
AD—AUDI 340 AIR FORCE INST OF TECH WRIGHT—PATTERSON AFB OHIO SCHO——ETC FIG 5/1
A STUDY OF ESTIMATING PROJECT DESIGN MANHOURS. (U)
SEP 78 R N MOSS. D .2 MEISTER. D F RUSCHMANN

UNCLASSIFIED AFIT—LSSR—12 788 NL

_ _ _  

U! 
_ _ _I

_ __flr,QE
_I . I________L I

_ _ _ _ _ _ _ _I





—
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

--
~~~~~~~~

-—-
~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— - ,
~~——

~ LEVEL’

A STUDY OF ESTIMATING PROJECT
DESIGN MANHOURS

Richard N .  Moss , Captain , USAF
Donald J. Meister , Captain , (JSAF

David F. Ruschrnann , Captain , USAF

LSSR 12-788

D D C
rn~t?1~?J1~ 

fl~
NOV 20 1978

_ _ _  
l l ists~u u~1~~~WMkT)ON $TATD~I2~T A I BI ~~~ public r.Is~~~I~_ _  

Cic~thsSc. Usli~ 1t.d

__________ - -
.
——-- . ~ .i:-

—’ --
~~



r

The contents of th. document are t.chnically accurate ,
and no sensitive items, detrimental ideas , or deliterious
information are contained therein. Furthermore, the
views expressed in the document are those of the author
and do not necessarily reflect the views of the School
of Systems and Logistics, the Air University, the United
States Air Force, or the Department of Defense. 

-~~~~~~~~~~~ -~~~~~~~~~ -~~~~ - “-



L .—.—— ~~~~~~~~~~~~~~~~~~ 
—
~

—
~~

——- —--- .- —--— -—— ~~~~~~~~~~~~~~~ 
— — . —

~~
_ 

~~~~~~~~~~~~ 
—_- ~~~~—-~~~—~~-

r

L.SAF SO~1 75-208 AFIT Control Msiber LSSR 12- 785

AFIT RESEAJ~ 1 ASSES3Eff

The T*irpose of this questionnaire is to determine the potent ial for current
and future applications of AMT thesis research . Please return c~~~leted
questionnaires to: I~FIT/LSGR (Thesis Feedback) , Wright-Patterson APS,
Ohio 45433.

1. Did this research contribute to a current Air Force project?

a. Yes b. No

2. lb you believe this research topic is significant enough that it would
have been researched (or contracted) by your organization or another agency
if API? had not researched it?

a. Yes b. No

3. The benefits of AFIT research can often be expressed by the equivalent
value that your agency received by virtue of AFIT performing the research.
Can you estimate what this research would have cost if it had been
acc~aplished under contract or if it had been done In-house in terms of man-
power and/or dollars?

a. ?4n-years 
__________ 

$ 
__________ 

(Contract) .

b. ?.~n-years 
— 

$ 
_________ 

(In-house) .

4. Often it is not possible to attach equivalent dollar values to research,
although the results of the research may , in fact , be important. Whether or
not you were able to establish an equivalent value for this research (3 above) ,
what is your estimate of its significance?

a. Highly b, Significant c. Slightly d. Of No
Significant Significant Significance

5. Ccmunents:

Náie and Grade Position

Oiganization Location

- ~~~~~~~~ ~~~~ _________________ - -



F--- -— 
~~~~~~~~~~~~~~~~~~~~~

—-

~~~~

----— 

~~~

-

~~~~

-

~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~
- — -~-——————-——-—-~ .- —~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

AFIT/L$GR
_ _ _ _ _ _ _ _  

43433

AFIT/LSGR (Thesis Feedback )
Wrig ht—Patterson AFB OH 45433

~~ 
U I . G.... fl...v. ( Pt t ,It.~ Ot(I.,~ I~ ?~—~~I-ISS

~ 

q ~~~~~~~~~~~~~~~~~~ -~~~ -- • -~ —



- .

~i CI4RITV ~.LA ~~.S~~I( .A f I ON Ii? T ,sS% PA ’ .~ VN~..,. he.. A..•......Sj

REPORT DOCUMENTATION PAGE
I REPo RT NUMSEN GOVT A CC~~SUUN Nfl REC,P15P1t 5 CA TALOO Nu MSER

LSSR 12-788 ________________________
~. ~~~~~~~~ “ ~~~-7 S TY PE OP REPORT S PERIOD COV ERED

- -J~ 
~~~4~VDY OF ~~~TIMATING ~~~ J1CT DESIGN NAISIOU

7 
¶~

Master h I 

/

hesie) /
L j ...._-.-----~-—--- - - —.— f ~WwWWORM ND RU. ~~~w~~~y

I. CONTR ACT OR GRANT WUMSER(.)
chard N.lMoss . am , USA?

Donald J.~Meister tam , USA?
David F.j Ruachmann ptain, USA?

, wIw,DRNIPIO ORGANIZATION N I AND ADDRESS IS. PROGRAM ELEMENT. PROJECT . TASK
Graduate Education Division , 

A R S A I W O N K  uNIT NUMSIRS

School of Systems and Logistics
Air Force Institute of Technology, WPAFB OH

II - CONTROLLI NG OFFICE NAME AND ADDRESS / I SflT
Department of Research and Mministrative ( SepL :~~~~~78 (

Management \.... - UMUER ~~
AFIT/LSGR. WPAFB OH 45433 133

4 MONITORING AGCh~~v NAME I ADDRESS(U dUIeiwI Sr.. C..*r.SIa.~ OSf ~c.) IS. SE CURITY CLASS. (OS lbS. rope rS)

IS.. O ECLA SS IY ICAYIO N D O W N G R A O IN G
SCHEDULE

F 6 t ’ N I B U T I O N  STAT EMENT (eS thIs Aspen )

Approved for public release; distribution unlimited (AFR 190 17)

~~~~~H P . HIPPS , Ma t1$~5 SEP P~ 0 1978
fl4r~~ tnr of Info rmat ion

~7 CIST RIS UTS ON STATEMENT (05 ffi. .b.S,ic( .nS.end Sn 8S.ck 20. II dIff.,.n S Sr.., Report)

_ _ _  

19k] 
~~~~IS. ~‘SP PLCMFplTARY NOTES

I, KI Y WORDS (C~~ SSnu. on never.. .Sd. U n.e .... ry end Sd.ntfty by blo.-ts ,,umb.r)

Design Manhour Estimating
Manhour Estimating
Design Variables
Estimating Methods

20. A S SY RA CT (Cnnltnu* r.v .r.. aId. SI n.rsaaeqy and Id.nUI~. by blocb numb. ,~ 
— -

Thesis Chairman : Todd Stewart , Captain , USA?

DO 
~~~~~~ 1473 EDITION OF NOV 45 II 05501 EYE 

UNCLASSIFIED
SECURITY CLASSIFIt A TION OF TIllS PAGE (Es.., Oat. Inl.r d)

O~i_ 
~~j  ~~ O ~ 

-

~~

- ~~~~~~~~~~~~~~~~~~~ __ —__- - -.  —,-- - .-—. 

~ --  —



~~~~~~~~~~ .~~~~ - - - . - - -
.- -.-- --.— ----—-

~~~

--.-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- — ----— .- —-.—•. -•..—.— -—-— .-.‘-—-. —~ .-—- -‘

