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Objective

The objective of this special research study is to develop a
construction engineering manpower management system based primarily
on construction dollars and to determine if this type of system
will be adeguate for the GDOT.

Data Collection

It was determined that the following information should be
collected: project cost, project type, project duration, number of
employees working on project, and employee's title. A gquesticnnaire
te collect this information was prepared and sent to selected
project and area engineers throughout the state. After all the
completed gquesticnnaires were received, they were grouped according
to project type and the data were analyzed.

Data Analysis

Data analysis was performed on each project type separately.
Two sets of linear regressions were performed on each project type
to determine the correlations of employees per month versus project
cost per month and transportation engineers (T.E.’'s) per month
versus project cost per month.

The coefficient of determinations (R®) for the linear
regressions between employees per month and project cost per menth
were found te be wvery satisfactory. The manpower prediction
procedure developed in this study utilizing employees per month and
project cost per month data can be used with confidence on future
construction projects for predicting manpower needs.

The linear regression correlations between T.E.’'s per month
and project cost per month were poor. T.E.II trainees in
construction projects could be a possible cause for this poor
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correlation. Although they are accounted for as T.E.'s they do not

carry responsibilities of regular T.E.'s. The manpower prediction

procedure developed in this study utilizing T.E.'s per month and

project cost per month data should be utilized cautiously.

Conclusions

1.

A manpower management system based primarily on construction
dollars was developed for GDOT.

This system is able to estimate the number of employees and
engineers required for different construction projects.

The developed system is presented in a simple computer program
"MANPOWER® and a set of charts. This computer program and
charts will be helpful in implementation of the findings of

this astudy.

Recommendations

It is recommended that the manpower system developed in this
study be utilized on future construction projects during their
planning stage to predict manpower needs.

It is recommended that a database of personnel use be
maintained in the future on all project types. After a few
years, the new database can be used to upgrade the developed
manpower system and also to include the project types that are
not in the present manpower system.

This manpower management system should be used as an aid in

estimating manpower needs, and it should not be substituted
for any good engineering judgements.

The manpower prediction procedure developed in this study to
estimate the required number of engineers (T.E.'s) should be
utilized cautiously.
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I. INTRODUCTION

Accurate estimaces of the number of employees reguired on
construction projects are essential to maintaining a high guality
construction program. Currently the Georgia Department of
Transportacion (GADOT) does not have manpower guidelines to guide
supervisors in properly staffing construction projects for either
long or short term manpower needs. Thus, the GADOT determined that
there was a need to develop an effective method to assess and
project the needed level of staffing for construction projects.

The purpcese of this special research study is to develop an
initial set of manpower guidelines for estimating the number of
reguired employees on construction projects. These manpower
guidelines would not substitute for good judgement, but their use
would provide more uniform inspection ensuring gquality construction
and would make the best use of available personnel.

The simplest method of determining construction manpower needs
ia to base the primary guidelines on the dollar walue of the
construction contract. Even though some state DOT's have found this
method to be inadeguate, it was decermined chat this method based
primarily on construction dollars would be & good starting point
for developing & construcblon engineering manpower system for

GADOT .

II. OBJECTIVE
The objective of this special research study is to develop a
construction engineering manpower management sysatem based primarily
on construction dollars and to determine if this type of system

will be adeguate for the GADOT.



III. DATA COLLECTION

The first step in data collection was to determine what other
information would be needed in the data base besides project cost
(Note, project cost was cbtained from the detailed cost estimate.).
This was accomplished by meeting with personnel from the
construction office to determine other major factors they felt
should be considered for predicting construction project manpower
needs., It was first determined from this meeting that only recently
completed construction projects should be utilized. It was also
determined that the following additicnal informaticon should be
included in the data base:

1. Project type.

2. Project duration.

1. Number of employvess working on
project,

4. Employee's title.

It was determined that project type should be broken down into
nineteen different project type categories. The following is a list
of the nineteen different project type categories used in this
study:

IAl. Urban, New Construction, Multi-Lane Roadway (including

Bridges) .

IAZ. Urban, MNew Constructiocn, Two-Lane Roadway.

IA3 . Urban, New Construction, Other {(Intersections, Signals, etc.).
IAd. Urban, New Construction, Bridge.

IBl. Urban, Reconstruction, Multi-Lane Roadway (including Bridges).
IB2. Urban, Reconstruction, Two-Lane Roadway

IB3. Urban, Reconstruction, Other (Intersections, Signals, ecc.).
IB4d. Urban, Reconstruction, Bridge.

IBS. Urban, Reconstruction, Resurface (all Categories).

IIAl. Rural, New Construction, Multi-Lane Roadway (including
Bridges) .

ITA2. Rural, New Construction, Two-Lane Roadway.

ITIA3. Rural, New Construction, Other (Intersections, Signals,
BEE. ),



IIad4. Rural, New Construction, Bridge.

IIBl. Rural, Reconstruction, Multi-Lane Roadway {(including
Bridges) .

IIB2. Rural, Reconstruction, Two-Lane Roadway.

IIB3. Rural, Reconstruction, Other (Intersections, Signals, etc.}.

IIB4., Rural, Reconstruction, Bridge.

IIBS. Rural, Reconstructicn, Resurfacing (all Categories).

I11. Non-Let (PR County Contracts).

It was determined that the actual time it toock to complete
each project should be utilized as the project duration value.

It was also determined that the wvalue for the number of
employees working on the project should be broken down inte six
months intervals, and that for each six month interval the title of
the employee and the percentage of time per day to the nearast
gquarter day the employee spent working on the project should be
ocbtained.

A guestionnaire asking for this information was prepared and
sent to selected project and area engineers throughout the state.
See appendix for an example of the questionnaire.

Afrer all gquestionnaires were received, they were grouped into

data sets according to project type and the data analysis was

gtarted.

IV. DATA ANALYSIES
Data analysis was performed on each project type data set
separately. Project type IAl data set (Urban, New Construction,

Multi-Lane Hoadway) is utilized in this chapter to demonstrate the

data analysis process.



There were ten projects in this data set. It should be noted
again that only completed projects were utilized in this study. The
following table is a summarization of the raw data for the second

set of data for project type IAl,

Table l1l: Raw Data for Project Type IAl

u Prnigpt Humber ME-5{11) & ME-8046(2) Muscogee

[ Project Type IIAL) Urban, MNew Construction,
Mulci-Lane Roadway
Project Cost 5 4,249,B880.44
Project Duration 15 Months

Humber of Emplovesas

lst Six nEhs 2nd Six Months ird Six Months E
E.T. II | 1 1 !
- | 1 1 1
| Toral Empl‘s | 2 2 2
(i res] e M

Fram the information in Tabkle 1 the following walues were

calculated as follows:

Project Cost  _ 54,249,860.44
Project Duration 15 Months

_52683,324.00
Month

Project Cost/Month =

Y ((Empl's per Interval) X (Months Active per Interval))
Project Duraticn

_ 2 Pmpl's X & Months) + (2 Empl's X € Months) + (2 Empl's X 3 Months)

15 Monrchs
= 2 Empl's/Month

Total Empl's / Month =




Total T.E.'s/Month = E ({T.E.'"s por Inte.

rval) X (Months Active per Interval) )

Project Duratien

« A1 T.E.5 « 6 Months) + (1 T.E.'s + € Months) + (1 T.E.'s + 3 Months)

15 Months
= 1 T.E.'5/Manth

These computed values for each construction project in project type

IAl data set are given in Table 2.

Table 2: Computed Data for Project Type IAl

P

R

Q Cost(5) Empl‘s T.E."8B

J per per per

B Duration Month Month Month

c Cost (5] (Months )

T

1 2,311,106 18 128,395 1

2 4,249,860 15 283,324 i

. 1,197,040 12 GG, 753 1 1

d 1,407,429 16 B7.,954 1 0.

5 7,923,271 24 330,136 5.31 -

G 767,783 24 31,991 2.1% 5

7 | 23,912,792 37 646,292 7.84 h

B 10,000,000 24 416, 667 4.75 I

g 5,057,434 1B 280,969 2.67

10 5,191 828 1B 288,435 3.67 1.4
e ———— e

As shown in Table 2, project duration varies from project to

project. For the purpose of data analysis, project cost per month

was utilized to avoid the variability in project duration. Similar

normalization was performed on the data for total employees and

total transportation engineers

(T B.78) .

