically

damaged wet pipe system will leak, while dry pipe systems will not. However, dry

pipe systems will only provide a slight delay prior to water discharge while the air in

the piping is released prior to the water filling the pipe.

5.3. Disadvantages

Disadvantages of using dry pipe fire sprinkler systems include:

o Increased complexity: Dry pipe systems require additional control equipment

and air pressure supply components which increases system complexity. This puts

a premium on proper maintenance, as this increase in system complexity results in

an inherently less reliable overall system (i.e., more single failure points) as

compared to a wet pipe system.

o Higher installation and maintenance costs: The added complexity impacts the

overall dry-pipe installation cost, and increases maintenance expenditure

primarily due to added service labor costs.

o Lower design flexibility: Regulatory requirements limit the maximum permitted

size (i.e., 750 gallons) of individual dry-pipe systems, unless additional

components and design efforts are provided to limit the time from sprinkler

activation to water discharge to under one minute. These limitations may increase

the number of individual sprinkler systems (i.e., served from a single riser) that

must be provided in the building, and impact the ability of an owner to make

system additions.
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o Increased fire response time: A maximum of 60 seconds is allowed by

regulatory requirements from the time a sprinkler opens until water is discharged

onto the fire. This delay in fire suppression results in a larger fire prior to control,

producing increased content damage.

o Increased corrosion potential: Following operation or testing, dry-pipe sprinkler

system piping is drained, but residual water collects in piping low spots, and

moisture is also retained in the atmosphere within the piping. This moisture,

coupled with the oxygen available in the compressed air in the piping, increases

pipe internal wall corrosion rates, possibly eventually leading to leaks. The

internal pipe wall corrosion rate in wet pipe systems is much lower, in which the

piping is constantly full of water, reducing the amount of oxygen available for the

corrosion process.

5.4. Deluge systems

"Deluge" systems are systems that have open sprinklers, i.e. the heat sensing

operating element is removed during installation, so that all sprinklers connected to

the water piping system are open. These systems are used for special hazards where

rapid fire spread is a concern, as they provide a simultaneous application of water

over the entire hazard. They are commonly seen as preventative measures to prevent

egress of fire from an external source (eg hi-rise windows, warehouse bay entries,

over openings in a fire-rated wall) Water is not present in the piping until the system

operates. Because the sprinkler orifices are open, the piping is at atmospheric

pressure. To prevent the water supply pressure from forcing water into the piping, a

deluge valve is used in the water supply connection, which is a mechanically latched

valve. It is a non-resetting valve, and stays open once tripped. Because the heat

sensing elements present in the automatic sprinklers have been removed (resulting in

open sprinklers), the deluge valve must be opened as signaled by a specialized fire

alarm system. The type of fire alarm initiating device is selected mainly based on the

hazard (e.g., smoke detectors, heat detectors, or optical flame detectors). The

initiation device signals the fire alarm panel, which in turn signals the deluge valve to

open. Activation can also be manual, depending on the system goals. Manual
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activation is usually via an electric or pneumatic fire alarm pull station, which signals

the fire alarm panel, which in turn signals the deluge valve to open.

o Operation: Activation of a fire alarm initiating device, or a manual pull station, signals the fire

alarm panel, which in turn signals the deluge valve to open, allowing water to enter the piping

system. Water flows from all sprinklers simultaneously.

5.5. Pre-Action Systems

Pre-action sprinkler systems are specialized for use in locations where accidental

activation is undesired, such as in museums with rare art works, manuscripts, or

books; and Data Centers, for protection of computer equipment from accidental water

discharge. Pre-action systems are hybrids of wet, dry, and deluge systems, depending

on the exact system goal. There are two main sub-types of pre-action systems: single

interlock, and double interlock. The operation of single interlock systems are similar

to dry systems except that these systems require that a preceding and supervised event

(typically the activation of a heat or smoke detector) takes place prior to the action of

water introduction into the systems piping due to opening of the pre-action valve

(which is a mechanically latched valve). Once the fire is detected by the fire alarm

system, the system is essentially converted from a dry system into a wet system. Or, if

an automatic sprinkler operated prior to the fire being detected by the fire alarm

system, water will be allowed into the piping, and will discharge water from the

sprinkler. The operation of double interlock systems are similar to deluge systems

except that automatic sprinklers are used. These systems require that both a preceding

and supervised event (typically the activation of a heat or smoke detector), and an

automatic sprinkler activation take place prior to the action of water introduction into

the systems piping. There is also a little used variation known as Non-Interlock.

5.6. Foam water sprinkler systems

A foam water fire sprinkler system is a special application system, discharging a

mixture of water and low expansion foam concentrate, resulting in a foam spray from

the sprinkler. These systems are usually used with special hazards occupancies
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associated with high challenge fires, such as flammable liquids, and airport hangars.

Operation is as described above, depending on the system type into which the foam is

injected.

5.7. Water spray

"Water spray" systems are operationally identical to a deluge system, but the piping

and discharge nozzle spray patterns are designed to protect a uniquely configured

hazard, usually being three dimensional components or equipment (i.e., as opposed to

a deluge system, which is designed to cover the horizontal floor area of a room). The

nozzles used may not be listed fire sprinklers, and are usually selected for a specific

spray pattern to conform to the three dimensional nature of the hazard (e.g., typical

spray patterns being oval, fan, full circle, narrow jet). Examples of hazards protected

by water spray systems are electrical transformers containing a flammable liquid as a

cooling oil, or tanks containing a flammable gas such as hydrogen.

5.8. Design

Temperature
Colour of liquid

inside bulbC F

57 135 Orange

68 155 Red

79 174 Yellow

93 200 Green

141 286 Blue

182 360 Mauve
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Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for residential and simple commercial plumbing systems.

Definition/Overview:

Plumbing: Plumbing is the skilled trade of working with pipes, tubing and plumbing fixtures for

drinking water systems and the drainage of waste. A plumber is someone who installs or repairs

piping systems, plumbing fixtures and equipment such as water heaters. The plumbing industry

is a basic and substantial part of every developed economy due to the need for clean water, and

proper collection and transport of wastes.

Key Points:

1. Plumbing

Plumbing refers to a system of pipes and fixtures installed in a building for the distribution of

potable water and the removal of waterborne wastes. Plumbing is usually distinguished from

water and sewage systems, in that a plumbing system serves one building, while water and

sewage systems serve a group of buildings or a city.
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2. Materials

Water systems of ancient times relied on gravity for the supply of water, using pipes or

channels usually made of clay, lead or stone. Present-day water-supply systems use a

network of high-pressure pumps, and pipes are now made of copper, brass, plastic, not steel,

or other nontoxic material. Present-day drain and vent lines are made of plastic, steel, cast-

iron, and lead. Lead is not used in modern water-supply piping due to its toxicity. The

'straight' sections of plumbing systems are of pipe or tube. A pipe is typically formed via

casting or welding, where a tube is made through extrusion. Pipe normally has thicker walls

and may be threaded or welded, where tubing is thinner-walled and requires special joining

techniques such as 'brazing', 'compression fitting', 'crimping', or for plastics, 'solvent

welding'.

3. Fittings and valves

In addition to the straight pipe or tubing, many fittings are required in plumbing systems,

such as valves, elbows, tees, and unions. The piping and plumbing fittings and valves articles

discuss them further.

4. Fixtures

Plumbing fixtures are designed for the end-users. Some examples of fixtures include water

closets (also known as toilets), urinals, bidets, showers, bathtubs, utility and kitchen sinks,

drinking fountains, ice makers, humidifiers, air washers, crappers, fountains, and eye wash

stations

5. Equipment

Plumbing equipment, not present in all systems, include, for example, water meters, pumps,

expansion tanks, backflow preventers, filters, water softeners, water heaters, heat exchangers,

gauges, and control systems. Now there is equipment that is technologically advanced and

helps plumbers fix problems without the usual hassles. For example, plumbers use video
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cameras for inspections of hidden leaks or problems; they use hydro jets, and high pressure

hydraulic pumps connected to steel cables for trench-less sewer line replacement.

Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for residential and simple commercial heating air conditioning and

ventilation systems.

Definition/Overview:

HVAC: HVAC (pronounced either "H-V-A-C" or, occasionally, "H-vak") is an initialism or

acronym that stands for "heating, ventilating, and air conditioning". HVAC is sometimes

referred to as climate control and is particularly important in the design of medium to large

industrial and office buildings such as skyscrapers and in marine environments such as

aquariums, where humidity and temperature must all be closely regulated whilst maintaining safe

and healthy conditions within. In certain regions (e.g., UK) the term "Building Services" is also

used, but may also include plumbing and electrical systems. Refrigeration is sometimes added to

the field's abbreviation as HVAC&R or HVACR, or ventilating is dropped as HACR (such as

the designation of HACR-rated circuit breakers).

Key Points:

1. HVAC

HVAC is sometimes referred to as climate control and is particularly important in the design

of medium to large industrial and office buildings such as skyscrapers and in marine

environments such as aquariums, where humidity and temperature must all be closely

regulated whilst maintaining safe and healthy conditions within. In certain regions (e.g., UK)
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the term "Building Services" is also used, but may also include plumbing and electrical

systems. Refrigeration is sometimes added to the field's abbreviation as HVAC&R or

HVACR, or ventilating is dropped as HACR (such as the designation of HACR-rated circuit

breakers). Heating, ventilating, and air conditioning is based on the principles of

thermodynamics, fluid mechanics, and heat transfer, and on inventions and discoveries made

by Michael Faraday, Willis Carrier, Reuben Trane, James Joule, William Rankine, Sadi

Carnot, and many others. The invention of the components of HVAC systems went hand-in-

hand with the industrial revolution, and new methods of modernization, higher efficiency,

and system control are constantly introduced by companies and inventors all over the world.