~
- ---—--

~
—. ---— - ~~~~~~~~~~~~~~~~~~~~~~ v~~~~~

_

~~~~~—.-~

..—- ,.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

_~~scLAs8IFIED
SECURITY CLASSIFICATION OP THIS PAGI(WTs.. De.. Ipien. e -

The purpose of this thesis was to analyse design variables which affect
the time required to design a pr oj.ct and to develop a model for esti-
mating requi red design tim. based on these variables. A survey was
distributed to all Civil Engineering design sections located in the CONUS.
Specific data were requested on previously designed projects and on
pertinent factors considered when estimating project design manhours.
The results of the survey indicated that the three most important factors
were: cc~~lsxity of the project, estimated cost of the proj ect, and
experience of the engineer. Multiple linea r regression analysis was
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projects, and draft ing work by the engineer ) would have on the dependent
variable (design manhours) . A relationship was found to exist between
project design manhours and the independent variables. However, this
relationship was too weak to produce an accurate enough model to esti-
mate project design manhours. Although a weak relationship was demon-
strated for the cc~~osite analysis of all bases, a relatively strong
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CHAPTER 1

INTRODUCTION

Air Force Civil Engineering is responsible for the

design , construction , modification , operation , maintenance,

and disposa l of all Air Force real property ( i . e . ,  land ,

structure s, pavemen ts, utilities , and associated systems).

This is a tremendous tank involving an annual expenditure

of millions of manhours and billions of dollars. As a

significant part of this total effort, approxima tely

785 mili tary and civil ian eng ineers , assigned to the desi~in

section of civil engineering units at 87 continental United

~;tatus Air Force installations, annually design $250 to

$~ 0O million in maintenance, repair , and construction pro~-

Moreover, for each dollar ’s worth of projects

designed , an estimated two dollars in project r eguit -ement s

a t ~~ ident i f ied  and backlogged , awaiting available desiqn

• manhours. It seems apparent that design t ime is an

i mportant civil engineering resource that must be allo-

catod as efficiently and effectivel y as possible. In  a

Iwriod of increasingly austere manning and budgets,

design t ime is  a scarce resource that demands posit ive

~Estima tc’ provided by Lieutenant Colonel. Wesley IL
Nott in q han , HQ USAP/LEEPV , 4 August l’478.
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— management and control . A first step in controlling

design time is developing accurate estimates of the time

required to design projects. This thesis proposes to

- J study the current design t ime estimating method~; and to

develop an accurate and reliable method for estimating the

number of manhours required to design a project.

- 

- 

Wha t can be gained by having a method of makin g

more accurate estimates of the engineering manhours

required to design a project? First, an accurate esti-

mate of project design time provides the basic building

block for an accurate design schedule, which helps insure

the timely completion of high priority projects or year-

end projects . Second , more accurate project desiqn time

estimates are essential in forecasting in-house capability

and architect-engineer (A-E) requirements. Third , va l id

manhour estimates can serve as a plan from which to moni-

tor the progress of a project design. Fourth, val id man-

hour estimates can provide a basis for evaluating the

performance of an individual engineer and the design sec-

tion as a whole. Fifth, the same method could serve as

a way to help develop the government estimate of manhours

required by an A-E to design a project. Sixth , having a

method of making accurate estimates of design manhours

would be particularly useful for the young and inexperienced

officer who finds himself in charge of a design section.

2
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Each of these six concerns will be addressed

later in the section on “Current Air Force Interest and

Justification .” First , however , the background which

leads to description of methods currently used for esti-

mating design manhours will be discussed.

Background

Within an Air Force base civil engineering squadron ,

the design section has responsibility for the design of

facilities projects. In addition, the section is respon-

sible for other technical duties including construction

management, review and assistance in developing program-

ming documents, project technical reviews, engineer-manager

duties, consultant services, and technical studies. It is

an Air Force target to expend approximately 40 percent of

total available engineering manhours against project design

(10:137-138). In the survey distributed by the authors to

design sections at eighty-seven CONUS bases, twenty-five

of forty-two bases responding were scheduling at least

• 40 percent of the engineer ’s total time for project design

(see Figure 1). In order to get the most productivity out

of that 40 percent, we need to provide methods and tech-

niques for i mproving “the management of design manhour

resources (“  I .“

1’or the purpose of thiB thesis, project design

is defined to include : (1) review of programming

3
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documents , ( 2 )  review of record drawings , (3 )  necessary

site visits to verify actual conditions, (4) meetings

with using agencies to insure that their functional

requirements are met, (5) necessary research to insure

that Air Force regulations are complied with, (6) develop-

ment of the project drawings and specifications,

(7) required final coordination and approval procedures,

and (8) compliance with any MAJCOM/AF project review

comments.

The project design may be for new construction ,

but most often it involves the maintenance, repair,

or alteration of existing structures and systems. The

projects are normally designed for accomplishment by

civilian contractors. Unlike most A-E’s or the U.S. Army

Corps of Engineers who work on relatively few, but large

scope or dollar value projects, base design sections

generally work on the design of many small scope or dol-

lar value projects. Information collected in this study

on 553 projects designed at thirty—four bases showed an

avera ge estimated construction cost of $95,900 with a

range between $1,400 and $1,447,000. Almost 10 percent

(52 out of 553) of these projects were estimated to be

less than $10,000. The frequency distribution of the 553

projects by estimated cost is shown in Figure 2. Based

on a sample of forty-two design sections, a typical base

design section has an average of 9.28 engineers. Thirty-r~,.

5
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of the forty—two design sections had engineering staffs

composed of both military and civilian engineers, whil.e

the remaining six staffs were all civilians.

The Chief of Design is responsible for the effec-

tive and efficient utilization of the design section

resource. “Estimating design time is the key to scheduling

and measurement of efficiency (7:3].”

The Chief of Design must not only prepare “indi-

vidual project design schedules which encompass all phases

of in-house design . . . .,“ but must also:

establish clear-cut work plans for effec-
tive management of in-house engineering resources.
This should include an annual design plan which proj-
ects design objectives and milestones [19:Para.5-ll).

To design all the projects authorized for a monthly design

period, the design section will be working on many projects,

and each of the engineers will often be required to work —

on several projects simultaneously. The difficult task

of managing this design effort is a primary job of the

Chief of Design. According to AFR 89-1: “Design manage-

ment is the use of technical and management skills to

achieve a satisfactory design within fund and time limi-

tations [l9:Para .2—3~I. ”

Since no direct guidance is provided on methods

for estimating project design manhours, numerous methods

are currently being used by the Chiefs of Design to

schedule their engineers ’ workloads. The purpose of the

H 

~~--~~~-~ - -~~— 



___ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

next section is to present some of the methods being used

to estimate the required n umber of manhours to design a

project.

Methods Currently Used for Estimating
Design Manhours

Most of the techniques used by the Air Force for •

estimating the number of manhours required to design a

project are similar to those being used in commercial

practice . A discussion of several of the current methods

used in both the Air Force and commercial practice is

presented below.

In the N phase and compensation” method , a given

design fee is assumed , and the fee is broken down into a

payment schedule according to each project phase . For

example , 20 percent of the fee may be designated for the

concept phases 30 percent for preliminary design; 40 per-

cent for working drawings; and 10 percent for bidding or

negotiations. The amount of money in each phase is then

divided by the hourly rate normally charged , and a result-

ing numb r of manhours for each phase is determined. The

accuracy of this method relies on the experience and abil-

ity of the estimator to determine the required amount of

design effort which is u s d  to determine the design fee .

An inexperienced estimator can overestimate or under-

estimate the fee by a considerable amount (2:3).

8 
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The “fee” method ii very similar to the “phase and

compensation” method and is a technique used by a nu~~er

of bases, where the design section is compared to an A-E

office. In effect , the amount of money available to accom-

plish the design , the fee , is used to determine how many

manhour s are available. This number of manhours is

normally moderated by the judgement and experience of the

Chief of Design . Following is an example of this tech-

nique as used by one base. Information required includes

estimated project cost, engineering shop rate ,2 and a

scaling fac tor . The scaling factor takes into account

type of work and modularity (degree of repetition) to

determine complexity (perceived difficulty) as follows :

Minor Construction and Alteration 1.00

Repair .75

Maintenance--Nonmodular .50

Maintenance--Nodular .30

Maintenance--Annual Recurring .20

An A-E may be paid a maximum of 6 percent of the est”-

mated cost of the project for normal design services. At

this base, a 100 percent markup is assumed to cover the

costs of office administration and operation. Thus,

2The engineering shop rate is the average cost per
hour of doing work in the engineering work center (WC 421)
and includes: military and civilian labor costs, bench
stock mater ials, tools, vehicle costs, and an overhead
adjustment factor of civilian pay.

9
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3 percent is used as a s tar t ing point in determining the

fee . These values are then entered into the following

formula:

Estimated Cost x 3% x FactorManhours Engineering Shop Rate

to give the number of mnahours required to design the

project.

The “ask-the-engineer” method is very popular.

“traditionally, time estimates are obtained by asking

someone familiar with the job a question such as, ‘How

long will it take you to do this?’ [18:651.” Most often

the Chief of Design will direct this question to the

design engineer. This method suffers two shortcomings:

(1) the engineer may pad his estimate to be safe, and

(2) the Chief of Design may not be experienced enough

to know whether or not the engineer ’s estimate is rea-

sonable.

The “detailed breakdown” method is a technique

of determining the number of engineering design manhours

based on a detailed analysis of the elements required

broken down by specific discipline (11:86-89). This method

provides fairly accurate estimates of the required man-

hours , but it is quite time-consuming. The large number

of small projects handled by the average Air Force design

section normally makes this method impractical.

10 
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The “computed curve” method relies on historical

data which relate the total number of design manhours

required for previous projects to the associated project

costs. A curve is drawn to model this relationship,

usually with project cost along the X—axis and total man-

hours along the Y-axis. By knowing the estimated cost of

a new project, the Chief of Design can estimate the number

of manhours required to design a project by reading the

manhours where the estimated cost intersects the curve.

At one base, a series of four curves have been developed :

$0 — $10,000; $10,000 — $100 , 000; $100 , 000 — $1, 000 , 000;

and $1,000,000 — $10,000,000. In addition , each project

is evaluated by the Chief of Design in terms of complexity

and modularity. The results of this evaluation may then

cause the curve to be shifted within plus or minus three

standard deviations from the mean represented by the

i n i t i a l  curve . For example, if the project rated high

in modular i ty  and very low in complexity,  the curve would

be s h i f t e d  down approximately three standard deviations;

if  low in modu la r i t y  and high in complexity, the curve

would be shifted up approximately three standard devia-

tions before reading the number of required manhours (6).

To provide accurate estimates, this method requires several

years of project data . Due to the complexity of the

calculations, a computer is required for curve generating

11
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and the Chief of Design should have a background in

s t:t i s t i c al  ana lys i s .

The “ m a t r i x ” method also relies on h is tc~~ic~~1

project  manhour data related to cost and complexity to

enable the Chief  of Design to estima te total  proj ect

desi gn manhours.  Cost ranges such as $0 — $25 , 000 ,

$2~’, 000 — $75 , 000 , $75 , 000 — $150 , 000 , and $150 , 000 —

$400,000 are displayed vertically on the m a t r i x .  Com-

p l e x i t y  values are  low , medium , and h i gn  and are  d i sp layed

hor i zon ta l ly on the matrix. The cells of the matrix then

contain the total number of manhours for project design

based on an estimated cost and complexity. The matrix