Two sets of linear regressions were performed to determine the

correlations between amployeas per month versus project cost per

month and T.E.'s

per

month wersus project cost per month.



Employees per month versus project cest per month regression
had a coeff:cient of determination (R') of 0.83 . This regression

equation is shown below.

Employees/Month = 0.245 + (1.12 X 10°5) X {%&L} Eguation 1

#

T.E.'s per month versus project cost per month regression had a
coefficient of determination (R?) of 0.60 . This relationship is

given in Eguation 2.

T.E.'s/Month = 0.242 + (3.9 X 10%) X :E';":%} Bquation 2

Figure 1l{a) shows the data points and the two discussed regression
lines.

In general, personnel requirements on a construction project
varies during the project duration. The following data analysis
procedure was utilized to study the variability of personnel needs
during a construction project. Once again the second set of data
(Table 2) 1in project type IAl was utilized for demonstration

purposes.

Months per Quarter for Project = \retal Months fi"’i"'t Active)

=.15 Months
4

= 3,75 Months

Total Empl.-Months for Project = E ([Empi's per Interval) X (Mooths Active per Interval)
= (@ Empl's X & Months) + (2 Eqpl's X 6 Monchs) « (2 Espl's X 3 Months)
= 30 Employes-Months
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Figure 1(a): Project Type IA1 Linear Regression Lines.
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Figure 1(b): Project Type 1Al Distribution of Employees per Quarter.



Percant Employvees par Quarter =

Since this project had two employees working throughout the
duration of the project, the remaining three guarters also had 25%
employees per guarter.

The following table summaries the percent employess per

quarter of each individual project for project type IAl data set.

Table 3: Employee Distributions for Projects in Project Type IAl
Data Set

¥ Emplovees
1lst and 3rd 4th
Duration Quarter Quarter Quarter Quarter
{Months)

w o |~ | jun [ o ey Je G0 G 00D

20.4 25 27.3 2T .3

—
[

Average

% Employees 23.4 26.3 26.7 23.86

Figure 1(b}) is a plot of the employee distribution per gquarter
for the individual projects in project type IAl data set. This

figure alsc shows the average percent employees per guarter. The



average percent employee distribution curve indicates that for
project type IAl the employee regquirement for the first and fourth

guarters are lower than the employee regquirement for the middle two

gquUarters.

There were five projects in this project type data set. This
data was analyzed according to the procedure described in the
Project Type IAl Section of this chapter. Table 4 gives the

computed values from the raw data for each individual construction

project.
Table 4:Computed Data for Project Type IA3
Y

P

R

o Duration | Cost (%) Empl's T.E.'SB
o Cost (5) (Month) per per per

E Month Month Month
&

T

1 1,151,406 36 31,59B4 D.625 0.25
2 454,840 24 18,951 0.4375 0

3 577,182 12 48,098 1 a

4 43,930 p 43,530 0.25 0

5 7,000,384 27 259,273 2.75 1

The linear regression between employees per month and project
cost per month had a coefficient of determination (R*) 0.94 . Line

1 in Figure 2(a) represents this regression line. The regression

equation is shown below.

Employees/Month = 0.231 + (9.7 X 10°%) X t%é:’} Eguation 3

The linear regression between T.E.'s per month and project
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cost per month had a coefficient of determination (ER*) 0.92 . Line
24 in Figure 2(a) represents this regression line, The relationship

is given in Eguaktion 4.

T.E.'s/Month = -0.081 + (4.1 + 10°%) X {-%%Lh Equation 4

The distribution of employees per guarter for project type IA3

data set is given in Table 5.

Table 5: Employee Distributions for Projects in Project Type IA3
Data Sat

e

I P
H i Employees
o ;
J Duration
E {Month) 2nd
c Quarter
T

==
1 26.7
2 14.3
3 25.40
4 25.0
5 26.8B | 23.32

Average

% Employees 32.1 22.9

This data is graphically presented in Figure 2(b). Figure 2(b) also

shows the average distribution of percent emplovees per guarter for

project cype IA3 dats sat .,

FROJECT TYPE IB1 (URBAN, RECONSTRUCTION, MULTI-LANE ROADWAY):
There were thirteen projects in this project type data set.

This data was analyzed according to the procedure described in the

Project Type IAl Section of this chapter. Table & gives the

computed values from the raw data for each individual construction

il



project.

Table 6: Computed Data for Project Type IB1

e — ]
P
R
g Cost (§) D{ﬁnr'ti!ﬁn Cﬂﬂptar{ ik ﬁgalri ) ’ PEE-,I P
E Month Month Month
i
1 2,991,139 24 124,630 1,28 1
2 14,563,490 20 T28,174 T.7TH 2
3 1,159,192 21 55,1499 1.39 D.39
4 2,296,952 18 127,608 3.33 2.67
5 1,914,243 24 758,760 1,25 H
& 567,344 7 81,049 1.36 0
7 7,789,097 12 £49,091 .25 2.15
B 1,325,587 18 73,642 2.42 0.21
G B,242, 489 18 457,916 3.58 0.08
10 1,305,582 17 76,798 1.82 1 |
il 2,877,202 21 137,005 2 .90 0
13 3,991,081 P 150, 051 2,04 1.61
13 6,676,692 18 370,927 4.17 &

The linear regression between employvees per month and project
cost per month had a coefficient of determination (R‘) 0.68 . Line
1l in Figure 3(a) represents this regression line. The regression

eguation 15 shown below.

= 1.243 + (6. -6 Costi$§) :
Employees/Month = 1.243 + (6.3 X10°%) X :_Mnnth ) Eguation 5

The linear regression between T.E.'s per month and project
cost per month had a coefficient of determination (RY) 0.04 . Line
2 in Figure 3{a) represents this regression line. The relationship
is given in Eguation 6.

12
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Figure 3(a): Project Type IB1 Linear Regression Lines.
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T.E.'s/Month = 0.658 + (8.1 X 107) X :Eﬂ'_ﬁt'ﬁi} Fgquatior &

The distribution of employees per gquarter for project type IB1

data set ie given in Table 7.

Table 7: Employee Distributions for Projects in Project Type IB1

Data Beat

P

E _ ¥ Employees

I Duration

E (Month) lst 2nd ird 4th

o Quarter Quarter Juarter Duarter

= — — |

1 24 20.0 30.0 0.0 20.0

2 20 25.7 25.7 T 22 .4

3 21 35.9 2.0 18.6 13.5

4 18 0.0 0.0 25.0 15,40
I 5 24 35.0 15.0 25.0 5.0

6 7 27.6 27.6 27.6 17.2

i 12 15.4 15.4 4.6 4.6

8 18 15.5 25.89 20.¢ Z8.4

9 18 19.2 29,7 30.2 20,9

10 17 20.6 24.6 27T .4 27 .48
I 11 21 27.5 29.6 22.9 20.0

1ld 41 27.6 30.3 28,13 15.8

13 18 = [ B .5 24.5 13.5

. ;‘;’;‘1'3:3:35 25.5 28.2 26.8 15.5

S S

This data is graphically presented in Figure 3 (b). Figure 1(b] also

shows the average distribution of percent employvees per gquarter for

project type IBl.

There were eight projects in this project type data set. This

data was analyzed according to the procedure described in the

14



Project Type IAl Section of this chapter. Table 8 gives the

computed values from the raw data for each individual construction

project.
Table B8: Computed Data for Project Type IIAlL

P

R ¥

3 Cost ($) D{‘if:n‘:il_f’;‘ E“EEJ“ E::Eiiﬂ Trpir ;
E Manth Month Month
i

1 3,427,670 15 228,511 218 0.20

2 8,348,390 33 252,981 £.55 1.18

L o, 147,565 26 197,983 4.15 1.00

4 10,363,888 15 690, 925 6.40 1.830

5 12,046,573 21 573,646 5.43 1.36

& 5,350,054 25 214,002 1.63 0.97

7 35,969,000 36 999,138 7.50 1.00

8 B,181,871 | )k 263,931 | 2.21 0.4%

The linear regression between employees per month and project
cost per month had a coefficient of determination (R') 0.85 . Line
1l in Figure 4(a) represents this regression line. The regression

eguation is shown below.

