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Abstract 

Abstract: The Electrical Transmission Construction Industry is a vital piece of the 

integrated system that aims to supply reliable and cost effective power to end load use 

customers, residential and commercial.  New infrastructure has grown from a 9 billion 

dollar industry in 2008 to approximately 20 billion dollar industry in 2014.  It is considered 

a high risk industry due to the high percentage of labor costs. It is important for owners 

and contractors in this industry to track labor performance to optimize and execute 

projects effectively. In this paper, benchmark indicators for this industry are established to 

study the relationship between the percent complete of the project duration and the 

cumulative man-hours. This relationship was developed using regression analysis and 

strong statistical trends where observed to generate manpower loading curves, S-Curves, 

cost performance index, and other earned value tools using a significant number of 10 

projects.  The projects were extracted from one owner and two contractors in the Upper-

Midwest of the United States. The electrical overhead (OH) transmission line construction 

industry was broken down into different work areas and tasks.  The analysis was 

performed at both the project level and the task level. The results were then used as a 

reference to evaluate the labor performance of a different project.   The specific industry 

benchmarks will assist Project Managers in reviewing labor plans and measuring and 

identifying labor productivity issues.   
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Chapter 1 - Electrical Overhead Transmission Line 

Construction Overview 

 Introduction 

 

The electrical power industry is an integrated process comprised of several functions: power 

generation, transmission, and distribution and distribution to end users. The transmission systems 

are the central trunk of the electricity grid. They route the electric power produced by power 

generation plants to the distribution systems which round out the process to deliver electricity to 

various customers (Warkentin-Glenn 2006). Among the types of transmission lines, this paper 

focuses on the overhead (OH) transmission lines (EOHTL). The EOHTL construction industry 

involves site, civil, electrical, turnover, and project management office (PMO) areas of work. All 

of these activities are involved in constructing the infrastructure that connects and transmits the 

generation voltage to the distribution system, as shown in Figure 2. Edison Electrical Institute 

(EEI) provides information shown in Figure 1 that portrays the investment of new electrical 

transmission projects to be approximately 20 billion dollar from 2014 through 2017 (Edison 

Electrical Institute 2015).  This dollar amount represents approximately a 30% increase from the 

14 billion dollar in 2012 and a 15% increase from the 17 billion dollar in 2013.  
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Figure 1  EEI Transmission Investments (Edison Electrical Institute (January 8, 2015)) 

 

The Transmission Line Construction accounts for approximately 60% of this dollar amount, 

while the rest is invested in the Transmission Substation Construction sector. The EOHTL 

industry is a labor-intensive industry and thus, it is considered to be of high-risk. Labor costs 

account for approximately 30% of the construction costs of this industry.   

Station Construction 38% 

 Ref. 4 Line Construction 62% 

Table 1 Construction Percentage by Type 

Table 1 indicates the breakdown of this investment by % to each construction type 

(Substations vs. Lines).  The dollar figure and its increase over time, indicate that this study will 

provide continued insight into the creation of specific areas of productivity management for 

companies within this industry to focus on.  This study and further studies may prove to advance 
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the Electrical Transmission industry’s construction management knowledge and ultimately 

increase its specific construction productivity.   

 

 

Figure 2  The Basic Generation Transmission Load Diagram (Edison Electric Institute, 2015) 

 

The Federal Energy Regulatory Commission (FERC) Order 1000 is a federal document that 

provides regulation to the Electrical Transmission Utilities and removes the “federal right of first 

refusal for new transmission facilities” (FERC 2011). FERC Order 1000, in essence, has 

established a competitive market for design, procuring, and constructing new transmission 

facilities within the United States. This will increase the level of competition between companies 

in their incumbent region, and will allow for competition to emerge in new regions.  Increasing 

the level of competition will place additional emphasis on labor performance in this industry.   

 “In the last 50 years, construction labor productivity has consistently lagged behind 

productivity in the business sector” (Hanna 2002). Despite the benefits achieved when 

implementing construction management techniques, some industries- in particular the EOHTL 

industry, are not prepared to adopt these advanced techniques, such as manpower loading curves 
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and other earned value management indicators. The reluctance to integrate such techniques is 

due to the lack of project management maturity, organizational readiness, and research within 

their industry.  In order to successfully improve the organizational willingness, organizations 

need to understand the gaps and weakness of their labor performance in the construction 

planning and management stages. Developing an understanding of labor performance is triggered 

by academic and industry research.  The results of research provides incentives for the industry 

to recognize the importance of improving labor performance (Bradshaw, G. B. (2008)).   

 Problem Statement and Objectives 

 

The literature review related to the EOHTL construction industry uncovers minimal academia or 

industry specific advancements regarding benchmarks associated with improving labor 

performance. The primary purpose of this paper is to perform project specific research and 

quantitative analysis specific to the EOHTL construction industry to establish labor performance 

benchmarks and develop tools such as manpower loading curves, S-curves, and control point 

indicators. The manpower loading curve portray the relationship between Time (in weeks) and 

Manpower (in hours or number of men) and consists of three periods: build-up, peak, and 

rundown of manpower on a jobsite (Hanna 2015). Manpower loading is an important part of an 

earned value system for planning and ultimately tracking and monitoring labor productivity 

(Hanna 2010).   

