
entage of
compare

tual project
ost, project
wer. These

rom actual
ress on a
nd normal
Benchmarking Productivity Indicators
for Electrical ÕMechanical Projects

Awad S. Hanna, M.ASCE1; Pehr Peterson2; and Min-Jae Lee, S.M.ASCE3

Abstract: Labor-intensive industries such as the electrical and mechanical trades are considered high risk due to the high perc
labor costs. Because of this high risk, it is important for contractors in these industries to closely track labor costs on projects and
these costs to industry benchmarks. In this paper, benchmark indicators for these industries are established on the basis of ac
data. These benchmarks include the relationship between the percent complete or percent time and cumulative work hours or c
size and duration, project size and average man power, project size and peak man power, and average versus peak man po
relationships were developed using regression analysis. Man power loading charts and the related S-curves were developed f
project data. The man power loading charts and the related S-curves are useful for resource planning and for tracking prog
construction project. They can be used to show the cause-and-effect relationship between projects impacted by outside factors a
labor productivity.
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Introduction
Electrical and mechanical constructions are considered high
industries due to low profit margins~3–4%! and a high labor
component~40–60% of the electrical/mechanical cost! ~Hanna
et al. 1999a,b; Robert 2000!. Due to the high cost of labor an
low profit margins, labor cost control is a very important functi
for profitability in these industries.

To control labor costs on a project, some cost control meas
must be established, and important parameters must be be
marked for well-executed projects. Well-executed projects can
defined using quantitative measures such as project duration
peak man power, which are both functions of project size. T
definition of well-executed projects encompasses both design
construction stages. Historic characteristics of well-execu
projects can be used for benchmark indicators to predict probl
in the early stage of current projects.

Literature Review
The National Electrical Contractors Association~NECA! report
‘‘Normal project duration in electrical construction’’~NECA
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1984! presents tools for estimating project duration based u
the work hours utilized~project size!. Its described purpose is ‘‘to
assist electrical contractors in estimating, project planning, pro
management, and cost control.’’ Relationships between pro
size and duration are presented in graphs and tables for s
different facility types. The seven types of facilities are these
office, commercial, school, hospital, government, institution
and industrial buildings. The sample size for each of these va
from 14 to 52 projects. The main problem with this NECA doc
ment is that these data do not fit with recent construction, beca
the model was developed using early 1980s data. The cur
study presented in this paper indicates that contractors exe
their work faster than is reflected in the NECA study.

Average and peak man power can be predicted based upo
project size as well. NECA’s ‘‘Electrical construction peak wor
force report’’~NECA 1987! uses 120 projects to predict the pea
number of workers from the actual work hours for seven differ
types of electrical projects. The seven types of projects
these—office, school, commercial, institutional, government, h
pitals, and industrial projects. Predicted, average, and peak
power are used later in this paper to define the following rati
estimated peak to actual peak man power, estimated avera
actual average man power, and peak to average man power.

Problem Statement and Definitions

The purpose of this paper is twofold. First, data are presented
will serve as a benchmark for both the electrical and the mech
cal industries in the areas of man power loading, S-curve, pro
size, and project duration measures. Second, it is shown how
contractor can use these data to determine cost control criteri
a particular project. S-curves show the relationship between
percent complete or percent time and cumulative work hours
cost. An additional analysis was completed to investigate the
lationships between project size and duration, project size
average man power, project size and peak man power, and

s

.
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age man power and peak man power. These factors are co
nents of the man power loading chart and are considered ch
teristics of well-executed projects.