The three functions of heating, ventilating, and air-conditioning are closely interrelated. All

seek to provide thermal comfort, acceptable indoor air quality, and reasonable installation,

operation, and maintenance costs. HVAC systems can provide ventilation, reduce air

infiltration, and maintain pressure relationships between spaces. How air is delivered to, and

removed from spaces is known as room air distribution. In modern buildings the design,

installation, and control systems of these functions are integrated into one or more HVAC

systems. For very small buildings, contractors normally "size" and select HVAC systems and

equipment. For larger buildings where required by law, "building services" designers and

engineers, such as mechanical, architectural, or building services engineers analyze, design,

and specify the HVAC systems, and specialty mechanical contractors build and commission

them. In all buildings, building permits and code-compliance inspections of the installations

are the norm. The HVAC industry is a worldwide enterprise, with career opportunities

including operation and maintenance, system design and construction, equipment

manufacturing and sales, and in education and research. The HVAC industry had been

historically regulated by the manufacturers of HVAC equipment, but Regulating and

Standards organizations such as ASHRAE, SMACNA, ACCA, Uniform Mechanical Code,

International Mechanical Code, and AMCA have been established to support the industry

and encourage high standards and achievement.
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2. Heating

There are different types of standard heating systems. Central heating is often used in cold

climates to heat private houses and public buildings. Such a system contains a boiler,

furnace, or heat pump to heat water, steam, or air, all in a central location such as a furnace

room in a home or a mechanical room in a large building. The system also contains either

ductwork, for forced air systems, or piping to distribute a heated fluid and radiators to

transfer this heat to the air. The term radiator in this context is misleading since most heat

transfer from the heat exchanger is by convection, not radiation. The radiators may be

mounted on walls or buried in the floor to give under-floor heat. In boiler fed or radiant

heating systems, all but the simplest systems have a pump to circulate the water and ensure

an equal supply of heat to all the radiators. The heated water can also be fed through another

(secondary) heat exchanger inside a storage cylinder to provide hot running water. Forced air

systems send heated air through ductwork. During warm weather the same ductwork can be

used for air conditioning. The forced air can also be filtered or put through air cleaners.

Heating can also be provided from electric, or resistance heating using a filament that

becomes hot when electricity is caused to pass through it. This type of heat can be found in

electric baseboard heaters, portable electric heaters, and as backup or supplemental heating

for heat pump (or reverse heating) system. The heating elements (radiators or vents) should

be located in the coldest part of the room, typically next to the windows to minimize

condensation and offset the convective air current formed in the room due to the air next to

the window becoming negatively buoyant due to the cold glass. Devices that direct vents

away from windows to prevent "wasted" heat defeat this design intent. Cold air drafts can

contribute significantly to subjectively feeling colder than the average room temperature.

Therefore, it is important to control the air leaks from outside in addition to proper design of

the heating system. The invention of central heating is often credited to the ancient Romans,

who installed a system of air ducts called "hypocaust" in the walls and floors of public baths

and private villas.
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3. Ventilating

Ventilating is the process of "changing" or replacing air in any space to control temperature

or remove moisture, odors, smoke, heat, dust and airborne bacteria. Ventilation includes both

the exchange of air to the outside as well as circulation of air within the building. It is one of

the most important factors for maintaining acceptable indoor air quality in buildings.

Methods for ventilating a building may be divided into mechanical/forced and natural types.

Ventilation is used to remove unpleasant smells and excessive moisture, introduce outside

air, and to keep interior building air circulating, to prevent stagnation of the interior air.

3.1. Mechanical or forced ventilation

"Mechanical" or "forced" ventilation is used to control indoor air quality. Excess

humidity, odors, and contaminants can often be controlled via dilution or replacement

with outside air. However, in humid climates much energy is required to remove

excess moisture from ventilation air. Kitchens and bathrooms typically have

mechanical exhaust to control odors and sometimes humidity. Factors in the design of

such systems include the flow rate (which is a function of the fan speed and exhaust

vent size) and noise level. If the ducting for the fans traverse unheated space (e.g., an

attic), the ducting should be insulated as well to prevent condensation on the ducting.

Direct drive fans are available for many applications, and can reduce maintenance

needs. Ceiling fans and table/floor fans circulate air within a room for the purpose of

reducing the perceived temperature because of evaporation of perspiration on the skin

of the occupants. Because hot air rises, ceiling fans may be used to keep a room

warmer in the winter by circulating the warm stratified air from the ceiling to the

floor. Ceiling fans do not provide ventilation as defined as the introduction of outside

air.

3.2. Natural ventilation

Natural ventilation is the ventilation of a building with outside air without the use of a

fan or other mechanical system. It can be achieved with operable windows when the
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spaces to ventilate are small and the architecture permits. In more complex systems

warm air in the building can be allowed to rise and flow out upper openings to the

outside (stack effect) thus forcing cool outside air to be drawn into the building

naturally through openings in the lower areas. These systems use very little energy

but care must be taken to ensure the occupants' comfort. In warm or humid months, in

many climates, maintaining thermal comfort via solely natural ventilation may not be

possible so conventional air conditioning systems are used as backups. Air-side

economizers perform the same function as natural ventilation, but use mechanical

systems' fans, ducts, dampers, and control systems to introduce and distribute cool

outdoor air when appropriate.

4. Air-conditioning

Air Conditioning and refrigeration are provided through the removal of heat. The definition

of cold is the absence of heat and all air conditioning systems work on this basic principle.

Heat can be removed through the process of radiation, convection, and conduction using

mediums such as water, air, ice, and chemicals referred to as refrigerants. In order to remove

heat from something, you simply need to provide a medium that is colder -- this is how all air

conditioning and refrigeration systems work. An air conditioning system, or a standalone air

conditioner, provides cooling, ventilation, and humidity control for all or part of a house or

building. The Freon or other refrigerant provides cooling through a process called the

refrigeration cycle. The refrigeration cycle consists of four essential elements to create a

cooling effect. A compressor provides compression for the system. This compression causes

the cooling vapor to heat up. The compressed vapor is then cooled by heat exchange with the

outside air, so that the vapor condenses to a fluid, in the condenser. The fluid is then pumped

to the inside of the building, where it enters an evaporator. In this evaporator, small spray

nozzles spray the cooling fluid into a chamber, where the pressure drops and the fluid

evaporates. Since the evaporation absorbs heat from the surroundings, the surroundings cool

off, and thus the evaporator absorbs or adds heat to the system. The vapor is then returned to

the compressor. A metering device acts as a restriction in the system at the evaporator to

ensure that the heat being absorbed by the system is absorbed at the proper rate.
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Central, 'all-air' air conditioning systems are often installed in modern residences, offices,

and public buildings, but are difficult to retrofit (install in a building that was not designed to

receive it) because of the bulky air ducts required. A duct system must be carefully

maintained to prevent the growth of pathogenic bacteria in the ducts. An alternative to large

ducts to carry the needed air to heat or cool an area is the use of remote fan coils or split

systems. These systems, although most often seen in residential applications, are gaining

popularity in small commercial buildings. The coil is connected to a remote condenser unit

using piping instead of ducts. Dehumidification in an air conditioning system is provided by

the evaporator. Since the evaporator operates at a temperature below dew point, moisture is

collected at the evaporator. This moisture is collected at the bottom of the evaporator in a

condensate pan and removed by piping it to a central drain or onto the ground outside. A

dehumidifier is an air-conditioner-like device that controls the humidity of a room or

building. They are often employed in basements which have a higher relative humidity

because of their lower temperature (and propensity for damp floors and walls). In food

retailing establishments, large open chiller cabinets are highly effective at dehumidifying the

internal air. Conversely, a humidifier increases the humidity of a building. Air-conditioned

buildings often have sealed windows, because open windows would disrupt the attempts of

the HVAC system to maintain constant indoor air conditions.

5. Energy efficiency

For the last 20-30 years, manufacturers of HVAC equipment have been making an effort to

make the systems they manufacture more efficient. This was originally driven by rising

energy costs, and has more recently been driven by increased awareness of environmental

issues. In the USA, the EPA (Environmental Protection Agency) has also imposed tighter

restrictions. There are several methods for making HVAC systems more efficient.
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6. Heating energy

Water heating is more efficient for heating buildings and was the standard many years ago.

Today forced air systems can double for air conditioning and are more popular. The most

efficient central heating method is geothermal heating. Energy efficiency can be improved

even more in central heating systems by introducing zoned heating. This allows a more

granular application of heat, similar to non-central heating systems. Zones are controlled by

multiple thermostats. In water heating systems the thermostats control zone valves, and in

forced air systems they control zone dampers inside the vents which selectively block the

flow of air.

6.1. Ventilation Energy recovery

Energy recovery systems sometimes utilize heat recovery ventilation or energy

recovery ventilation systems that employ heat exchangers or enthalpy wheels to

recover sensible or latent heat from exhausted air. This is done by transfer of energy

to the incoming outside fresh air.

7. Air conditioning energy

The performance of vapor compression refrigeration cycles is limited by thermodynamics.

These AC and heat pump devices move heat rather than convert it from one form to another,

so thermal efficiencies do not appropriately describe the performance of these devices. The

Coefficient-of-Performance (COP) measures performance, but this dimensionless measure

has not been adopted, but rather the Energy Efficiency Ratio (EER). EER is the Energy

Efficiency Ratio based on a 95F outdoor temperature. To more accurately describe the

performance of air conditioning equipment over a typical cooling season a modified version

of the EER is used, and is the Seasonal Energy Efficiency Ratio (SEER). SEER ratings are

based on seasonal temperature averages instead of a constant 95F outdoor temperature. The

current industry minimum SEER rating is 13 SEER. The SEER article describes it further,

and presents some economic comparisons using this useful performance measure.
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In Section 3 of this course you will cover these topics:
Electrical

Earthwork

Exterior Improvements

Utilities

Material Pricing

Labor Productivity And Hours

Labor Rates

You may take as much time as you want to complete the topic coverd in section 3.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to c ontinue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later

Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for residential and simple commercial electrical systems.