The S-curve displays the relationship between Time and Percent Complete (Hanna 2015). 

Subsequently, these tools can be utilized by owners and contractors to optimize labor planning 

and performance monitoring.     

Control points are utilized to establish to monitor the progress of a project.  They identify 
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minimum amount of manpower that should be consumed at different percentages of project 

duration (Hanna 2010). 

Scope of Research 

The project data used in this study have been provided by a company within the Upper Midwest 

of the United States who is contracted with two construction alliance partners for their capital 

project execution. The construction contract type of the projects used for this research are based 

on Design Assist Time and Materials Not to Exceed. In this project delivery process, the 

construction alliance partner becomes a project team member at the beginning of the design 

phase. A purchase order for the construction phase is provided following design phase and prior 

to construction.  

The Owner involved with this research categorizes their projects into three levels: Level 

1, 2, and 3 based on the dollar value of the project. The projects included in Level 1, the highest 

level, have a value greater than 10 million dollar. The scope of this research is only related to 

labor hours. The 11 projects collected for this research were all Level 1 projects with total 

project hours ranging from 8,000 to 30,000 hours. However, one of the projects had different 

characteristics and it was detected as an outlier and therefore, the remaining 10 projects were 

only included in this research. 

Data Characteristics 

All of the projects included in this paper were within the approved budget and had CPI of greater 

than equal to approximately 1. Therefore, the 10 projects included in this paper are identified as 

successful projects. The data is collected from actual contractor project specific weekly Crew 

Reporting Progress files. The analysis was based on labor hours instead of costs to eliminate 

biases caused by different geographical location pay scales, contracts, or cost inclusion of 
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equipment and minor materials. The distribution of the 10 EOHTL construction projects as a 

function of the project man-hours is illustrated in Figure 2 below.  

  

Figure 3: Distribution of the 10 projects in Terms of Total Labor Hours 

Figure 3 shows that 1 project has approximately 8000 man-hours, 5 projects have a range 

of man-hours between 10000 and 20000, 3 projects between 20000 and 30000, and 1 project 

with total project man-hours slightly greater than 30000.  

 Figure 4 summarizes the typical Work Breakdown Structure (WBS) of an electrical OH 

transmission construction project into sub-groups, areas, and tasks. The type of work studied in 

this paper includes the following:  

- Matting performed under Site Work, 

- The installation of structures Poles and Fixtures, conductor, and field supervision 

performed under the Electrical Work, 

- PMO.      

0
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All of these electrical works are performed under the Transmission Line sub-group. On the other 

hand, the Substation sub-group, Civil and Turnover task areas, and Miscellaneous task executed 

under the Electrical task area are excluded from this research for two main reasons: (1) Civil and 

Turnover areas are executed under separate contract types (bid) and therefore are not part of the 

contractor manpower plan and (2) Miscellaneous task accounts for a small percentage of the total 

manpower plan. 

 

Figure 4: Work Breakdown Structure for Electrical Transmission Projects 

 Site Work 

Site work is the construction aspects performed to prepare the site for installation of the 

overhead T-Line main material/equipment.  Two main components typically makeup the 

majority of site work tasks of which, only Matting is involved in this study.  The two are 1) 

Right of Way (ROW) Clearing (mowing, tree cutting, herbicide application, and 2) Installation 

and Removal of Matting for access of installation crew, equipment, and material.   

ROW Clearing involves the removal of trees, shrubs, crop land, snow and sometimes 

earthwork (access roads), are activities needed for construction access for installation of the 

overhead T-Line components.  This activity is typically sub-contracted lump sum.  The data 

based on the scope of work is highly variable and inconsistent.  Due to the sub-contracting with 

the main electrical contractor and lump sum nature of the work, units of production and labor 



8 

hour data was not readily available.  With limited data being available at the time of this study, 

this task was not included in the data set or conclusions. 

Matting involves the installation of timber mats, which are installed to avoid equipment 

soil compaction, environmental impacts (rutting), and provides stability for construction 

equipment along the access areas of the ROW.  

 

  

Figure 5:  Matting on ROW  

 

The mats are installed and removed, as weather and construction plans dictate the need 

within the ROW.  Our study includes the production data related to installing and removing 

matting on an Overhead Transmission Line project. 
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 Civil Work 

Civil work is the construction aspects performed to provide the foundations for the 

overhead transmission line structures to be installed on.  Structure can be installed directly into 

the ground, on concrete foundations, or other foundation designs, such as helical piers or 

caissons.       

 

 

Figure 6:  Vibratory Caisson Type Installation  

 

This activity is typically sub-contracted and lump sum contract type, similar to ROW 

Clearing.  The data based on the scope of work is highly variable and inconsistent with many 

types of foundations installed.  Due to the lump sum nature of the work, units of production and 

labor hour data was not readily available.  With limited data being available at the time of this 

study, this task was not included in the thesis data set and therefore, not part of any conclusions 
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or recommendations. 

