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Introduction

One of the most important functions of project controls is to accurately evaluate the physical progress of engineering, procurement and construction activities.

Physical progress is the primary factor in:

· Determining progress payments due to the contractor.

· Evaluating the impact of changes, interferences and delays.

· Measuring the contractor's performance to his plan.

· Projecting final costs and facility turnover dates.

The following guidelines offer an objective method of determining physical progress for each phase of a project from start of design to project completion.

Engineering

Physical progress for the engineering phase of a project consists of three levels of indenture as follows:

· Progress by drawing 

· Progress by discipline

· Total engineering progress

Estimate

Prior to implementing a system for progress evaluation an estimate must be developed for both manhours and quantities of drawings for each engineering discipline. For these guidelines we will assume the estimate shown in Table 1 next page.

Progress Evaluation

Actual physical progress is measured against the drawings only. The progress measurement for each engineering discipline and for the total engineering effort is a function of the progress against each individual drawing.

	DISCIPLINE
	ESTIMATED DRAWINGS
	BUDGETED MANHOURS
	DISCIPLINE 

WEIGHTED (%)

	
	
	
	

	CIVIL
	20
	1,250
	8.3

	ARCHITECTURAL
	35
	2,500
	16.7

	STRUCTURAL
	20
	1,250
	8.3

	MECHANICAL
	20
	1,500
	10.0

	PIPING
	50
	4,000
	26.7

	ELECTRICAL
	40
	3,000
	20.0

	INSTRUMENTS
	15
	1,500
	10.0

	TOTAL ENGINEERING
	200
	15,000
	100


                                                                  TABLE 1

To objectively determine the physical progress against each drawing a series of milestones are established to give credit for incremental work accomplished. The following is an example of typical drawing milestones and their related values to the completed drawing:

Drawing Milestones

Start draft  (20%) Layout and design completed and actual line work visible. Rough draft of specification is completed ready for draft typing.

Draft complete  (65%) Drawing has been completed by drafting, checked by chief draftsman, and issued to engineering for checking. Specification is ready for checking.

Office check  (80%) Engineering has reviewed the drawing and pertinent corrections has been incorporated by draftsmen and  engineers.

Owner review  (85%)  Drawing and specification have been reviewed by the owner and returned with comments.

Final draft  (90%) All engineering  and owner comments have been incorporated and drawing and specification have been issued to owner for approval.

Approval with holds   (95%)  Drawing and specification have been  approved by owner and are ready to be issued for construction with the exception that some portion(s) of the drawing has "holds", waiting for final resolution.

Final owner  Approval (100%) Drawing and specification have been approved by the owner and they are ready to be issued as approved for construction with no "holds".

In order to control the drawing process and effectively monitor the accomplishment of the above-mentioned milestones, a drawing control log should be maintained to record the accomplishment of each milestone and identify the location of each in-process drawing.

Progress by Discipline

Now that the estimated number of drawings for each engineering discipline has been established and the drawing milestones have been defined and assigned a weighted value, the physical progress for each discipline can be evaluated. 

For example, assume the work status shown in Table 2 for the 50 piping drawings referenced in Table 1.

	MILESTONE
	DRAWS.IN MILESTONE
	PIPE DRAWINGS
	MILESTONE VALUE
	DISCIPLINE %  COMPL.

	
	
	
	
	

	Start Draft  
	10
	50
	20
	4.0

	Draft  Comple. 
	5
	50
	65
	6.5

	Office Check
	5
	50
	80
	8.0

	Owner Review 
	5
	50
	85
	8.5

	Final Draft
	5
	50
	90
	9.0

	APPR.W/H
	5
	50
	95
	9.5

	Final Approv.
	10
	50
	100
	20.0

	Piping Progr.


	
	
	
	65.5


                                                                 TABLE 2      

The progress for each of the other engineering disciplines could be calculated in the same manner.

Total Engineering Progress
As each drawing milestone represents a portion of the total drawing, so does each engineering discipline represent a portion of the total engineering effort.

Because certain disciplines may require more manhours per drawing than others, depending on the nature and complexity of the project, the weighted value of each discipline is determined by the engineering manhours budgeted to the project

To calculate total engineering physical progress, the percentage of drawing completion for each discipline, would be multiplied by that discipline's weighted value. The product of this calculation would be the discipline's contribution to total engineering progress. 