Employees/Month = 1.051 + (6.9 X 1075} X t%&ﬂ} Eguation 7

The linear regression between T.E.'s per month and project
cost per month had a coefficient of determination (R*) 0.22 . Line
2 in Figure 4(a) represents this regression line. The relationship

is given in Eguation B.

T.E.'s/Month = 0.664 + (7.8 X107) X t':'“—i—FWﬁ Eguation B8
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Figure 4(a): Project Type IIA1 Linear Regression Lines.
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The distribution of employees per guarter for project type

IIAl data set is given in Table 9.

Table 9: Employee Distributions for Frojects in Project Type IIAl

Data Set
Taae—— == ==
P
R % Employees
g Duration
h)
E (Mont 1st 2nd ird dth
C Cuarter Cuarter Cuarter Quarter
T
1 23 .2 24 .4 26.2 26.2
2 3.0 25.4 21.9 19.6
3 24.5 i0.1 27.3 18.1
d i5.6 26.6 43 .0 14 .8
5 13.6 15.6 40.5 24.3 ]
& 16.1 i4.8 35.6 13.5
7 20.0 27.8 24 .4 17.8
B 18.3 22.6 29.0 30.1 !
| ==
Average
% Employees 22.5 25.9 31.0 20.6
~

This data is graphically presented in Figure 4(b). Figure 4(b) also

shows the average distribution of percent employees per quarter for

project type IIAL.

There were four projects in this project type data set. This

data was analyzed according to the procedure described in the

Project Type IAl Section of this chapter.

Table 10 gives the

computed values from the raw data for each individual construction

project.

The linear regression between employees per month and project

cost per month had a coefficient of determination (R'} 0.83

. Line

1 in Figure S5(a) represents this regression line. The regression

b i)



Table 10: Computed Data for Project Type ITA2

P
g - Cost (%) Empl‘s T.E.'8s
I ] ety | J2em | R | 2=,
:
1 31,655 2 15,827 0:5
2 3,168,137 18 176,007 1 1
3 5,271,705 24 219,654 0.4
H 4 ?.ddE.TlTl 24 414,113 7 0.25

relationship is given in Eguation 9.

Employees/Month = -0.021 + (1.1 X 10°%) X {%ﬂ} Equation 9

The linear regression between T.E.'s per month and project
cost per month had a coefficient of determinacion (R*) 0.12. Line
2 in Figure 5{a) represents this regression line. The regression

eguation is shown below.

T.E.'s/Month = 0.296 + (1.5 X 10%) X r%g‘t%h Equation 10

The distribution of employees per gquarter for project type
IIAl data set is given in Tabkle 11. This data is graphically
presented in Figure 5(b). Figure 5(b) also shows the average
distribution of percent employees per quarter for project type

IIAZ.
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Table 1l: Employee Distributicns for Projecte in Project Type IIAZ

Data Set
=
I P
E ¥ Employees
3 Duration
= (Month)
c 1st 2nd ird 4th
T Quarter Quarter Quarter Quarter
—=
i 2 25.0 25.0 25.0 25.0
2 18 25.0 25.0 25.0 25.0
3 24 0.0 20.0 20.0 20.0
i 24 | A5.6 27 .1
Average
& Employees

There were six projects in this project type data set.

This

data was analyzed according to the procedure described in the

Project Type IAl Section of this chapter.

Table 12 gives the

computed values from the raw data for each individual construction

project.

Table 12: Computed Data for Project Type IIAd

P | |
R

O ' Cost (5] T.E.'8
J Cost (§) D?;;r:ﬁli_f’j“ per per
E - Month Month
c

T

1 181,101 B 22,837 1.00
2 1,331,148 18 73,952 0.25
3 560,020 10 56,002 0.00
4 2,144,068 14 153,147 D.14
5 7,048,369 43 163,915 1.00
3 417,890 41,789

The linear regression between employees per month and project

20



cost per month had a coefficient of determination (RY) 0.02 . Line
1 in Figure 6(a) represents this regression line. The regression

eguation is shown below.

Employees/Month = 1.138 + (1.8 X 10%) X tj%¥15é%l} Equation 11

The linear regression between T.E.'s per month and project
cost per month had a coefficient of determination (R* 0.01 . Line
4 in Figure 6(a) represents this regression line. The relationship

is given in BEguation 12,

T.E.'s/Month = 0.382 + (6.9 ¥ 10°") ¥ {%ﬂfﬁl: Bguation 12

The distribution of employees per gquarter for project type
IIA4 data set is given in Table 13.

Table 13: Employee Distributions for Projects im Project Type IIAd
Data Sat

% Emploves
Duration
iMonth)
lat 4nd Ird 4ch
Quarter Quarter Quarter Quarter

ol e | fRd = B3 m OO oy

Average
¥ Emploveas
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Figure 6(a): Project Type I1A4 Linear Regression Lines.
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Figure 6(b): Project Type IIA4 Distribution of Employees per Quarter.
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This data is graphically presented in Figure 6(b). Figure 6(b) alsc
shows the average distribution of percent employees per quarter for
project type IIA4.

PROJEC]

There were eleven projects in this project type data set. This
data was analyzed according to the procedure desceribed in the
Project Type IAl Section of this chapter. Table 14 gives the

computed values from the raw data for each individual censtruction

project.
Table 14: Computed Data for Project Type IIE1
P
R
g Coat (%) Drﬁ:;.ﬂtti]_ﬂn CDEI:tEr[$}
E Month
C
T
1 6,812,327 26 262,012 1.81 0.00
2 2,014,574 17 118,504 1,15 1.00
I 3 4,073,890 18 226,327 333 0.67
4 656,226 10 66,622 1.65 0.25
5 2,431,938 20 121,587 2.18 0.00
[ 18,738,159 k¢ 604,456 1
| 7 13,127,817 30 437,593
8 1,944,021 12 162,001
g o e e L 0 8 139,438
10 2,146,014 17 126,236
11 B,0608,554 30 268, 985

The linear regression between employees per month and project
cost per month had a coefficient of determination (R*) 0.81 . Line
1 in Figure 7(a) represents this regression line. The regression

relationship is shown in Eguation 13.

23



.
E —
- 1
==
z st
=]
=
4 =
[
=Rl S
2
= zf
=
L
1 i
+
n i i@ i " I g i &
9 i e lﬂnhllﬂ 490 00 - ™
PROJECT COST ($/MONTH)
g Temsl Basiesas ——, Lm0 Bap s s Dl B ey R
+ Baaad Thi PR T R T T R e T T R T
Figure 7(a): Project Type |IIB1 Linear Regression Lines.
o
2 ¥
3 - 3 * 4
+ -
7 ;/’L/’?\’
> " *
= " -
= 3 = +
= +
=5}
#
&l =

PROJECT DURATION (QUARTERS)
—a— Average % Employees + Actual Project Data

Figure 7(b): Project Type |IB1 Distribution of Employees per Quarter.

24



Employees/Month = 0.789 « (8.3 X 10°%) X {-E';m;;ﬁ-’-:l Eguation 13

The linear regression between T.E.'s per month and project
cost per month had a coefficient of determination (R*) 0.22 . Line
2 in Figure 7{a) represents this regression line. The regression

egquation is shown below.

! - i - Cost(5)
T.E.'s/Month = 0.041 + (2.3 X10%) X | rmor ) Eguation 14

The distribution of emplovees per guarter for project type

IIBl data set is given in Table 15,

Table 15: Employee Distributions for Projects in Project Type IIB1
Data Set

E ¥ Emplovees
g Duration
* R, lst 2nd ird 4th
g Quarcer Quarter Quarter Quarter
1 26 27.7 27 .8 26.1 18.6
2 17 21.8 1.8 2347 a2.7
3 18 22.5 27.5 27.5 £2.5
4 1d 18.9 18.9 28,1 4.1
5 20 22.9 25.3 25.% 25.9
6 il 21.8 0.7 30:7 16.8
7 3d 25.0 25.0 25.0 25.0 _1
8 12 20.0 20.0 30.0 30.90
9 8 £5.9 25.9 25.9 22.3
17 18.3 2L.9 28,1 331.6
30 22.1 25.0 33.8 13,1
E}"’*:;f’ﬂ;‘y“:gﬂ 22.5 24.5 27.5 25.5
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This data is graphically presented in Figure 7(b). Figure 7(b) also

shows the average distribution of percent employvees per guarter for

project type IIBL.

