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INDUSTRIAL MANAGEMENT
 B.TECH AUTOMOBILE ENGINEERING 3-2 SEMESTER
 UNIT – 5
 JOB EVALUATION
 A job evaluation is a systematic way of determining the value/worth of a job in relation to other jobs
 in an organization. It tries to make a systematic comparison between jobs to assess their relative
 worth for the purpose of establishing a rational pay structure.
 Job evaluation needs to be differentiated from job analysis. Job analysis is a systematic way of
 gathering information about a job. Every job evaluation method requires at least some basic job
 analysis in order to provide factual information about the jobs concerned. Thus, job evaluation begins
 with job analysis and ends at that point where the worth of a job is ascertained for achieving pay
 equity between jobs.
 Methods of Job Evaluation
 There are primarily three methods of job evaluation:
 (1) ranking,
 (2) classification,
 (3) Factor comparison method or Point method.
 While many variations of these methods exist in practice, the three basic approaches are described
 here.
 Ranking method
 Perhaps the simplest method of job evaluation is the ranking method. According to this method, jobs
 are arranged from highest to lowest, in order of their value or merit to the organization. Jobs can also
 be arranged according to the relative difficulty in performing them. The jobs are examined as a whole
 rather than on the basis of important factors in the job; the job at the top of the list has the highest
 value and obviously the job at the bottom of the list will have the lowest value. Jobs are usually
 ranked in each department and then the department rankings are combined to develop an
 organizational ranking. The variation in payment of salaries depends on the variation of the nature of
 the job performed by the employees. The ranking method is simple to understand and practice and it
 is best suited for a small organization. Its simplicity however works to its disadvantage in big
 organizations because rankings are difficult to develop in a large, complex organization. Moreover,
 https://en.wikipedia.org/wiki/Job_%28role%29
 https://en.wikipedia.org/wiki/Job_analysis
 https://en.wikipedia.org/wiki/Pay_equity
 https://en.wikipedia.org/wiki/Pay_equity
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this kind of ranking is highly subjective in nature and may offend many employees. Therefore, a
 more scientific and fruitful way of job evaluation is called for.
 Classification method (Grading method)
 According to this method, a predetermined number of job groups or job classes are established and
 jobs are assigned to these classifications. This method places groups of jobs into job classes or job
 grades. Separate classes may include office, clerical, managerial, personnel, etc. Following is a brief
 description of such a classification in an office.
 Class I - Executives: Further classification under this category may be Office Manager,
 Deputy office manager, Office superintendent, Departmental supervisor, etc.
 Class II - Skilled workers: Under this category may come the Purchasing assistant, Cashier,
 Receipts clerk, etc.
 Class III - Semiskilled workers: Under this category may come Stenotypists, Machine-
 operators, Switchboard operator etc.
 Class IV - Unskilled workers: This category may comprise peons, messengers, housekeeping
 staff, Daftaris File clerks, Office boys, etc.
 The job grading method is less subjective when compared to the earlier ranking method. The system
 is very easy to understand and acceptable to almost all employees without hesitation. One strong
 point in favour of the method is that it takes into account all the factors that a job comprises. This
 system can be effectively used for a variety of jobs. The weaknesses of the Grading method are:
 Even when the requirements of different jobs differ, they may be combined into a single
 category, depending on the status a job carries.
 It is difficult to write all-inclusive descriptions of a grade.
 The method oversimplifies sharp differences between different jobs and different grades.
 When individual job descriptions and grade descriptions do not match well, the evaluators
 have the tendency to classify the job using their subjective judgments.
 Factor comparison method or Point method
 This method is widely used and is considered to be one of the reliable and systematic approach for
 job evaluation in mid and large size organizations. Most consulting firms adopt this method, which
 was pioneered by Edward Hay in 1943. Here, jobs are expressed in terms of key factors. Points are
 assigned to each factor after prioritizing each factor in order of importance. The points are summed
 up to determine the wage rate for the job. Jobs with similar point totals are placed in similar pay
 grades. The procedure involved may be explained thus:
 https://en.wikipedia.org/wiki/Edward_N._Hay
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1. Select key jobs. Identify the factors common to all the identified jobs such as skill, effort,
 responsibility, etc.