method requires a large data base unique to each base

and does not allow for the effects of other important

design variables.3

The “cartooning ” method is a technique based on

the estimated number of sheets of drawings which may be

required , the amount of information or detail which shouhi

be con ta ined on each sheet , and some knowledge of how many

manhours it will take to complete each sheet. To use

this technique, a Chief of Design must be experienced

in all of the engineering disciplines involved in a design

3Material on the matrix method was taken from
course material for the “Engineering , Construction , and
Environmental Planning : Management Applications Course
taught  at the AFIT Civ i l  Engineering School , Wr igh t-
Patterson AFB OH.

12 
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or have experienced su ~~e - r v ~~~~~:s or senior  engineers who can

provide the necessary information. In addition , the Chief

of Design must have estsk~1ish.d a data base on manhours

per sheet of draw i ngs.

The fina l mi- thod is t~ e onc-s-month” method . The

Chief of Design ali ~~w~ ~rw i nth to complete each project

unless it is conslderab L , ~~~~t t -li fficul t than the “aver-

age” project. When the ine xperienced Chief of Design may

not be aware of other est im at ing  method s , the “one-a-

month” method c e r t a i n l y  provides an easy method to use , but

is obviously a gross simpli f i ca t ion  of the complex inter-

action of many factors and probably results in an inability

to efficiently manage design performance.

The Amer ican Institute of Architects (AlA) has

recognized the necessity for accurately estimating the time

required to design a project. They also have recognized

the lack of either an adequate method or readily available

data to provide such information. As a result, the AlA

is currently developing the Time Data Bank, which involves

ga ther ing data on a number of well-documented case studies

and sorting this data in the computer. This accumulated

data can be used to provide information on time estimates

for similar projects and is intended to be used to make

as well as to check estimates (1:2).

13
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Current Air Force Interest —

and Just if icat ion

“The Management of Engineering Design wi th in  base

level CE needs improvement [ 5] . ” This b lun t  assessment

by USAF/PRE M reflects the same concern as a number of

Chiefs  of Design who were interviewed by the authors

between 2— 1]. November 1977 as they attended Engineering

and Construction Management Applications Course 77C at the

Air Force Ins t i tu te  of Technology (AFIT) . Air Force engi-

neering managers who attended previous engineering and

construction management applications courses identif ied

the number one priorities on their list of engineering

concerns as design productivity and meeting design sched-
4ules.

Engineering manhours need to be better controlled

for each individual engineer , discipline , type of work ,

and pr iority to assure efficient management of the engineer ’s

time ( 8 ) .  Of primary concern in effect ively control l ing

eng ineering manhours is the ability to accurately estimate

the n umber of hours required to design a project.  This

research, as well as the authors ’ individual experiences

at various bases, has shown that there is neither a

generally accepted method used at base level nor any method

suggested through Air Force guidance .

4Extracted from AFIT/CES Engineering and Construc-
tion Management Applications Course ~ackground material onf i l e  in instructor’ s o f f i c e .
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--



Accurate project design manhour estimates are

the basic building blocks of a valid design schedule.

However , with curren t practices , there is no basis for

what goes into the design schedule (9). Many systems

are used for scheduling , but all require that initial

manhour estimates be input . The estimates that are

input impact the validity of the schedule , yet up to now ,

there is “no good way of estimating design manhours 115).”

The ability to accurately estimate project design time

is essential in constructing an effective design schedule

and allows tho Chief of Design to insure the timely

completion of critical and high priority projects (3).

An eftoctive design schedule increases the probability

that all projects in the current program will be designed

on time . Accurate manhour estimates are essential in

managing year-end or fallout money projects. In addition

to providing the basis for a valid design schedule ,

accurate project design manhour estimates provide a

forecast capability for design management. In summary ,

‘ as estimating methods become more accurate, scheduling

should also become more accurate [7:4j. ”

Accurate project design manhour estimates can he

used t o  t o’eeast tot al annual design capability , which

imp act s  the programming of projects , the i d e n t i f i c a t i o n

of n-i- : requirements, des ign  s t a f f  r equ i r emen t s ,  and

15
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design support requirements (4). Accurate manhour

est ima tes also allow accurate forecast ing of in-house

design capabili ty . This prior knowledge of the desiqn

capab i l i ty  lets the Chief of Design know how many projects

can be included in the current program or may have to be

slipped to the next fiscal year. If unforeseen changes do

create a backlog of priority projects or required manho urs

in any discipline, this backlog can be identified early,

aga in  a l lowing A-E requirements to be determined and

funds bud geted (5)  . Early identification of staff short a~ies

or unique requirements would allow time for assistance

by command or another base. Also , staff requirements

in site developmen t and administrat ion could be addressed .

Accurate design manhour estimates can help in identifying

avai lable  time which could be devoted to a f a l l o u t  desiqu

effort as well as identifying specific projects which

might be considered for design. Finally, accurate man-

hour estimates allow forecasting of support requirement’.

• such as furniture , drafting tools, computational and

testing equipment , reference material , film , and supplies.

Along with the ability to identify future r”quire-

ments, accurate manhour estimates can be used as an indi-

cator of the status of ongoing projects. Accurate pro icet

design manhour estimates could be used to help mon i tor the

status of a design project. Currently, the status ot ~i

L



project under design is established subjectively by the

engineer te l l ing  the chief the percentage of the work

he th inks  he ha s completed (8; 9; 15) .  A comparison

of the actual number of manhours expended again8t the

number of manhours estimated would provide some indication

of the progress on the project. Additionally , this

comparison would provide a management indicator of

potential problem areas. For example, if the percentage

of manhours that have been expended is high and the pro-

gress being reported by the engineer is low, something is

wrong .

Accurate project design manhour estimates can

prov i de a basis for evaluating the performance of the

engineer as well as the design section (9 ;  15) .  On any

given project , a comparison of the estimated manhours

with the actual manhours required to complete the design

can provide one indicator of the engineer ’s performance

on that project. More importantly perhaps would be com-

par isons of an engineer ’s design efforts over a period

of time . Projections could be made , based on project

design manhour estimates , on how much design an enginee r

should accomplish in a year . Thus, goals might be set

for annual  performance and then actual performance

measured against those goals. Similarly, design goals,

based on project design manhour estimates , could be

17 
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established for the whole design section and performance

could be measured against those goals. Additionally, once

target design manhours had been established and met ,

future goals could be set to reduce the time to complete

a project design.

Accurate project design manhour estimates could

help establish the government estimate for negotiating

•-k~sign contracts with A—Es. A method for estimating

project design manhours, which is based on historical

data and parameters of the specific project to be designed ,

provides a factual basis for negotiations. This method

provides a means of analyzing possible changes in a

parameter , such as cost of project.  For instance, if

the base has several options in the construction of the

project , how would each option impact the design of the

project?

The same benefits mentioned in regard to A-E

design work hold true for the in—house design work. The

method is visible and can serve as a basis for discussion

and negotiation with the design engineer. Again it allows

for analysis of options, thus serving as an aid in making

design management decisions. Comparison with past per-

formances can be used in planning future goals. Such a

method also provides a basis for the Chief of Design to

discuss and define his section ’s capability . In essence ,

18
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it may provide a basis for saying “no ,” when “no ” is

• the realistic reply . However , the Chief of Design cannot

say “no” unless he knows what he can do and how the

changes impact the design schedule and the program.

Finally , the need for an accurate and reliable

method for estimating design manhours was identified by

several chiefs of design because of the following recur-

ring management situation . In private professional

architectural or engineering practice, new employees

fresh out of school or just entering the field are not

given a job managing large numbers of design projects or

• a highly skilled engineering staff. These people work

“on-the-boards” to gain experience , often for many years

before assuming such management responsibilities . By

that time, they have the in-depth experience to make

design time estimatesaswell as to carry out other design

management responsibilities . In the Air Force, however,

i t  is not uncommon for a young officer with little or no

practical experience to be assigned as the Chief of Design

where he must make estimates of design time essential

in formulating project design schedules. Of forty-two

Chiefs of Design responding to a survey conducted in this

research of CONUS engineering design sections, seven were

officers and thirty—two were civilians. The remaining

three did not indicate whether they were officers or

19
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civilians. The civilian chiefs had an average of 8.78

years experience as Chiefs of Design an average of

16.44 total years of design experience . By comparison ,

the officers had an average of l~~~ years experience as

the Chief of Design and an average of 1.71 total years of

design experience . This ~~tuation is particularly true

at overseas bases or smaller stateside bases and is happen-

ing more often as rat~d officers with five to twelve years

of service spend a tour as a raters supplement in base

civil engineering. These individuals have neither

practical e4erience nor Air Force guidance to direct

them in accomplishing an important part of their

job (4; 12; 13). 

In response to the apparent need to improve design

management, the Civil Engineering School at AFIT has

included a one—hour block of instruction in the Engineering

and Management Applications Course 78A. The course

presents a brief overview of four design manhour estimating

methods currently being used . The intent is to let Chiefs

of Design know what other Chiefs of Design are using.

The Air Force is planning to approach the engi-

neering design management problem by including information

in a brochure for the Chief of Design. This brochure is

not to be a regulation but is intended to be colorful ,

readable, and simple to use (8). The brochure will

20 
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address a number of management problems within the Engi— —

nucring Design Section . The intention is to “offer

mrP:~~j ( in7~ r Lt t echniques for setting tartj~ ta for . .

manhours . . . by the engineer 151 . ” After traveling

to a number of bases, a civil engineering member of the

Military Airlift Command/Inspector General team concluded

that design sections do not have any valid basis for

deciding what goes into the design schedule (9). At this

point in time there are no methods for estimating design

manhours which have been identified for inclusion in the

brochure. The results of this research will be made

available to the project officer for inclusion in the

brochure.

In recent years, Air Force managers have been

tasked to do more with fewer resources. The requirement

for effective management of our present engineering

resources is perhaps best summed up by the following

quotation :

The apparent shortage of engineering talent
actually can be traced to a shortage of effective
engineering management. A poor manager wastes
engineering talent 117:351 .

Problem Statement

Current project design manhour estimating methods

vary considerably . Our research indicates that there is

no method which provides accurate and reliable enough

21
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manhour estimates. Additionally, the lack of a reliable

method creates an inability to effectively schedule the

engineers ’ workload and to determine the design capability.

These considerations adversely impact the effective

management of the civil engineering design section resources.

Objectives

The objectives of this research are to:

1. Identify and analyze the variables which have

the greatest effect on the required design time of a

pro ject,

2. Develop a model for estimating the required

• design time based on the most significant of the vari-

ables,

3. Establish an appropriate standard for accuracy

of estimated project design time, and

4. Test the model’s accuracy and reliability

in estimating the required design time.

Research Questions

In order to meet the objectives, the following

research questions must be answered:

1. What are the variables which directly affect

the project design times?

2. What is the relationship between design ti me

and the variables?

22 

—- ---- -- — - - -- ~~~~~- --~~~~-.• • - - —-— ------ -- ___~~~~~~~~~~~~~~~~
- 

—



— •1
— 