There were five projects in this project type data set., This
data was analyzed according to the procedure described in the
Project Type IAl Section of this chapter. Table 16 gives the

computed valuea from the raw data for each individual construction

project.

Table 16: Computed Data for Project Type IIEZ
S T e

p

R

: Cost (5] D""H’;':ftihﬁ“ Cﬂs;e:‘sl E“f.ﬁé’s T{:Eixs
E Month Month Manth
T

1 181,101 3 22,637 1,00 1.00
3 297,549 g 33, 061 1,00 0.00
3 512, 002 22 23,374 1,25 0.00
4 6,481,369 26 249,283 5.739 1.37
5 2,931,279 27 108,585 1.57 0.31

The linear regression between employees per month and project
cost per month had a coefficient of determination (R?*) 0.96 . Line
l in Figure B{a) represents this regression line. The regression

eguation is shown below.

Eﬂst[ﬁl}

3 Eguation 15

Employees/Month = 0.405 + (2.1 X 10°%) X (

The linear regression between T.E.'s per month and project

cost per month had a coefficient of determination (R} 0.46 . Line
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2 in Figure B{a] represents this regression line. The regression

relationsnip is given in Equation 16.

T.E.'s/Month = 0.159 + (4.3 X 10°%) X L.C‘Lf-'li_}: Equation 16

Mant

The distribution of employees per guarter for project type
IIBZ data set is given in Table 17.

Table 17: Employee Distributions for Projects in Project Type IIB2

Data Sat

P

R % Employees

g Duration

E (Month)

b= lst 2nd 3rd 4th

T Cuarter Cuarter Cuarter Quarter

1 25.0 25.0 25.0 25.0

2 25.0 25.0 2%.0 25.0

3 22 25.0 25.0 25.0 25.0

4 28 18.3 29.4 25.3 27 .0
i 5 31.3 28.5 24.13 15.9

Average
t Employees 24.9 26.6 24.9 23.6

This data is graphically presented in Figure 8(b). Figure 8(b) also
shows the average distribution of percent employvees per guarter for
project type IIBRZ.
FR TI i

There were four projects in this project type data set. This
data was analyzed according to the procedure described in che
Project Type IAl Section of the chapter. Table 18 gives the

computed values from the raw data for sach individual constcruction

project.
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Table 18: Computed Data for Project Type IIB3

F

R

0 Duration | Cost (%) Empl.'s T.E.'s
J Cost (8) (Month) per per per
E Month Maonth Month
C

T

1 23,473 2 11,736 0.50 0.00
2 123,184 3 41,061 1.00 0.50
3 127,022 3 42,340 1.00 .00
4 646,000 g 2 P 1.08 Q.00

——

The linear regression between employees per month and project
cost per month had a coefficient of determination (R®) 0.67 . Line
1 in Figure 9(a) represents this regression line. The regression

equation is shown below.

Employees/Month = 0.528 + (8.3 X 10-%) x (Fosti#) ,

17
Nonth Egquation

The linear regression between T.E.'s per month and project
cost per month could not be performed on this project type data
get. Three of the four projects had no T.E.'s working on them,
Thus, there was not enough data to perform the regression
analysis.

The distribution of employees per guarter for project type
IIB3 data set 1s given in Table 19, This data is graphically

presented in Figure 9(b). Figure 9(b) also shows the average
distribution of percent emplcoyees per guarter for project type
ITE3.
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Table 19: Employee Digtributions for Projects in Project Type IIB3

Data Set
F
R ¥ Employvees
g Duraticon
E (Month)
1t 2nd 3rd 4th
g Duarter Quarter Quarter Quarter
—i -
1 2 51 25.0
2 3 25.0 2520 25.5 25.0
3 3 It 25.0 25.0 2515 25.0
q ) | 25.0 25.0 25.0 25,10
Average
% Emplovees 25.0 25.0 2.0 25.0

4 (R TR IDGE) :
There were #ix projecks in this project tyvpe data set. This
data was analyzed according to the procedure described in the
Project Type IAl Section of this chapter. Table 20 gives the

computed values from the raw data for sach individual construction

project.
Table 20: Computed Data for Project Type IIBd

P

E : Cost (%) Empl.‘s T.E.'s
.o o)t | JBE | 25 | B
[

T

1 1,293,309 9 143701 1.00 0.00
2 652,366 12 54363 1,00 0.00
3 1,530,590 18 85032 1.54 1.04
4 1,543,234 18 85735 1.81 0.21
5 1,406,370 16 87898 1.25 0.25
& 1,679,432 17 GETSR0 1.560 0.60 I

The linear regression between emplcyees per month and project
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cost per month had a coefficient of determination (R?) (.66 . Line
1l in Figure 10(a) represents this regression line. The regression

egquation is shown below.

Employees/Month = 0.317 + (1.2 ¥ 10°%) X t%&%ﬁ Equation 18

The linear regression between T.E.'s per month and project
cost per month had a coefficient of determination (R*) 0.30 . Line
2 in Figure 10(a) represents this regression line. The regression

relationship is given in Equation 19.

/ i -5 Cost(5)
T.E.'s/Month = 0.682 + (1.3 X10%) X thﬁ__ﬂbﬂth ) Eguatien 19

The distribution of employees per guarter for project type
IIB4 data set is given in Table 21.

Table 21: Employee Distributions for Projects in Project Tvpe IIBd
Data Set

¥ Employesas
Duration
{Month)

2nd 3rd
Quarter Quarter

P
R
]
J
E
i
T
1
2
3
1
2
&

Average
% Employees
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This data is graphically presented in Figure 9(b). Figure 9(b) also

shows the average distribution of percent employees per gquarter for

project type IIB4.

There were six projects in this project type data set. This
data was analyzed according to the procedure described in the
Project Type IAl Section of this chapter. Table 22 gives the

computed values from the raw data for each individual constructicn

project.

Table 22: Computed Data for Project Type IIBS

P
H # i
3 SR ﬁﬁnzttiﬁ Cm;pl‘.ﬂr[E} Emgér 8 TbE‘.;.r 8
E Month Month Month
T
1 1d,012 0.1 120,120 1,00 Q.00
& 246,219 1 246,213 0,75 0.00
3 226,180 1.5 150, 786 B.75 0.00
4 351,503 4 87,875 1.25 0.00
5 482,578 B 60,322 1,19 0.44
& 524,172 6 B7,361 1.25 0.25
|| T 389, 071 2 199,535 3,00 2.00 I

The linear regression between employees per month and project
cost per month had a coefficient of determination (BY) 0.02 . Line
1 in Figure ll(a) represents this regression line. The regression

eguation is shown below.

Employees/Month = 1.097 + (1.9 X10% X I—Egg-—ﬁt—ti}ll Eguation 20

The linear regression between T.E.'s per month and project
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cost per month had a coefficient of determination (R} 0.07 . Line
2 in Figure ll(a) repressnts this regression line. The regression

relationship is given in Eguation 21.

T.E.'s/Month = 0.061 + (2.8 X 10°%) X ( E:;ﬁi; ) Equatien 21

The distribution of employees per guarter for project type
IIB5 data set is given in Table 23.

Table 23: Employee Distributions for Projects in Project Type IIBS
Data Set

P

B

E Duration

B (Month)

p 1skt 4th

T Quarcer Quarter

1

2 0 i

3 Al .

4 4 ) .0

5 B .6 B
I & B 0 .0

7 2 25.0 25.0 PR 25.0
i ————— — e ———————————

Average
% Employees 26.1 26.1 26,1 21,7

This data is graphically presented in Figure 11(b). Figure 11(b)
also shows the average distribution of percent employees per

quarter for project type ITBES,.
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V. RESULTE OF DATA AMALYSIS

The following project types IAZ, IA4, IB2, IB3, IB4, IBS, and
IIA3 had less than four construction projects in their data sets,
Thus, data analysis could not be performed on these project types
due to the insufficient data.

For the project type III (Non-Let, FR County Contracts), there
were eight projects. However, most of these projects had durations
that were less than six montha and had less than one employee
working on them. Thus, the linear regression results for chis
project type were very poor. The system developed in this study is
inadeguate for this project type. Further studies need tc be
performed on projects under the type III category.