 Electrical Work-Poles and Fixtures 

The installation activity related to the structures of an overhead transmission line has 

many smaller level of detail components but, in essence involves construction the sections of the 

pole and insulators.  Type of poles can vary by design from lattice, h-frame, to monopole.  The 

data for this study does not go into details of each type.  In addition, different type of pole 

designs are needed within a design family.  These types are Tangent, Running Angle, and Dead-

Ends.  Tangents are primarily used in straight line segments and are most commonly used.  

Running angle structures are used when the transmission line changes angle up to a certain 

threshold. Dead-end structures are used for extremely long spans, in highly variable terrain 

where uplift conditions can be present, or when there is a need for a failure containment 

structure. 

Installing insulators is the other significant work task involved with installing a structure.  

The insulator is used to suspend the conductor, maintain appropriate electrical clearance between 

the conductor, the ground, and the structure.   

 Electrical Work-Conductor and Devices 

The installation activities related to the Electrical Work – Conductor and Devices 

generally involves the labor, equipment, and material associated with installation of the 

Electrical Transmission Overhead Conductors (wire and static/OPGW) to the framing associated 

with each structures installed.  The typical lower level tasks within this area of work include:  

The setups at each pad of equipment involved with the wire pulling, the preparation work 

(hanging dollies, connecting and pulling in rope through dollies, and ultimately pulling the 

conductors through dollies from structure to structure), finally the wire is sagged to proper 



11 

tolerances and clipped in at the Dead End structures.  Some minor other activities, involve 

splicing and enclosure boxes, and setting up temporary guard structures for wire pulls were 

sagging of the line could interfere with the public.   

 

 

 

Figure 7:  Conductor Installation  

 

 Electrical Work-Miscellaneous Transmission Line 

The work tasks categorized as “Electrical – Miscellaneous” work is not part of this study.    

This work, from review of the WBS cost definitions, involves activities, such as material 

handling, show-up, safety briefs, and removal of existing facilities.  Actual hours for this type of 
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task was difficult to obtain, minimal in the data sets received, and there was ambiguity in the 

data reviewed related to these tasks vs. actual charges.  With limited data being available and 

ambiguity of the data obtained, this task was not included in the thesis data set and therefore, not 

part of any conclusions or recommendations. 

 Electrical Work-Project Management Office and Field Supervision 

The Electrical Work – Project Management Office, Field Supervision tasks, and hours 

associated were included in this study.  The hours related to PMO typically includes Project 

Management, Contract Management, Purchasing, Project Controls, Quality (QA/QC), IT, Safety 

Engineers, and other project support functions and back office type tasks.   

The hours related to the Field Supervision involve the direct supervision of the 

construction activities.  This typically includes site supervision and the administration hours in 

the field directly related to overseeing activities in the field.   

The new transmission construction projects that are the subject of this study refer to the 

“Transmission Lines” (High Voltage at 765, 500, 345, 230, 138, and 69kV) in Figure 2.  

Electricity that is produced at the generating station and voltage increased (up to 765,000 volts) 

is transmitted long distances for end customer use.  The definition of an electrical overhead 

transmission construction project for this study, is defined from the first structure on the 

Generator substation or switching station side (Step-up Transformer) to and including the last 

structure prior to connection into the Substation (Step-Down Transformer).  This study does not 

include Substation facilities or other type of transmission lines (Underground or HVDC).    

Additional research may be pursued related to construction productivity of those aspects of 

construction the facilities needed to transmit electricity. 

As part of these projects, the engineering, acquiring of land, permitting, and procurement 
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of material is not part of this study.  The construction tasks that were investigated for this study 

involve the data collection related to the Time and Materials tasks and data available.  Some 

tasks performed via sub-contractors of the main construction contractor were lump sum and data 

is less available and therefore, those tasks are not included in the study.  Tasks that are included 

and were not included are indicated in the preceding sections. 

The percentage of labor hours relative to the sequential tasks and areas is shown in Figure 8.    

 

  

 

Figure 8: Distribution of the Percent of Labor Hours across the different work categories of the 

EOHTL Industry 

Figure 8 shows that Structures task accounts for the highest percentage of the total labor hour 
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(38%) and the PMO area accounts for the lowest percentage (10%).    
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Chapter 2 - Industry Review and Literary Research 

This chapter describes the literary review performed.  Since the central theme an 

objective of this research was on labor productivity performance the literary review was divided 

into three areas.  The importance of labor performance benchmark indicators, specifically the S-

Curve Manloading Cumulative Percentage over Percentage Project Duration, other related best 

practices associated with labor performance indicators, and industry specific labor performance 

results.    It was found that academia and some industries provide results and contributions to 

labor performance indicators.  A variety of construction management techniques, productivity 

results, and specifically, manpower loading utilized was shown as used for increased labor 

performance.  However, results of extensive literary review identified the lack of research 

directly supporting the Electrical Overhead Transmission Construction industry.   

Key words used:  Construction, Electrical, Transmission, Manpower, Earned Value, 

Manpower Loading 

 Work Breakdown Structure (WBS) 

 

The work breakdown structure, as shown below in Figure below, is a key component to 

establishing project controls for a particular project.   
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Figure 9: Typical Work Breakdown Structure (CII Project Controls for Construction, 

Research Summary 6-5, 1987). 