~~~~~~~~~ • - —~~
-
~~~~ ‘ . 

,-• - --v- •-~ -

*____•_ *_ —- -_-‘-w.._•_.__~~__.__,__
___ •_ -~____ •___ __•_._____ _____~..___••_ __ _ -—-——•---- ---— - -. -— ~~——- - —-- - - •  - - -~ -~

3. What accuracy of estima ted project design time

should be achieved ? What accuracy is currently being

achieved?

General Hypothesis

The relationships between design time and design

variables will allow the Chief of Design to estimate the

required design time accurately and reliably .

23
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CHAPTER II

METHODOLOGY

This chapter is divided into two sections which

describe the methodology used in this research. The

first section describes the population, sample, identifi-

• cation and definition of variables, and data acquisition.

The second section briefly describes the statistical

techniques and step—by-step approach used in ana l yzing

both nonproject and project data collected from a survey .

Population

For the purpose of this research e f for t , the popu-

lation is defined as all construction projects, to

include minor or new construction , routine maintenance,

and repair , designed by engineers assigned to the civil

eng ineering design sections of all CONUS Al’ CE design

sections.

Sample

The sample used in this research was taken from

forty-five CONUS bases and consists of data on: variables

considered in estimating project design times; accuracy

being achieved and desirable accuracy to be achieved in

estimating project design times; the percentage of an

24
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engineer ’s time scheduled for project design; and on

553 completed design projects. See Appendix A for  a

compilation of these data . The survey instrument by which

this information was gathered was sent to all eighty-seven

CONUS civil engineering design sections identified in

Chapter 4, Volume I of AFM 10-1, Air Force Directory of

Unclassified Addresses. Of the forty—five bases responding

to the survey , thirty-four provided usable project data.

However, bases not providing project data did provide

usable non-project data.

The survey was limited to the CONUS bases because

of the ease of data collection, the accessibility for

necessary coordination with the surveyed bases, and

additional variables which must be considered for overseas —

bases (different design section configurations and manning,

working with foreign nationals, less resources at their

disposal, etc.). Since the sample was restricted to bases

in the CONUS, the results obtained from this research

ef fort cannot be generalized to bases outside the CONU S .

Identification and Definition . 
- •

of Variables

Many variables have been considered to have a

potentially significant effect on the number of manhours

required for a project design. These variables were

identified through conversations with six current Chiefs

25
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of Design and f ive senior engineer ing managers , in fo rma l

survey  response from eighteen design managers attending

Engineer ing , Construction, and Environmental  P lanning

t’lanagement Applications courses 77— c and 78—A at the AFIT/

Civil Engineering School , as well as the experience and

k nowledge of the authors . For each variable identified,

consideration was given to the following questions : how

- 
• available is the data for this variable; how readily can

it be c lass i f ied/quant i f ied; how objective/subjective is

the data ; does this variable a f fec t  d i f f e ren t  projects to

d i f f e r e n t  degrees , or does it  a f f ec t  all projects approxi-

mately the same ; and to what extent does this variable

a f f e c t  the number of design manhours required? These

questions were used as criteria which would provide data

that could be statistically analyzed and would be readily

available on existing project documentation .

Dependent Variable

Project Design Manhours. The project design

manhours are the number of manhours required to design a

project.  The n umber of manhours is affec ted  by several

factors which have been determined to be the independent

variables.  Project design is defined as the time required

to: ( 1)  review programming documents , ( 2 )  review record

drawings, (3) conduct site visits to ve r i fy  actual cond i-

tions, (4) conduct meetings with the using agency to

26
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insure tha t  their  func t iona l  requirements are met , ( 5 )  con-

duct  necessary research to insure the Ai r  Force r e g u l a t i o n s

are complied with , ( 6 )  develop project  drawings  and speci-

f i c a t i ons, ( 7 )  accomplish f i na l  coordination and approva l

procedures , and ( 8)  comply with any MAJCOM/AF project

review comments.

Independent Var iables

Project Cost. The project cost is the est imated

project  cost taken from the DD Form 1391 or the Air  Force

Form 332.

N umber of Disciplines Involved in the Design. The

number of disciplines is simply the total number of

d i f f e r e n t  engineering disciplines involved in the design

of that  par t icular  project .

Type of Project. The type of project  is a nominal

variable that ident i f ies  a project as minor or new con-

struction (MC) , routine maintenance (N ) , or repair ( R )

Project Fund Category. The project fund category

is a nominal variable that designates the source of money

used to fund the project . The research e f f o r t  w i l l  con-

sider projects which are funded by the following sources -

•

of money : Operations and Maintenance (O&M), Honappro-

priated Funds (NAF) , Mili t ary Family Housing (M FH ) , and

Hosp i t a l .

27



Experience of the Engineer. The experience of

the engineer w i l l  be broken down into two separate

variables.  The f i r s t  variable is defined as the total

number of years of design experience for the engineer.

The second variable is defined as the number of years of

design experience at the present base of the engineer.

Perceived Modularity . Perceived modularity is an

ordinal variable defined as repetition of specific elements

wi th i n a part icular  design project.  Modulari ty is

subject ively determined by the Chief of Design as high ,

medium , or low. For example , the design of numerous sets

of identical classrooms would probably be considered high

modula r i t y .

Similar  Project. A s imilar  project is one which

has been previously completed and which can be substan-

t i a l ly  re used for a current project design.

Perce ived Complexity. The perceived complexity

of a project  takes into account such factors  as the

amount of external  coordination required , whethe r the

project  has unique design requirements, involves new

technology , or requires much in ternal coordination among

the eng ineers . Complexi ty  is assigned by the Chief of

Design on a scale of one to five with the very simple -‘

pr oject being one , an average project being throe , and

the very complex project being five .

28 
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A number of additional independent variables

were ident i f ied but were not considered for data collect ion .

A list of these variables is presented in Appendix B-i.

The main reasons for el imination of these variables were

the lack of readily available data , the inab i l i t y  to

adequately c lass i fy/quant i fy the data , and the necessity

to limit the number of variables in order to minimize

the burden of data gathering at the base and analysis of

the data.

Data Acquisition

The data for these variables was collected through

the use of a survey sent to all bases in the CONUS.

The survey was sent directly to the Chief of Design at

each base for completion. The survey was validated

• through an i terative process of review and revision . The

f i n a l  format is the result of reviews and recommendations

by: civil engineering personnel at HQ USAF/PREMA ; two

classes of Chiefs of Design who attended Engineering,

Construction and Environmental Planning Management Appli-

cations courses 77—C and 78—A and internally by research

department faculty , thesis advisor, and Facilities Manage-

ment graduate students.

Development of the Survey

In general the survey was designed to gather data

on: the size, experience and composition of design

29
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sections; the factors the Chief of Design is looking at

during his design workload planning ; current and desirable

estimating accuracy; and specific project information.

Refer to Appendix B-2 for a copy of the survey. ~‘o1lowing

are specific thougnts and rationale for developing individual

questions.

H From the first page of the survey , item 2, “base

and AUTOVON ,” was requested to allow follow-up inquiries

by the researchers regarding data from that base and to

allow geographical location of thc base for analysis by

region . Item ~ “factors considered when making estimates

for project design times,” was included to validate the

list of independent variables previously identified and

to identify any important variables which may have been

overlooked . Item 4, “rank ordering the factors most

often used ,” was included to try and reduce the many

variables to a consistent and manageable few variables

which may provide the most information for prediction.

Item 5, “desirable estimating accuracy ,” was included

to help establish a standard or target for estimating

accuracy .. This standard would then be used to test the

accuracy of any developed method or model for estimating

project design manhours. Item 6, “present project manhour

estimating accuracy being achieved ,” was included to find

out what accuracy bases who are measur in q  this are achieving

30
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and to f ind  out how many bases are not measuring es t imat ing

accuracy . Item 7, “the percentage of the engineer ’s total

time scheduled for direct project design ,” was included

to compare the percentage of time scheduled with the AF

target of approximately 40 percent and to determine

the percentage of time we must manage using project  desi gn

time es t imat ing.

From the second page of the survey , item 1,

“Engineer Number ,” was included to determine the size of

the design staff and to provide a way to associate a

particular engineer , and thus discipline and experience ,

with a particular project. To do the latter the eng i-

neer ’s identifying number(s) would be placed in item 7 of

the third page , Engineers Involved . Item 2, “Rank/Grade ,”

was incl uded p r imar i ly  to determine the m i l i t a r y/ c i v i l i a n

mix among the design staff and whether or not the Chiel ot

Design was m i l i t a r y  or civilian. Item 3, “Discipline ,”

was included to al low a n a l y s i s  of project  design time d a t a

by discipline or combinations of disciplines. Item 4 ,

“Design Expertenct’,” was included to determine how t ’~~~j ’i-

rie nct’ i n  t o t a l  years  o: at t h a t  p a r t i c u l a i  base we~
r e l a ted  to m a n h o u r s  requited t o  des: qn a ~~i o se.-

1 tems 6 , 1 , a i d  8 , “ .‘~~~oi  i e i i ce 1 t h e  Ch i ~~t ~ t Design ,

- I 1 ne t  u.t , ’d t i ~-~h ‘w I h t ’  I ~ Iiq ,’ in & ‘X ~ ‘~~‘ I l e  Ih I t  V i i

t~ - i i  1 ~~-j - i  . ‘o5~)a t  i ‘ n t i i  I t hi -’ v . i I  i . i I ~ ‘-S u- t’ -J i i.’, * , ste;
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less experienced chiefs : and to allow a comparison of

the estimating efficiency of different experience levels.

On the third data gathering page of the Burvey ,

items 1, 2, 3 , and 4 , “Project Information ,” were included

to provide objective information on each project for use

in analysis. In order to limit the work effort required

at the base which provided the data, the number of projects

was limited to fifteen. At any point in time , the number

of projacts of each type of work CM , R , MC) or fundings

(O&M, NAF , MFH , Hospital) at each base varies considerably.

Thus, a specific mix of project types and funding was not

specified , and the Chief of Design was asked to select

the particular projects. Projects were restricted to

-: those which had been completed since 1 October 1976 in

order to achieve some comparability in terms of project

cost, i.e., the same scope project, presumably taking the

same design effort, might cost much more in 1977 than in

1972. Item 5, “Perceived Modularity ,” was included to have

the Chief of Design make a judgment from the information he

had available on the modularity of the project in order

to examine the relationship of modularity to project design

time . Item 6, “Total Project Manhours,” was included

primarily to determine the actual manhours requ ired to

design each specific project. Estimated manhours were

also requested if they were available in order to allow

us to compare actual versus estimated manhours. Since the

32
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engineer often does his own drafting , time for engineering

as well as drafting would be included in the project man-

hour figures . This data helps make projects more comparable

and allows some additional analysis. Item 7, “Engineers

Involved ,” was included to determine how many engineers

were involved in the design of each project; what disciplines

they were; their experience level; and whether they were

military or civilian . Item 8, “Perceived Complexity ,”

was included to have the Chief of Design make a judgment

of his perceived complexity of the project relative to

other projects at his base. Item 9, “Similar Project,”

was included to determine if in the Chief of Design ’s

judgment a recent similar project had been designed which

could substantially be used or reused to design a current

project.

Analysis Methods and Approach

Analysis of Nonproject Data

The analysis of nonproject data , that is, the data

from the f i r s t  and second page of the survey dealing with

factors considered , accuracy of prediction , and the design

staff, was conducted using descriptive statistics, primarily

frequency distribution and arithmetic mean .5 In general ,

5See Chapter 2 of Pfaffenberger and Patterson
reference for additional information.
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the factors selected for comparison were chosen to identify

potential differences or patterns of differences. These

could then provide clues to critical variables used by the

design sections which estimated project design manhours

more accurately. The following approach was used:

1. The frequency distribution of the bases

by Major Air Command (MAJCOM).

2. The frequency distribution of the factors

considered’ by the Chief of Design when making estimates

for project design times was compiled .

3. The number of factors most used was limited

to three as this was judged to be the most manageable or

usable number which a Chief of Design could easily manipu-

late. The th ree most of ten used factors were analyzed

using frequency distributions by:

a. factors selected. Additionally, the fac-

tors were examined using both weighted and non—weighted

rankings. The actual weighting system used is described in

Chapter III.

b. bases who indicate that they are estimat-

ing within at least 20 percent accuracy and by bases which

are actually estimating within 20 percent accuracy based

on the project information provided.

