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Abstract: Labor-intensive industries such as the electrical and mechanical trades are considered high risk due to the high percentage
labor costs. Because of this high risk, it is important for contractors in these industries to closely track labor costs on projects and compar
these costs to industry benchmarks. In this paper, benchmark indicators for these industries are established on the basis of actual proje
data. These benchmarks include the relationship between the percent complete or percent time and cumulative work hours or cost, proje
size and duration, project size and average man power, project size and peak man power, and average versus peak man power. Th
relationships were developed using regression analysis. Man power loading charts and the related S-curves were developed from actt
project data. The man power loading charts and the related S-curves are useful for resource planning and for tracking progress on
construction project. They can be used to show the cause-and-effect relationship between projects impacted by outside factors and normr
labor productivity.

DOI: 10.1061{ASCE)0733-93642002128:4331)

CE Database keywords: Productivity; Costs; Construction industry; Labor.

Introduction 1984 presents tools for estimating project duration based upon

Electrical and mechanical constructions are considered high-riskth® Work hours utilizedproject sizg. Its described purpose is “to

industries due to low profit margin€—49% and a high labor assist electrical contractors in estimating, proj_ect planning, proj_ect
component(40—60% of the electrical/mechanical cogtanna management, and cost control.” Relationships between project

et al. 1999a,b; Robert 2000Due to the high cost of labor and size and duration are presented in graphs and tables for seven
low profit margins, labor cost control is a very important function dlfferent facility types. The seven types of facilities .are.th(.ase—
for profitability in these industries. office, commercial, school, hospital, government, institutional,

To control labor costs on a project, some cost control measuresdnd industrial buildings. The sample size for each of these varies

must be established, and important parameters must be benchfom 14 to 52 projects. The main problem with this NECA docu-

marked for well-executed projects. Well-executed projects can pement is that these data do not fit with recent construction, because
defined using quantitative measures such as project duration and"® model was developed using early 1980s data. The current
peak man power, which are both functions of project size. The study presented in this paper indicates that contractors execute

definition of well-executed projects encompasses both design andnelr work faster than is reflected in the NECA study.
construction stages. Historic characteristics of well-executed Average and peak man power can be predicted based upon the

projects can be used for benchmark indicators to predict problemsProiect size”as well. NECA's “Electrical construction peak work-
in the early stage of current projects. force report”(NECA 1987 uses 120 projects to predict the peak

number of workers from the actual work hours for seven different
Literature Review types of electrical projects. The seven types of projects are
these—office, school, commercial, institutional, government, hos-
pitals, and industrial projects. Predicted, average, and peak man
power are used later in this paper to define the following ratios:
estimated peak to actual peak man power, estimated average to
actual average man power, and peak to average man power.

The National Electrical Contractors AssociatiddECA) report
“Normal project duration in electrical constructionlNECA
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Fig. 1. Types of projects in data set

Table 1. Incremental Values Percent Complete for Industry and
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

out the United States. The data collection sheet consisted of two

age man power and peak man power. These facto_rs are composections—1) company-specific data; an¢2) project-specific
nents of the man power loading chart and are considered characdata. Fifty-nine projects were reported on. Twenty-eight mechani-

teristics of well-executed projects.

Project Labor Hours versus Project Cost

Analysis of all projects’ data was performed in terms of labor
work hours. Labor work hours were used to define all benchmark-
ing indicators, including man power loading, S-curve, project

cal contractors responded, and 31 electrical contractors replied.

When the questionnaires had been completed, projects were re-

viewed and telephone interviews were performed to verify the

data submitted. The data collection sheet was intended to collect

the following specific data:

e Contract budgeted labor hours at the notice to proceed for the
electrical or mechanical part of the project. The term “contract
budgeted labor hours” is defined as the total estimated labor

size, and average and peak labor hours. Using labor hours instead
of cost allows one to combine projects from many different geo-
graphic locations into a single database. Classification in terms of
labor hours eliminates biases that occur when data are classified
in terms of cost, because of the use of different pay scales ine
different geographic locations. In addition, using labor hours in- «
stead of total cost is more appropriate because some projects con-
tain a high material component that can add noise to the databases

hours that the contractor used to allocate labor resources.
Labor hours include all field personnel and field supervision
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 for
the projects;