Definition/Overview:

Electrical Wiring: Electrical wiring in general refers to insulated conductors used to carry

electricity, and associated devices. This article describes general aspects of electrical wiring as

used to provide power in buildings and structures, commonly referred to as building wiring. This

article is intended to describe common features of electrical wiring that should apply worldwide.
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Key Points:

1. Wiring safety codes

Wiring safety codes are intended to protect people and buildings from electrical shock and

fire hazards. Regulations may be established by city, county, provincial/state or national

legislation, sometimes by adopting in amended form a model code produced by a technical

standards-setting organization, or by a national standard electrical code. Electrical codes

arose in the 1880s with the commercial introduction of electrical power. Many conflicting

standards existed for the selection of wire sizes and other design rules for electrical

installations.

2. Wiring methods

Materials for wiring interior electrical systems in buildings vary depending on:

 Intended use and amount of power demand on the circuit

 Type of occupancy and size of the building

 National and local regulations

 Environment in which the wiring must operate.

Wiring systems in a single family home or duplex, for example, are simple, with relatively

low power requirements, infrequent changes to the building structure and layout, usually with

dry, moderate temperature, and noncorrosive environmental conditions. In a light

commercial environment, more frequent wiring changes can be expected, large apparatus

may be installed, and special conditions of heat or moisture may apply. Heavy industries

have more demanding wiring requirements, such as very large currents and higher voltages,

frequent changes of equipment layout, corrosive, or wet or explosive atmospheres.

3. Early wiring methods

The very first interior power wiring systems used conductors that were bare or covered with

cloth, which were secured by staples to the framing of the building or on running boards.
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Where conductors went through walls, they were protected with cloth tape. Splices were

done similarly to telegraph connections, and soldered for security. Underground conductors

were insulated with wrappings of cloth tape soaked in pitch, and laid in wooden troughs

which were then buried. Such wiring systems were unsatisfactory because of the danger of

electrocution and fire and the high labor cost for such installations.

4. Cables

Armored cables with two rubber-insulated conductors in a flexible metal sheath were used as

early as 1906, and were considered at the time a better method than open knob-and-tube

wiring, although much more expensive. The first polymer-insulated cables for building

wiring were introduced in 1922. These were two or more solid copper wires, with rubber

insulation, woven cotton cloth over each conductor for protection of the insulation, with an

overall woven jacket, usually impregnated with tar as a protection from moisture. Waxed

paper was used as a filler and separator. Rubber-insulated cables become brittle over time

because of exposure to oxygen, so they must be handled with care, and should be replaced

during renovations. When switches, outlets or light fixtures are replaced, the mere act of

tightening connections may cause insulation to flake off the conductors. Rubber was hard to

separate from bare copper, so copper was tinned, causing slightly more resistance. About

1950, PVC insulation and jackets were introduced, especially for residential wiring. About

the same time, single conductors with a thinner PVC insulation and a thin nylon jacket

became common. Aluminium wire was common in North American residential wiring from

the late 1960s to mid 1970s, because of the rising cost of copper. Because of its greater

resistivity, aluminium wiring requires larger conductors than with copper. For instance,

instead of 14 AWG (American wire gauge) for most lighting circuits, aluminium wiring

would typically be 12 AWG on a typical 15 amp circuit, though local building codes may

vary.

Aluminium conductors were originally used with wiring devices intended for copper wires.

This can cause defective connections unless all devices (breakers, switches, receptacles,
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splice connectors (i.e., wire nuts), etc.) were designed to address problems with junctions

between dissimilar metals, oxidization on metal surfaces and mechanical effects that occur as

different metals expand at different rates with increases in temperature. Because of improper

design and installation, some junctions to wiring devices overheated under heavy current

load and caused fires. Revised standards for wiring devices (such as the CO/ALR "copper-

aluminum-revised" designation) were developed to reduce these problems. Aluminium

conductors are still used for power distribution and large feeder circuits because they cost

less than copper wiring, especially in the large sizes needed for heavy current loads.

Aluminum conductors must be installed with compatible connectors. The simplest form of

cable has two insulated conductors twisted together to form a unit; such unjacketed cables

with two or three conductors are used for low-voltage signal and control applications such as

doorbell wiring. In North American practice, an overhead cable from a transformer on a

power pole to a residential electrical service consists of three twisted (triplexed) wires, often

with one being a bare neutral and the other two being insulated for the line voltage.

5. Modern wiring materials

Modern nonmetallic sheathed cables (NMC), like (U.S. and Canadian) Type NM, consist of

two to four thermoplastic insulated wires and a bare wire for grounding (bonding)

surrounded by a flexible plastic jacket. Many call this "Romex (tm)" cable since it was the

first of its type, by Rome Cable. (The trade name is owned by Southwire as of 2006.)

Rubber-like synthetic polymer insulation is used in industrial cables and power cables

installed underground because of its superior moisture resistance. Insulated cables are rated

by their allowable operating voltage and their maximum operating temperature at the

conductor surface. A cable may carry multiple usage ratings for applications, for example,

one rating for dry installations and another when exposed to moisture or oil. Generally, single

conductor building wire in small sizes is solid wire, since the wiring is not required to be

very flexible. Building wire conductors larger than 10 AWG (or about 6 mm) are stranded for

flexibility during installation. Industrial cables for power and control may contain many

insulated conductors in an overall jacket, with helical tape steel or aluminum armor, or steel

wire armor, and perhaps as well an overall PVC or lead jacket for protection from moisture
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and physical damage. Cables intended for very flexible service or in marine applications may

be protected by woven bronze wires. Power or communications cables (e.g., computer

networking) that are routed in or through air-handling spaces (plenums) of office buildings

are required under the model code to be either encased in metal conduit or rated for low

flame and smoke production. For some industrial uses in steel mills and similar hot

environments, no organic material gives satisfactory service. Cables insulated with

compressed mica flakes are sometimes used. Another form of high-temperature cable is a

mineral insulated cable, with individual conductors placed within a copper tube, and the

space filled with magnesium oxide powder. The whole assembly is drawn down to smaller

sizes, thereby compressing the powder. Such cables have a certified fire resistance rating, are

more costly than non-fire rated cable, and have less flexibility.

Because multiple conductors bundled in a cable cannot dissipate heat as easily as single

insulated conductors, those circuits are always rated at a lower "ampacity". Tables in

electrical safety codes give the maximum allowable current for a particular size of conductor,

for the voltage and temperature rating at the surface of the conductor for a given physical

environment, including the insulation type and thickness. The allowable current will be

different for wet or dry, for hot (attic) or cool (underground) locations. In a run of cable

through several areas, the most severe area will determine the appropriate rating of the

overall run. Cables usually are secured by special fittings where they enter electrical

apparatus; this may be a simple screw clamp for jacketed cables in a dry location, or a

polymer-gasketed cable connector that mechanically engages the armor of an armored cable

and provides a water-resistant connection. Special cable fittings may be applied to prevent

explosive gases from flowing in the interior of jacketed cables, where the cable passes

through areas where inflammable gases are present. To prevent loosening of the connections

of individual conductors of a cable, cables must be supported near their entrance to devices

and at regular intervals through their length. In tall buildings special designs are required to

support the conductors of vertical runs of cable. Usually, only one cable per fitting is allowed

unless the fitting is otherwise rated. Special cable constructions and termination techniques

are required for cables installed in ocean-going vessels; in addition to electrical safety and
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fire safety, such cables may also be required to be pressure-resistant where they penetrate

bulkheads of a ship

Topic Objective:

At the completion of this topic the student should be able to:

 Explain swell and shrinkage.

 Convert among bank, loose, and compacted volumes.

 Determine excavation volumes using the geometric method, the average-width-length-depth

method, the average-end method, and the cross-sectional method.

 Determine the volume of backfill.

Definition/Overview:

Earthworks: Earthworks are engineering works created through the moving of massive

quantities of soil or unformed rock. Engineers need to concern themselves with issues of

geotechnical engineering (such as soil fluidity and friction) and with quantity estimation to

ensure that soil volumes in the cuts match those of the fills, while minimizing the distance of

movement. In the past, such calculations were done by hand using a slide rule and with methods

such as Simpson's rule; now they can be performed simply with a computer and specialized

software.

Key Points:

1. Earthworks

Due to the massive amounts of material to be movedmillions of cubic yards in the case of

large damsearthwork engineering was revolutionised by the development of the (Fresno)

scraper and other earth-moving machines such as the loader, production trucks, the grader,

the bulldozer, the backhoe, and the dragline excavator. Typical earthworks include roads,
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dams, dikes, canal, bunding, and berms ("noise mounds"). In military engineering,

earthworks are, more specifically, types of fortifications constructed from soil. Although soil

is not very strong, it is cheap enough that huge quantities can be used, generating formidable

structures. Examples of older earthwork fortifications include moats, sod walls, motte-and-

bailey castles, and hill forts. Modern examples include trenches and berms.

2. Soil

Soil is the naturally occurring, unconsolidated or loose covering on the Earth's surface. Soil

is made up of broken rock particles that have been altered by chemical and environmental

conditions, weathering and erosion. Soil is different from its parent rock(s) source(s), altered

by interactions between the lithosphere, hydrosphere, attmmoosspphheerree,, aanndd tthhee bbiioosspphheerree.. It is a

mixture of mineral and organic constituents that are in solid, gasseeoouuss aanndd aaqquueeoouuss ssttaatteess.. Soil

particles pack loosely, forming a soil structure filled with pore spaces. These pores contain

sol soluuttiioonn ((lliiqquuiidd)) aanndd aaiirr ((ggaass)).. Accordingly, soils are often treated as a three ssttaattee ssyysstteemm..

Most soils have a density between 1 and 2, and weigh between 60 andd 112200 ppoouunnddss ppeerr ccuubbiicc

ffoooott.. Soil is also known as earth: it is the substance from which our planet takes its name.