 

The work breakdown structure is used to structure the plans and therefore, describe the 

control the project.  To obtain control the project is sometimes broken down into Areas, Projects, 

Sub-Groups, Task Areas, and sub-tasks (See Figure 9, different terminology may be used for the 

work breakdown structure concept).  When defining a project, comparing to baselines, and also 

utilizing past project results, it is critical that the work breakdown structure is known relative to 
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the data obtained, code of accounts used and at what level of detail, and implemented 

consistently.  As described in Figure 9, many WBS code of accounts exist and may be different 

for organizations.  Research of literature did not identify a specific work breakdown structure or 

code of accounts utilized for the Electrical Overhead Transmission Industry.  However, the 

subsequent section describes typical project WBS areas of planning, control, and monitoring. 

This particular study did not include all Electrical Transmission Project areas of a typical 

WBS.  This study focused on the Transmission Line Sub-Group only (not Substations) and 

within the Transmission Line Sub-Group, Civil, Underground T-Line, and Turnover sub-groups 

were excluded.  This exclusion mainly came from two decisions.  1) Were these sub-groups 

typically involved in the main contractor’s manloading of a project?  2) Where these sub-groups 

data easily accessible and represented the typical Time and Material contract type.  In the 

exclusions cases, both answers were no. 

 Importance of Labor Performance Benchmarks and Control of Labor Hours 

Typical Construction activities relies heavily on labor hours planning and control to 

increase the potential of a positive outcome.  Understanding the labor plan development, and 

ultimately using labor as a measuring device is commonly done.  Some industries utilize labor as 

a project measuring metric for construction craft type activities.  For example, a standard four-

inch masonry brick wall can be constructed at a rate of four square feet per mason worker hour9.   

Using this as a starting point to build a labor plan with number of mason workers, hours per 

week, and size of wall, one can predict expected finish date and productivity to measure progress 

from this initial established baseline.  The In addition, the other significant sub-category work 

scope areas not included in this study are underground T-Line and Right-of-Way Clearing, are 

not included.  Both of these are not included in this data population based on difficulty in 
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obtaining data and are sub-contracted and not part of the manloading of the main electrical 

contractor. 

 Manpower Loading 

Resource planning and monitoring is an important aspect of construction planning and 

eventual construction management.  Cumulative manpower loading curves using hours or Full 

Time Equivalent (FTE) on one axis and percentage of project duration on the other axis is a tool 

useful in understanding total hours estimated during the proposal review stage and variance from 

plan during the execution of the project.  This variance of manpower is an early warning sign 

linked to productivity and potential problems with the project.  It can indicate efficiency of 

productivity better than planned or an inefficiency of productivity related to plan.  Either case, it 

provides a tool for owners and contractors to discuss the variance reason, its effect, and a plan to 

mitigate its consequences.  All proposals should include a man power loading curve.  Below is a 

typical manpower loading curve for some industries based on passed research6.   
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Figure 10: Mechanical and electrical S-curves Compared to those in existing literature 

 

Literature suggests strong finding and description of the S-Curve.  Specifically, the first 

stage as the ramp up or build up, the central part of the curve or steady state, and finally, the last 
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stage or the ramp down or run down.  This is also, shown in Figure 11 below for a typical sheet 

metal contractor labor build up.   

 

Figure 11:  Sheet Metal Contractor Manpower Loading Curve 

 Other Labor Performance Indicators - The Loss of Learning Curve Effect 

The learning curve effect is the term used to describe the increase in labor efficiency 

experienced over time on a construction project8 and particularly, with a specific activity.   
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Figure 12:   Orientation Straight--‐line learning curve (Dr. William Ibbs, Caroline 
Vaughan, 2012) 

As cumulative production increases the labor efficiency increases, as seen in Figure 12 

above.  A loss of this expected increase in efficiency is experienced as a result of the 

unscheduled shifting of workers from one task to another on a job site and as they move from a 

task to another, there is a period of familiarization that occurs (Dr. Awad S. Hanna, Jeffrey S. 

Russel, Matthew J. Bruggink (1997)).   Inspection of various cases of the learning curve effect 

allows one to draw conclusions about its effectiveness (Howell 1989).  However, in the literary 

review as part of this research, no specific loss of learning curve effect case studies were found 

directly associated with the Electrical Overhead Transmission Industry. 
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Chapter 3 - Electrical Overhead Transmission 

Construction Study Data and Findings  

This chapter will depict the data that was obtained, the analysis performed and the study 

findings.   Once the scope of research was well defined and data collected and stored in the 

research database, the data were analyzed by regression analysis to manpower trends and S-

curves.  

The project data and related results are from one (1) owner company who is contracted with two 

construction alliance partners associated with the project sample population.  The construction 

contracts are based on a Design Assist Time and Materials contract type.  The contract begins at 

the design phase and new contract issued at the onset of Construction.  All data comes from 

actual project and purchase order project control files.  Data is confidential but, cumulative 

results are not.   