For example:

The piping discipline, was calculated to be 65.5% completed. Let us assume the percentages of completion for the remaining disciplines and the total engineering physical progress would be calculated as shown on Table 3.

	DISCIPLINE
	PERCENT COMPLETE
	WEIGHTED VALUE
	PROJECT CONTRIBUT.

	
	
	
	

	CIVIL
	90
	8.3
	7.5

	ARCHITECTURAL
	70
	16.7
	11.7

	STRUCTURAL
	80
	8.3
	6.6

	MECHANICAL
	75
	10.0
	7.5

	PIPING
	65.5
	26.7
	17.4

	ELECTRICAL
	60
	20.0
	12.0

	INSTRUMENTS
	50
	10.0
	5.0

	ENG. PROGRESS
	
	
	67.7


                                                              TABLE 3

PROCUREMENT MEASUREMENT

Normally for a major project, the procurement of long lead technical equipment and materials is a function of the engineering effort and it is included in the Engineering budget as a separated item.

The procurement effort consist of three major functions as follows:

· Material take-offs

· Purchase requisitions

· Purchase orders

To measure physical progress of the procurement effort, each of the three functions should be weighted as a percentage of the total procurement effort. This weight factor should be based on the budgeted manhours for each function relative to the budgeted manhours for the total procurement effort. (see Table 4)

	FUNCTIONS
	ESTIMATED QUANTITIES
	ESTIMATED MANHOURS
	FUNCTION % WEIGHTED VALUE

	
	
	
	

	MAT. TAKE-OFF
	150
	400
	26.6

	PR’s
	200
	700
	46.7

	PO’s
	100
	400
	26.7

	
	
	
	

	Procurement 
	
	
	100


                                                                  TABLE 4

Material Take-offs

Physical progress measurement for material takeoffs is based on the estimated number of drawings requiring material takeoffs versus the number of drawings for which takeoffs have been completed.

For example:

The estimated drawings requiring takeoffs = 150

Drawings with takeoffs complete                   =  75

Physical progress would be:     (75/150)(100) =  50%

Purchase Requisitions

Physical progress measurement for purchase requisitions is based on the estimated total number of purchase requisitions versus the number of requisitions approved for purchase. 

For example:

The total estimate of Purchase Requisitions    = 200

Purchase Requisition approved for purchase =   50

Physical progress would be:  (50/200)(100)     =  25%

Purchase Orders

Progress should be based on both the quantity of purchase orders placed and the cumulative dollar value of materials shipped from the manufacturer's plant (explanted). The quantity of purchase orders placed will contribute 50 percent progress and the dollar amount of total material value explanted will contribute the remaining 50 percent.

For instance, the purchase order quantity is 100 with 28 purchase orders placed. The total cost of purchase materials is estimated at 50 million dollars and from this amount approximately 1 million dollars of materials has been explanted. Progress would be calculated as follows:

28 PO's placed out of 100   =  0.28( 0.5 )100 = 14%

$ 1 MM of materials explanted out of $50MM   =    0.02 x 0.5 (100)   = 1%

Progress to date for purchase orders:         14 + 1 = 15%

Total Procurement Progress

By evaluating the physical progress of each major procurement function, the total procurement progress can be determined (see Table 5).

	FUNCTIONS
	PERCENT COMPLETE
	WEIGHTED VALUE
	PROCUREMENT CONTRIBUTION

	
	
	
	

	TAKE-OFFS
	50
	26.6
	13.3

	PR’s 
	25
	46.7
	11.7

	PO’s
	15
	26.7
	4.0

	
	
	
	

	 Procurement  
	Progress
	
	29.0


                                                                  TABLE 5

Design and Engineering Overall progress

To evaluate the Design/Engineering overall progress, the value of the engineering effort must be combined with the value of the procurement one. (see Table 6)

	
	BUDGETED MANHOURS
	WEIGHT VALUE
	% COMP.
	PROJECT CONTR.

	ENGINEERING
	15000
	90.9
	67.7
	60.6

	PROCUREMENT
	1500
	9.1
	29.0
	2.6

	
	
	
	
	

	Total Progress
	16500
	100
	
	63.2

	
	
	
	
	


                                                            TABLE 6

CONSTRUCTION

There are two basic methods of determining physical progress for the construction phase of a project, they are:

· Intermediate Milestone

· Percentage Complete

The approach to performing the construction phase of a project can vary considerably from one project to another and from one contractor to another. Because of this fact, it is 

very important that the activities and/or milestones selected as progress measurement criteria reflect the contractor's approved work plan and schedule.