Project Labor Hours versus Project Cost

Analysis of all projects’ data was performed in terms of lab
work hours. Labor work hours were used to define all benchm
ing indicators, including man power loading, S-curve, proj
size, and average and peak labor hours. Using labor hours ins
of cost allows one to combine projects from many different g
graphic locations into a single database. Classification in term
labor hours eliminates biases that occur when data are class
in terms of cost, because of the use of different pay scale
different geographic locations. In addition, using labor hours
stead of total cost is more appropriate because some projects
tain a high material component that can add noise to the datab

Research Methodology

In this study, a data collection sheet was developed and dis
uted to numerous electrical and mechanical contractors thro

Fig. 1. Types of projects in data set
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out the United States. The data collection sheet consisted of
sections—~1! company-specific data; and~2! project-specific
data. Fifty-nine projects were reported on. Twenty-eight mecha
cal contractors responded, and 31 electrical contractors rep
When the questionnaires had been completed, projects wer
viewed and telephone interviews were performed to verify
data submitted. The data collection sheet was intended to co
the following specific data:
• Contract budgeted labor hours at the notice to proceed for

electrical or mechanical part of the project. The term ‘‘contra
budgeted labor hours’’ is defined as the total estimated la
hours that the contractor used to allocate labor resour
Labor hours include all field personnel and field supervis
for the project;

• Daily or weekly labor consumption report;
• Actual project duration at completion in calendar weeks;
• Peak man power of electrical or mechanical workers used

the projects;
• Average number of electrical or mechanical workers used

the projects; and
• Project type~industrial, commercial, and so on!.

Data Characteristics
A total of 59 project data were received from 28 mechani
projects and 31 electrical projects. Data were collected from c

Table 1. Incremental Values Percent Complete for Industry a
Research S-Curves

Percent time NECA Miller Allen Electrical Mechanical

0 0.00 0.00 0.00 0.00 0.00
10 3.00 2.25 1.76 2.77 1.00
20 6.50 9.00 6.72 9.32 9.00
30 13.00 20.25 11.88 21.32 18.00
40 21.00 35.00 26.24 32.80 31.00
50 34.00 50.00 40.80 41.63 45.00
60 50.00 65.00 56.80 57.09 60.00
70 64.00 79.75 72.80 70.59 71.00
80 80.00 91.00 87.84 82.66 86.00
90 93.00 97.75 97.12 93.17 96.00
100 100.00 100.00 100.00 100.00 100.00
Fig. 2. Mechanical and electrical S-curves compared to those in existing literature
/ JULY/AUGUST 2002
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tractors in 19 states, with the majority from the Great Lakes
gion. The majority of the projects were smaller than 50,000 w
hours~approximately 80%!. There were no projects greater tha
100,000 work hours. The research also was limited to project
at least 2,000 work hours. The average mechanical project
was 32,200 work hours and the average electrical project size
38,500 work hours. The types of projects are shown in Fig. 1.
the mechanical projects, industrial and institutional projects m
up the largest portion of the data set. However, commer
projects comprise the largest portion of the electrical project d
set.

Data Analysis

The data were analyzed by regression analysis, which quant
the relationships between project size and duration, project
and average man power, project size and peak man power,
peak man power and average man power. The regression an
was performed using the statistical software package Minitab

Fig. 3. Man power loading chart corresponding to average S-cu
for mechanical projects

Fig. 4. Man power loading chart corresponding to average S-cu
for electrical projects
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Productivity Indicators and Characteristics
of Well-Executed Projects

S-Curves

Fig. 2 shows the average S-curves for both mechanical and e
trical projects. The average S-curves were developed by ave
ing the percent complete from the mechanical projects and
electrical projects at intervals of 10% time. A numeric repres
tation of Fig. 2 is shown in Table 1.

As shown in Fig. 2, the average S-curves from the curr
research compare favorably to the S-curves developed from
NECA standard man power loading chart and the human-po
loading proposed by Allen~Wideman 1994!. In Fig. 2, the
S-curve from the NECA study is approximately 7% behind t
mechanical projects and the Allen curve. Wideman reported
this was due to the increased time required for start-up on e
trical projects. However, this trend is not consistent with the el
trical S-curve from the current research shown in Fig. 2. Th
cumulative resource-loading curves can be used to develo
loading chart for a new project or to compare planned and ac
resource-loading curves on projects where a planned curve
never developed.