 Project Labor Hours vs. Cost 

A Project labor data was compiled from successful Electrical OH Transmission projects 

from one owner and two contractors.  Labor hours was captured.  Labor costs or equipment cost 

was not part of the data captured in this data set.  Using labor hours instead of costs (labor and 

equipment) eliminates biases that could occur due to different geographical location pay scales, 

contracts, or cost inclusion of equipment and minor materials that provide noise to the data sets.    

 % of Average Man Loading Cumulative Curves  

 

Figure 13 shows the manpower loading curve for the EOHTL projects. It displays the 

relationship between the percent of average manpower and the percent complete of the project 
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duration.  Percent of average manpower is obtained by: 1) dividing the weekly labor hours by the 

total cumulative labor hours at each data point and 2) dividing the total cumulative labor hours 

by the total number of weeks of the project.  The percent of average manpower is then obtained 

by taking the ration of 1) to 2).   

The manpower loading curve plotted in Figure 13 takes the shape of a bell curve, thus the 

Trapezoidal technique was applied by approximating the area under the curve as a trapezoid 

(Chen, 2006). This method divides the manpower loading curve into three stages: build-up, peak, 

and run-down. The first stage is an accelerating build-up of manpower because access to the 

work becomes progressively more available. The build-up occurs between 0% and 

approximately 40% of the project duration and accounts for approximately 30%of the project 

labor hours. The second stage is the central part of the curve and achieves a steady state where 

peak productivity and efficiency must be obtained and maintained. This stage occurs 

approximately between 40% and 70% of the project duration and accounts for approximately 

40% of the project labor hours. The third stage represents a run-down, which is the mirror image 

of the build-up stage. During this stage, the manpower is progressively decreases because the 

work begins to run out. The run-down occurs between 70% and 100% of the project duration and 

account for approximately 30% of the project labor hours. As previous research as defined, the 

trapezoidal effect for manloading on a project involves the ramp up phase, the peak phase, and 

the run down phase.  The subject typical % of average manpower during the project shows a 

peak between 40-70% with a Peak to Average ratio of 160%. 
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Figure 13: Typical Manpower Loading Curve for the EOHTL Industry 

The same analysis performed at the overall project level was conducted at the task level. 

Individual manpower loading curves were developed for the matting, structure installation, and 

conductor installation. Figure 13 summarizes the manpower loading curves for the overall 

project.  
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Figure 14: Manpower Loading Curves for the Three Significant Tasks 

Figure 14 reveals that the installation of conductor task has the highest peak to average ratio of 

approximately 210% at 70% of project duration. The installation of structures has the second 

highest peak to average ratio of approximately 170% at 50% of project duration. On the other 

hand, the matting task has the lowest peak to average ration of approximately 150% at 85% of 

project duration. These results are in line with the schedule flow of work tasks.  Matting is the 

first to be installed to allow crew access to the structures.  As structures are installed, a certain 

number of structures have to be installed prior to starting conductor installation. Therefore, this 

explains the slower build-up of the conductor crews from 0 to 20% of project duration.  The 

structures task peaks first, followed by conductor, and finally matting, emphasizing the logical 

scheduling and sequence progression of the tasks. As conductor is being completed, there is a 

further ramp up of matting to remove mats from the site, which explains the later peak of the 
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matting task. Figure 6 also shows that the manpower loading task progress curves do not end at 

0% because the 100% project duration is attributed to the substantial installation. A constant 

manloading continues after substantial completion.     

 Manpower Loading S-Curves 

An S-curve was first generated for each of the 10 projects. A fourth degree polynomial 

regression model was developed for individual projects to establish the relationship between the 

cumulative EOHTL labor hours and the percent of project time completed. The 10 models 

generated (not shown in this paper) achieved a high 𝑅2 value (greater than 90%) which is 

compatible with 𝑅2 values of S-curves published in previous research (Hanna 2010).  A 

fundamental basis to develop an unbiased overall S-Curve is to consistently extract data points 

from the individual project S-Curves. Therefore, the cumulative percent of EOHTL labor hours 

for each individual project was retrieved at 10% intervals of the planned project duration. This 

information was then combined into one graph to develop the overall Project S-Curve related to 

the 10 successful completed projects as shown in Figure 15 below.   
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Figure 15: Typical Overall Project S-Curve 

 

 

 

 

 

Figure 15 shows that the cumulative EOHTL labor resources follow an S-curve similar to other 

S-curves found in other research (Hanna 2002). The results of this study indicate that when 

approximately 50% project is completed, the cumulative EOHTL labor resource is 

approximately 50%. However, the analysis of other specific industries with typical S-curves, 

such as sheet metal project analysis, indicated that at 50% of the project duration, the man 

loading has reached approximately 70% of the total man loading of the project (Hanna 2010).  

Given that the fact that the EOHTL industry does not have its own benchmark control 

points, this research referred to control points established for other industries as a guidance to 

develop control points for the EOHTL industry (Hanna 2010). Table 2 delineates the seven 

control points identified for the EOHTL construction industry. 