The linear regression results, the number of projects in each
project type, and the project types are given in Table 24.
Employess and T.E.'s per month were utilized as the dependent
variable (Y) and project cost per month was utilized as the
independent wvariable (X) in the linear regression process.

As given in Table 24, the employees per month versus project
cost per month linear regression correlations were high. All
project types except IIA4 and IIB5 had high R? values and low
values for the standard error of estimate for Y. This indicates
that there was a good correlation between employess per month and
project cost per month. Therefore, the manpower prediction
procedure developed in this study utilizing employees per month and
project cost per month data will predict manpower needs
patisfactorily and could be utilized on future construction
projects. Table 24 also indicates that the linear regression
correlations between T.E.'s per month versus project cost per month

a7



Table 24: Linear Regression Results

Coefficient Standard
Project Linenr_: Nu"ﬁ?er of | Error of
T™vVDpe Regression Projects Detarﬁgfntlnn EB%;?HEE
sk Employees 10 0.831 0.985
T.E."8 10 0.600 D.&625
I i Employees 5 0.935 0.287
T.E.* 5 0.915 0.146
lovees 13 0.6B0 1.087%
1B1 —=P_oY
T.E."a 13 0.041 0.953
lovees B 0.847 0.937
IIAl =Tpioye
T.E.'"s B 0.221 0.470
loyees 4 0.834 0.724
1IAZ Heop
T.E.'B 4 0.125 0.590
lovees & 0.022 0.787
IInd = 24
T.E.'a & a.008 0.493
Employees 11 0.813 0.679
ITB1
T.E.'=s 11 0.511 0.38%
lovees 5 0.960 0.471
1IB2 —piop
T.E.'8 5 0,457 0.5286
loveaes 4 0.665 0.177
I ITR3 o
T.E.'=ms 4 0.001 0.306
Employees & 0.657 0.169
IIEB4
T.E."s B 0.29% 0.297
Employees 3 0.028 0.920
IIBS
T.E.'8 [ D.068 0.843
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were poor. Most of the projects had lower R values indicacing poor
correlations between the X and Y data. T.E.II trainees in
construction projects could be a possible cause for this poor
correlation. Although they are accounted for as T.E.'s, they do
not carry responsibilities of regular T.E.'s. Thus, the manpower
prediction procedure developed in this study utilizing T.E.'s per
month and project cost per month data should be utilized

cautiousaly.

VI. CASE BTUDY

The manpower prediction procedure developed in this study can
be utilized on new construction projects during their planning
stage to help management predict manpower needs. If this procedure
is utilized correctly (used as an aid in estimating manpower needs
and not substituting it for good engineering judgements) it could
be a helpful tool for the GADOT. The following case study describes
the use of the developed procedure.

A new multi-lane roadway construction project [F-171-1(1)01]
was completed in Chatham County. The cost of this project was
£23,912,792.15 and the duration was thirty seven months. The
intention of this case study is to utilize the project information
listed above in conjunction with the manpower prediction sysatem
developed earlier in this study to determine the project manpower
requirement. The following step by step procedure demonstrates the
use of this system.
gtep 1: Identify the project type.

The project described above falls under the project type
IAl category.

Step 2; Calculate the project cost per month.
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$23,912,792.15
37 Months

= 5646,292 par Month

Total Cost/Project Duracion =

Btep 3: Use Eguation 1 or Line 1 in Figure 1l(a) to determine the

employees per month. In this case utilize Egquation 1.

Emplovees/Month = 0,245 + (1,12 X 10%) X (646,292)
= 7.48 Employees per Month

gtep 4; Use Eguation 2 or Line 2 in Figure 2(a) to determine the

T.E.'s per month. In this case utilize Eguation 2.

T.E.'s/Month = 0.242 + (3.9 X 10°%) X (646,292)
= 2.76 T.E.'s per Month

Btep 5: Determine T.E.'s / employees per month Ratio.
T.E.'s per Month
Employees par Month

2.76 _
St = 0.7

T.E's/Employees per Month Ratio =

Step 6: Determine employees per month for each guarter. Utilize

the average percent employees value from Figure 1l(b) or Table 3.

Employees/Month (18t fuarter) = (Enplovess/Monch) X (Average § Enpl.'s) X (Mo, of Ouarcers)
=T7.48 X¥0.23 X4 = 6,88

Employees/Month (2nd Quarter) = 7.48 X0.26 X4 =7.78
Employees/Month (3rd Quarter) = 7.48 X0.27 X4 = 8.08
Employeas/Month (4th Quarter) = 7.48 X 0.24 X & = 7,18
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Step 7: Determine T.E.'s per month for each guarter.

T.E.'s/Month (18t puarcer] = [Empl.'s/Monch (1sc Quarter)] X (T.E.'s/Bwpl.'s par Wooch Batic)
= 5.0 X0.37 = 1.58

T.E.'s/Month (2ndQuarter) = 7.78 X 0.37 = 2.8B8
T.E.'s/Month (3rdQuarter) = 8.08 X0.37 = 2.99
T.E.'s/Monch (4thQuarter) = 7.18 X 0.37 = 2.66

Btep B: Final estimate of employee requirement.
Final empleoyes estimates are given in Table 25. As shown in

the table these estimates are recorded only to one decimal point.

Table 25: Final Estimate of Employees Obtained from Manpower System
for Project in Case Study

Projeckt
Duration in
Quarters

Project
Duration in
Months

Employeas
per
Month

0 = 9.35 1"9.25 - 18,5 | 1I8.5 - 27.05 ) 27.75 - 37

6.9 7.8 B.1l 7.2

Tahle 26 shows the actual employee distribution for the

project in this case study.
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Table 26: Actual Employee Distribution for Project in Case Study
———————————————

| 1st 2rd ird ith S5th 6th Tth ‘
Months Six 5ix Six Iix Six Six Bix
Bmpl.'a
per 6.25 7.75 10 B.5 8.5 5 2
Month
T.E.'®
per 2.75 4.5
Month

A comparison of the actual employee distribution and the
estimated employee distribution obtained from the manpower system

for the project in this case study is shown in Figure 12.

VI. CONCLUSIONS AND RECOMMENDATIONS
Conclusions:

1. A manpower management system based primarily on
construction dollars was developed for GDOT.

2 This system is able to estimate the number of emplovees
and engineers reguired for different construction
projects,

3. The developed system is presented in a simple computer
program *MANPOWER®" and a set of charts. This computer
program and charts will be helpful in the implementation
of the findings of this study.

Recommendaticns:

p E It is recommended that the manpower management system
develocped in this study be utilized on future
construction projects during their planning stage to help

management predict manpower needs,
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Total Employees & T.E.’s
L]

ﬂ 1 i
Time (Months)

—F— Estimuted Total Employess from Maspower Syuiem —p— Actual Nember of Totsl Employees

—4— Evtimaied T.En from Manpowsr System —W— Actusl Nwmber of T.E.'s

Figure 12: Actual and Estimated Total Employee and T.E. Distributions in the Case Study
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It is recommended that a2 database of personnel use be
maintained in the future on all project types. After a
few years, the new database can be used to upgrade the
developed manpower system and can be used to include the
project types that are not in the present system.

This manpower management system should be used as an aid
in estimating manpower needs, and it should not be
substituted for good engineering judgements.

The manpower prediction procedure developed in this study
to estimate the required number of engineers (T.E.'s)

should be utilized cautiously.
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Appendix A
A User Guide for Manpower program
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HANPOWER PROGRAM
VEREION 1.0 AUDGUET 1993

A. GEMERAL

The MANPOWER program is a tool to predict personnel needs for
constructicn projects in the Georgia Department of Transportation.
This procedure was developed using data collected from the
completed construction projects. This program is capable of
providing accurate estimates for personnel needs in construction
projects. But these estimates are not intended to replace good
engineering judgements. It is very important to maintain good
records such as number of employees in construction projects and
their devoted time to each project in the future. These data will
enable to evaluate the developed manpower prediction procedure and
also to revise it, if necessary.