Average number of electrical or mechanical workers used for

Research Methodology

In this study, a data collection sheet was developed and distrib-

the projects; and
* Project type(industrial, commercial, and so pn

Data Characteristics
A total of 59 project data were received from 28 mechanical

uted to numerous electrical and mechanical contractors through-projects and 31 electrical projects. Data were collected from con-
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Fig. 2. Mechanical and electrical S-curves compared to those in existing literature
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Mechanical Contractors AlleN e—— Table 2. Comparison of Control Points in S-Curve Analysis

1600% S-curves Peak 50% Time 75% Time

N :;i‘,’r’;z‘f,':;lion Mechanical 150% of average 45% Labor 80% Labor
2 by Allen Electrical 155% of average 41% Labor 76% Labor
g 120.0% 1 Allen 160% of average 40% Labor 80% Labor

Q
& § woox;
§§ 500% Productivity Indicators and Characteristics
= of Well-Executed Projects
o g 600%
c2
§ O o0 S-Curves
3 20.0% Fig. 2 shows the average S-curves for both mechanical and elec-
E \ trical projects. The average S-curves were developed by averag-

0% 50% 100% ing the percent complete from the mechanical projects and the

electrical projects at intervals of 10% time. A numeric represen-
tation of Fig. 2 is shown in Table 1.

As shown in Fig. 2, the average S-curves from the current
research compare favorably to the S-curves developed from the
NECA standard man power loading chart and the human-power
loading proposed by AllenWideman 1994 In Fig. 2, the

tractors in 19 states, with the majority from the Great Lakes re- S-Curve from the NECA study is approximately 7% behind the
gion. The majority of the projects were smaller than 50,000 work mgchanlcal projects _and the AII_en curve. Wideman reported that
hours (approximately 80% There were no projects greater than this was due to the increased time required for start-up on elec-
100,000 work hours. The research also was limited to projects of trical projects. However, this trend is not consistent with the elec-
at least 2,000 work hours. The average mechanical project sizetrical S-purve from the cu'rrent research shown in Fig. 2. These
was 32,200 work hours and the average electrical project size wagUmulative resource-loading curves can be used to develop a
38,500 work hours. The types of projects are shown in Fig. 1. For 10@ding chart for a new project or to compare planned and actual
the mechanical projects, industrial and institutional projects make résource-loading curves on projects where a planned curve was
up the largest portion of the data set. However, commercial N€Ver developed.

projects comprise the largest portion of the electrical project data 1€ man power loading curve is another means of representing
set. the relationship between work hours and time or percent com-

plete. Figs. 3 and 4 compare the man power loading charts from

the current study to the resource-loading envelope developed by
Data Analysis Alleq (Wideman 1994 Fig.. 4 also shows the NECA man power

loading chart as a dotted line. The man power charts, reported by

The data were analyzed by regression analysis, which quantifiedNECA, Allen, and this study, are similar; however, the peak from
the relationships between project size and duration, project sizethe current study is only 150% of the overall average labor for
and average man power, project size and peak man power, andnechanical projects and 155% of the overall average labor for
peak man power and average man power. The regression analysigléctrical projects. Table 2 shows a comparison of the control

was performed using the statistical software package Minitab. points established by Allen and the control points in the average
S-curves from this research. The analysis presented later in this

paper shows that the peak man power varies, depending upon the
size of the project. The mechanical projects used to develop the
S-curve and the man power charts in Figs. 2 and 3 have an aver-
age man power of 15 mechanical tradespersons; the median is 11
mechanical tradespersons. The electrical projects used to develop
Figs. 2 and 4 have an average man power of 16 electrical trades-
persons, and the median is 13 electrical tradespersons.

Percent of Total Time

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

Rate of Man Power Consumption

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

Period Manpower as Percentage of
Overall Average

Table 3. Summary Statistics for Normal Project Duration Equations

Percent of Total Time Equation Sample size R? (%)
Fig. 4. Man power loading chart corresponding to average S-curve MechanicallEq. (1)] 28 77.1
for electrical projects Electrical [Eq. (2)] 31 42.0
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Table 4. Comparison of Research Data to NECA's Normal Project DuratiEBCA 1989

Project Estimated project duratiofweeks

size Mechanical Electrical NECA

(work - -

hourg ALL OTHERS INDUSTRIAL ALL PROJECTS ALL PROJECTS INDUSTRIAL
4,000 a7 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

labor hours is consumed in the short period of time between 50 electrical data show two different groups. One is an “industrial”
and 75% of the project duration. The final 25% of the project time group and the other is an “all others” group. The industrial group
consumes only 20% of the total labor hours. This rate of man includes industrial service facilities, manufacturing, the power
power consumption indicates that project stakeholders should payplant, and wastewater treatment plant construction. The all others
more attention to the project period between 50 and 70% of term includes commercial, institutional, and residential construc-

project completion. tion. Linear regression methods were used to create the models.
The equations to estimate duration based upon projec{(\size
Project Size and Duration hours are as follows:

The prior NECA study was repeated for both the mechanical and  Mechanical: logduration =0.491+0.327 lodproject size
the electrical industries on the basis of the 28 mechanical and 31

electrical projects. Mechanical data do not show a statistically —0.454 industrial @
significant difference between each project type. However, the
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Fig. 5. Duration versus project size for mechanical and electrical projects
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1000000 S==SsSSs=== ; i Table 6. Summary of Statistics for Peak Man Power Equations

3 iﬁ?ﬁ?ﬁ‘éﬁfl — Equation Sample size R? (%)

§ 100000 P R II\E/IIechgnlcaI[Eq. 5)] 28 85.6

g = ectrical[Eg. (6)] 31 64.0

g‘ LA~ LA - ™

% / v /< Mechanical . . Toti

% 10000 /[ . Industrial projects and O for all other project types. There was no statisti-

2 7/ E‘ef\‘{l'ca' cally significant difference between the industrial type of projects

[ / I and all other types of projects for electrical construction. The
L] equations for the relationship between project size and average

1000 ‘ 1 , man power are as follows:
0 20 40 60 80 100

Mechanical: logproject siz¢
Average Manpower (# of Tradesmen)

=3.07+1.41 logaverage number of tradesperspns
Fig. 6. Average number of tradespersons based upon project size

—0.653 Industrial 3)

Electrical: logduratior)=0.359+0.293 log project size¢ Electrical: logproject siz¢

(2) =2.81+1.25log average number of tradesperspns (4)

~ Log transformations were taken on “duration” and “project The summary statistics for the modégs. (3) and (4)] are
size” variables. The industrial variable in E€L) is an indicator shown in Table 5. A 10,000 work-hour electrical project would
variable that takes the value of 1 for industrial projects and 0 for payve an average of nine workers. Similarly, a 10,000 work-hour
all other projects. The summary statistics are shown in Table 3. ,echanical project would have an average of 13 workers for an

Fig: 5 5h°W§ a graphica} represeptation of E(q,g.-and (2). .The. industrial-type project but five workers for other type®mmer-
project size is on the horizontal axis and the project duration is on ¢jq| institutional eto. of projects.

the vertical axis. For example, on a mechanical project, a 10,000
work-hour job would take approximately 22 weeks for an indus- peak Man Power

trial project and roughly 62 weeks for other project types. The relationship between peak man power and project size was
The NECA study does not report the equation for the lines or geyeloped in the same manner as that between average man

the corresponding summary statistics. However, it is possible to power and project size, as outlined in the previous section. Egs.

compare the values in the tables from the electrical study. Table 4(5) and (6) are the models for the mechanical and electrical

shows the estimated duration based upon varying project sizes forprojects, respectively. The summary statistics for the models are
both the mechanical and the electrical equations, and the priorghown in Table 6.

NECA values for industrial projects and the overall average for ) ) )
all project types. The mechanical projects, other than industrial Méchanical: logproject siz¢
projects, are somewhere between the NECA average for all

d . ’ . s =2.75+1.27 log(peak number of tradespersons
projects and the NECA industrial projects. Industrial-group

projects in mechanical construction have much shorter project —0.47Z industrial (5)
durations than the same siZeork hours of other types of o ) )
projects. The electrical dataurrent study also show lower val-  Electrical: logproject size

ues than prior NECA data. This is due to the changes in technol-
ogy and other factors between 1983, when NECA reported its ) ] ) ) ) )
study, and 1998/1999, for the current study. Fig. 7 shows graphically the relationship between project size

=2.40+ 1.31* log(peak number of tradespersons (6)

Average and Peak Man Power 1000000

}
The average and peak man power can be predicted based upor Mechanical —
pI’OJ?C'[ size. NECA's “Electrical gonstructlon _peak workforce re- All Ar —
port” (NECA 1987 uses 120 projects to predict the peak number & :;_,_,_
of workers. There is no study on the average man power. 2 100000 - — i
x - I, 4', ‘\
s A i—— X . ¥
Average Man Power % ///; { Ele‘itlrllcal i
Fig. 6 shows the relationship between average man power andg / / \
project size based upon Eq8) and (4). The project size is in 2 10000 LA | Mechanical
work hours. The industrial variable is 1 for industrial-group £ HE Industrial
7/8
Table 5. Summary of Statistics for Average Man Power Equations 1000 {[ , R
Equation Sample size R2 (%) o 50 100 150 200
Peak Manpower (# of Tradesmen)
MechanicalEq. (3)] 28 85.6
Electrical[Eq. (4)] 31 64.0 Fig. 7. Peak number of tradespersons based upon project size