Little of the soil composition of the earth is older than Tertiary and most no older than

Pleistocene

3. Characteristics of Soils

Soil color is the first impression that one has when viewing soil. Striking colors and

contrasting patterns are especially memorable. The Red River in Louisiana carries sediment

eroded from extensive reddish soils like Port Silt Loam in Oklahoma. Soil color results from

chemical and biological weathering. As the primary minerals in parent material weather, the

elements combine into new and colorful compounds. Iron forms secondary minerals with a

yellow or red color; organic matter decomposes into brown compounds; and manganese,

sulfur and nitrogen can form black mineral deposits. Soil structure is the arrangement of soil

particles into aggregates. These may have various shapes, sizes and degrees of development

or expression. Soil texture refers to sand, silt and clay composition. Sand and silt are the

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

55
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



product of physical weathering while soil is the product of chemical weathering. Soil content

is particularly influential on soil behavior due to a high retention capacity for nutrients and

water. The electrical resistivity of soil can affect the rate of galvanic corrosion of metallic

structures in contact with it. Higher moister content or increased electrolyte concentration

can lower the resistivity and thereby increase the rate of corrosion. Soil resistivity values

typically range from about 2 to 1000 Ωm, but more extreme values are not unusual.

Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for asphalt and base, site concrete, and landscaping.

Definition/Overview:

Landscaping: Landscaping refers to any activity that modifies the visible features of an area of

land, including but not limited to:

 Living elements, such as flora or fauna; or what is commonly referred to as Gardening, the art

and craft of growing plants with a goal of creating a beautiful environment within the landscape.

 natural elements such as landforms, terrain shape and elevation, or bodies of water;

 human elements such as structures, buildings, fences or other material objects created and/or

installed by humans and

 Abstract elements such as the weather and lighting conditions.

Landscaping is both science and art, and requires good observation and design skills. A good

landscaper understands the elements of nature and construction, and blends them accordingly.
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Key Points:

1. Asphalt

Asphalt is a sticky, black and highly viscous liquid or semi-solid that is present in most crude

petroleums and in some natural deposits sometimes termed asphaltum. It is most commonly

modeled as a colloid, with asphaltenes as the dispersed phase and maltenes as the continuous

phase.

2. Background

Asphalt or bitumen can sometimes be confused with tar, which is a similar black thermo-

plastic material produced by the destructive distillation of coal. During the early- and mid-

twentieth century when town gas was produced, tar was a readily available product and

extensively used as the binder for road aggregates. The addition of tar to macadam roads led

to the word tarmac, which is now used in common parlance to refer to road making materials.

However, since the 1970s, when natural gas succeeded town gas, asphalt (bitumen) has

completely overtaken the use of tar in these applications. Asphalt can be separated from the

other components in crude oil (such as naphtha, gasoline and diesel) by the process of

fractional distillation, usually under vacuum conditions. A better separation can be achieved

by further processing of the heavier fractions of the crude oil in a de-asphalting unit, which

uses either propane or butane in a supercritical phase to dissolve the lighter molecules which

are then separated. Further processing is possible by "blowing" the product: namely reacting

it with oxygen. This makes the product harder and more viscous.

Natural deposits of asphalt include lake asphalts (primarily from the Pitch Lake in Trinidad

and Tobago and Bermudez Lake in Venezuela), Gilsonite, the Dead Sea between Israel &

Jordan, and Tar Sands. Asphalt was mined at Ritchie Mines in Macfarlan in Ritchie County,

West Virginia in the United States from 1852 to 1873. Asphalt is typically stored and

transported at temperatures around 300 degrees Fahrenheit (150 C). Sometimes diesel oil or

kerosene are mixed in before shipping to retain liquidity; upon delivery, these lighter

materials are separated out of the mixture. This mixture is often called bitumen feedstock, or
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BFS. Some dump trucks route the hot engine exhaust through pipes in the dump body to keep

the material warm. The backs of tippers carrying asphalt, as well as some handling

equipment, are also commonly sprayed with a releasing agent before filling to aid release.

Diesel oil is sometimes used as a release agent, although it can mix with and thereby reduce

the quality of the asphalt.

Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a quantity takeoff for underground utilities including excavation, piping or conduit,

bedding, and backfill.

Definition/Overview:

Underground utility mapping: Underground utility mapping uses the principles of geophysics

to detect, locate, identify and investigate buried services.

Key Points:

1. Underground Utilities Mapping

2. Excavation

The term archaeological excavation has a double meaning.
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 Excavation is the best known and most commonly used within the science of archaeology. In this

sense it is the exposure, processing and recording of archaeological remains.

 The term is also used for an example of the application of the technique to the study of a given

site. In this sense, an excavation may sometimes be referred to as a "dig" by those who

participate, this being a concise, if over-simplified description of the process. Such a site

excavation concerns itself with a specific archaeological site or a connected series of sites, and

may be conducted over a number of years.

3. Site formation

Archaeological material would, to a very large extent, have been called rubbish when it was

left on the site. It tends to accumulate in events. A gardener swept a pile of soil into a corner,

laid a gravel path or planted a bush in a hole. A builder built a wall and back-filled the

trench. Years later, someone built a pig sty onto it and drained the pig sty into the nettle

patch. Later still, the original wall blew over and so on. Each event, which may have taken a

short or long time to accomplish, leaves a context. This layer cake of events is often referred

to as the archaeological sequence or record. It is by analysis of this sequence or record that

excavation is intended to permit interpretation, which should lead to discussion and

understanding.

4. Excavation types

4.1. Basic types

There are two basic types of modern archaeological excavation:

o Research excavation: when time and resources are available to excavate the site

fully and at a leisurely pace. These are now almost exclusively the preserve of

academics or private societies who can muster enough volunteer labour and funds.

The size of the excavation can also be decided by the director as it goes on.

o Development-led excavation: undertaken by professional archaeologists when

the site is threatened by building development. Normally funded by the developer

meaning that time is more of a factor as well as its being focused only on areas to
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be affected by building. The workforce is generally more skilled however and

pre-development excavations also provide a comprehensive record of the areas

investigated. Rescue archaeology is sometimes thought of as a separate type of

excavation but in practice tends to be a similar form of development-led practice.

Various new forms of excavation terminology have appeared in recent years such

as Strip map and sample some of which have been criticized within the profession

as jargon created to cover up for falling standards of practice.

5. Trial excavations and evaluations in development led archaeology

There are two main types of trial excavation in professional archaeology both commonly

associated with development-led excavation: the test pit or trench and the watching brief. The

purpose of trial excavations is to determine the extent and characteristics of archaeological

potential in a given area before extensive excavation work is under taken. This is usually

conducted in development-led excavations as part of Project management planning. the main

difference between Trial trenching and watching briefs is that trial trenches are actively dug

for the purpose of revealing archaeological potential whereas watching briefs are cursory

examination of trenches where the primary function of the trench is something other than

archaeology, for example a trench cut for a gas pipe in a road. In the USA a method of

evaluation called a Shovel test pit is used which is a specified half meter square line of trial

trenches dug by hand

Topic Objective:

At the completion of this topic the student should be able to:

 Describe and calculate the cost components of material pricing.

 Estimate material prices from historical costs.

 Know how to obtain pricing from suppliers.

 Define FOB and describe its importance in the procurement of construction materials.
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Definition/Overview:

FOB: FOB is an abbreviation for Free On Board. The term FOB (often seen as f.o.b.) is

commonly used when shipping goods, to indicate who pays loading and transportation costs,

and/or the point at which the responsibility of the goods transfers from shipper to buyer. FOB

shipping is the term used when the ownership/liability of goods passes from the seller to the

buyer at the time the goods cross the shipping point to be delivered.

Key Points:

1. Components Material Pricing

Following the usual cyclical demand patterns, construction materials prices began to rise at a

faster pace in 1983. However, with overall inflation low and energy costs relatively stable,

the rate of inflation for these products was much smaller than during the months of recovery

following the troughs in the two construction recessions of the 1970's. In 1982, material

prices, as measured by the All Construction Materials Producer Price Index, increased only

1.7 percent above the previous year's average. This index rose 6 percent in both 1980 and

1981, despite very low levels of construction activity. In 1983, the index was 3.4 percent

above that of 1982. Over the first 3 months of 1984, it rose by 1.7 percent. The percent

increase in volume during the current recovery, as measured by increased constant dollar put

in place construction activity, was similar to the recoveries of the 1970's, but it was

accompanied by lower construction cost and material price increases. However, the housing

starts recovery percent increase was considerably stronger in the current recovery than in

those of the 1970's, mainly because the seasonally adjusted annual rate monthly trough was

at a lower level in January 1982 than it was in May 1970 and March 1975. The following

table provides data for the last 3 recovery periods covering the 12- and 24- month periods

following the cyclical monthly lows.
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The March 1984 All Construction Materials price index was 3.9 percent higher than it was in

March 1983, indicating that the prices for the year are likely to rise at a pace faster than in

both 1982 and 1983, and closer to the 6 percent increases experienced in 1980 and 1981.

Historically, construction materials prices tend to rise more rapidly during the first half of a

year in anticipation of increased activity in the spring and early summer. This is still true in

the aggregate, even though winter weather does not affect construction appreciably in most

southern states, where housing is growing more rapidly than for the Nation as a whole, and

although improved technology has reduced the effect of construction seasonality. Many

factors support the belief that there will be somewhat more rapid price increases ahead but

that these increases will be moderate for the rest of 1984. Two factors that will hold prices

lower are the tough competitive bidding in the nonresidential construction area and

substantial excess production capacity for many materials.

Overall inflation in the economy is also expected to be moderate, and unemployment,

although declining, is not expected to drop sufficiently in most areas of the country to

threaten serious manpower shortages for producers. On the other hand, demand for

construction materials should remain strong. Housing starts grew on a seasonally adjusted

annual rate bais from about 1 million units in mid-1982 to an almost two-million unit average

in the first quarter of 1984. It is generally believed, however, that the housing peak for this

cycle has been reached, and that demand for materials used in housing will soften later in the

year. Several sectors of nonresidential construction (commercial buildings, hospitals, and

highways, in particular) are expected to grow as the year progresses, thereby stimulating

demand for materials used in these projects. Industrial construction is also likely to increase

this year, and office building construction, which has been at very high levels, will remain

strong despite some decline. While overall construction material prices rose only moderately,

the prices of some products have gone up sharply since late in 1982, while others have

experienced actual price declines. One important factor in these marked variations is the end

uses of these materials. Based on Producer Price Indexes, the following price changes
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occurred for major construction materials over the 15-month period between December 1982

and March 1984. The All Construction Materials price index rose 6 percent over this period.