 It is equally important that the estimated manhours to perform these activities be as accurate as possible.

Intermediate Milestone Method

The intermediate milestone method gives credit for progress only when a milestone has been completed. This method would apply to small, short term projects (from 3 to 6 months) where cash flow to the contractor would not present a problem. The method is effective to the project team because it requires less surveillance and documentation is totally objective and requires little interpretation.

To calculate progress using the intermediate milestone method, several progress milestones should be identified starting with "mobilization" and ending with "commissioning". Each milestone would be weighted based on the estimated construction manhours required to complete the milestone versus the total construction manhours required to complete the project.

This means that even if the contractor has already started piping and electrical construction, he receives no credit for physical progress until the corresponding milestones are completed.

Percentage Complete Method

The percentage complete method is probably the most commonly used form of progress measurement. In this method the activities on the project schedule are weighted by the estimated construction manhours required for each activity versus the total construction manhours required to complete the project.

In the percentage complete method, credit is allowed for incremental work accomplished against each activity based on the activity's estimated percentage of completion. The estimated percentage of completion for an activity can be determined by two methods, as follows:

Credit by units installed:  Using this method of credit, the percentage of completion for each activity is based on the units of work installed (e.g.: cubic yards, tons, linear feet) for the activity versus the total estimated units required for completion.

The number of units actually installed is normally determined or verified by a quantity surveyor, who physically quantifies the units installed, however, cognizant personnel such as the scheduling engineer, project engineer or construction manager could perform this task.

Credit by earned manhours:  This method is applied to activities for which a specific unit of measure, other than manhours earned, would be misleading or difficult to identify. This method also compensates for varying degrees of difficulty in installing similar units, ie.: 

a squared foundation requiring 25 cubic yards of concrete would require much less effort than a 5 cubic-yard specially shaped foundation yet, by the "units installed" method, the one squared foundation would receive the same credit as the 5 shaped foundations.

Credit by earned manhours is essentially an estimate of the manhours remaining to complete an activity versus the original activity manhours estimate. This estimate determines "earned manhours".

For instance:

An activity is estimated to require 2000 manhours.

To date, 1500 manhours have been expended performing the activity.

Project personnel estimate that it will require 1000 manhours to complete 

the remainder of the activity.

Therefore, the percentage of completion for this activity would be:

                      2000 M/H original estimate MINUS

                      1000 M/H estimated remaining

                      EQUAL : 1000 M/H earned

          1000 M/H earned/ 2000 M/H original = 50% complete.

The actual manhours expended are not considered in the calculation of earned manhours. Table7 next page, represents a condensed example of a list of weighted activities.

	MILESTONE
	ESTIMATED MANHOURS
	WEIGHTED PERCENTAGE

	
	
	

	MOBILIZATION & GRADE
	2000
	5

	FOUNDATION COMPLETE
	4800
	12

	STRUCTURAL STEEL COMPLETE
	3600
	9

	EQUIPMENT ERECTION COMPLETE
	5600
	14

	PIPING COMPLETE
	10000
	25

	ELECTRICAL COMPLETE
	6800
	17

	MECHANICAL COMPLETION
	5200
	13

	COMMISSIONING
	2000
	5

	
	
	

	TOTAL PROJECT VALUE
	40000
	100


                                                            TABLE 7

Table 8  represents a sample of the percentage complete progress 

measurement method based on the weighted activities listed in Table 7.