B. RUNNING THE MANPOWER PROGRAM

The MANPOWER program is located in DTDIMR directory in the
main frame (VAX) computer system. Log on to your regular directory
in VAX system. To copy MANPOWER program to your directory type
COPY [DTDIMR] MANFPOWER.EXE and press ENTER key. The following
section explains the steps in running the program using an example.
Assume that you are required to estimate the personnel needs for
the following project. A new multi-lane roadway project in Chatham
county is scheduled to complete in 37 months. The estimated cost
of the project is § 23,912,752.15 and the project number is F-171-
1(1) 01.

To run the MANPOWER program type RON MANPOWER and press ENTER
key. Now the following screen will appear.

i R R R A AR R A R R e R R e L R R R L S L e R I

" WELCOME TO .
. THE GEORGIA DEPARTMENT OF TRAMSPORTATION *
. CONSTRUCTION ENGINEERING MANPOWER SYSTEM .
- DEVELOPED BY .
* RESEARCH AND DEVELOPMENT BRANCH -
* OFFICE OF MATERIAL AND RESEARCH .
W L]

PR RS RS SRR SR R N AR RS SRR SRR T e R AL ]

FRESS ANY KEY - WHEN READY I

Figure Al

How press any key. The following screen will scroll up toc the
SCTreen .

46



PLEASE IDENTIFY THE PROJECT TYPFE FROM
THE FOLLOWING LIST

Froject Type Identification
URBAN-NEW CONSTRUCTION - MULTI LANE ROADWAY IRl
(INCLUDING BRIDGES)
URBAN-NEW COMSTRUCTION - OTHERS IA3
URBAN-RECONSTRUCTION - MULTI LANE ROADWAY 1Bl
{INCLUDING BRIDGES)
RURAL-NEW CONSTRUCTION - MULTI LANE ROADWAY I1al
{ INCLUDING BRIDGES)
RURAL-NEW CONSTRUCTION - TWO LANE ROADWAY IIAZ
RURAL-NEW CONSTRUCTION - BRIDGES IIA4
RURAL-RECONSTRUCTION = MULTI LANE ROADWAY IIB1
{INCLUDING BRIDGES)
HEURAL-RECOMSTRUCTION = T™WO LANE ROADWAY I1IB2
BRURAL-RECOMSTRUCTION - QTHERS IIB3
{INTERSECTIONS, SIGMALS, LANDSCAPE, ETC.)
RURAL-RECONSTRUCTICN - BRIDGES IIBd
RURAL-RECONSTRUCTION = RESURFACIMNG (ALL TYPES) IIBS
PLEASE ENMTER YOUR PROJECT IDENTIFICATION NUMBER l

Figure A2

Please read these project types and identify the project
identification number which represents the project wyou want to
analyze. Then type project identification number and press enter
key. Project type for our example problem is IAl. Now type IAl
and press ENTER key. The following statement will appear on the
BCreen.

PLEASE ENTER ESTIMATED TOTAL PROJECT COST
(Example for $ 6,000,000.50 Project Enter &000000.50)

Figure A3

Project cost of our example problem is $ 23,912,79%2.15. Therefore,
type 23912792.15 and press ENTER key. As soon as project cost 1s
entered the computer ask for the project duration with the

following statement.

I PLEASE ENTER ESTIMATED PROJECT DURATION IN MONTHS I

Figure Ad
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Answer to this by typing project duration in months and press enter
key. This value for our example problem is 37. Type 37 and press
ENTER key. Now the program does the computation and the results
will appear on the screen. The results of the our example problem
is given below,

'l‘-"-"‘"."--"--"l"'--""“'-.“I"-“'t"’*"’*-""-*""*-*"“‘I**I’"‘i*fi’i’-i’i‘i’i’-i’ti*

o MANPOWER PREDICTION FOR THE PROJECT Iy

L b R AR R R LR R e Rl e i e T st e E R ]

Average Total Employees Per Month = 7.5
Average Transportation Engineers Per Month = 2.B

$555-Employee Distribution in Project Quarters-5555
AVERAGE TOTAL EMPLOYEES
1st Quarter 2nd Quarter 3rd Quarter dth Quarter
6.9 7.8 8.1 T2

AVERAGE TRANSPORTATION ENGINEERS
lst Quarter 2nd Quarter ird Quarter 4th Quarter
2.5 2.9 3.0 -

FROJECT DURATION (MONTHS) EACH QUARTER (MONTHS)
37 9.25
TOTAL PROJECT COST (§)
23912792.15

DG ¥YOU WANT TO SAVE THESE RESULTS (ENTER Y OR N

Figure AS

If you do not want to save these results type N and press
ENTER key to end the program. If you wish to save these results
type ¥ and press ENTER key. Now program ask for a name for output
file by displaying:

I ENTER A NAME FOR OUTFUT FILE I

Figure A6

Type a name for output file. Let's type EXAMPLE.OUT and press
ENTER key. Program ask for a project title by displaying:

I ENTER A PROJECT TITLE I

Figure 7A
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You can enter a project title up to 60 characters. For our example
problem type F-171-1(1)01 in Chatham County and press ENTER key.
Mow you will see the massage ‘MANPOWER PREDICTION ENDS'. Now you
are out of the program. You can print EXAMPLE.OUT file to obtain
a hard copy of your results. Figure BA shows a hard copy of
EXAMPLE.OUT file. If wou like to run the program again type RON
MANPOWER and press ENTER key.

PROJECT: F-171-1(1)01 in Chatham County
FROJECT TY¥PE: IAl

LA R A A A B A LA B A AR A s AR ARl R it s R RS s R RS R R AR R

= MANPOWER PREDICTION FOR THE PROJECT .

FEATFAETRFT AT AN TN AFFAF AT AT AT I A raad AT TR TR s R d R

Average Total Employveas Per Month = 7.5
Average Transportaticon Engineers Per Month = 2.8

5555-Employvee Distribution in Project Quarters-5555
AVERAGE TOTAL EMPLOYEES

1st Quarter 2nd Quarter ird Quarter dth Quarter
6.9 7B B.1 i

AVERAGE TRANSPORTATION ENGINEERS

1st Quarter 2nd Quarter ird Quarter 4th Quarter
2.5 2.9 3.0 2.7
PROJECT DURATION (MONTHS) EACH QUARTER (MONTHS)
37 9.25

TOTAL PROJECT COST (§)
23912792.15

Figure 8A
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Appendix B

A Listing of Manpower program
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LA A L L S X it SRS AR sl st AR Al ER i TR R R RS SRS RS R R R Rl

- GEORGCIA DEPARTMENT OF TRANSPORTATION 3

. MANPOWER PREDICTION PROGHRAM #

= DEVELOPED ANLD WHITTEMN -

- Blf -

. B. Lanka Santha, P.E. =

* OFFICE OF MATERIALS AMND RESEARCH "

L UNDER RESEARCH PROJECT 9212 "

IR AR R AR R R R R R R R R R R R R L E P e R R R R R ]
INTESER J.K
FEAL TOTALS, TIME, MONTHS:, EMPM., TEPHM, R, EMOL.EMQ2, EMO3 . EMO4
REAL TEQLl, TEQZ, TEQ3, TEQ4, QUARTER
CHARACTER PROJECTID=4, XX*1, YorN=1l, OPNAME+=10, PROJECTMAME*GLOD

EMPM = 0.0

TEFM = 0.0

EMQL = 0.0

EMO2 = 0.0

EMO3 = 0.0

EMO4d = 0.0

WRITE(","}" °

WRITE(",*]" °

WRITE(", "}’ *
mITE.l'rIr'..-I--I--I-I'I-'.I--I--I-I--II-I-li-I-I--'-‘-I#i-‘-i—*-l1-#*71—111"‘-‘--‘-*"*'-"#I
WRITE(=,=]}"'" WELCOME TO ok
WRITE(*,"}'"* THE GEORGIA DEPARTMENT OF TRANSPORTATION -
MRITE({",*]"~* CONSTRUCTION ENGINEERING MANPOWER SYSTEM bl
WRITE(=*,"]"'® DEVELOPED BY .
WRITE(®,*) '™ RESEARCH AND DEVELOPHMENT BRANCH o
WRITE(",*)*'* QOFFICE OF MATERIALS AND RESEARCH =
HRITEI#J']r-III""--l.‘lIIIll'II'I'E.'Iii*tt***fif‘****t"*wffi
WRITE(*,"])
WRITE(*,~)
WRITE({*, ™)
WRITE(*®, *]
WRITE(™,™]
WRITE{~*, ®]"' PRESE ANY HEY - WHEN READY'