Topic Objective:

At the completion of this topic the student should be able to:

 Describe the relationship between output and labor-hours per unit.

 Explain the factors affecting productivity and their effect on productivity.

 Calculate productivity from historical data.

 Calculate productivity from field observations using cycle times and rate of progress.

 Calculate the number of labor hours required to complete a task.

Definition/Overview:

Labour productivity: Labour productivity is defined by the OECD to be "the ratio of a volume

measure of output to a volume measure of input" OECD Manual: Measuring Productivity;

Measurement of Aggregate and Industry-Level Productivity Growth. (2002) Volume measures

of output are normally gross domestic product (GDP) or gross value added (GVA), expressed at

constant prices i.e. adjusted for inflation. The three most commonly used measures of input are:

hours worked; workforce jobs; and number of people in employment. Measured labour

productivity will vary as a function of both other input factors and the efficiency with which the

factors of production are used (total factor productivity). So two firms or countries may have

equal total factor productivity (productive technologies) but because one has more capital to use,

labour productivity will be higher.
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Key Points:

1. Labor Productivity

Output per worker corresponds to the "average product of labour" and can be contrasted with

the marginal product of labour, which refers to the increase in output that results from a

corresponding (marginal) increase in labour input.

2. Measurement Issues

Labour productivity can be measured in physical terms or in price terms. Whilst the output

produced is generally measurable in the private sector, it may be difficult to measure in the

public sector or in NGOs. The input may be more difficult to measure in an unbiased way as

soon as we move away from the idea of homogeneous labour ("per worker" or "per worker-

hour"):

 the intensity of labour-effort, and the quality of labour effort generally.

 the creative activity involved in producing technical innovations.

 the relative efficiency gains resulting from different systems of management, organisation, co-

ordination or engineering.

 the productive effects of some forms of labour on other forms of labour.

These aspects of productivity refer to the qualitative, rather than quantitative, dimensions of

labour input. If you think that one firm/country is using labour much more intensely, you

might not want to say this is due to greater labour productivity, since the output per labour-

effort may be the same. This insight becomes particularly important when a large part of

what is produced in an economy consists of services. Management may be very preoccupied

with the productivity of employees, but the productivity gains of management itself might be

very difficult to prove. Modern management literature emphasizes the important effect of the
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overall work culture or organisational culture that an enterprise has. But again the specific

effects of any particular culture on productivity may be unprovable.

In macroeconomic terms, controlling for hours worked (i.e. expressing labour productivity as

per worker-hour) should result in readily comparable productivity statistics, but this is often

not done since the reliability of data on working hours is often poor. For example, the US and

UK have much longer working hours than Continental Europe - this will inflate the figures

on productivity in these countries if it is not accounted for. When comparing labour

productivity statistics across countries, the problem of exchange rates must be considered

because differences in how output is accounted for in different countries will change labour

productivity statistics, quite apart from the obvious issues surrounding converting different

currency units to a standard base.

3. Factors affecting labour productivity

In a survey of manufacturing growth and performance in Britain, it was found that:

The factors affecting labour productivity or the performance of individual work roles are of

broadly the same type as those that affect the performance of manufacturing firms as a

whole. They include: (1) physical-organic, location, and technological factors; (2) cultural

belief-value and individual attitudinal, motivational and behavioural factors; (3) international

influences e.g. levels of innovativeness and efficiency on the part of the owners and

managers of inward investing foreign companies; (4) managerial-organizational and wider

economic and political-legal environments; (5) levels of flexibility in internal labour markets

and the organization of work activities e.g. the presence or absence of traditional craft

demarcation lines and barriers to occupational entry; and (6) individual rewards and payment

systems, and the effectiveness of personnel managers and others in recruiting, training,

communicating with, and performance-motivating employees on the basis of pay and other

incentives.
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Topic Objective:

At the completion of this topic the student should be able to:

 Describe the components of labor burden and explain where to find the burden rates for their

company.

 Determine the hourly cost of labor including the costs of burden.

Definition/Overview:

Labor rates: direct labor rate that should be paid for each hour of labor time. It includes not

only base wages earned but also an allowance for fringe benefits and other labor-related costs.

For example, it can be deter

Wage rate per hour $9.00

Payroll taxes at 10% .90

Fringe benefits at 30% 2.70

Standard rate per hour $12.60

Key Points:

1. Components of labor Pricing

1.1. Wage

A wage is compensation, usually financial, received by a worker in exchange for their

labor.
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1.2. Labor Rate

Labor Rate = Annual Costs/Billable Hours

Following are the typical total labor rates for types of organizations:

This includes all the associated pesonnel and activities as well as technicians. For

large organizations this includes secretaries, accountants, cleaners, managers,

lawyers, politicians, public relations people, human resources, salespeople, investor

relations, insurance, security, lobbying, bribery ( legal and illegal ), wining and

dining, theft, workers compensation, severance packages, nepotism, general

corruption, internal investigators, etc... In other words, say you have an inefficient

bureaucracy where only one in four of the hours worked is actually useful, the labor

rate is four times higher than the rate payed to the technicians.

2. Determinants of wage rates

Depending on the structure and traditions of different economies around the world, wage

rates are either the product of market forces (Supply and Demand), as is common in the

United States, or wage rates may be influenced by other factors such as tradition, social

structure and seniority, as in Japan. Several countries have enacted a statutory minimum

wage rate that fixes the price of certain kinds of labor. Wage derives from words which

suggest "making a promise," often in monetary form. Specifically from the Old French word

wagier or gagier meaning to pledge or promise, from which the money placed in a bet

(wager) also derives. These in turn may derive from the French gage to wager, the Gothic

wadi, or the Late Latin wadium, also meaning "a pledge".
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3. Wages in the United States

In the United States, wages for most workers are set by market forces, or else by collective

bargaining, where a labor union negotiates on the workers' behalf. Although states and cities

can and sometimes do set a minimum wage, the Fair Labor Standards Act requires a

minimum wage at the federal level. For certain federal or state government contacts,

employers must pay the so-called prevailing wage as determined according to the Davis-

Bacon Act or its state equivalent. Activists have undertaken to promote the idea of a living

wage rate which would be higher than current minimum wage laws require.

In Section 4 of this course you will cover these topics:
Equipment Costs

Crew Rates

Subcontract Pricing

Markups

Pricing Extensions

Avoiding Errors In Estimates

Submitting The Bid

You may take as much time as you want to complete the topic coverd in section 4.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to c ontinue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later

Topic Objective:

At the completion of this topic the student should be able to:
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 Explain the difference between equipment ownership and operation costs.

 Calculate the hourly ownership and operation costs for a piece of equipment.

Definition/Overview:

Interest: Interest is a fee, paid on borrowed capital. Assets lent include money, shares, consumer

goods through hire purchase, major assets such as aircraft, and even entire factories in finance

lease arrangements.

Insurance: Insurance is defined as the equitable transfer of the risk of a loss, from one entity to

another, in exchange for a premium.

Key Points:

1. Components of Equipment Pricing

1.1. Depreciation

Depreciation is a term used in accounting, economics and finance to spread the cost

of an asset over the span of several years. In simple words we can say that

depreciation is the reduction in the value of an asset due to usage, passage of time,

wear and tear, technological outdating or obsolescence, depletion or other such

factors. In accounting, depreciation is a term used to describe any method of

attributing the historical or purchase cost of an asset across its useful life, roughly

corresponding to normal wear and tear. It is of most use when dealing with assets of a

short, fixed service life, and which is an example of applying the matching principle

as per generally accepted accounting principles. Depreciation in accounting is often

mistakenly seen as a basis for recognizing impairment of an asset, but unexpected

changes in value, where seen as significant enough to account for, are handled

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

69
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



through write-downs or similar techniques which adjust the book value of the asset to

reflect its current value. Therefore, it is important to recognize that depreciation,

when used as a technical accounting term, is the allocation of the historical cost of an

asset across time periods when the asset is employed to generate revenues. This

process of cost allocation has little or no direct relationship to the market value or

current selling price of the asset, it is simply the recognition that a portion of the

asset's cost--the portion that will never be recuperated through re-sale or disposal of

the asset--was "used up" in the generation of revenues for that time period.

The use of depreciation affects the financial statements and in some countries the

taxes of companies and individuals. The recording of depreciation will cause an

expense to be recognized, thereby lowering stated profits on the income statement,

while the net value of the asset (the portion of the historical cost of the asset that

remains to provide future value to the company) will decline on the balance sheet.

Depreciation reported for accounting and tax purposes may differ substantially.

Depreciation and its related concept, amortization (generally, the depreciation of

intangible assets), are non-cash expenses. Neither depreciation nor amortization will

directly affect the cash flow of a company, as both are accounting representations of

expenses attributable to a given period. In accounting statements, depreciation may

neither figure in the cash flow statement, nor be "added back" to net income (along

with other items) to derive the operating cash flow. Depreciation recognized for tax

purposes will, however, affect the cash flow of the company, as tax depreciation will

reduce taxable profits; there is generally no requirement that treatment of depreciation

for tax and accounting purposes be identical. Where depreciation is shown on

accounting statements, the figure usually does not relate to depreciation for tax

purposes.

Salvage value is the estimated value of an asset at the end of its useful life. In

accounting, the salvage value of an asset is its remaining value after depreciation.
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This is also known as residual value or scrap value. It is the net cash inflow that

occurs when the asset is liquefied at the end of its life. Salvage value can be negative

if the residual asset requires special treatment to terminatefor example, used nuclear

materials. In economics, depreciation is the decrease in the economic value of the

capital stock of a firm, nation or other entity, either through physical depreciation,

obsolescence or changes in the demand for the services of the capital in question. If

capital stock is C0 at the beginning of a period, investment is I and depreciation D,

the capital stock at the end of the period, C1, is C0 + I - D.