Table 2: Electrical OH Transmission Line Control Points 

% Planned Project 

Duration 

10% 20% 35% 50% 65% 80% 100% 

Control 

Points 

% Manpower 5% 15% 30% 50% 70% 90% 100% 

 

The abovementioned control points are used as a benchmark to provide an early warning 

sign of potential problems associated with labor performance.  They indicate whether the 

provided manpower will allow a successful completion of the project. For example, from Table 

2, at 10% project completion, the percent of manpower is expected to be 5%. These types of 
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specific control points established through this research can be used by owners and contractors as 

an indicator to optimize and control labor on the project. 

 

 

 

 

 

 

 

 

 

Figure 16:  Electrical OH Transmission Typical Project Cumulative Man loading by Task 

 

Figure 16 above provides insight into the labor areas and their impact to the cumulative 

labor curve.  Towers, Poles, and Fixtures is the largest category.  This is followed by the 

Conductor installation activities.  As the Conductor activities curve start to increase its slope, this 

has a direct effect on the increased slope of the cumulative labor curve.  Between approximately 

40-60% the slope of the cumulative labor curve is at its largest and therefore, should be the 
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highest area of concern for an owner/contractor in tracking and monitoring this production 

period.   

 

Figure 17:  Electrical OH Transmission Man Loading PMO 

 

Figure 17 displays a typical labor curve for the PMO category of tasks.  The PMO 

activity for an Electrical Overhead Transmission Project is relatively steady immediately, as 

shown with a 20% cumulative labor at 20% duration and the same at 50% duration.  The field 

activities typically can be more dynamic with labor cumulative versus duration, where-as the 

PMO or more back office type activities are typically stable with a stable process and 

organization for a particular project.  Less risk and therefore, typically less emphasis should be 

placed on planning and tracking and monitoring this labor category. 

The overall project S-Curve is a general indicator of project performance at the macro level, 
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however, it is important to study the S-Curve trend of individual tasks performed at the micro-

level. For the EOHTL construction projects the work progresses in the following sequence: site 

work-matting, installation of the structures, and lastly installation of the conductor. These tasks 

are considered high level task categories and were used to conduct the analysis instead of using 

sub-tasks involved at a lower level of detail. A flow chart illustrating the progression of 

significant tasks and areas in the EOHTL construction projects is shown in Figure 18. 

 

Figure 18: Progression Flow Chart of Significant Tasks in the EOHTL Industry 

  Similar to its use at the project level, S-curve allows the progress of a task to be tracked 

visually over time. Thus, individual S-curves were developed for each of the abovementioned 

sequential tasks and are shown in the figures below.  
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Figure 19: S-Curve for the Matting Task 

   As illustrated in Figure 19, the S-curve of the matting task shows a more rapid build-up 

early on the project. At approximately 20% of the project duration, the trend of the matting task 

reaches its steepest slope and progresses steadily until the end of the project. 
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Figure 20: S-Curve for the Structures Task 

 As illustrated in Figure 20, the S-curve of the structures task shows a slower ramp up 

than the matting task. At approximately 30% of the project duration, the trend of the structure 

task reaches its steepest slope and progresses steadily until 60% of the project duration.  
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Figure 21: S-Curve for the Conductor Task 

As shown in Figure 21, the conductor task S-curve trend starts progressing slowly, to reach 

approximately 25% of the task hours at 40% of the project duration. Then, it has a steady 

increase from 45% to 70% of the project durations where approximately 70% of task labor hours 

are spent. At approximately 80% of the project duration the slope of the S-Curve trend starts to 

decrease.  By comparing Figures 20 and 21 it is noticed that as while the conductor task ramps 

up, the structure task has already reached the steady stage of its S-Curve.   
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Figure 22:  Electrical OH Transmission Man Loading Field Supervision Task % Hours 

Man Loading by % Duration 

 

Figure 22, displays a typical labor curve for the Field Supervision category of tasks.  Similar to 

the PMO activity for an Electrical Overhead Transmission Project it is relatively steady 

immediately, as shown with slightly under 20% cumulative labor at 20% duration and a slightly 

steeper curve after 30% where % cumulative manpower loading is above 50% at 50% duration.  

The field activities typically can be more dynamic with labor cumulative versus duration, where-

as the field supervision type activities are typically stable with a stable process and assignments 

for a particular project.  Less risk and therefore, typically less emphasis should be placed on 

planning and tracking and monitoring this labor category 
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 Best Practice – Correlation Cost Performance Indicator (CPI) 

 

 

 

Figure 23: A Typical Cost Performance Indicator Chart for the EOHTL Industry 
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Another labor performance tool is the Cost Performance Indicator (CPI).  CPI is calculated as the 

ratio of the earned value to the actual value of hours over time (Hanna 2010).  Previous research 

found that the trend of CPI changes rate up to approximately 20-25% of project duration and 

afterwards stabilizes though may change rate and decline near the end  of the project (Hanna 

2010). The CPI values for the 10 projects were provided as an input for this research.  The 

overall CPI plot was generated as shown in Figure 23.  The trend of the EOHTL Industry CPI 

shows a behavior similar to other research: The CPI rate continues to change until 35-40% of 

project duration and then remains constant until the end of the project.     