JOURNAL OF CONSTRUCTION ENGINEERING AND MANAGEMENT / JULY/AUGUST 2002 / 335



Table 7. Comparison of Mechanical and Electrical Peak Number of Tradespersons to NECA's “Project Peak Workforce RHpGA"1987

Project Peak number of tradespersons
f\:\fc?rk Mechanical Electrical NECA
hourg 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

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

The peak labor values from NECA's “Electrical construction
peak workforce report” are similar to the peak labor values cal-
culated for electrical projects presented in this paper. A compari-
son between the two is shown in Table 7. The mechanical-
industrial projects have a much higher peak number of laborers
than the electrical-industrial projects from the NECA report. The 100
electrical model from the current study is closer to the data for the 50 //

NECA-industrial projects.
proj . / . |

0 50 100 150
Average Manpower (# of Tradesman)

pd
350 Mechanical
All Others
300 )/
250 - Mechanical / //
ustrial
200 A/ /

Peak Manpower (# of Tradesman)
@
=)

Peak Man Power versus Average Man Power

A relationship also exists between the peak man power and the
average man power. This is shown for both industries in Egs.
and(8). The summary statistics for the models are shown in Table
8. The highR? values show that the relationship between peak
and average man power is very strong. Fig. 8 graphically shows
the models(equation$ for the mechanical and electrical indus-
tries.

Fig. 8. Relationship between peak and average man power

Mechanical: logpeak number of tradespersons

=0.292+1.07 log(average number of tradesperspns 3.00
—0.13& industrial (7) § 2.50 /—Tf
-]
-3
f200 -GN\ ———+
Electrical: logpeak number of tradespersons & e\ I
gp P () g 1.50 ‘/r - Mechanical K .
=0.313+0.958 log(average number of tradesperspr(8) g Mechanical All Others Al projonts
$ 1.00 ‘
s
2
. s 0.50
Table 8. Summary of Statistics for Peak versus Average Man Power <
Equations 0.00 : x . : , :
Equation Sample size R2? (%) 0 10 20 30 40 50 60 70
) Average Manpower (# of Tradesmen)
MechanicalEq. (7)] 28 94.7
Electrical[Eq. (8)] 31 94.4 Fig. 9. Peak to average man power ratio
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Estimated - - - -- Upper ------ Lower Actual | would likely experience a loss of productivity. An example is

shown in Fig. 10. After the project was 70% complete, the con-
m tractor would know that the actual hours were not within the
-\/ control range of the estimated hours, and proactive measures
- could be taken to decrease the potential cumulative impact to the
project. If the deviation were linked to a cause such as project
g — acceleration, weather, or change orders, the chart could serve as
m supporting evidence in a loss-of-productivity claim. The chart
might also show that the progress is behind schedule, and that it is
necessary to use overtime, shiftwork, overstaffing, or any other
acceleration technique to put the project back on schedule. Since
this report was developed from projects varying in size from

2,000 to 100,000 work hours, it is recommended that the usage of
these benchmark data be limited to this range of projects.

120%

100%

80%

60%

Percent Hours

40%

20%

0% 1 PR
0% 20% 40% 60% 80% 100%

Percent Time Summary and Conclusion

T T

Fig. 10. Example of actual S-curve tracked against estimated

. . Several important benchmarking indicators have been presented
S-curve with control limits

for labor-intensive projects. These indicators are average man
power required, peak man power, ratio between average and peak
man power, and man power loading curves and their correspond-

In creating man power loading charts, Allen suggested that the ing S-curves. A set of curves and tables was developed that shows
maximum man power is 160% of the average man power require-the relationship between project size and duration, between
ment(Wideman 199)1 Based upon the relationships in EG¥) project size and average man power, between project size and
and(8), the maximuni{peak man power varies, depending on the peak man power, and between average man power and peak man
average man power. These ratio relationships are shown in Fig. 9power. Where applicable, these curves were compared to similar
curves from the existing literature.

Recommendations and Usage

These man power loading charts and the related S-curves are

useful for resource planning and for tracking progress on a con- References
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