2. Interest

Interest is a fee paid borrowed assets. Assets that are sometimes lent with interest include

money, shares, consumer goods through hire purchase, major assets such as aircraft, and

even entire factories in finance lease arrangements. The interest is calculated upon the value

of the assets in the same manner as upon money. Interest can be thought of as "rent on

money". For example, if you want to borrow money from the bank, there is a certain rate you

have to pay according to how much you want loaned to you. Interest is compensation to the

lender for foregoing other useful investments that could have been made with the loaned

asset. These foregone investments are known as the opportunity cost. Instead of the lender

using the assets directly, they are advanced to the borrower. The borrower then enjoys the

benefit of using the assets ahead of the effort required to obtain them, while the lender enjoys

the benefit of the fee paid by the borrower for the privilege. The amount lent, or the value of

the assets lent, is called the principal. This principal value is held by the borrower on credit.

Interest is therefore the price of credit, not the price of money as it is commonly believed to

be. The percentage of the principal that is paid as a fee (the interest), over a certain period of

time, is called the interest rate.

3. Tax

A tax is a financial charge or other levy imposed on an individual or a legal entity by a state

or a functional equivalent of a state (for example, secessionist movements or revolutionary
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movements). Taxes are also imposed by many subnational entities. Taxes consist of direct

tax or indirect tax, and may be paid in money or as its labour equivalent (often but not always

unpaid). A tax may be defined as a "pecuniary burden laid upon individuals or property to

support the government [] a payment exacted by legislative authority." A tax "is not a

voluntary payment or donation, but an enforced contribution, exacted pursuant to legislative

authority" and is "any contribution imposed by government [] whether under the name of

toll, tribute, tallage, gabel, impost, duty, custom, excise, subsidy, aid, supply, or other name."

In modern taxation systems, taxes are levied in money, but in-kind and corve taxation are

characteristic of traditional or pre-capitalist states and their functional equivalents. The

method of taxation and the government expenditure of taxes raised is often highly debated in

politics and economics. Tax collection is performed by a government agency such as Canada

Revenue Agency, the Internal Revenue Service (IRS) in the United States, or Her Majesty's

Revenue and Customs (HMRC) in the UK. When taxes are not fully paid, civil penalties

(such as fines or forfeiture) or criminal penalties (such as incarceration) may be imposed on

the non-paying entity or individual.

4. Licensing

A licensor may grant license under intellectual property laws to authorize a use (such as

copying software or using a patented invention) to a licensee, sparing the licensee from a

claim of infringement brought by the licensor. A license under intellectual property

commonly has several component parts beyond the grant itself, including a term, territory,

renewal provisions, and other limitations deemed vital to the licensor.

 Term: many licenses are valid for a particular length of time. This protects the licensor should

the value of the license increase, or market conditions change. It also preserves enforceability by

ensuring that no license extends beyond the term of IP ownership.

 Territory: a license may stipulate what territory the rights pertain to. For example, a license

with a territory limited to "North America" (United States/Canada) would not permit a licensee

any protection from actions for use in Japan.
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5. Insurance

Insurance, in law and economics, is a form of risk management primarily used to hedge

against the risk of a contingent loss. Insurance is defined as the equitable transfer of the risk

of a loss, from one entity to another, in exchange for a premium, and can be thought of as a

guaranteed small loss to prevent a large, possibly devastating loss. An insurer is a company

selling the insurance; an insured is the person or entity buying the insurance. The insurance

rate is a factor used to determine the amount, called the premium, to be charged for a certain

amount of insurance coverage. Risk management, the practice of appraising and controlling

risk, has evolved as a discrete field of study and practice.

5.1. Principles of Insurance

Commercially insurable risks typically share seven common characteristics.

o A large number of homogeneous exposure units: The vast majority of

insurance policies are provided for individual members of very large classes.

Automobile insurance, for example, covered about 175 million automobiles in the

United States in 2004. The existence of a large number of homogeneous exposure

units allows insurers to benefit from the so-called law of large numbers, which in

effect states that as the number of exposure units increases, the actual results are

increasingly likely to become close to expected results. There are exceptions to

this criterion. Lloyd's of London is famous for insuring the life or health of actors,

actresses and sports figures. Satellite Launch insurance covers events that are

infrequent. Large commercial property policies may insure exceptional properties

for which there are no homogeneous exposure units. Despite failing on this

criterion, many exposures like these are generally considered to be insurable.

o Definite Loss: The event that gives rise to the loss that is subject to insurance

should, at least in principle, take place at a known time, in a known place, and

from a known cause. The classic example is death of an insured person on a life
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insurance policy. Fire, automobile accidents, and worker injuries may all easily

meet this criterion. Other types of losses may only be definite in theory.

Occupational disease, for instance, may involve prolonged exposure to injurious

conditions where no specific time, place or cause is identifiable. Ideally, the time,

place and cause of a loss should be clear enough that a reasonable person, with

sufficient information, could objectively verify all three elements.

o Accidental Loss: The event that constitutes the trigger of a claim should be

fortuitous, or at least outside the control of the beneficiary of the insurance. The

loss should be pure, in the sense that it results from an event for which there is

only the opportunity for cost. Events that contain speculative elements, such as

ordinary business risks, are generally not considered insurable.

o Large Loss: The size of the loss must be meaningful from the perspective of the

insured. Insurance premiums need to cover both the expected cost of losses, plus

the cost of issuing and administering the policy, adjusting losses, and supplying

the capital needed to reasonably assure that the insurer will be able to pay claims.

For small losses these latter costs may be several times the size of the expected

cost of losses. There is little point in paying such costs unless the protection

offered has real value to a buyer.

o Affordable Premium: If the likelihood of an insured event is so high, or the cost

of the event so large, that the resulting premium is large relative to the amount of

protection offered, it is not likely that anyone will buy insurance, even if on offer.

Further, as the accounting profession formally recognizes in financial accounting

standards, the premium cannot be so large that there is not a reasonable chance of

a significant loss to the insurer. If there is no such chance of loss, the transaction

may have the form of insurance, but not the substance. (See the U.S. Financial

Accounting Standards Board standard number 113)

o Calculable Loss: There are two elements that must be at least estimable, if not

formally calculable: the probability of loss, and the attendant cost. Probability of

loss is generally an empirical exercise, while cost has more to do with the ability

of a reasonable person in possession of a copy of the insurance policy and a proof

of loss associated with a claim presented under that policy to make a reasonably
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definite and objective evaluation of the amount of the loss recoverable as a result

of the claim.

o Limited risk of catastrophically large losses: The essential risk is often

aggregation. If the same event can cause losses to numerous policyholders of the

same insurer, the ability of that insurer to issue policies becomes constrained, not

by factors surrounding the individual characteristics of a given policyholder, but

by the factors surrounding the sum of all policyholders so exposed. Typically,

insurers prefer to limit their exposure to a loss from a single event to some small

portion of their capital base, on the order of 5 percent. Where the loss can be

aggregated, or an individual policy could produce exceptionally large claims, the

capital constraint will restrict an insurer's appetite for additional policyholders.

The classic example is earthquake insurance, where the ability of an underwriter

to issue a new policy depends on the number and size of the policies that it has

already underwritten. Wind insurance in hurricane zones, particularly along coast

lines, is another example of this phenomenon. In extreme cases, the aggregation

can affect the entire industry, since the combined capital of insurers and reinsurers

can be small compared to the needs of potential policyholders in areas exposed to

aggregation risk. In commercial fire insurance it is possible to find single

properties whose total exposed value is well in excess of any individual insurers

capital constraint. Such properties are generally shared among several insurers, or

are insured by a single insurer who syndicates the risk into the reinsurance

market.

Topic Objective:

At the completion of this topic the student should be able to:

 Determine the average wage rate per labor-hour for a crew.

 Determine the equipment cost per labor-hour for a crew.
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Definition/Overview:

Wage: A wage is compensation, usually financial, received by a worker in exchange for their

labor.

Key Points:

1. Determinants of wage rates

Depending on the structure and traditions of different economies around the world, wage

rates are either the product of market forces (Supply and Demand), as is common in the

United States, or wage rates may be influenced by other factors such as tradition, social

structure and seniority, as in Japan. Several countries have enacted a statutory minimum

wage rate that fixes the price of certain kinds of labor. In the United States, wages for most

workers are set by market forces, or else by collective bargaining, where a labor union

negotiates on the workers' behalf. Although states and cities can and sometimes set a

minimum wage, the Fair Labor Standards Act requires a minimum wage at the federal level.

For certain federal or state government contacts, employers must pay the so-called prevailing

wage as determined according to the Davis-Bacon Act or its state equivalent. Activists have

undertaken to promote the idea of a living wage rate which would be higher than current

minimum wage laws require. The equipment cost is calculated per labor-hour rather than per

unit so the equipment cost will change as productivity changes. If a crews productivity is

estimated to be less on a job because of adverse work conditions, the time the equipment will

be needed to install one unit of materials will increase, increasing the equipment costs. If the

equipment cost was based upon the units of material installed, both the productivity and

equipment cost would need to be adjusted when adverse conditions were expected on a job.
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Topic Objective:

At the completion of this topic the student should be able to:

 Prepare a Request for Quote.

 Write a scope of work.

 Estimate subcontractor costs from historical data.

 Discuss what factors should be taken into account when selecting a subcontractor.

Definition/Overview:

Subcontractor: A subcontractor is an individual or in many cases a business that signs a

contract to perform part or all of the obligations of another's contract.

Key Points:

1. Role of Subcontractor

A subcontractor is hired by a general contractor (or prime contractor) to perform a specific

task as part of the overall project. Whilst the most common concept of a subcontractor is in

building works and civil engineering, the range of opportunities for subcontractor is much

wider and it is possible that the greatest number now operate in the information technology

and information sectors of business. The incentive to hire subcontractors is either to reduce

costs or to mitigate project risks. In this way the general contractor receives the same or

better service than the general contractor could have provided by itself, at lower overall risk.
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Many subcontractors do work for the same companies rather than different ones. This allows

subcontractors to further specialize their skills

Topic Objective:

At the completion of this topic the student should be able to:

 Calculate building permit, bond, and profit and overhead markups.