 Case Study 

Of the 10 successful project collected for this study, one project was identified as an outlier and 

thus, the remaining 10 were used to perform the above analysis. A case-study was conducted to 

compare the S-curve of the excluded project to the overall project S-curve developed in this 

paper. This comparison is illustrated in Figure 24. 

 

Figure 24: Comparison of the S-Curve of Project I to the Typical S-Curve 
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It is shown from Figure 24 that the S-curve of the excluded project (Project I) falls below 

the overall Project S-curve. Over-manning or under-manning a project can effect labor 

productivity (Hanna 2015; Hanna et. al 2005).  Figure 24 indicates that the project experienced 

labor under-manning. This discrepancy can be also evaluated by comparing the performance of 

Project I to the control points established earlier in this paper, as shown in Table 3 below.  

Table 3 Comparison of the Actual Percent of Manpower of Project I to the control Points 

% Planned Project 

Duration 

10% 20% 35% 50% 65% 80% 100% 

Control 

Points 

% Manpower 5% 15% 30% 50% 70% 90% 100% 

Project I 

Actual % 

Manpower 

<5% 5% 15% 35% 55% 80% 100% 

 

Table 3 reveals that in the build-up and peak stages, Project I did not meet the desired 

percentages of manpower loading expected at different control points.  

In addition, Project I had low CPI values in both of the build-up and peak stages, 

indicating poor labor performance. The CPI of Project I illustrated in Figure… 

Cost Performance Indicator (CPI) is defined as Earned/Actual.  Similar to the typical project 

manloading curve, the CPI for the poor performing project indicates that prior to 50% this 

project was performing poorly.   
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Figure 25: Cost Perfromance Indicator of Project I 

 

Figure 25 shows that the trend of the CPI of project I continued to increase until 

approximately 60% of the project duration and then was constant until the end of the project. 

However, the CPI never achieved a value greater than 1, emphasizing the poor performance 

depicted in the S-curve and control points analyses.  
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Utilizing the CPI and Manloading S-Curve together can be critical early warning indicators and 

when used together maybe conclude the project is under performing.  These can be used to ask 

questions of the plan and progress at critical control points and if action is taken, may prevent a 

project cost overrun (or impose a need to implement a correct action to prevent over manning a 

project later).     

 Best Practice – Effect of Interruption to the Crew Learning Effect 

 

 

Figure 26:  Electrical OH Transmission Projects Learning Effect Case Study Curve 

The new transmission line projects consist of installation of foundations as part of the 

civil work scope sub-category.  This study however does not include research associated with the 

Civil-Foundation tasks as part of the data population based on difficulty in obtaining data.      
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The learning curve theory states that there is a direct relationship between the number of 

units being installed and the cost per unit.  If the same crew does the same task over and over 

again, with no interruption, there is a 10% decrease in cost (Edison Electrical Institute (January 

8, 2015)).  A case study was performed on one project.  The crew learning curve case study 

results is shown in Figure 26 and was taken from an Electrical Transmission Project (in this case 

civil – install Caisson task, which civil is not part of this overall technical paper).  The learning 

curve is portrayed for five (5) weeks).  Crew interruption is evident, as seen from week 5 to 6, 

followed by the start of the installation of caisson foundations decreasing again.  The same crew 

was installing from 3/9/2014 through 4/6/2014.  The following week a new crew makeup was 

present and the productivity results dramatically increased.  The second crew began showing 

decreased productivity after the second week (4/20/14).   

 Other Specific Findings – Crew Related 

 

Typical High Level Work Breakdown Structure (WBS) tasks for an Electrical Transmission OH 

Construction Project involves Site Work (in this case, concentrated on installing Matting), 

Electrical Work-Poles, Structures, & Fixtures, Electrical Work-Conductor, Field Supervision, 

and PMO. The following % breakdown of actual man hours from a project samples size of 10 of 

tasks is shown in Figure 27.     Based on the sample size, this can be considered “typical” and 

can be used to review man loading proposals and plans for crew mix.   
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Figure 27: Distribution of the Percent of Labor Hours across the different work categories of the 

EOHTL Industry 

Figure 27 shows that Structures task accounts for the highest percentage of the total labor hour 

(38%) and the PMO area accounts for the lowest percentage (10%).    
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 Transmission Line Project Crew Composition 

The 10 projects were performed by union crew labor.  Typical union crews are a mixture 

of different labor types.  The EOHTL industry typically has five types of labor: groundsman, 

supervisor, equipment operator, lineman apprentice, and lineman.  The Full-Time Equivalent 

(FTE) ratio of each of these types is illustrated in Figure 28.  The wage rate and productivity of 

an apprentice is much lower than a journeyman. Previous research concluded that the ratio of 

apprentice to journeyman (lineman) can be used as a labor performance indicator (Hanna 2010). 

The lineman to apprentice ratio in the EOHTL was found to be 1.13.  This ratio serves as a 

benchmark in planning and monitoring future projects.  Other ratio can be utilized, such as 

Equipment Operator to Apprentice from this figure. 