READ (*,2I)XX

200 WRITE(*,")"' FLEASE IDENTIFY THE PROJECT TYPE FROM'

PRITEL",.®]" THE FOLLOWING LIST!
WRITE(®",™])
WRITE(*,*]" Froject Type Identification’
WRITE(*,*®]
WEITE(~,*~ ] "URBAN-NEW CONSTRUCTION - MULTI LAMNE ROADWAY IAl®
WRITE(*, ™))" (INCLUDING BRIDGEES)
WRITE(*, "] '"URBAN-NEW CONSTRUCTION - OTHERS IAY®
WERITE(*,*] "URBAN-RECONSTRUCTION = MULTI LANE ROADWAY IBl’
WRITE(",*) "’ { INCLUDING BRIDGES)
WRITE(*,*) 'RURAL-NEW CONSTRUCTION - MULTI LANE ROADWAY IIALl'
WRITE(™,*]" (INCLUDIMG BRIDGES)®
WRITE(*,*] 'RURAL-NEW COMSTRUCTION - TWO LANE ROADWAY IZnZ
WRITE(*, *] "RURAL-NEW CONSTRUCTION - BRIDGES IZIAd®
WRITE(*,=*] 'RURAL-RECONSTRUCTION - MULTI LANE ROADWAY II8l’
WRITE(*.*)" ({INCLUDING BRIDGES) '

WRITE(*, *] 'EURAL-RECONSTRUCTION = TWD LANE ROADWRY 1IBad’
WRITE(*,*] 'RURAL-RECONSTRUCTION = OTHERS 1IR3’
WRITE(*,*)"' (INTERSECTIONS, SIGMALS, LANDSCAPE, ETC.)*
WERITE(*,™) ' RURAL-RECONSTRUCTION - BRIDGES IZIB4'
WRITE(*,*] 'RURAL-RECONSTRUCTION - RESURFACING (ALL TYPES}IIBS'
WRITE(*,*}"* !

WRITE(*,*]" PLEASE ENTEE YOUR PROJECT IDENTIFICATION MNUMBER'
READ (*, 21]) PROJECTID

21 FORMAT ( Ad )
WRITE(*,*]' PLEASE ENTER ESTIMATED TOTAL PROJECT COST'
WRITE(*,*] ' (Example for $ 6,000,000.50 Project Enter 6000000.50)°
READ(*,19) TOTALS

19 FORMAT (F14.2)
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&d

70
2590
23

23

24
31
iz
33
14

WRITE([*,*]" PLEASE ENTER ESTIMATED PROJECT DURATION IN MONTHS®
READ(*.*] TIME

MONTH: = TOTALS/TIME
CALL REGDATA(MONTHS, EMFM, TEPM, PROJECTID, EMDL,EMO2Z,EMQI,EMR4)

IF (EMPM .LT. 0.0) EMPM = 0.0

IF (TE®M .LT. 0.0} TEPM = 0.0

IF (EMPM .LE. TEPM) TEPM = EMPM

IF (EMPM .BEQ. 0.0 .AMD. TEPM .EQ. 0.0) GOTD 200

R = TEPM/EMPM

TEQL = R*EMQ1

TEQ2 = R*EMQ2

TEQ3 = RTEMQI

TEQ4 = R*EMDY

QUARTER = TIME/ 4
WRITE(*, ™}
WRITE(*,™}
WHITE(®,"}
WRITE(*,*)
MRITE(*, "}
WRITE(","]
WRITE{(™®, "]
HHITElFJ'J' LA A R R R R R R LR L R R R R R R R R R R R
WRITE(® *}' * MANPOWER PREDICTION FOR THE PROJECT .
WRITE[‘I‘]' LA R R B R R R R LS AR R R RN s e e A R R SR R R
WRITE(*,*)
WRITE({*,45) EMPM
FORMAT| " Average Total Emplovees Per Month = ', Fd.1l]
WRITE(".46) TEPM
FORMAT | * Average Transportation Engineers Per Month = *,F4.1)
WRITE(®. "]
WRITE(*,*) *§555-Employee Distribution in Project Quarters-5555°
WRITE{*,*]" AVERAGE TOTAL EMPLOYEES'
WRITE(*,"] 'lat Cuarter 2nd Quarter Ird Quarter Jdth Quarter’
WRITE(",50) EMQL, BEMQ2, EMQ3I, EMDY
FORMAT(6X,Fd4 .1,8X,Fd4.1,BX,Fd.1,8X.F4.1)
WRITE(*®,*]
WRITE({=®,*]" AVERAGE TRANSPORTATION ENGINEERS'
WRITE(*,*)] "lat Quarter 2zZnd Quarter 3rd Quarter 4th Quarter®
WEITE(*,50) TEQL, TEQ2, TEQ3, TEC4
WRITE(*,*}
WRITE(®,*) "PROJECT DURATION (MONTHS) EACH QUARTER (MONTHS)'®
WRITE(*,&60) TIME, QUARTER
FORMAT{BX, F4.1, 25X, F5.3%)
WRITE({=*.*]" TOTAL PROJECT COST (&)
WRITE(*,70) TOTALS
FORMAT (18X, Fl4.2)
WRITE{",™!
WRITE!".*]'D0O ¥YOU WANT TO SAVE THESE RESULTS (ENTER Y or H}°
READ(",22) YorN
FORMAT (AL)
IF (YorN .BEQ. *¥' .OR. YorN .EQ. ‘y') THENW

WRITE(*,*) '"ENTER A MNAME FOR OUTPUT FILE®

READ(¥*, 21 ) OPHAME

FORMAT (R30)

OPFEN{UNIT=1, FILE=0PNAME, STATUS='UNENOWN'])

WRITE(*,*) ' ENTER A PROJECT TITLE'

READ(*, 24 ) PROJECTMAME

FORMAT (A&D )

WRITE {3, 31 ) PROJECTHAME

FORMAT |4X, "PROJECT:", RABO)

WRITE{3,32) PROJECTID

FORMAT (4X, *'PROJECT TYPE:', A4}

WRITE{3,33)
FDHH&T:F ****"""'qqqit'it'----r-tl-----r-rttr-----rt-lh
WRITE{3, 34)
FORMAT( " * MANPOWER FREDICTIOUN FOR THE PROJECT il
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WRITE{3,33)
WRITE(2, ")
WRITE(3,15) EMPM
35 FORMAT (' Average Total Emplovees Per Month = *,Fd.1)
WRITE(3,3&8) TEPM

i ﬂggﬁg?i' ?”‘IHUB Transportation Engineers Per Month = °,F4.1]
WRITE (3, *}'5555-Employee Distribution in Project Quarters-5$555°
WRITE (3, ¥}’ AVERMGE TOTAL EMPLOYEES'

WRITE(3,=*) "15T QUARTER 2ND QUARTER IRD QUARTER 4TH QUARTER®
WRITE{3, S50 EMO1, BEMQZ., EMQI, EMD4
WRITE(3,*)
WRITE(2,*)" AVERAGE TRAMSPORTATION EMGIMEERS®
WRITE(1,") '15T QUARTER 2ND QUARTER 3RD QUARTER. 4TH QUARTER'
WRITE(1,50)TEQl. TEQZ, TEQ3, TEQ4
WRITE(3,*)
WRITE(Jd,*) 'PROJECT DURATION |(MONTHS| EACH JUARRTER (MONTES) '
WRITE(2.60)TIME., QUARTER
WRITE(3,*)" TOTAL PROJECT COST (§)°
WRITE(3,70) TOTALS
CLOSE(3)
ELSE IF (YorN .EQ. 'N' .OR, YorW .EQ. 'n’'} THEN
GOTC 300
ELSE
GOTO 290
END IF
100 WRITE(*®,*) 'MANPOWER PREDICTION EMDS®
STOP
END
SUBROUTIMNE REGDATA (MONS, EPM, TPM, PID, EQL1, EQZ2, EQI, EQ4)
REAL EFM, MOMS, TPM, EQLl, EQZ, EQI, EQ4
CHARACTER PID+*d
IF (PID .EQ. 'IAl' .OR. PID .EQ. "ial’'}THEN
EPM = 0.245 + 0.0000112*M0ONS
TPM = 0.242 + 0.0000039"MONS
EQlL = EPM*0.23+%4