 Explain why an estimator should track competitors bids and show how this may be done.

Definition/Overview:

Construction Permit: A construction permit or building permit is a permit required in most

jurisdictions for new construction, or adding onto pre-existing structures, and in some cases for

major renovations. Generally, the new construction must be inspected during construction and

after completion to ensure compliance with national, regional, and local building codes. Failure

to obtain a permit can result in significant fines and penalties, and even demolition of

unauthorized construction if it cannot be made to meet code.

Key Points:

1. Markups

1.1. Initial Markup

The initial markup is the average markup required on all products to cover the cost of

all items, incidental expenses, and to obtain a reasonable profit. The initial dollar

markup is expressed as a percentage. Initial Dollar Markup = (Operating Expenses +

Price Reductions + Profit)/(Forecasted Net Sales + Price Reductions)
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2. Example:

 Forecasted Sales = $380

 Operating Expenses = $140

 Anticipated Price Reductions = $24

 Expected Profit = $38

($140 + $24 + $38) / ($380 + $24) = 50%

Thus the initial dollar markup on the product should be 50%. Price reductions, or

markdowns, are reductions in the retail selling price when the item cannot be sold at its

intended price and erode into profit. Operating expenses are costs incurred in addition to the

total product cost and can vary depending on the product and service being sold. In reviewing

operating expenses, annualized figures should be used since any individual month may not

properly reflect the expenses incurred over a full year. Initial pricing of a product is an

important step in merchandising. The Keystone Method doubles cost of an individual product

to arrive at its selling price (total product cost x 2). The Dollar Markup Method takes into

account the total amount of operating expenses and desired profit. These are then broke down

on a per product unit basis, which is then added on to the total product cost. This addition

onto the total cost is the dollar markup. This dollar markup is either expressed as a

percentage of the total cost per unit or the selling price.

3. Price determination

3.1. Markup as a fixed amount

o Assume: Sale price = $2500, Product cost is $2000
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Markup = Sale price cost

$500 = $2500 - $2000

o Assume the actual sale price was $2200

Markdown = List price - Sale price

$300 = $2500 - $2200

Initial Markup = List price Cost

$500 = $2500 - $2000

Maintained Markup = Sale price Cost

$200 = $2200 - $2000

Markup as a percentage

Cost x (Markup + 1) = Sale price

or solved for Markup = (Sale price / Cost) - 1

o Assume the sale price is $1.99 and the cost is $1.40

Markup = ($1.99 / 1.40) - 1 = 42%

o To convert from markup to profit margin:

Sale price - Cost = Sale price x Profit margin
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Margin = 1 - (1/(Markup + 1))

Margin = 1 - (1 /(1 + .42)) = 29.5%

4. Bond Costs

A bond is simply a loan in the form of a security with different terminology: the issuer is

equivalent to the borrower, the bond holder to the lender, and the coupon to the interst.

Bonds enable the issuer to finance long term investmrents with external funds. Note that

certificates of deosit or commercial paper are considered to be money market instruments

and not bonds. Bonds and stocks are both securities, but the major difference between the

two is that stock-holders are the owners of the company (i.e., they have an equity stake),

whereas bond-holders are lenders to the issuing company. Another difference is that bonds

usually have a defined term, or maturity, after which the bond is redeemed, whereas stocks

may be outstanding indefinitely. An exception is a consol bond, which is a perpetuity (i.e.,

bond with no maturity).

Topic Objective:

At the completion of this topic the student should be able to:

 Determine the material, labor, and equipment cost.

 Fill out the Detail and Summary cost worksheets.

 Obtain a total estimated cost, including all markups, for a construction project.

Definition/Overview:
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Pricing Extension: Pricing Extension is a uniform pricing policy that aims at a standard price -

irrespective of the location - under which the customer absorbs associated charges such as

freight, duties, and taxes.

Key Points:

1. Volume Pricing Extension

The Volume Pricing extension is now available in github. It uses predefined ranges of

quantities to determine the price for a particular product variant. If no volume price is defined

for a variant, then the standard price is used.

Each Volume Price contains the following values:

 Variant: Each Volume Price is associated with a Variant, which is used to link products to

particular prices.

 Display: The human readable reprentation of the quantity range (Ex. 10-100). (Optional)

 Range: The quantity range for which the price is valid (See Below for Examples of Valid

Ranges.)

 Amount: The price of the product if the line item quantity falls within the specified range.

 Position: Integer value for acts_as_list (Helps keep the volume prices in a defined order.)

1.1. Ranges

Ranges are expressed as Strings and are similar to the format of a Range object in

Ruby. The lower number of the range is always inclusive. If the range is defined with

.. then it also includes the upper end of the range. If the range is defined with then the

upper end of the range is not inclusive. Ranges can also be defined as open ended.

Open ended ranges are defined with an integer followed by a + character. These

ranges are inclusive of the integer and any value higher than the integer. All ranges
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need to be expressed as Strings and must include parentheses. (1..10) is considered to

be a valid range. 1..10 is not considered to be a valid range (missing the parens.) The

volume price is applied based on the total quantity ordered for a particular variant. It

does not apply different prices for the portion of the quantity that falls within a

particular range. Only the one price is used (although this would be an interesting

configurable option if someone wanted to write a patch.)

Example/Case Study:

Exemplary Chart

Topic Objective:

At the completion of this topic the student should be able to:

 Define FOB and describe its importance in the procurement of construction materials.

 Identify sixteen ways to avoid errors in estimates.

 Explain why it is important for estimators to incorporate many of these principles into their

bidding practices.

 Make judgments about the size of the standard error of the estimate from a scatterplot

 Compute the standard error of the estimate based on errors of prediction

 Compute the standard error using Pearson's correlation

 Estimate the standard error of the estimate based on a sample

Definition/Overview:
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Accuracy of Estimate: The accuracy of an estimate is a measure of the accuracy or correctness

of the numbers in the estimate. The completeness of an estimate is a measure of whether the bid

has all the items needed for the project without duplicating items.

Key Points:

1. Estimation

Estimation is the calculated approximation of a result which is usable even if input data may

be incomplete or uncertain.

2. Standard Error of the Estimate

Following figure shows two regression examples. You can see that in graph A, the points are

closer to the line then they are in graph B. Therefore, the predictions in Graph A are more

accurate than in Graph B.

The standard error of the estimate is a measure of the accuracy of predictions. Recall that the

regression line is the line that minimizes the sum of squared deviations of prediction (also

called the sum of squares error). The standard error of the estimate is closely related to this

quantity and is defined below:

where sest is the standard error of the estimate, Y is an actual score, Y' is a predicted score,

and N is the number of pairs of scores. The numerator is the sum of squared differences
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between the actual scores and the predicted scores. Assume the data in following table are the

data from a population of five X-Y pairs.

Topic Objective:

At the completion of this topic the student should be able to:

 Define the term Bid

 Describe business letter

Definition/Overview:

Business Letter: A business letter is a letter written in formal language, usually used when

writing from one business organization to another, or for correspondence between such

organizations and their customers, clients and other external parties. The overall style of letter

will depend on the relationship between the parties concerned;

Key Points:

1. Bids

Bids that have not been rejected can tie up the bonding for a company, leave the company

wondering if they are going to do the work, and the time of the year the work is being done

can greatly affect the price of the work.

2. Submitting with Standard Documents

 Fill out all blanks

 Mark remaining blanks (such as price)
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 Sign

 Affix corporate seal

 Is bond signed bbyy ssuurreettyy??

3. Parts of a Business Letter

IInn tthhee bblloocckk ffoorrmmaatt,, aallll ccoonntteennttss iinn tthhee lleetttteerr aarree lleefftt jjuussttiiffiieedd.. IInn tthhee mmooddiiffiieedd bblloocckk

ffoorrmmaatt,, tthhee sseennddeerrss aaddddrreessss,, ddaattee aanndd cclloossiinngg ((ssiiggnnaattuurree bblloocckk)) bbeeggiinn aatt tthhee cceenntteerr ooff tthhee

ppaaggee ((nnoott cceenntteerreedd)),, wwhhiillee aallll ootthheerr iitteemmss ooff tthhee lleetttteerr aarree lleefftt jjuussttiiffiieedd.. TThhee sseemmii--bblloocckk

ffoorrmmaatt iiss tthhee ssaammee aass tthhee mmooddiiffiieedd ffoorrmmaatt eexxcceepptt tthhee ffiirrsstt lliinnee ooff tthhee ppaarraaggrraapphhss aarree

iinnddeenntteedd.

In Section 5 of this course you will cover these topics:
Project Buyout

The Estimate As The Basis Of The Schedule

Ethics

Converting Existing Forms

Creating New Forms

Proposals And Beyond

You may take as much time as you want to complete the topic coverd in section 5.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to c ontinue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.

Topic Objective:
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At the completion of this topic the student should be able to:

 Identify the types of issues that should be addressed in a subcontract.

 Prepare a purchase order.

 Describe the use of a material contract and how it is different from a subcontract.

Definition/Overview:

Project Buyout: The process of hiring subcontractors and procuring materials and equipment for

a construction project.

Subcontractor: A subcontractor is an individual or in many cases a business that signs a

contract to perform part or all of the obligations of another's contract.

Purchase Order: A purchase order (PO) is a commercial document issued by a buyer to a seller,

indicating the type, quantities and agreed prices for products or services the seller will provide to

the buyer. Sending a PO to a supplier constitutes a legal offer to buy products or services.

Acceptance of a PO by a seller usually forms a once-off contract between the buyer and seller so

no contract exists until the PO is accepted. POs usually specify terms of payment, incoterms for

liability and freight responsibility, and required delivery date.