	MILESTONE
	WEIGHTED PERCENT
	PERCENT COMPLETE
	PROJECT CONTRIBUTION

	
	
	
	

	MOBILIZATION & GRADING
	5
	100
	5

	FOUNDATIONS
	12
	80
	9.6

	STRUCTURAL STEEL
	9
	30
	2.7

	EQUIPMENT ERECTION
	14
	10
	1.4

	
	
	
	

	TOTAL PHYSICAL PROGRESS
	
	
	18.7


                                              TABLE 8

Problem 1

Given the following information, calculate the percentage completion of the engineering effort for the project: 

(estimate the budgeted manhours at your discretion)

	
	Estimated Drawings
	Budgeted

Manhours
	Weight

Value
	      %

Complete
	Project

Total

	Civil Engineering
	45
	
	
	
	

	Architectural
	23
	
	
	
	

	Structural
	28
	
	
	
	

	Piping
	35
	
	
	
	

	Electrical Engineering
	29
	
	
	
	

	Mechanical Engineering
	16
	
	
	
	

	Instrumentation
	14
	
	
	
	

	TOTAL:
	
	
	
	
	


CIVIL ENGINEERING

	
	Drawings in

Milestone
	Total

Drawings
	Milestone

Value
	      %

Complete

	Draft Start
	20
	45
	20
	

	Draft Complete
	5
	45
	65
	

	Office Review
	8
	45
	80
	

	Owner Check
	2
	45
	85
	

	Final Draft
	
	45
	90
	

	Approval with Holds
	
	45
	95
	

	Final Approval
	
	45
	100
	


ARCHITECTURAL

	
	Drawings in

Milestone
	Total

Drawings
	Milestone

Value
	      %

Complete

	Draft Start
	2
	23
	20
	

	Draft Complete
	5
	23
	65
	

	Office Review
	3
	23
	80
	

	Owner Check
	4
	23
	85
	

	Final Draft
	2
	23
	90
	

	Approval with Holds
	
	23
	95
	

	Final Approval
	
	23
	100
	


STRUCTURAL

	
	Drawings in

Milestone
	Total

Drawings
	Milestone

Value
	      %

Complete

	Draft Start
	3
	28
	20
	

	Draft Complete
	4
	28
	65
	

	Office Review
	5
	28
	80
	

	Owner Check
	6
	28
	85
	

	Final Draft
	7
	28
	90
	

	Approval with Holds
	
	28
	95
	

	Final Approval
	
	28
	100
	


PIPING

	
	Drawings in

Milestone
	Total

Drawings
	Milestone

Value
	      %

Complete

	Draft Start
	1
	35
	20
	

	Draft Complete
	2
	35
	65
	

	Office Review
	3
	35
	80
	

	Owner Check
	
	35
	85
	

	Final Draft
	10
	35
	90
	

	Approval with Holds
	
	35
	95
	

	Final Approval
	
	35
	100
	


ELECTRICAL ENGINEERING

	
	Drawings in

Milestone
	Total

Drawings
	Milestone

Value
	      %

Complete

	Draft Start
	
	29
	20
	

	Draft Complete
	
	29
	65
	

	Office Review
	
	29
	80
	

	Owner Check
	
	29
	85
	

	Final Draft
	
	29
	90
	

	Approval with Holds
	29
	29
	95
	

	Final Approval
	
	29
	100
	


MECHANICAL ENGINEERING

	
	Drawings in

Milestone
	Total

Drawings
	Milestone

Value
	      %

Complete

	Draft Start
	
	16
	20
	

	Draft Complete
	
	16
	65
	

	Office Review
	
	16
	80
	

	Owner Check
	
	16
	85
	

	Final Draft
	
	16
	90
	

	Approval with Holds
	16
	16
	95
	

	Final Approval
	
	16
	100
	


INSTRUMENTATION

	
	Drawings in

Milestone
	Total

Drawings
	Milestone

Value
	     %

Complete

	Draft Start
	
	14
	20
	

	Draft Complete
	
	14
	65
	

	Office Review
	
	14
	80
	

	Owner Check
	
	14
	85
	

	Final Draft
	
	14
	90
	

	Approval with Holds
	
	14
	95
	

	Final Approval
	14
	14
	100
	












     100

Problem 2

Given the information in the table below, calculate the percentage completion of the following 700 tons structure:

	Allow

Credit
	Task
	Unit of

Measure
	Total 

Quantity
	Quantity 

To date
	Earned 

Tons

	0.05
	Bolts
	Each
	300
	120
	

	0.40
	Columns
	Each
	110
	56
	

	0.30
	Beams
	Each
	600
	123
	

	0.10
	Girts/rods
	Bay
	70
	24
	

	0.10
	Align
	%
	100
	10
	

	0.05
	Punch List
	%
	100
	5
	


� EMBED Unknown  ���











PAGE  
11

_1025597782.bin