c. MAJCOM.

d. design staff size.
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e. military/civilian ratio.

f. years of experience as the Chief of Design.

g. a military chief versus a civilian chief.

4. The desirable degree of accuracy was analyzed

using frequency distribution by:

a. all respondents.

b MA3C014.

S. The degree of accuracy currently being achieved

was analyzed using frequency distribution by:

a. responses provided by all Chiefs of Design .

— b. values computed from the estimated and

actual manhour project data provided .

c. MAJCOM.

6. The percentage of the engineer ’s tota l time

scheduled directly for project design was analyzed using

frequency distributions:

a. as indicated by Chiefs of Design .

b. by MMCOM.

7. The experience of the Chief of Design was

analyzed by:

a. mean years as Chief of Design.

b. mean years total design experience .

Analysis of Project Data

The analysis of project data, that is, the data

from the third page of the survey which provided specit Lc

35



project data on the dependent and independent variables

identified , was conducted using two statistical techniques :

analysis of variance (ANOVA ) and linear regression—-simple

and multiple (SLR and MLR). Existing computer programs

contained in the Statistical Package for the Social

Sciences (SPSS) were used to perform the ANOVA , SLR,

and MLR analyses .

ANOVA is a parametric statistical technique used

to determine comparability between two or more population

means (16:364). Specific A~~VA assumptions are based on

these means. The data submitted met the required assump-

tions (which are discussed in Appendix E-]). In this

research effort, ANOVA is used to assess the comparability

of bases with regard to the characteristics of the design

sections. The SPSS ONEWAY—ANOVA program was used to

analyze the data base for the six quantifiable varibles :

I ~ the number of manhours requ ired to complete
individual project designs

Xl = the estimated cost of each project

X2 = the number of disciplines used to design
each project

X3 = the number of years of design experience
that each engineer has on base

X4 = the number of years of total design expe—
rience of each engineer

X8 = the perceived complexity of each project
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Any variable was rejected as being not statist ically

signif icant  and comparable , when the critical F statistic

value , Fprob~ was less than 0.050 . This was equated to

a 95 percent confidence interval at ~ 0.05 when compared

with the sample F, as listed for the computer output.

The following ANOVA analyses were conducted on each of the

variables listed above:

1. Using the data base of all 553 projects,

2. Using the data base of 288 projects from

sixteen bases remaining when non-comparable bases from the

first run were eliminated, and

3. Using the data base of 424 projects from

twenty-f ive bases remaining when variables X3 and X4

were disregarded .6

Linear regression analysis is a method which is

used to describe a linear relationship between the

dependent variable and the independent variable(s) for

a set of data points. Simple linear regression analysis

is used to predict the value of the dependent variable

for any single given value of the independent variable .

Multiple linear regression is an extension of simple

regression because it takes into account the effect of

more than one independent variable on the dependent

detailed explanation of the data bases, elimi-
nation techniques, and contrast techniques are found in
Chapter III, Analysis and Findings, as well as in
Append ix E-I.
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variable . MLR is the appropriate technique when it is

desired to investigate the effects on the dependent van -

able of several independent variables simultaneously .

(20:287) See Appendix E—2 for a more detailed explana-

tion of MLR analysis.

Variables included in the linear regression analysis

are as follows:

I = the number of manhours required to complete
individual project designs

Xl = the estimated cost of each project

X2 = the number of disciplines used to design
each project

X3 = the number of years of design experience that
each engineer has on base

X4 = the number of years of total design experience
of the engineer

X5 = the type of project (MC, M , R)

X6 = modularity (high, medium , low)

X7 type of funds (O&M, MPH , NAP, Hosp)

X8 = perceived complexity of the project

X9 drafting done by the engineer (yes or no)

XID = similar project recently completed (yes or no)

The purpose of the analysis of these variables was to

develop an MLR equation.

Model Criteria. The three criteria established

for testing the equation developed from the MLR analysis

were accuracy , reliability , and manageability . The
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equation is considered to be acceptable when the level of

accuracy attained is ±15 percent or less. That is, the

number of manhours estimated to design a project must be

within ±15 percent of the actual number of manhours

required to design that project. For the equation to be

considered reliable , the specified level of accuracy must

be attained at least 90 percent of the time. Manageability

refers to the convenience or ease of use of the equation

at the working level. The equation is judged to be manage-

able when the number of variables providing acceptable

predictive capability is limited to approximately three

variables. When the equation has met the criteria , it is

considered as an accurate model.

Equation Evaluation Criteria

The criterion used to evaluate the e f f i c i e n c y  —

of the predictive power of this equation is derived from

a subjective test on the coefficient of determination,

R2 . The higher the value of R2 , the more accurate the

equation is in predicting the value of the dependent

variable given the independent variables. For purposes of

this thesis, the commonly accepted statistical convention

of a nominal R2 value of .80 is considered sufficient

to conclude that the equation has an acceptable prediction

or explanatory capability . The following linear regres-

sion analyses were conducted :
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I~. 4)11 iil l 553 projects provided by thirty-four

bases.

2. On 505 projects remaining when others were

deleted . Others were manually deleted when manhours

appeared to be inconsistent with project cost or when

project cost was far beyond that normally designed at

base level , for example , two projects whose estimated cost

was over $1,000,000 were omitted . Manhours were generally

considered inconsistent with cost when the ratio of man-

hours to cost (in thousand dollars) exceeded 8:1 or when

the rat io of manhours to cost (in thousand dollars) was

less than 1:8.

3. On all 553 projects stratified by type of

work--229 MC, 229 R, and 95 M.

4. On all 553 projects stratified by total esti—

mated cost: less than $l0,000——52 projects; between

$10 , 000 and $l00 , 0 0 0——343  projects; between $100, 000 and

$200 ,000-—8 8 projects ; and greater than $200,000--70 proj—

ects.

5. On 363 projects identified as requiring only

one discipl ine for design.

6. On 391 projects in which the project engineer

did not do the d ra f t ing  for the project .

7. On each individual base.

40

- - -



_ _ _ _ _ _ _ _ _ _ _  ——~~----~~- -——-----_ — - -- -~~ -- -- - - - - - -  - -—- - - - -~~~~~~~

CHAPTER III

DATA ANALYSIS AND FINDINGS

This chapter is divided into three sections .

Section one pert~ains to the findings related to the non-

project data ; section two presents the results of the

analysis of variance; and section three presents the

results of the multiple linear regression . The text of

the chapter deals with the verbalized results/ f indings

of the analysis.  Separate appendices are uti l ized to

present the specific numerical results of the part icular

methods of analysis.  Appendix C provides the f indings

of the nonproject data analysis and Appendix D presents

the results of both the analysis of variance and multiple

linear regression.

Findings from Nonproject Data

Basically , the findings from the nonproject data

result from frequency distributions, averages , and compari-

sons of data gathered on pages one and two of the survey .

The organization of this findings section follows along

the format of the survey. Generally, only the greatest

frequencies, most s tr iking differences, or def ini te

pat terns  are highl ighted in the f indings . All of the

data is presented in the appendixes or in f igures .
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MAJCOM of bases. The response of bases to the

survey by f1AJCOM generally agrees with the overall  d i st r i -

but ion  of bases by MAJCOII. There were f i f t e e n  responses

from SAC bases, eleven responses from TAC bases , and six

responses from MAC bases . See Appendix C—i for frequency

— of all f4AJCOM.

Factors ccnsidered by Chiefs  of Design. From t h ~

tot al range of factors  considered when making e s t im at e s

of pro ject des ign time , four factors appeared on a lmost

every response: the number of disciplines involved and

similar project recently completed each appeared for

for ty—two bases ; complexity of the project , for ty-one;

and experience of the engineer , for ty . In addi t ion , four

other var iables  appeared at approximately 75 percent of

the bases: which disciplines are involved appeared f o r

t h i r t y — s e v e n  bases; cu r ren t  desi gn load , t h ir iy -u n r ;

and total estimated project co3t and type of desiqri

speci f icat ion , each t h i r t y . See Appendix C— 2 fo r  a 0n1—

plete f requency d i s t r ibu t ion  of factors  inc luding those

provided by the ch i e f s  themselves.

Most o f ten  used factors and their  rank order. The

f o u r  most o f t en  used factors  were complexity of the p ro ject ,

.~~~) e ar i ng  n ineteen times ; total est imated project  cost ~ i

the projec t , e leven;  cur ren t  design load , f i v e ; md iu ,mh , ’ :
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ot  d ~;c i p 1 i 1105 inVo lV ed , f o u r . The five second most o f t  on

used fac to r s  were : experience ol the engineer appearinq

nine t imes; similar project recently done , seven; and

number of disciplines involved, which disciplines invo lved ,

and cur r ent design load , each f i ve . The four third most

otten used factors were : experience of the enqineor ,

appea: i n i  t oi: t imes ; complexity of the pro loot , and si mi 1 a:

p:-o ~oct t econt ly done , each four .  I f the three pos i t ions

fi m t  , second , and third) are given equal weiqhtinq and

summed , the f o u r  most o f t  on used factors were : complex it y

of I he p 1 0 ~oct appear inq  twenty—nine times; expert once o

the enqineer , twenty ; est i mated total cost of the  pi o led

I i I t ( ‘ O f l  ; ,:nd current t i e s  i g n  b ail , t out t I ’( ’ I t  . It the p o s :—

t i e m ;  .: re we i qhted (most of t e n  used th roe points , second

most  o I ten used two p o i n t s  , and th i :d most often used

one p o i n t )  , t hen  the rank inq changes as Eel  lows : cemp 1 ox it y

ot t t ie pro l oOt  w i t h  seventy points  s t i l l  remains f i r s t;

total estimated cos t of the p :o loot w i t h  t o l -t y  po in t  s

becomes second; expt ’r i once of the enq m oor w i th t h i r t y — o n e
— 

points s lips to third ; an d cur t -out  des i qi: load w i t  h twent~- --

i i :  no to j i l t  s remains  f o u rt h  . See Append i x C— 3 t or the

~‘out p lot o l i s t  I nq ot the result s

The most used factors f t-em t he bases stat inq that

I hey we: e .1o ’h: ev i nq at least 20 pO:t ’eflt .:~ ‘du1  icy u i  the: i

&los iqIl t ’~~t i m.:t inq we: e the same as t he three nx~st used

tact Ots in t he ov e t a l  1 f i n d i ngs . Also the most used

dc t 018 t rem b.ist’~ which were computed as ach levi i:~~ i

4 1
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20 percent accuracy were s imilar  to the overall  findings.

See Appendix C-4 and C — 5 .  The frequency d i s t r i bu t ion  of

the three most often used factors by MAJCOM showed no

unusua l  d i f ferences  between MAJCOMs . The d i s t r i b u t i o n  of

fac tors  for  each group of MAJCOM bases was simihi r to

the overall  f i n d i n g s .  See Appendix C-6. The frequency

d i s t r ibu t ion  of the three most used factors by the s i z e

of the staff showed no unusual d i f ferences  between the

factors considered for small desi gn s t a f f s  and large

design staffs . See Appendix C-7.

The frequency distribution of the three most used

factors by the mi l i t a ry/to t a l  s t a f f  ra t io  showed tha t ,

al though experience of the engineer was a consideration

throughout the various ratios, it was con sidered more

freq uent ly  as the mil i tary/tota l  s t a f f  ratio increased .

Total estimated cost of a project appeared to be con-

sidered more often in the lower military/total staff

ratios. Analysis of data shows that a higher military/

total staff ratio indicates a wider divergence of expe-

rience levels for the engineers , thus requiring that more

consideration be given to this  var iab le .  A lower r a t i o

indicates  a greater homogeneity of experience levels ,

hence , greater consideration can be given to estimated

project  cost. Othe r factors were distr ibuted evenly

among the ratios. See Appendix C-B. The frequency

d i s t r i b u t i o n s  of the three most used factors by years of
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expt~: l e m l e e  of the Chief of Design showed no unusua l

d i f tor e n c e s  bet ween less experienced and more experienced

chiefs. See Appendix C-9. The frequency distribut ion

of the three most used factors by m i l i t a r y  or c i v i l i a n

Chief of Design showed some different consideritions.

The thirty-two civ ili an chiefs considered the t~~ r to~~s

follows : complexity of the project .appe~m : t d  seven teen

times ; experience of the engineer , te uI t t ’ t ’ I 1 ;  c o i l  l e nt

design load , twelve ; and total estimated rust of the

project , eleven. The seven military chiefs conside red

the factors as follows: complexity of the project

appeared seven times; experience of the engineer , four ;

and which disciplines are involved, three . For mil itary

chiefs, total estimated cost appeared once and current

design load appeared twice. See Appendix C-b .

Desirable accuracy in estimating project design

manhours. rhe frequency distribution of the desirable

accuracy showed that thirty-seven out of forty-three

Chiefs of Design considered accuracy within 20 percent

as desirable while eleven of these thirty-seven Chiefs

of Design considered accuracy within 10 percent as

desirable . See Appendix C—il. The frequency distribu-

tion of the desirable accuracy by MAJCOM revealed no

unusual differences from the overall desirable accuracy

findings . See Appendix C-12.
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Degree of accuracy presently being achieved. The

frequency distribution of the accuracy presently being

achieved as stated by the Chiefs of Design revealed that

twenty-two out of forty-three bases did not record their

accuracy . Of the remaining bases , ten indicated that they

presently achieved “within 20 percent” and six “wi th in

30 pe rcent” accuracy . See Appendix C-13. Accuracy