Key Points:

1. Role of Subcontractor

A subcontractor is hired by a general contractor (or prime contractor) to perform a specific

task as part of the overall project. Whilst the most common concept of a subcontractor is in
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building works and civil engineering, the range of opportunities for subcontractor is much

wider and it is possible that the greatest number now operate in the information technology

and information sectors of business. The incentive to hire subcontractors is either to reduce

costs or to mitigate project risks. In this way the general contractor receives the same or

better service than the general contractor could have provided by itself, at lower overall risk.

Many subcontractors do work for the same companies rather than different ones. This allows

subcontractors to further specialize their skills.

Topic Objective:

At the completion of this topic the student should be able to:

 Describe how information from the estimate should be used in the preparation of the schedule.

 Calculate the duration of a task based upon the labor-hours and crew size from the estimate.

Definition/Overview:

Estimating: Estimating is the process of determining the anticipated cost of materials, labor, and

equipment of a proposed project

Key Points:

3. Estimating Methods

The following briefly describes techniques used to estimate.

3.1. Bottoms-Up Technique
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Generally, a work statement and set of drawings or specifications are used to take off

material quantities required to perform each discrete task performed in accomplishing

a given operation or producing an equipment component. From these quantities,

direct labor, equipment, and overhead costs are derived and added. This technique is

used as the level of detail increases as the project develops.

3.2. Specific Analogy Technique

Specific analogies depend upon the known cost of an item used in prior systems as

the basis for the cost of a similar item in a new system. Adjustments are made to

known costs to account for differences in relative complexities of performance,

design, and operational characteristics.

3.3. Parametric Technique

Parametric estimating requires historical data bases on similar systems or subsystems.

Data is derived from the historical information or is developed from building a model

scenario. Statistical analysis is performed on the data to find correlations between

cost drivers and other system parameters, such as design or performance parameters.

The analysis produces cost equations or cost estimating relationships that can be used

individually or grouped into more complex models. This technique is useful when the

information available is not very detailed.

3.4. Cost Review and Update Technique

An estimate is constructed by examining previous estimates of the same project for

internal logic, completeness of scope, assumptions, and estimating methodology and

updating them with any changes.

3.5. Trend Analysis Technique
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A contractor efficiency index is derived by comparing originally projected contract

costs against actual costs on work performed to date. The index is used to adjust the

cost estimate of work not yet completed.

3.6. Expert Opinion Technique

When other techniques or data are not available, this method may be used. Several

specialists can be consulted repeatedly until a consensus cost estimate is established.

4. Data Collection And Normalization

When estimating, cost data is collected; Data may be collected from similar projects, data

bases, and published reports. The basis of the cost data should be documented as part of the

detailed backup for the estimate. The amount of data collected will depend on the time

available to perform the estimate and the type of estimate, as well as the budget allocation for

the estimates preparation. When using the collected cost data, the estimator must be aware of

the source of the data and make adjustments where necessary. Data from one project may not

be consistent or comparable with data from a different project. For example, if historical

costs data is used, the costs may not be applicable due to escalation, regulatory changes, or

geographical differences. The data should be reviewed and adjustments (normalization)

should be made before it is used in the estimate.

Topic Objective:

At the completion of this topic the student should be able to:

 Define ethics as it relates to estimating.

 Discuss some of the ethical situations an estimator may face during their career.
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Definition/Overview:

Ethics: Ethics is a major branch of philosophy, encompassing right conduct and good life. It is

significantly broader than the common conception of analyzing right and wrong. A central aspect

of ethics is "the good life", the life worth living or life that is simply not satisfying, which is held

by many philosophers to be more important than moral conduct

 A set of principals or rules which members of a group agree to abide by

 A set of values or a guiding philosophy of the estimator

Key Points:

1. Business Ethics

Business ethics is a form of applied ethics that examines ethical principles and moral or

ethical problems that arise in a business environment. In the increasingly conscience-focused

marketplaces of the 21st century, the demand for more ethical business processes and actions

(known as ethicism) is increasing. Simultaneously, pressure is applied on industry to improve

business ethics through new public initiatives and laws (e.g. higher UK road tax for higher-

emission vehicles). Business ethics can be both a normative and a descriptive discipline. As a

corporate practice and a career specialization, the field is primarily normative. In academia

descriptive approaches are also taken. The range and quantity of business ethical issues

reflects the degree to which business is perceived to be at odds with non-economic social

values. Historically, interest in business ethics accelerated dramatically during the 1980s and

1990s, both within major corporations and within academia. For example, today most major

corporate websites lay emphasis on commitment to promoting non-economic social values

under a variety of headings (e.g. ethics codes, social responsibility charters). In some cases,

corporations have redefined their core values in the light of business ethical considerations

(e.g. BP's "beyond petroleum" environmental tilt).
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Topic Objective:

At the completion of this topic the student should be able to:

 Explain the process of converting paper forms to Excel.

 Automate repetitive tasks with a macro.

 Add error protection using conditional formatting and data validation.

 Protect the worksheet against changes.

Definition/Overview:

Web Form: A webform on a web page allows a user to enter data that is sent to a server for

processing. Webforms resemble paper forms because internet users fill out the forms using

checkboxes, radio buttons, or menus. For example, webforms can be used to enter shipping or

credit card data to order a product or can be used to retrieve data (e.g., searching on a search

engine).

Key Points:

1. Excel

 A circular reference is where the value of Cell A is based upon the value of Cell B and the value

of Cell B is based upon the value of Cell A. The values must be calculated using trial-and-error.

 By iterations, which is setup from the Calculation tab of the Options dialogue box. The Options

dialogue box is opened by selecting Tools-Options from the Menu bar.
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 A macro is a record of the actions (key strokes and so forth) taken by the user which can be

repeated by playing back the macro.

 When setting up the macro, the user must assign a shortcut key to the macro by typing a key into

the Shortcut key: Ctrl+ text box.

 Conditional formatting allows the user to set the font, border, color, and pattern for a cell by

comparing the value or formula in a cell to a value, range of values, or other cells.

 Data validation allows the user to set limits on the data entered into a cell.

Topic Objective:

At the completion of this topic the student should be able to:

 Explain the steps taken to create a new form.

 Create a series of numbers in Excel.

 Name cells in Excel.

 Add dropdown boxes to Excel.

 Use the CONCATENATE, LOOKUP, and VLOOKUP functions in Excel.

Definition/Overview:

Web Form: A webform on a web page allows a user to enter data that is sent to a server for

processing. Webforms resemble paper forms because internet users fill out the forms using

checkboxes, radio buttons, or menus. For example, webforms can be used to enter shipping or

credit card data to order a product or can be used to retrieve data (e.g., searching on a search

engine).

Key Points:

1. Steps to planning a new form
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 The steps for planning a new form are to identify the desired results, identify input data, solve

practice problems, identify steps and equations, and sketch spreadsheet layouts. The steps for

setting up a new form are create the form layout, add formulas, automate with macros, test the

spreadsheets, and protect against errors.

 By entering start value in a cell and dragging the little box in the lower right-hand corner of the

cell down or to the right the appropriate number of cells. If Excel simply copies the cell, it may

be changed to a series by left clicking on the Auto Fill Options box which appears at the lower

right-hand corner of the selected cells and selecting Fill Series from the popup box.

 The advantage of naming cells is it makes the formulas easier to follow because they can be

named with a name that is representative of their data rather than a non-descriptive cell

reference.

 By selecting InsertNameDefine from the Menu bar to bring up the Name Define dialogue box.

The name for the cells is typed in the top text box and the dialogue box is closed by clicking the

OK button.

 The user selects the cell where the dropdown box is to be located and selects Data-Validation

from the Menu bar to bring up the Data Validation dialogue box. From the Setting tab the user

selects List from the Allow: dropdown box. For the dropdown box to appear, the user must

make sure the In-cell dropdown check box is checked. The list of options or cells containing the

list of options for the dropdown box is entered into the Source: text box.

 The CONCATENATE function allows the user to combine text, the results of formulas, and the

contents of cells together into a single string of text. The contents of the cell may be text or the

result of a formula.

 Select data from a group of cells based upon the contents of a cell. It is used in this book to look

up material pricing from a pricing spreadsheet.

Topic Objective:

At the completion of this topic the student should be able to:

 Identify a number of different estimating problems that may be solved using Excel spreadsheets.
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Definition/Overview:

Microsoft Excel: Microsoft Excel is a proprietary spreadsheet application written and

distributed by Microsoft for Microsoft Windows and Mac OS X. It features calculation, graphing

tools, pivot tables and, except for Excel 2008 for Mac OS X, a macro programming language

called VBA (Visual Basic for Applications). It is overwhelmingly the dominant spreadsheet

application available for these platforms and has been so since version 5 in 1993, and is bundled

as part of Microsoft Office. Excel is one of the most popular microcomputer applications to date.

Key Points:

1. Microsoft Excel

In computing, Microsoft Excel (full name Microsoft Office Excel) consists of a proprietary

spreadsheet-application written and distributed by Microsoft for Microsoft Windows and

Mac OS X. It features calculation, graphing tools, pivot tables and, except for Excel 2008 for

Mac OS X, a macro programming language called VBA (Visual Basic for Applications). It is

overwhelmingly the dominant spreadsheet application available for these platforms and has

been so since version 5 in 1993, and is bundled as part of Microsoft Office.

2. File formats

Microsoft Excel up until 2007 version used a proprietary binary file format called Binary

Interchange File Format (BIFF) as its primary format. Excel 2007 uses Office Open XML as

its primary file format, an XML-based format that followed after a previous XML-based

format called "XML Spreadsheet" ("XMLSS"), first introduced in Excel 2002.The latter

format is not able to encode VBA macros. Although supporting and encouraging the use of

new XML-based formats as replacements, Excel 2007 remained backwards-compatible with
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the traditional, binary formats. In addition, most versions of Microsoft Excel can read CSV,

DBF, SYLK, DIF, and other legacy formats. Support for some older file formats were

removed in Excel 2007. The file formats were mainly from DOS base programs that were

"seldom, if ever used."

3. Binary

Microsoft made the specification of the Excel binary format specification available on

request, but since February 2008 programmers can freely download the .XLS format

specification and implement it under the Open Specification Promise patent licensing.
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