The man power loading curve is another means of represen
the relationship between work hours and time or percent co
plete. Figs. 3 and 4 compare the man power loading charts f
the current study to the resource-loading envelope develope
Allen ~Wideman 1994!. Fig. 4 also shows the NECA man powe
loading chart as a dotted line. The man power charts, reporte
NECA, Allen, and this study, are similar; however, the peak fro
the current study is only 150% of the overall average labor
mechanical projects and 155% of the overall average labor
electrical projects. Table 2 shows a comparison of the con
points established by Allen and the control points in the aver
S-curves from this research. The analysis presented later in
paper shows that the peak man power varies, depending upo
size of the project. The mechanical projects used to develop
S-curve and the man power charts in Figs. 2 and 3 have an a
age man power of 15 mechanical tradespersons; the median
mechanical tradespersons. The electrical projects used to dev
Figs. 2 and 4 have an average man power of 16 electrical tra
persons, and the median is 13 electrical tradespersons.

Rate of Man Power Consumption

Figs. 3 and 4 show important characteristics related to the rat
labor hour consumption. Well-executed electrical and mechan
projects consume approximately 40% of the total labor hours
tween 0 and 50% of their project duration. An additional 40%

Table 2. Comparison of Control Points in S-Curve Analysis

S-curves Peak 50% Time 75% Time

Mechanical 150% of average 45% Labor 80% Labo
Electrical 155% of average 41% Labor 76% Labo
Allen 160% of average 40% Labor 80% Labor

Table 3. Summary Statistics for Normal Project Duration Equatio

Equation Sample size R2 ~%!

Mechanical@Eq. ~1!# 28 77.1

Electrical @Eq. ~2!# 31 42.0
ION ENGINEERING AND MANAGEMENT / JULY/AUGUST 2002 / 333



Table 4. Comparison of Research Data to NECA’s Normal Project Duration~NECA 1984!

Project
size
~work
hours!

Estimated project duration~weeks!

Mechanical Electrical NECA

ALL OTHERS INDUSTRIAL ALL PROJECTS ALL PROJECTS INDUSTRIAL

4,000 47 16 26 30 21
6,000 53 19 29 38 26
8,000 59 21 32 45 31
10,000 63 22 34 52 36
12,000 67 23 36 58 40
14,000 70 25 37 63 43
16,000 73 26 39 68 46
18,000 76 27 40 73 49
20,000 79 28 42 78 52
22,000 81 29 43 82 55
24,000 84 29 44 86 58
26,000 86 30 45 90 61
28,000 88 31 46 94 64
30,000 90 32 47 98 67
40,000 99 35 51 114 77
50,000 107 37 54 130 87
60,000 113 40 57 146 97
70,000 119 42 60 160 107
80,000 124 44 62 173 116
90,000 129 45 65 185 124
100,000 134 47 67 195 132
50
me
an
pa
of

and
d 3
ally
the

l’’
up
er

hers
uc-
dels.
labor hours is consumed in the short period of time between
and 75% of the project duration. The final 25% of the project ti
consumes only 20% of the total labor hours. This rate of m
power consumption indicates that project stakeholders should
more attention to the project period between 50 and 70%
project completion.

Project Size and Duration

The prior NECA study was repeated for both the mechanical
the electrical industries on the basis of the 28 mechanical an
electrical projects. Mechanical data do not show a statistic
significant difference between each project type. However,
334 / JOURNAL OF CONSTRUCTION ENGINEERING AND MANAGEMENT
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electrical data show two different groups. One is an ‘‘industria
group and the other is an ‘‘all others’’ group. The industrial gro
includes industrial service facilities, manufacturing, the pow
plant, and wastewater treatment plant construction. The all ot
term includes commercial, institutional, and residential constr
tion. Linear regression methods were used to create the mo
The equations to estimate duration based upon project size~work
hours! are as follows:

Mechanical: log~duration!50.49110.327 log~project size!

20.454 industrial (1)
Fig. 5. Duration versus project size for mechanical and electrical projects
/ JULY/AUGUST 2002
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Electrical: log~duration!50.35910.293 log~project size!
(2)

Log transformations were taken on ‘‘duration’’ and ‘‘proje
size’’ variables. The industrial variable in Eq.~1! is an indicator
variable that takes the value of 1 for industrial projects and 0
all other projects. The summary statistics are shown in Tabl
Fig. 5 shows a graphical representation of Eqs.~1! and ~2!. The
project size is on the horizontal axis and the project duration is
the vertical axis. For example, on a mechanical project, a 10,
work-hour job would take approximately 22 weeks for an indu
trial project and roughly 62 weeks for other project types.