presently being achieved was computed for each base from

the estimated and actual  manhours provided on the project

data.  The accuracy expressed as a plus or minus percentage

was computed by dividing the actual manhours by the esti-

mated manhours. The frequency distribution of the accuracy

being achieved as computed revealed that , out of the

thirty bases examined , ten were achieving “within 30 per-

cen t ” accuracy wi th  a f a i r l y  normal dis t r ibut ion of the

F 

other accuracies. See Appendix C-14. When the two preced-

ing distributions were placed on the same grid , as shown

in Figure 3, a discrepancy was noted between the accuracy

being achieved as stated by the Chiefs of Design and the

accuracy bei ng achi eved as computed . The comparison

indicates that adequate analysis has not been made be-

tween the actual versus estimated design manhours by the

Chiefs  of Design . Consequently, the actual estimating

accuracy is not known .
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The accuracy being achieved as computed was

plotted against  the number of years of experience of

the Chiefs of Design. The scattergram showed generally

that the greater the numbe r of years experience , the

better the estimating accuracy . See Appendix C— 15.

Percentage of the engineer ’s total time scheduled

for direct project design. The frequency distribution

of the engineer ’s time scheduled for design showed

“less than 50 percent” to have the greatest frequency at

fourteen bases with all responses being normally distrib-

uted . See Appendix C-l6. The frequency distribution of

the engineer ’s time scheduled for design by MAJCOM showed

some differences between commands. This may indicate

that major commands place different emphasis on direct

design effort relative to the other functional duties of

the engineer. For SAC, the greatest frequencies were

“less than 40 percent ,” seven responses , and “less than

30 percent ,” four responses. For TAC , the greatest

frequencies were “less than 50 percent ,” five responses ,

and “less than 60 percent,” three responses. Other

commands were generally centered around “less than

50 percent” and “loss than 60 percent.” See Appendix

C—17.
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Fig. 3. Comparison of Stated Versus Computed Accuracy
Being Achieved By The Chiefs of Design
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Analysis of Variance

The f i r s t  ANOVA run was conducted on all 553

cases from the thirty-four bases with the following

— results :

VARIABLE F5 FPROB

Y 3.735 0.000*
Xl 1.182 0.227
X2 4.190 0.000
X3 9.897 0.000
X4 7.374 0.000
X8 4.182 0.000

*0.000 indicates a > .001

This run indicated that only the design var iable ,

estimated project cost (Xl), was statistically signifi-

cant and the sample means were comparable for all bases.

As can be seen from the analysis of subsets, in Figure 4,

the number of bases with common grouped means varied wi th

the method of analys is .  The Student—Newman—Xeuls  ( SNX ) 7

analysis  provided a more precise grouping of bases with

regard to their means.

The SNX test indicated that the means were well

grouped for the variable , design manhours ( Y ) ,  except

for one base . The variable, n umber of disciplines ( X 2 ) ,

was also well  grouped with only a few bases not contained

w i t h i n  common subgroups . The greatest va r i ab i l i ty

occurred for the variables base experience of the

7Scc Appendix ) -;- l f o r  e x p l a n a t i o n  of the St~}~con t ras t  t e s t .
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Schef f e  Analysis

Subset Subset Subset Subset
Variable 1 2 3 4 

-

Y 34 -- -- --
Xl 34 -- -- --

X2 34 —— — - ——
X3 31 31 31 29

_____________________
SNX Analysis

Subset Subset Subset Subset Subset Subset
Variable 1 2 _3 4 5 6

Y 33 1 — —  — —  —— ——

Xl 34 —— —— —— —— -—
X2 29 31 26 —— —— — —

X3 23 23 25 16 13 4

X4 25 26 23 23 24 1
X8 13 28 28 29 7 ——

Fig 4 Results of Sheffe and SNK Contrast Tests
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engineer (X3), total experience of the engineer (X4), and

complexity of the project (X8). Variables X3 and X4

showed many subset groupings. The least numbe r of common

subsets for variables X3 and X4 occurred for bases with

higher mean experience levels demonstrating that some

bases do, in fact, have more experienced design sections.

The least number of common subsets for variable X8

• occurred for a few bases with very low or very high project

complexities. These few bases appear to have perceived

this subjective variable , project complexity , as either

lower or higher for their projects than for the other

bases.

As no composite subgroup was provided by the

Ot~EWAY-ANOVA program, a tabular plot was made for each

base versus each variable and subgroup obtained from the

SNK contrast test. See Appendix D-1 for the results of

the tabular plot. Analysis provided a new data base

containing sixteen bases and 288 projects. See

Appendix D—2 for results of the analysis.  All variables

except base experience of the engineer (X3) were statisti-

cally significant and the sample means were comparable

for all sixteen bases . As several subsets occurred for

the variable total experience (X4 ) as well as base

experience ( X 3 ) ,  the comparability of these two variables

was questioned . The experience levels of the design

sections do vary considerably from base to base.

51

a— - - -.- - 
- --- - — -_ _ ~~~;__ __ - a a-~ ~~~~~~~~~~~~~~~~ ~~~~~~

-_



r -P-,-

A third data base was formed containing twen ty- f ive

bases with a total of 424 projects. Neither base expe-

rience (X3) nor total experience (X4) were considered when

comparing bases to each other for possible elimination .

The resul ts  of this  analysis  are presented in Appendix D--3 .

This computer run produced more subset groupings , iridicat-

ing more var iabi l i ty  between the bases than for the

16-base data file. This is logical as fewer bases were

el iminated due to more stringent requirements before a

base was el iminated.

A more powerful technique is required to analyze

the variance among projects, but analysis of variance did

show that a l l  bases may not be comparable with regard to

the design sections themselves and the type of projects

that they design. If this is true , an Air Force wide
- 

predictive mode l would not be appropriate but rather a

predictive model for each base should be developed.

Multiple Linear Regression

General Findings

The MLR results show that a relationship does

exist between project design manhours and the project

design variables that were selected by the authors of this

thesis effort and validated by the Chiefs of Design at

the Al bases located in the CONUS . However , the rela-

tionships are neither significant nor consistent enough , 
—
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at least with the current data , to provide an acceptable

predictive capability with regard to accuracy and relia-

b i l i ty .

The rank order of the project variables wi th

adequate explanatory power and consistency is: the number

of disciplines involved in the project design ( X 2 ) ;  the

perceived project complexity ( X 8 ) ;  the estimated project

cost ( X l ) ;  the type of project funds ( X 7 ) ;  and projects

where the engineer did some of his own d r a f t i n g  work ( X 9 ) .

Only the variables X2 , X8 , and Xl demonstrated any real

consistency and explanatory power . The other two variables

(X7 and X9 ) demonstrated only marginal consistency and

normally very low explanatory power (less than 2 percent).

The remaining variables used in the analysis displayed

no consistency and negligible explanatory power.

The explanatory power of variables X2 and X8

were as expected . In most instances, having more than one

engineer working on a project will require more additional

total manhours than if only one engineer did all the work .

The complexity describes the relative difficulty of the

job a rtd , hence , should explain increases/decreases in

requi red manhours as the d i f f i cu l ty  of the project

increases/decreases , respectively . The project cost ,

which in many respects describes the general size/scope

of the project , did not i l lus t ra te  as much explanatory
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power as was originally thought. Even stratification of

the data in to  specif ied cost ranges did not appreciab ’y

a f f e c t  the o r i g i n a l  MLR results .

The two variables which depicted the on base and

total  experience level of the engineers , X3 and X4 ,

I

— respec tively , provided neither explanatory power nor

consistency. This iesul t  is contradictory to the feel ings

of the Chiefs  of Design at the bases surveyed . The

m a j o r i t y  said that  the experience of the engineer was one

of the main fac tors  considered when es t imat ing  the total

desiqn manhours required for  a given project . The r e su l t s

of th is  reg ression analysis  show no relationship to

ex i s t .

The type of project funds variable , X7 , was the

largest cont r ibu t ing  nominal  (category) variable , but i t s

contr ibut ion was too small and inconsistent to be an

e f f e c t i v e  predictor.

Simple l inear regression (SLR) was used to

analyze what , if any , relationships exist between project

design manhours and any one of the fol lowing var iables:

Xl , X2 , X3 , X4 , and X8.  Analysis  was made to de termine

if  the relat ionships existed and , if so , whether  they

were linear , curvilinear , quadratic , exponential , etc.

The scattergram plots of the d i f f e ren t  correlat  ‘on~~

displayed no apparent relationships other than ~o

weak linear relat ionship.
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The following subsections wi l l  be used to present

the resul ts  of the specific approaches accomplished to

ana lyze  the data using the MLR technique . See Appendix D-4

for a summary of the results for the different study

app roaches.

Masterf i le .  All 553 projects provided by

th i r t y - fou r  d i f f e r en t  bases were analyzed as a whole ;

the results were considered as the foundation from which

other analysis  approaches were made and with which their

results compared . Three variables, X2 , Xl , and X8 , with

respective contributions of .258 , .098 , and .045 produced
2a total R value of .401. This value for R does not

meet the commonly accepted statistical requirement for a

nom inal R2 value of .80 before the model can be con-

sidered an accurate predictor. Therefore this model

does not possess the necessa ry qualities to be used as

an acceptable predictor for estimating project desi gn

manhours .

Representative Data File. Several of the projects

contained very high manhours-low cost or very low cost—

high manhour relationships. These projects were considered

atypical  occurrences and , theref ore , were removed from

the mas te r f i l e. A total of for ty—e ight projects were

el iminated and the MLR analys is  was conducted on the

55

- -

~

- -

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - - - - ---~~~~ —-~ 



remaining 505 projects. As would he expected , the

project cos t variable , Xl , had the largest contributory

power of .241 with variables X8 and X2 having contribu-

tions of .146 and .060, respectively. These three

var iables produced a total R2 value of .447, an improve-

ment in R2 of .046 over the original masterfile.

Type of Work. It was felt that the type of work

(minor construction , repair , and maintenance) migh t have

some bearing on the required number of design manhours .

The mastei file was broken down into three separate files ,

one file for each type of work , Of the total projects ,

229 were minor construction , 229 were repai r, and

95 were maintenance type work . The MLR analysis provided

improved results for the minor construction file but

poor results for the repair and maintenance files. Four

variables had acceptable contribution levels. Xl and X2

had the most significant contributions with t~R
2 values

of .290 and .124 while X8 and DV7 had lesser contribu-

tions of .035 and .018 , respectively. The total R2

value for these four variables was .467. The total

values u t i l i z i n g  the significant contributory variab~cs

for  the repair and maintenance f i les  were .348 and .335 , —

respectively.
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S t r a t i f i e d  by Project Cost. The mas t e r f i l e  da ta

was s t r a t i f i e d  into the fol lowing f i l e s  wi th price ranges

o f :  less than $10 , 000 , between $ 10 ,000 and $100 , 000 ,

betwee n $100 , 000 and $200 ,000 , and greater than $200 , 000.

This s t ra t i f i ca t ion  was accomplished in the belief that

project design manhours and project cost would not

exhibi t  the same linear relat ionship for the $5 , 000

project as the $250 , 00 0 project.  This belief was par-

tially validated by the results of the MLR analysis on

these s t r a t i f i ed  f i les .  Variables X2 , X8 , and Xl played

the dominant  role in these results wi th  the type of

project  funds  (DV5 , DV6 , and DV7) and the eng ineer

d r a f t i n g  (DV8) contr ibut ing appreciable amounts for one

or more of the MLR runs . The “l ess than $10 , 000” f i l e

produced poor results (R 2 value of . 1 2 5) ;  the “between

$10 ,000 and $100 ,000” file produced results that were

compa rable to the original  masterf i le  results (R 2 value

of .377) ; the “between $100 ,000 and $200 , 000” f i l e
— produced considerably improved results (R 2 value of . 6 0 7) ;

and the ‘~~reater than $200 ,000” f i l e  produced results

not iceably better results than the masterf ile results

(R 2 value of . 4 7 4) .  A further breakdown of the “between

$100 , 000 and $200 , 000” f i l e  into two $50 , 000 blocks

prod uced even better results than the parent f i l e . The

“between $100 , 000 and $15 0 , 000” f i l e  produced an R 2 value
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of .
6
28 and the “between $150,000 and $200 ,000” file

y ielded an R2 value of .783. Likewise , a furthe r break-

down of the “grea ter than $2 00 ,000” file produced bettez

results than the parent file. The “between $200 ,000 and

$400 ,000” file had an R2 value of .657 and the “greater

than $400,000” file had an R2 value of .996. The strati-

f ica tion of pro jects wi th regard to cost did improve

resul ts , however , the required consistency still cannot

be provided .

One Discipline Projects. Early MLR results illus-

t r ated that the exper ience of the engineers , both on-base

experience (X3) and total experience (X4), did not have

any appreciable explanatory power. Approximately 35 percent

of the projects involved the use of two or more eng ineers;.

It was felt that the multiple—discipline projects did net

allow for the direct influence of each engineer on the

total design manhours required. Therefore all multi-

discipline projects were removed , leaving only single

discipl ine—projects  where an individual engineer had

sole re sponsibility for the number of manhours used to

design the project . The results of the MLR analysis

provided a low value of .298 with  nei ther  X3 or X4

variables having adequate explanatory power to be

considered for inclusion into the prediction equation .

58

- -



~ ———-—--~ —-———~ 
~~~~~~~~~ -~~ -i