 2. Divide each major factor into a number of sub factors. Each sub factor is defined and expressed
 clearly in the order of importance, preferably along a scale.
 The most frequent factors employed in point systems are (i) Skill (key factor); Education and training
 required, Breadth/depth of experience required, Social skills required, Problem-solving skills, Degree
 of discretion/use of judgment, Creative thinking (ii) Responsibility/Accountability: Breadth of
 responsibility, Specialized responsibility, Complexity of the work, Degree of freedom to act, Number
 and nature of subordinate staff, Extent of accountability for equipment/plant, Extent of accountability
 for product/materials; (iii) Effort: Mental demands of a job, Physical demands of a job, Degree of
 potential stress
 The educational requirements (sub factor) under the skill (key factor) may be expressed thus in the
 order of importance.
 3. Find the maximum number of points assigned to each job (after adding up the point values of all
 sub-factors of such a job).
 This would help in finding the relative worth of a job. For instance, the maximum points assigned to
 an officer's job in a bank come to 540. The manager's job, after adding up key factors + sub factors
 points, may be getting a point value of say 650 from the job evaluation committee. This job is now
 priced at a higher level.
 4. Once the worth of a job in terms of total points is expressed, the points are converted into money
 values keeping in view the hourly/daily wage rates. A wage survey is usually undertaken to collect
 wage rates of certain key jobs in the organization.
 Benefits:
 The point method is a superior and widely used method of evaluating jobs. It forces raters to look
 into all key factors and sub-factors of a job. Point values are assigned to all factors in a systematic
 way, eliminating bias at every stage. It is reliable because raters using similar criteria would get more
 or less similar answers. The methodology underlying the approach contributes to a minimum of
 rating error (Robbins p. 361). It accounts for differences in wage rates for various jobs on the
 strength of job factors. Jobs may change over time, but the rating scales established under the point
 method remain unaffected. On the negative side, the point method is complex. Preparing a manual
 for various jobs, fixing values for key and sub-factors, establishing wage rates for different grades,
 etc., is a time consuming process, According to Decenzo and Robbins, "the key criteria must be
 carefully and clearly identified, degrees of factors have to be agreed upon in terms that mean the
 same to all rates, the weight of each criterion has to be established and point values must be
 assigned to degrees". This may be too taxing, especially while evaluating managerial jobs where the
 nature of work (varied, complex, novel) is such that it cannot be expressed in quantifiable numbers.
 https://en.wiktionary.org/wiki/survey
 https://en.wikipedia.org/wiki/Methodology
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Limitations:
 1. Job evaluation is not completely scientific.
 2. The most of the techniques are difficult to understand, even for the supervisors.
 3. The factors taken by the program are not exhaustive.
 4. There may be wide fluctuations in compensable factors in view of changes in technology,
 values and aspirations of employers, etc.
 5. Employees, trade union leaders, management and the program operators may assign
 different weight to different factors, thus creating grounds for dispute.
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PROJET MANAGEMENT (PERT/CPM)
 Net work analysis: It is refers to a number of techniques for the
 planning and control of complex projects. The basis of network planning is the
 representation of sequential relationships between activities by means of a
 network of lines and circles. The idea is to link the various activities in such a
 way that the overall time spent on the project is kept to a minimum.
 Features of Network Analysis:
 Logical base of planning: Network analysis is highly applicable at
 several stages of project management right from early planning stage
 of selecting right option from various alternative to scheduling stage
 and operational stage.
 Simple in nature: Net work analysis is straightforward in concept and
 can be easily explained to any laymen. Data calculations are simple
 and for large projects computers can be used.