The NECA study does not report the equation for the lines
the corresponding summary statistics. However, it is possibl
compare the values in the tables from the electrical study. Tab
shows the estimated duration based upon varying project size
both the mechanical and the electrical equations, and the p
NECA values for industrial projects and the overall average
all project types. The mechanical projects, other than indus
projects, are somewhere between the NECA average for
projects and the NECA industrial projects. Industrial-gro
projects in mechanical construction have much shorter pro
durations than the same size~work hours! of other types of
projects. The electrical data~current study! also show lower val-
ues than prior NECA data. This is due to the changes in tech
ogy and other factors between 1983, when NECA reported
study, and 1998/1999, for the current study.

Average and Peak Man Power

The average and peak man power can be predicted based
project size. NECA’s ‘‘Electrical construction peak workforce r
port’’ ~NECA 1987! uses 120 projects to predict the peak numb
of workers. There is no study on the average man power.

Average Man Power
Fig. 6 shows the relationship between average man power
project size based upon Eqs.~3! and ~4!. The project size is in
work hours. The industrial variable is 1 for industrial-grou

Fig. 6. Average number of tradespersons based upon project s

Table 5. Summary of Statistics for Average Man Power Equation

Equation Sample size R2 ~%!

Mechanical@Eq. ~3!# 28 85.6

Electrical @Eq. ~4!# 31 64.0
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projects and 0 for all other project types. There was no stat
cally significant difference between the industrial type of proje
and all other types of projects for electrical construction. T
equations for the relationship between project size and ave
man power are as follows:

Mechanical: log~project size!

53.0711.41 log~average number of tradespersons!

20.653 Industrial (3)

Electrical: log~project size!

52.8111.25 log~average number of tradespersons! (4)

The summary statistics for the model@Eqs. ~3! and ~4!# are
shown in Table 5. A 10,000 work-hour electrical project wou
have an average of nine workers. Similarly, a 10,000 work-h
mechanical project would have an average of 13 workers for
industrial-type project but five workers for other types~commer-
cial, institutional, etc.! of projects.

Peak Man Power
The relationship between peak man power and project size
developed in the same manner as that between average
power and project size, as outlined in the previous section. E
~5! and ~6! are the models for the mechanical and electri
projects, respectively. The summary statistics for the models
shown in Table 6.

Mechanical: log~project size!

52.7511.27* log~peak number of tradespersons!

20.472* industrial (5)

Electrical: log~project size!

52.4011.31* log~peak number of tradespersons! (6)

Fig. 7 shows graphically the relationship between project s

Fig. 7. Peak number of tradespersons based upon project siz

Table 6. Summary of Statistics for Peak Man Power Equations

Equation Sample size R2 ~%!

Mechanical@Eq. ~5!# 28 85.6

Electrical @Eq. ~6!# 31 64.0
ION ENGINEERING AND MANAGEMENT / JULY/AUGUST 2002 / 335



Table 7. Comparison of Mechanical and Electrical Peak Number of Tradespersons to NECA’s ‘‘Project Peak Workforce Report’’~NECA 1987!

Project
size
~work
hours!

Peak number of tradespersons

Mechanical Electrical NECA

ALL OTHERS INDUSTRIAL ALL PROJECTS ALL PROJECTS INDUSTRIAL

4,000 5 11 8 6 10
6,000 6 15 11 7 12
8,000 8 19 14 8 13

10,000 10 23 17 9 14
16,000 14 33 24 12 18
20,000 17 39 28 14 22
30,000 23 54 39 19 28
40,000 29 68 48 24 35
50,000 34 81 57 29 41
60,000 40 93 65 34 48
70,000 45 105 74 39 55
80,000 50 117 81 44 61
90,000 54 128 89 49 67

100,000 59 139 97 54 73
be
ld

, th
t, a
our

n
al-
ari-
cal-
rers
he
the

th

ble
ak

ows
s-

wer
and peak man power. On a mechanical project, the peak num
of workers on a 10,000 work-hour industrial-type project wou
be approximately 23, and on other projects of the same size
peak number of workers would be 10. For an electrical projec
peak workforce of 17 would be expected on a 10,000 work-h
job.