These results , along with the masterfile results, indi-

cate that the experience of the engineer , on-base as well

as total experience , have very minima l ef fec t  on the

number of design manhours required .

EDR Projects Removed. Approximately 29 percent

of the projects (162 out of 553) involved engineers who

performed some of their own drafting work. Analysis

was performed on another f i le  containing only those

projects where the engineer did not perform any of his

own drafting work. This allowed concentration on those

projects where actua l engineering time was expended on

the project. The results of this analysis produced a

relatively low R2 value of .364, which was lower than the

R2 value for the master f i le .  The removal of those

projects which involved drafting time did not improve the

explanatory power of the equation.

Each Individual Base. MLR analysis was conducted

on each of the th i r ty—four  bases to see what relationships

between the dependent variable and the independent van-

-: - ables exist, if any . No statistical conclusions could be

drawn from each of these individual runs due to the small

sample size (approximately fifteen projects per base).

Variables X2 , X8, and Xl showed up consistently as the

largest contributors while peculiar circumstances at the
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d i f f e rent bases allowed almost all of the other variables

to demonst rate appreciable explanatory power for one or

more d i f f e r e n t  bases. Very su rpr i s ing ly  and unexp laiuab iy,

thirty—one of the bases had R2 va lues greater than .70 ,

- - twenty—nine bases were greater than .80, and twenty-one

bases were greater than .90. This is very perplexing in

light of the fac t  that , when combined into the m a s t e rf i l e ,

the value is only .4 14.

• Selected Bases Removed. ANOVA was used to identify

bases which , for a given variable , were not comparable

j with each other (this does not imply that the bases as

— a whole were not comparable ) .  Nine bases and eighteen

bases were eliminated under two different sets of subjective

criteria which produced a 25-base data file and a 16—base

data file. The MLR results show that X2 , Xl , and X8

ha ve the largest contribution. The 16-base file produced

— a R2 value of .500 which is an improvement over the master-

f i l e  results of .414.  This is logical since the bases

that exhibited some degree of difference from the other

bases were removed, hence the resulting file should be

more homogeneous . The results of the 25—base f i l e

yielded a R2 value of .385 which is lower than that

obtained for the mas te r f ile . This result  contradic ts  the

reasoning for the improved results from the 16-base file.
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One possible explanation is that the individual projects

produced favorable MLR results but the means of the

variables for each project from a given base were not

favorable with regard to the other bases .
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CHAPTER IV

CONCLUSIONS

This chapter is organized into two sections. The

first section addresses the research questions and the

general hypothesis set forth in Chapter I. The second

section discusses general conclusions drawn from the

overall research.

Research Questions Answered

Wh ~~:t  arc th~ variables whi ch  d ir e ’t  Z y c2 J ’t ’~~~

‘ , ~~~~~~ (!cc t L~~1 t i mes :-‘

While each of the Chiefs of Design considered

many va riables in estimating project design times , t hey

ident i f ied the three most used variables as complexity of

the project , total estimated cost of the project , and

experience of the engineer.

The results of the MLR analysis  show that  the

number of disciplines, perceived complexity , and estimated

project cost were the design variables having the greatest

e f f ec t  on the project design manhours. The predominant

variables differed slightly from one analysis approach to

another , but these three variables consistently had the

largest  e f f e c t  on the estimated project design manhours .

The notable exception to the most used factors provided
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— by the Chiefs of Design was the experience of the eng ineer.

Weither base experience nor total experience demonstrated

any appreciable inf luence on the estimated project design

• manhours . This indicates that the experience of the

engineer may not be a good factor to consider for two

possible reasons: (1) experience does not relate directly

to manhours required for design but rather to the techni-

cal capability to design the project and (2) the more

experienced engineer is assigned the more difficult or

complex projects and , hence , the project takes longer

to design .

2. What is the relationship be tween design time

and the var~ ab l ee ?

A consistent relationship between the design

variables, number of disciplines, perceived complexity ,

and estimated project cost, does exist. However , this

combination of variables , when introduced in MLR analysis ,

is only able to explain approximately 40 to 50 percent

of the total variation between the estimated values of

project design manhours and the actual values of project

design manhours. Therefore, only a relatively weak linear

relationship exists between the se lected design vari ables

and project design manhours.

3. What accuracy of estimated pr oject desi gn

time should be achieved? What accuracy is cu r r e n t l~i

being achieved?
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Based on the responses of the Chiefs of Design

as well as discussions with other experienced civil

enginee ring managers (8;  9; 15) , we concluded that an y

project time estimating techniques should be able to

predict actual project design time with an accuracy of

±15 percent. From the stated accuracies, we were unable

to conclude what accuracy is currently being achieved .

Firs t , over half  of the bases responding to the survey

did not directly record their estimating accuracy . While

86 percent of the responding bases stated a desirable

est imating accuracy wi th in  20 percent , 51 percent of the

bases do not directly record their accuracies. It is

impossible to assess your progress toward a goal if actual

performa nce is not recorded . Second , of the bases which

stated tha t they were achieving a certain accuracy , our

computations revealed that in 9 of the 15 cases , the

stated accuracy was d i f f e ren t  from that actually being

achieved . In eight of the nine inaccurate estima tes , the

actua l accuracy computed from project data was worse than

the stated accuracy . We concluded that bases are actual ly

est imating more poorly than they realize . However,

computation of accuracies achieved on the projects

included on the survey indicated that  most bases were

achieving between 20 and 40 percent accuracy .
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General Hypothesis Evaluated

~. Z :  t icUsh 1r~ h. twc~~,t dcc ! ;~~t t i~ i~ ~: . c

V cc ~~ I I 1 ~~~ t ~ h I~ j j  P. t i  u t e 1 i r~ , t - I -

- ~ ~ d ~i. 8i~; U I r~c a ~u ra t c U l  V. 1 i ab

The resul ts  of the MLR analys is  indicate tha t  a

sufficiently strong linear relationship does not exist

between design time and the design variables to produce

• a model that would be acceptable for prediction . As a

result , the objective to test the model’s accuracy and

re l iab i l i ty  was no longer appropriate and , therefo re ,

was not accomplished.

General Conclusions

Several general conclusions became evident during

our analysis .  These conclusions were made from ana lys is

of ANOVA results , MLR results , and descriptive statistics .

The results of the Oneway Analysis of Variance

showed that the only design variable , estimated project

cost, could be considered as comparable between bases at

the 95 percent confidence level. Design manhours was

shown as comparable for all bases except one . The other •

desi gn variables (number of disciplines, base experience

of the engineer , total experience of the engineer , and

perceived complexity) demonstrated less comparability ,

w i t h  the base and total experience variables showing ve :y

l i t t le comparabil i ty be tween the bases. The ANOVA p r o qr a m
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is unable to collapse the six variables and conside r them

simultaneously to determine if the bases themselves are

comparable. Therefore, judgment as to the statistical

comparabi l i ty  of bases can be made only with regard to

a single design variable , but not to the comparability

of the bases themselves. The results verified the conten-

tion that the exper ience levels of the en gineers in the

design sections do vary from base to base . No other con-

clusions can be made with the necessary degree of cer ta inty .

MLR analysis on the masterfile (containing data

from all th i r ty— fo ur bases) and on each individua l base

produced an unexpected outcome. Individually the bases’

results were very good (twenty—nine out of thirty—four

bases had a R2 value in excess of . 8 0) ,  while the results

from the masterfile demonstrated a relatively weak rela-

tionship with a R2 value of .414 . It appears that the

bases are statistically antagonistic toward each other

when the data is combined . One explainable reason is that

the predominant  variables d if f e r  quite a lot from base to

base and , when combined , apparently conf l ic t  with each

other .  The s h i f t i n g  of the predominant variables from

base to base indica te that unique circumstances may ex is t

at each base . An Air  Force wide program to s tandard ize

design manhour es t imat ing procedures could present

serious problems . The apparent variability between bases

prohibits a set of all-encompassing rules applicable to
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all bases. Only general guidelines may be acceptable.

This would allow each base to tailor the estimating

procedures to the part icular  circumstances that are

pertinent to that base.

Us ing descriptive statistics , there was no

difference in factors (variables) considered and the

estimating accuracy between the different MAJCOMs.

There was a l i t t le  d i f fe rence  in the factors cons idered

by chiefs  making accurate estimates versus those making

inaccurate est imates;  by experienced versus inexperienced

chiefs ; or by mi l i t a ry  versus civi l ian ch ie fs .  As m i g h t

be expected , the more experience that a chief has , the

more accu rately he estimated project design times. An

implicat ion for the assignment of Chiefs of Design is

that  experience should be a consideration. Implications

for an overall design management improvement program are

that  we must know what we are doing and how well we are

doing before we can improve the management of our engi-

neering resources and increase productivity. Curren tly ,

we do not really k now what our design management pe r-

formance is. Perhaps more importantly, we think we are

estimating more accurately than we actually are .

In summary , if management of design resources is

really as important as we think it is, then:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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1. We need to iden t i fy  it as a performance

criteria to be measured.

2. We need to establish a satisfactory leve l to

shoot for  as a management goal .

3. We need a convenient feedback mechanism

(a management information system) to provide appropriate

i n fo rmation which wi l l  allow us to determine where we

stand relative to our management goal.
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CHAPTER V

RECOMMENDATIONS

This chapter is divided into two sections . The

f irs t section presents recommendat ions for fu ture research

e f f o r t s  and the second section presents some general

recommendations derived from this research effort.

Recommendations for Future Research

1. Current Air Force interest and this research

have focused on design management which may require

approxima tely 40 percent of the eng ineer ’s time. What

is the engineer doing with the other 60 percent of his

time? As efficient management of the engineer is based

on his total time , we recommend that further study be

conducted to identify those activities which comprise the

other 60 percent of the eng ineer ’ s time . One potential

benef i t of a study of th is nature would be to reallocate

ti~~ engineer ’s time to allow more time to be expended on

direct design effort. As a minimum , the study wi l l

identify the pertinent activities of the engineer more

precisely and allow for more efficient management of his

time.

2. We recommend that a further study be made wit .

emphasis on gathering more data from each base in order
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to develop est imating models for  each individual base as

opposed to one model Air Force wide. The results of this

research effort indicate that particular/special circum-

stances exist at each individual base which may make it

impractical to develop an Air Force model, but which may

allow each base to develop its own accurate predictive

model.

3. We recommend that further research be conducted

into the design estimating methods of Archi tect—Engineer

f irms/other government agencies to provide add it ional

insight into design estimating procedures.

General Recommendations

1. We recommend that a more comprehensive data

base be created to allow for future research into design

management. The current data base is sufficient to

identify potential relationships between the design man-

hours and the design variables , but a larger da ta base is

required to validate these relationships or discover

other relationships. The large number of possible corn-

binations of the ten design variables for each project

makes a larger data base (approximately 2000-3000 proiects)

necessary to determine, with more certainty , what these

relationships actual ly  are .