 Improves coordination and communication: The graphs generated out
 of network analysis display simply and direct way the complex nature of
 various sub-divisions of project may, quickly perceive from the graph
 Wider application: The network analysis is applied to many types of
 projects. Moreover, they may be applied at several levels within a given
 project from a single department working on a sub-system to multi-
 plant operations within corporation.
 Gantt’s bar chart: Before PERT and CPM were developed, Gantt
 charts and mile stone charts were used tools to monitor the project
 progress in complex projects. Gantt chart is a bar chart, which was
 developed by Henary Gantt around 1900.
 It is consists of two coordinate axes, one represents the time
 and the other jobs or activities performed.
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A
 5 days
 Activities in
 B
 5 days
 C
 4 days
 job x
 D
 7 days
 E
 3 days
 Duration of time
 The above figure shows job x which contains five activities
 ABCDE the different time durations activity A is an independent activity
 followed by activities B, activity B is followed by activity C, activities D,
 E have no such sequence. Activities C,D and E reach completion
 together. However the total number o day taken for completing the job
 is 14 days.
 Limitation of Gantt Chart:
 1. This Gantt bar charts not useful for big projects, consisting of
 large number of complex activities
 2. It does not show the relationship between various operations. It
 is very difficult to find the sequence of various operations on the
 Gantt chart or the most probable date of completion.
 3. Does to indicate the progress of work
 4. It cannot reflect uncertainty or tolerance in the duration time
 estimated for various activities
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5. It simply a scheduling technique, but not effective planning tool.
 Milestone chart: Milestone chart is an improvement over Gantt chart.
 It has becomes a good line between Gantt chart and PERT and CPM
 network. Every task represented by a bar in Gantt’s bar chart, is
 subdivided in terms event or point in time.
 A 1 2
 5 days
 B 3 4 5 days
 Activities in C 5 6 3 days
 job x
 D 7 8 9 7 days
 E 10 11 4 days
 Duration of time
 In the Gantt’s bar charts bar representing an activity is divided
 into certain milestones. They are identified with a major event, and
 consecutively numbered such a breakdown enhances the awareness
 about the inter dependencies among all milestones.
 Network analysis undergone several changes and many variants
 exist, which evaluate the randomness due to imperfection in all human
 and physical systems. PERT and CPM continue to be very popular, in
 handling the basic factors like time, cost, resources, probabilities and
 combinations of all these factors.
 PERT AND CPM:
 PERT: Program evaluation and review technique (PERT) is a tool to
 evaluate a given program and review the progress made in it from time
 to time. A program is also called a project. A project is defined as a set
 of activities with a specific goal occupying a specific period. It may be a
 small or big project, such as construction of a college building, roads,
 marriage, picnics etc.
 It is concerned with estimating the time for different stages in
 such a program or a project and find out what the critical path is, which
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consumes a maximum resources.
 CPM: Critical path method assumes that the time required to complete
 an activity can be predicted fairly accurately, and thus, the costs
 involved can be quantified once the critical path has been identified.
 Since time is an important factor, CPM involves a trade-off between
 costs and time. It involves determining an optimum duration for the
 project, that is, a minimum duration that involves the lowest overall
 costs.
 Application of PERT and CPM:
 Construction of projects such as building, highways, houses or bridges
 Preparation of bids and proposals for large projects such as
 multipurpose projects Maintenance and planning of oil refineries,
 ship repairs and other such as large operations Development of
 new weapon systems and new products and services
 Manufacture and assembly of large items such as aero planes
 or ships repairs and other such as large operations Simple
 projects such as home remodeling housekeeping or painting and
 so on.
 PERT Basic Terminology:
 Event: A event is specific instant of time which indicates the beginning
 or end of the activity event is also known as a junction or node. It is
 represented by a circle and the event number is written with in the
 circle.
 Tail event Head event
 Predecessor event Successor event
 Activity: Every project consists of number of job operations or tasks which are called activity.