 

 

Figure 28: Typical crew Composition for the EOHTL construction Projects 
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 Recommendations 

It is recommended that the contractor utilize in-house tracking sheets to collect labor hour and 

schedule duration data to develop project specific manpower loading and S-curves, as described 

in this study.  These tools can assist the owner and contractor in reviewing manpower loading 

plans prior to construction and tracking labor performance during the execution of the project.   

This study is limited to project size and geography described above.  Therefore, this study can be 

expanded to capture other project sizes and locations.   

 Conclusions 

A review of the construction management techniques in the electrical industry showed that no 

such techniques are implemented in the EOHTL construction industry. This paper is a 

quantitative analysis to bridge the gap between theory and practice. It provides labor hour 

benchmarks and control points to improve labor performance in this industry using 10 successful 

EOHTL projects provided by one Owner. The electrical transmission projects were broken down 

and significant tasks in the EOHTL industry were identified. The analysis was performed at two 

levels: project level and task level. A manpower loading curve, S-curve, control points, CPI 

curve, and crew composition were developed and established as benchmarks for the EOHTL 

industry. The results of the analysis was then taken as a reference to evaluate the poor labor 

performance of the excluded project.  These labor performance benchmarks can be used by 

contractors and owners for resource planning and for tracking manpower progress.   

Though the Electrical Overhead Transmission Industry has been around and building 

transmission line since the early 30’s and 40’s, the Construction Management and productivity 

knowledge for increase in productivity lags other industries.  A base knowledge of productivity 
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performance, manpower loading, and other construction management techniques and data driven 

results is needed, if improvement of performance is to be pursued. 

The literary searches completed for this study found related research in a variety of 

industries such as HVAC, Road, and Building Construction.  However, the research found very 

limited information directly related to the subject of Electrical Overhead Transmission 

Construction.  This study will assist in closing the void in that area and provides momentum to 

build off of for further research. 

The main conclusions of this study were to prove that certain aspects of productivity are 

proven in the electrical overhead transmission line industry, similar to how it was proven in other 

industries.  Limited research was available for those conclusions.  The more research completed 

the stronger validity will become. 

 Additional Research Recommendations 

 

Though the Electrical Transmission Industry has been in existence since the early 1900’s 

limited research has been completed related to this industry’s productivity and optimization 

related to the designing and building of projects.  Construction Management techniques and 

productivity measures for increased performance has been maturing and utilized effectively since 

the 80’s and early 90s.  Specific industries and governmental agency have adopted EVM and 

other proven techniques as an effective cost and risk project management methods.  Certain 

aspects of productivity measurements, such as optimizing manpower loading, is an area that 

research has been performed for these subject industries.  However, in the Electrical Overhead 

Transmission Construction Industry literary research found minimal industrial or academic 

research studies that have provided basis or advancements in the area of productivity measures 
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and more specifically, manpower loading.  This study has a purpose to perform project specific 

research in the Electrical Overhead Transmission Construction Industry to establish the basis for 

performance measures.  Future performance improvements can utilize the conclusions from this 

study as a basis for further research initiatives related to the subject industry. 

Electrical Transmission Line projects are continually in development as part of our 

nation’s infrastructure and is also a global issues as the rest of the world plan’s for energy 

generation and its transmission to the end users.  The value and number of these subject future 

projects continue to rise.  Therefore, it is reasonable to conclude that additional research is 

warranted in this industry and based on research findings related to other industries, such as sheet 

metal work and buildings, the needed to establish substantial factors by which improved 

performance can be measured is present.  This research provides conclusions related to 

performance measures.  It is part of the basis and platform to continue to build research and 

develop findings directly related to the subject industry.   This base knowledge that will allow 

others to further investigate and provide additional recommendations to the industry. 

As we researched, we found productivity of a project that performed well had a closure to 

typical manpower loading S-Curve.  More project information and expanded data characteristics, 

such as different contract types are good examples of further research targets to seek.  This study 

touched briefly on a few areas with minor case study areas, for example crew labor type mix and 

its correlation to project outcome.  Minimal case study data provides conclusions that may be 

utilized and reasonably mimics other studies performed in such industries, as HVAC.  However, 

sample size needs to be expanded to provide adequate validity in the crew mix to project 

outcome correlations.  This may prove to be worthwhile topic for additional expanded research 

in the future. 



46 

Particular labor curves, such as matting indicated a wide pattern of projects and how their 

labor curves were completed.  This may indicate that that more research to optimize that 

particular task is warranted, as it appears projects showed a large variability of their labor curves. 

Finally, Labor is typically 40-60 of total cost of a job (Dr. Awad S. Hanna (2010)).  In the 

Electrical Overhead Transmission industry, projects are typically 30-40%.  A large risk and thus, 

the conclusions and findings of this study are important.  However, another area of concern is the 

equipment planning and control of a project in the subject industry.  Similar tool such as 

manpower loading could be used to detect deviation from the plan, as it relates to equipment.  

This is potentially are topic of interest that needs further research within the Electrical Overhead 

Transmission Industry, that could provide similar benefits to the industry as labor productivity 

indicators have done. 
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Appendix A - Project Data – Linear Electrical Transmission 

Projects 
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Appendix B - Example Project Labor Performance Data Sheet 

 

 

 