EQ2 = EPM*0.26*4

EQ3 = EPM*0.27%4

EQ4 = EPM*0.24%4
ENMD IF

IF (PID .EQ. *‘IAl' .OR. PID' .EQ. 'ial")}THEN
EFM = 0,231 + Q.00000%7 *MONS
TPM ==0.081 + 0.0000041*MONS
EQl = EPM*0.32%4
EQZ2 = EPM*0.23"4
EQ3 w EPM*0.23"4
EQ4 = EPM*0.22%4
END IF
IF (PID .EQ. ‘IB1l' .OR. PID .EQ. 'ibl']THEN
EPM = 1.243 - 0.0000083*MONS
TPM = 0.658 « 0.000000B1*MONS
EQl = EPM*0.25%4
EQ2 = EPM*0_28+4
EQ3 = EPM*0._27+4
EQ4 = EPM*0.20"4
END IF
IF (PID .BQ.'IIKL' .OR. PID .BEQ. “iial’')THEN
EFM = 1.051 + 0.00000&89*MONS
TPM = 0.664 + 0.00000078"MONE
EQl = EPM*0.22%4
EQ2 = EPM*0.26%4
EQ3 = EFM*0.31*4
EQ4 = EPM=0.21%4
END IF
IF (PID .EQ.'IIAZ2" .OR. PID .EQ. *iial')THEN
EPM =-0.021 + 0.000011-MONS
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TEM
EQl
B2
EQ3
EQ4
END IF
IF [PID
EFM
TEM
EDL
EQ2
EQ3
EQd
EMD IF
IF (PID
EPM =
TP =
EQL =
Bl =
EQd =
EQ4 =
END IF
IF (PID
EPM
TFM
EQL
EQZ
EQ3
EQ4
EMD IF
IF (PID
EPM =
TPH =
EQL
EQ2
EQ3
EC4
END IF
IF |PID
EFM
TEM
EQL
EQ2
EQ3
EQ4
END IF
IF [PID
EFH
TPM
EQ:
EQ:
EQ3
EQ4
END IF
RETURN
END

wmowmnm

"R NER

0.296 + 0.0000015"MONS

EFM*0 .
EPH™O .
EPM*0.
EPM™D.

EQ."IT
1.138
0.382
EPM™*D.
EPM*(.
EPM*0.
EFM*0.

+vEigy "L
0.78%
0.041
EPM*G.
EFM*0.
EPM*0.
EFM=0.

.BEQ.'II

25vq
23%4
29%4
24=4

M!

23"4
234
26%4
28%4

Bl*
22+4
25%4
28%4
25*4
B2

.UR. PID .EQ.
« 0.000001&6*MONS
+ 0.00000068%*MONS

OR. PID .EQ.
+ 0.0000083*MONS
+ 0.0000023*MONS

8. PID

EQ.

0.405 + D0.000021*MONS
0.159% « 0.0000043*MONS

EFM*D.
EFM*0.
EFM*0.
EPM*D.

25%4
274
25+4
23*4

JE L' ITRY

EPM
EFM
EPM
EPM

LEQ.'ITRY Y

0.317
~-0.682
EPM=0.
EPM*0.
EFM*=0.
EPM*0.

LOR. PID .Ef.
g.SlB + 0.0000083*MONS

JOR. PID

.EQ.

+ 0.000012*MONS
+ 0.000013*MONS

2474
274
2674
23%4

.EQ.'IIBS"
1.097 + 0.0000019"MONS
0.061 + 0.0000028*MONS

EPM=0.
EFM*0Q.
EFM*0.
EPM*0.

26%4
26*4
26*4
22*4

OR. PID

EQ.
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*i1iad’ ) THEN

‘iibl’ ) THEN

*iib2* ) THEN

*iib3 ' | THEN

*iib4 ' ) THEN

f1ib5' ) THEN



PROJECT:F-171-1(1101 in Chatham County
PROJECT TYPE:TAl

LA R R R SR R L RS R E LS EEEE R R SRR B R B R 2 0 B E & B T e

w MANFOWER PREDICTION FOUR THE PROJECT y

LA R R A R E A E b b b b A bl SR b e R Ll RN EEEETEEE ER S

Average Total Emplovess Per Month = 7.8
Average Transportation Engineers Per Month = 2.8

5555-Employee Distribution in Project Quarters-5555
AVERAGE TOTAL EMPLOYEES
15T QUARTEER 2ZNMD QUARTER 3RD QUARTER A4TH QUARTER
6.9 7.8 B.1 b

AVERAGE TRANSPORTATION ENGINEERS
15T QUARTER 2ND QUARTER 3IRD QUARTER 4TH QUARTER

2.5 2.9 3.0 2T
ERMECTEDTJRATIDH {MOWTHS | EACH QUARTER (MONTHSI]
T.0 8.25

TOTAL PROJECT COST (5)
23912792.00
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Appendix C
Manpower Analyeis Using Charts
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CHART BASED MANPOWER AMALYSIS

The developed manpower engineering system is represented by 11
charts given in this Appendix. Application of these charts is
demonstrated by an example. Assume that you are reguired to
estimate the personnel needs for the following project. A new
multi-lane roadway project in Chatham county is scheduled to
complete in 37 months. The estimated cost of the project is §
243,912,792.15 and the project number is F-171-1(1) 01. 1In order to
estimate personnel needs for this project first identify the
correct chart which describe the project category. In this case
chart titled "IAl - Urban, New Construction, Multi-Lane Roadway®
represents the project type of the above project. HNow calculate
the project cost per month for the project dividing $23,912,792.15
by 37. This value is $646,291.68. Now go to chart IAl and locate
this value on Project Cost per Month axis (horizontal axis) and
read the corresponding values from Total Employee Line and T.E.
Line. These values are 7.5 and 2.8. These values represents the
regquired average total employees and average transportation
engineers for the project. respectively.

Estimates for average employees and average T.E.s for each
quarter of the project can be found using Employee Distribution
Factors given in the chart.

These computations are as follows:

A project guarter = 37/4 = 9.25 months
First Quarter: 0 = 8.25% months
Average total employees = 7.5 x 0.23 = 4 = 6.9
Average T.E.s = 2. B x 0.23 » 4 = 3.5
Second Quarter: .25 - 18.5 months
Average total employees = 7.5 x 0.26 x 4 = 7.8
Average T.E.s = 2.8 x 0.26 x 4 = 2.9
Third Quarter: 18.5 - 27.75 months
Average total employees = 7.5 x 0.27 x 4 8.1
Average T.E.s = 2.8 = 0.27 x 4 =30
Fourth Quarter: 27.75 - 37 months
Average total employees = 7.5 x 0.24 x 4 w 7.2
Average T.E.s = 2.8 x 0.24 x4 m 2.7

=¥
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Appendix D
Manpower Study Questlionnaire
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PROJECT TYFE NUMBERS

Project Tvpe List:
]

I. Urban
A. New Constructicn
1. Multi-Lane Roadway (including Bridges)
2. Two-Lane Roadway
j. Other (Intersectcions, Signals, Landscape, eto.)
4. Bridge
B. Reconscructian

1. Multi-Lane Roadway lincluding Bridges)
2. Two-Lane Roadway
3. Ocher (Intersections, Signals, Landscape, etc.)
4. Bridge
5. Resurfacing (all Categories!)
II. Rural

A. New Constructieon
1. Multi-Lane Roadway (including Bridges)
2. Two-Lane Rpadway
J. Ocher [Interseccions; Signals, landecape, etg.)
4. Bridge
B, ReconstCruction
1. Multi-Lane Roadway (includiag Bridges)
Two-Lane Rcadway
. Dther (Intersecclons, Signals, Lapdtcape, svc,)
Bridge
. Regsurfacing {all Cacegories]
III. Non-Let (PR County Contracts)

LA e el B

EXAMPLES :

1. An urbdan (I)., new constructicon (A}, two-lane roedway project
would have a *"IAl* project Cype number.

2. A rural {(II), reconstruction (Bl, bridge (4] project would have
a "IIB4d* project type numbear.

3. A nan-let PR County contract project would have a "III® project
type number.
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