The peak labor values from NECA’s ‘‘Electrical constructio
peak workforce report’’ are similar to the peak labor values c
culated for electrical projects presented in this paper. A comp
son between the two is shown in Table 7. The mechani
industrial projects have a much higher peak number of labo
than the electrical-industrial projects from the NECA report. T
electrical model from the current study is closer to the data for
NECA-industrial projects.

Peak Man Power versus Average Man Power
A relationship also exists between the peak man power and
average man power. This is shown for both industries in Eqs.~7!
and~8!. The summary statistics for the models are shown in Ta
8. The highR2 values show that the relationship between pe
and average man power is very strong. Fig. 8 graphically sh
the models~equations! for the mechanical and electrical indu
tries.

Mechanical: log~peak number of tradespersons!

50.29211.07* log~average number of tradespersons!

20.138* industrial (7)

Electrical: log~peak number of tradespersons!

50.31310.958* log~average number of tradespersons! (8)

Table 8. Summary of Statistics for Peak versus Average Man Po
Equations

Equation Sample size R2 ~%!

Mechanical@Eq. ~7!# 28 94.7

Electrical @Eq. ~8!# 31 94.4
336 / JOURNAL OF CONSTRUCTION ENGINEERING AND MANAGEMENT
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Fig. 8. Relationship between peak and average man power

Fig. 9. Peak to average man power ratio
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In creating man power loading charts, Allen suggested that
maximum man power is 160% of the average man power requ
ment ~Wideman 1994!. Based upon the relationships in Eqs.~7!
and~8!, the maximum~peak! man power varies, depending on th
average man power. These ratio relationships are shown in Fi

Recommendations and Usage

These man power loading charts and the related S-curves
useful for resource planning and for tracking progress on a c
struction project; they can also be used to provide early warn
signs for contractors and owners that the project deviates from
planned benchmark. It is recommended that contractors dev
their own planned curves for each project.

In addition, contractors could use the same methodology
cussed above to create standard curves for each project type~in-
dustrial, commercial, institutional, etc.!, based upon their actua
loading charts. A confidence interval or range could be develo
around the estimated curves that would signify whether or n
project was beginning to have trouble. For instance, if, on
basis of actual project data, it were found that a normal, un
pacted project stayed within64% of the estimated curve, a con
trol chart could be developed for each project. The actual pro
data could then be tracked against the estimated curve and
control chart. If the actual curve left the control limits, the proje

Fig. 10. Example of actual S-curve tracked against estima
S-curve with control limits
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would likely experience a loss of productivity. An example
shown in Fig. 10. After the project was 70% complete, the c
tractor would know that the actual hours were not within t
control range of the estimated hours, and proactive meas
could be taken to decrease the potential cumulative impact to
project. If the deviation were linked to a cause such as pro
acceleration, weather, or change orders, the chart could serv
supporting evidence in a loss-of-productivity claim. The ch
might also show that the progress is behind schedule, and tha
necessary to use overtime, shiftwork, overstaffing, or any o
acceleration technique to put the project back on schedule. S
this report was developed from projects varying in size fro
2,000 to 100,000 work hours, it is recommended that the usag
these benchmark data be limited to this range of projects.

Summary and Conclusion

Several important benchmarking indicators have been prese
for labor-intensive projects. These indicators are average
power required, peak man power, ratio between average and
man power, and man power loading curves and their corresp
ing S-curves. A set of curves and tables was developed that sh
the relationship between project size and duration, betw
project size and average man power, between project size
peak man power, and between average man power and peak
power. Where applicable, these curves were compared to sim
curves from the existing literature.
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