 Ex: Start machine installation
 Machine installation
 Completion of machine
 - An event - An activity - An event
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Classification of activities:
 1) Critical activity
 2) Non-Critical activity
 3) Dummy activity
 Critical activity: In a network diagram critical activities are those which if consume
 more than their estimated time, the project will be delayed. It shown with thick
 arrow.
 Non-critical activity: Such activities have a provision of float or slack so that, even
 if they consume a specified time over and above the estimated time. Dummy
 activity: When two activities start at the same instant of time like A and B the
 head event are jointed by dotted arrows and this is known as dummy activity.
 2
 Dummy Activity
 1
 3 4 5
 CPM Basic terminology:
 Critical Path: Critical path is that path which consumes the maximum amount of
 time or resources. It is that path which has zero slack value.
 Slack: Slack means the time taken to delay a particular event without affecting
 the project completion time. If a path has zero slack that means it is the critical
 path.
 Slack = LFT – EFT
 Earliest Start Time (EST): It is the earliest possible time at which an activity can
 start, and is calculated by moving from first to last event in the network diagram.
 Earliest Finish Time (EFT): It is the earliest possible time at which an activity can
 finish
 EFT = EST + Duration of activity
 Latest Start Time (LST): It is the latest possible time by which an activity can
 start without delaying the date of completion of the project.
 LST = LFT – Duration of the activity
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Latest Finish Time (LFT): It is the latest time by which the activity must be
 completed. So that the scheduled date for the completion of the project may not
 be delayed. It is calculated by moving backwards.
 Float: Floats in the network analysis represent the difference between the
 maximum time available to finish the activity and the time required to complete it.
 The basic difference between slack and float times is a slack is used with
 reference to event, float is use with reference to activity.
 Floats are three types:
 1) Total float 2) Free float 3) Independent float
 1) Total float: It is the additional time which a non critical activity can consume
 without increasing the project duration. However total float may affect the floats in
 previous and subsequent activities.
 Total float = LST – EST or LFT – EFT
 2) Free float: Free float refers to the time by which an activity can expand without
 affecting succeeding activities.
 Free float = EST of Head Event – EST of Trail Event – Activity duration
 3) Independent float: This the time by which activity may be delayed or extended
 without affecting the preceding or succeeding activities in any away.
 Independent float = EST of Head event – LFT of Trail event – Activity duration
 Problems:
 1) A small engineering project consists of 6 activities namely ABCDE & F with
 duration of 4, 6, 5, 4, 3 and 3 days respectively. Draw the network diagram and
 calculate EST, LST, EFT, LFT and floats. Mark the critical path and find total
 project duration.
 Activity A B C D E F
 Preceding -
 A
 B
 A
 D
 C,E
 activity
 Duration 4 6 5 4 3 3
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Solution:
 10 10 EST LFT
 B 3
 C
 0 0 4 4 5 15 15 18 18
 6
 F
 4
 1
 2
 5
 6
 3
 A 4
 3
 D E
 4
 8 12
 Critical path = A-B-C-F
 Project duration = 18 days
 Activity Duration EST LST EFT LFT Total Free Independent
 float float float
 A 4 0 0 4 4 0 0 0
 B 6 4 4 10 10 0 0 0
 C 5 10 10 15 15 0 0 0
 D 4 4 8 8 12 4 0 0
 E 3 8 12 11 15 4 4 0
 F 3 15 15 18 18 0 0 0
 Note: LST = LFT – activity duration
 LFT = EST + activity duration
 Total float = LST – EST or LFT – EFT
 Free float = EST of Head Event – EST of Trail Event – Activity duration
 Independent float = EST of Head event – LFT of Trail event – Activity duration
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2) A small engineering project consists of six activities. The three time estimates
 in number days for each activity are given below.
 Activity to tm tp
 1-2 2 5 8
 2-3 1 1 1
 3-5 0 6 18
 5-6 7 7 7
 1-4 3 3 3
 4-5 2 8 14
 Find out:
 1. Calculate the values of expected time (te), and S.D variance( σt (v i) of
 each activity
 2. Draw the network diagram and mark te on each activity
 3. Calculate EST and LFT and mark them on the net work diagram
 4. Calculate total slack for each activity
 5. Identify the critical path and mark on the net work diagram
 6. Probability of completing project in 25 days.
 Solution:
 t o 4t m t p
 S.D
 t p − to 2
 te
 σ t
 Variance( i v) σ t
 Activity to tm tp
 6
 6
 (Duration)
 1-2 2 5 8 5 1 1
 2-3 1 1 1 1 0 0
 3-5 0 6 18 7 3 9
 5-6 7 7 7 7 0 0
 1-4 3 3 3 3 0 0
 4-5 2 8 14 8 2 4
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6 6
 EST LFT
 5 6
 3
 2
 1
 0 0 7 23 13 20 20
 5
 1 5
 6
 3
 7
 8
 4
 3 5
 Activity EST LFT LST EFT Slack
 1-2 0 5 0 5 0
 2-3 5 6 5 6 0
 3-5 6 13 6 13 0
 5-6 13 20 13 20 0
 1-4 0 5 2 3 2
 4-5 3 13 5 11 2
 Critical path = 1-2-3-5-6 = 20 days
 Probability for completing project in 25 days:
 Z
 ts − te
 σ
 Here ts = 25 days, te = 20 days, σ 1 0 9 0 10
 z
 25 − 20 5 5
 1.50
 3.33
 1 0 9 0 10
 From the table value (z = 1.50) = 93.32%
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Project Management – II
 Project crashing: In this chapter, we will discuss the concepts of direct
 and indirect costs, the relationship between project time and project
 cost, the concept of cost slope and how the optimum cost and optimum
 duration are ensured for a given projects while crashing.
 Project costs: Costs associated with any project can be classified into
 two categories a) Direct cost b) Indirect cost
 a) Direct cost: These costs are those, which are directly proportional to
 the number of activities involved in the project Ex: Raw material cost
 Direct cost
 Crash time Normal time
 b) Indirect cost: In direct cost are those costs that are determined per
 day. Some of examples for indirect costs are supervisory personnel
 salary, supplies, rent, interest an borrowings, ads, depreciation. These
 costs are directly proportional to the number of days of the duration of
 the project. If the project duration is reduced the indirect cost also
 comes down.
 Project cost
 Indirect cost
 Project duration
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Normal cost (Nc): It is the lowest cost of completing an activity in the minimum
 time, employing normal means i.e. not using overtime or other special resource.
 Normal time (NT): It is the minimum time required to achieve the normal cost
 Crash cost (CC): It is the least cost of completing an activity by employing all
 possible means like overtime, additional machinery, proper materials etc.
 Crash time (CT): It is the absolute minimum time associated with the crash cost. Cost Slope: Cost Slope is the amount that has to be spent over and above the
 normal direct cost for reducing the duration by one unit of time (day, week etc.).
 Cost slope is defined as the additional cost for reducing one unit of time,
 assuming a given rate of increase in direct cost with a decrease in one unit of
 time.
 Cost slope Crash COS t − Normal COS t CC
 Normal time − Crash time Activity Cost
 CC − NC N
 C
 S
 NT − CT C T
 N
 T
 Activity time
 Crashing of Network: After identifying the critical path, it is necessary to identify
 the priority to crash the activities by calculating the cost slope.
 For reducing the duration extra expenditure to be incurred, but to save
 resources, organizations keep this extra expenditure at a minimum.
 CT = Crash Time OT = Optimum Time NT = Normal Time
 Project Cost
 Total Cost (A+B) O
 Indirect Cost (B)
 Direct Cost (A)
 CT OT NT
 Project duration
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When the direct cost (A) decrease with an increase in time, as the project
 duration increase, the indirect cost (B) like overheads, depreciation, insurance
 etc. increases. The total cost (A+B) curve is a flat U-shaped curve, with implies
 that only up to a particular point (O) the crashing is economical, not beyond. The
 time duration, which involves the least total cost, is the optimum duration at
 optimum cost. Crashing the duration of a project may not be possible beyond a
 particular point.
 Problem:
 1.) The following table gives the information relating to a project. By using the
 given data calculate the optimum duration of the project. Where indirect cost is
 estimated Rs.2,000 per day.
 Activity Normal Crash
 Time(days) Cost(Rs.) Time(days) Cost(Rs.)
 1-2 4 1000 3 2000
 1-3 2 1500 1 3500
 2-4 2 500 1 900
 2-5 5 1000 3 4000
 3-4 3 1000 1 2000
 4-5 2 800 1 1000
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Solution:
 Normal Crash
 Activity
 Cost Slope CC − NC
 Priorities
 Time Cost
 Time Cost
 NT − CT
 (days) (Rs.) (days) (Rs.)
 1-2 4 1000 3 2000 1000 1
 1-3 2 1500 1 3500 1000
 2-4 2 500 1 900 400
 2-5 5 1000 3 4000 1500 2
 3-4 3 1000 1 2000 500
 4-5 2 800 1 1000 200
 Total direct cost 5800
 EST LFT 4 4 9 9
 5
 2
 2 5
 0 0 4
 4 2
 1 3
 2
 6 7
 3
 2 4
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Critical path is 1-2-5 and Project Duration is 9 days
 Total cost is = Direct cost + Indirect cost
 = 5800+(2000x9) =23,800/-
 1-2 crashing by 1 day:
 EST LFT 3 3 8 8
 5
 2
 2 5
 0 0
 3
 4 2
 1 3
 2
 5 6
 3
 2 3
 Critical path is 1-2-5 and Project Duration is 8 days
 Total cost is = Direct cost + Indirect cost
 = (5800+(1x1000))+(2000x8)
 =22,800/-
 2-5(a) crashing by 2 days:
 EST LFT 3 3
 3
 7 7
 2
 2 5
 0 0
 3
 4 2
 1 3
 2
 5 5
 3
 2 2
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Critical paths are 1-2-4-5 and 1-3-4-5 and duration is 7 days only.
 Total cost = Direct cost + Indirect cost
 = (6800+(2x1500))+(2000x7)
 = 23,800/-
 Here project crashed by 2 days and total cost incurred by the firm is
 23,800/- but duration is reduced by only one day. So it is suggested to crash the
 network by only one day, It can help to reduce the cost. So that 2-5 activity
 crashing by only 1 day.
 2-5(b) activity crashing by 1 day only
 EST LFT 3 3
 4
 7 7
 2
 2 5
 0 0
 3
 4 2
 1 3
 2
 5 5
 3
 2 2
 Duration is 7 days
 Total cost = Direct cost + Indirect cost
 = (6800+(1x1500))+(2000x7)
 = 8300 + 14000
 = 22,300/-
 All activities comes under the critical activities, the priority are changed
 according to the cost slope 4-5 activity having minimum cost slope. So that it is
 possible to crash out 4-5 activity by one day only and 2-5 by one day
 simultaneously
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4-5 activity crashing by 1 day and 2-5 crashing by 1 day only:
 EST LFT 3 3
 3
 6 6
 2
 2 5
 0 0 3
 4 1
 1 3
 2
 5 5
 3
 2 2
 Duration is 6 days
 Total cost = Direct cost + Indirect cost
 = (8,300+(1x1500)+(1x200))+(2000x6)
 = (8300 + 1700) + (12000)
 = 22,000/-
 This network diagram not possible to crashing further, So that the project
 duration is 6 days and optimum cost is Rs.22,000/-
 Optimum cost = 22,000/-
 Optimum Duration = 6 days
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