2.  We recommend that the current Base Engineer

Automa ted Managemen t System ( BEAMS) be used to track
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manhours , to monitor  and man age the time of the engineer ,

and to help evaluate the performance of the ind iv idua l

engineers. Closer monitoring of project design time is

a prerequisite for improved management of Civil Engineer-

ing ’s design resources .

3. Currently there is neither an Air Force program

which disseminates information on the various estimating

methods or othe r design management procedures nor prov ides

any general gu idelines , targets , or goals to establ ish

general parameters within which the bases should be

operating . The following three part program is

recommended :

a. Include a discussion of the various

estimating techniques in a brochure which Air Force is

c u r r e n t l y  developing . This wi l l  make the Ch ie f s  of Design

aware of different techniques and allow them to select

which method works best for their base .

b. Establ ish general des ign guidelines

for the bases to operate within. Care must be exercised

to ensure s u f f icien t lat i tude in the guidel ines to al low

the bases to compensate for particular/special situations

that may exist at each ind iv idua l  base .

c. Expand  the use of the c o n t inu in q  educa t ion

classes at the Civil Engineering School at Wright-Patterson

AFB , Ohio , to present various estimatinq techniques in
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use, as well as the findings of any past research e f f o r t s

which may provide the Chief of Design with new insights

into design management.
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PROJECT DATA MASTER FILE
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The following headings identify each column of the

Project Data Master File :

—o .-~.-4 X
—

• )-, U)
—‘ — . .-4 ‘U

— a~
— 0 4)

-~ ‘— .—
>4 ~< (‘4 41 S
— ‘— D~ 0) C) C 4)— C) C — -.4 14 9.1

• U) 4.) C 41 4.) 0~ 0
14 U) U) 0) -.4 U)
5 0 0) •.-4 14 4) 14
o 0 C 14 0) C 14 C 0
.C -.4 4) 04 0 0 4.)a 4.) — Qi )C — 0 IU

~ 04 rU) U)
a) -.4 C~) — .1) — -.4 4.)

C) ~~ ‘ U W U •.4
- • C 0 U) 41 4) ~ 41 U)

14 -.4 U) 4.) ,)~ — -r~ ‘—‘ ~~~
14 .4 0. 0 ‘~ 0 14 0 -.4 0
0) U) ~U) 1-’ 0 14 0 1-1.o w e “~ 4’ 4.) 04
5 0 ‘3) 0 ~l-4 ~44 -.4 -.4 1-1

H 4.) 0 0 ‘I-) 14 ‘H 3< 4) 14 (1
Z -~ 14 0 ‘U 0 ‘3) 4) ‘U ‘-I

‘U ‘3) U) U) .-) .4.  ~ .-4 ‘4
4) -.4 .0 ~~ 14 4) ‘3) 0. -.4 •.4

~ 
4.) 4-’ 5 44 ‘U 04 ~ o. a u’ a

-.4 U U) 5 ‘3) s3) >-, 0 >~ 0 a .-ir~i z ~~ >~ E-. ~~ E-’ 0 C4 u Z

10 60 48.0 1 1 1. ‘R’  ‘L ’ ‘H’  3 ‘N’ ‘N’  1
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LIST 0010,0460

10 60 48 0 1 1 1 ‘P.’ ‘L’ ‘H’ 3 ‘N’ ‘N’ 1
20 74 280.0 1 12 16 ‘P.’ ‘M’ ‘F’ 4 ‘N’ ‘Y’ 1
30 60 130.4 1 12 16 ‘K’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ I
40 180 146 4 4 12 16 ‘P.’ L’ ‘0’ 5 ‘N’ ‘N’ 1
50 80 109 4 1 8 8 ‘R’ M’ ‘0’ 3 ‘N’ ‘Y’ I
60 97 154 0 1 8 8 ‘R’ ‘M’ ‘0’ 3 ‘N’ ‘1’ 1
70 20 ‘6 4 1 18 8 ‘M’ ‘M’ ‘F’ 2 ‘N’ ‘Y’ 1
80 40 34 -) 1 18 8 ‘M’ ‘M’ ‘F’ 2 ‘N’ ‘Y’ I
90 81 24 0 1 2 6 ‘P.’ ‘14’ ‘H’ 3 ‘N’ ‘N’ 1
100 45 20 3 3 8 8 ‘C’ ‘H’ ‘N’ 3 ‘N’ ‘Y’ I
110 80 35 0 1 1 1 ‘P.’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ 1
120 30 96 0 1 12 16 ‘P.’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ I
130 124 20.1 1 2 6 ‘C’ ‘14’ ‘N’ 3 ‘N’ ‘N ’ 1
140 175 69.8 4 12 16 ‘P.’ ‘L’ ‘H’ 4 ‘N’ ‘N’ I
150 40 27 0 2 8 8 ‘R’ ‘14’ ‘0’ 3 ‘N’ ‘N’ 1
160 76 25.0 1 1 1 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 2
170 117 72.0 2 3 6 ‘C’ ‘L’ ‘H’ 5 ‘N ’ ‘N ’ 2
180 34 738 0 1 1 1 ‘P.’ ‘H ’ ‘0’ 2 ‘N ’ ‘Y ’ -‘
190 124 51.0 2 16 51 ‘P.’ ‘L’ ‘0’ 3 ‘N ’ ‘N ’ 2
200 88 49.7 1 4 4 ‘C’ ‘H’ ‘F’ 3 ‘N ’ ‘N ’ 2
210 52 4 3 1 4 4 ‘R’ ‘L’ ‘0’ 1 ‘N ’ ‘Y ’ 2
220 87 9 9 1 4 4 ‘C’ ‘L’ ‘0’ 4 ‘N ’ ‘N ’ 2
230 98 8 0 1 16 51 ‘C’ ‘L’ ‘H’ 2 ‘N’ ‘N’
240 77 3 0 1 4 4 ‘C’ ‘L’ ‘H’ 2 ‘N ’ ‘N ’ 2
250 124 79 5 ‘ 3 6 ‘C’ ‘L’ ‘H’ 5 ‘N ’ ‘N ’ 2
260 72 92 7 1 3 6 ‘C’ ‘L’ ‘H’ 2 ‘N ’ ‘Y ’ 2
270 35 168 2 1 3 6 ‘C’ ‘H’ ‘F’ 2 ‘N ’ ‘N’ 2
280 52 22.5 1 3 6 ‘C’ ‘L’ 0’ 2 ‘N’ ‘N’ 2
290 5 50.1 1 1 1 ‘M ’ ‘II’ ‘0’ 1 ‘N’ ‘Y’ 2
300 22 35 2 1 1 1 ‘M’ ‘8’ ‘0’ 1 ‘N ’ ‘Y ’ 2
310 56 86 1 1 21 39 ‘R’ ‘14’ ‘0’ 2 ‘Y’ ‘Y ’ 3
320 135 68 7 1 2 17 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 3
330 192 123 4 1 10 22 ‘P.’ ‘M’ ‘F’ 3 ‘Y’ ‘Y’ 3
340 48 50 0 1 21 39 ‘14’ ‘L’ ‘0’ 2 ‘Y’ ‘Y’ 3
350 146 197 4 1 2 17 ‘14’ ‘L’ ‘0’ 3 ‘N’ ‘Y’ 3
360 16 8 0 1 10 22 ‘P.’ ‘1.’ ‘0’ 2 ‘Y ’ ‘N ’ 3
370 38 19 2 1 10 11 ‘P.’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 3
380 115 51.5 2 10 11 ‘C’ ‘14’ ‘0’ 3 ‘N’ ‘N’ 3
390 78 66 4 1 2 11 ‘C’ ‘14’ ‘0’ 3 Y ’ ‘N ’ 3
400 210 71 5 4 21 39 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N ’ 3
410 115 50.1 1 2 11 ‘C’ ‘L’ ‘3’ 3 ‘Y’ ‘N’ 3
420 58 10.0 1 10 11 ‘C’ ‘L’ ‘H’ 3 ‘N’ ‘N’ ~430 196 199 0 1 21 39 ‘P.’ ‘14’ ‘F’ 4 ‘Y’ ‘N’ 3
440 46 13.1 1 21 39 ‘P.’ ‘14’ ‘F’ 2 ‘Y’ ‘Y’ 3
450 91 158.7 2 10 11 ‘R’ ‘H’ ‘F’ 3 ‘N’ ‘N’ 3
460 155 193.0 1 2 17 ‘P.’ ‘L’ ‘F’ 4 ‘N’ ‘N’ 3

ready
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LIST 0470,0920

4 70 2 91 308 8 4 10 22 ‘C’ ‘L’ ‘II’ 5 ‘N’ ‘N’ 3
480 18 128 8 1 1 3 ‘M’ ‘II’ ‘0’ 3 ‘N’ ‘Y’ 4
490 64 40 0 2 3 3 ‘P.’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 4
500 200 38 0 2 23 23 ‘C’ ‘L’ ‘H’ 4 ‘N’ ‘N’ 4
510 86 51.6 3 23 23 ‘C’ ‘14’ ‘0’ 3 ‘N ’ ‘Y ’ 4
520 100 113.9 1 10 13 ‘P.’ ‘M’ ‘0’ 4 ‘N’ ‘N’ 4
530 51 154 6 2 10 13 ‘P.’ ‘H’ ‘O 3 ‘N’ ‘Y’ 4
540 42 76 3 1 23 23 ‘C’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 4
550 21 123 0 1 10 13 ‘C’ ‘H’ ‘0’ ‘ ‘N’ ‘Y’ 4
560 140 160 0 1 2 9 ‘P.’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 4
570 28 50.0 1 10 13 ‘R’ ‘H’ ‘0’ 2 ‘N ’ ‘Y ’ 4
580 25 82.0 1 1 3 ‘P.’ ‘L’ ‘0’ 3 ‘N’ ‘Y’ 4
590 41 53 0 1 23 23 ‘P.’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 4
600 192 64.0 3 23 23 ‘C’ ‘14’ ‘0’ 3 ‘N ’ ‘N ’ 4
610 270 68.0 1 2 26 ‘C’ ‘L’ ‘0’ 5 ‘N ’ ‘N ’ 4
620 103 10 5 3 23 23 ‘C’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 4
630 91 114 9 1 11 40 ‘14’ ‘M’ ‘0’ 4 ‘Y’ ‘1’ 5
640 46 23 8 1 11 40 ‘14’ ‘H’ ‘0’ 2 ‘N’ ‘?‘ 5
650 167 93 7 1 11 40 ‘14’ ‘14’ ‘0’ 4 ‘N’ ‘N’ 5
660 114 41 0 1 11 40 ‘R’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ 5
670 67 32 4 1 11 40 ‘K’ ‘L’ ‘0’ 3 ‘N’ ‘Y’ 5
680 149 44.9 2 21 30 ‘C’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 5
690 228 35.2 2 21 30 ‘C’ ‘L’ 0’ 4 ‘N’ ‘N’ 5
700 68 19.9 1 20 27 ‘P.’ ‘14’ ‘F’ 3 ‘N’ ‘N’ S
710 67 10.7 1 21 30 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 5
720 107 45 2 1 11 40 ‘R’ ‘14’ ‘H’ 4 ‘N’ ‘Y’ 5
730 89 9 4 3 21 30 ‘C’ ‘L’ ‘H’ 3 ‘N’ ‘N’ S
740 512 35 0 3 21 30 ‘C’ ‘L’ ‘N’ 5 ‘N’ ‘N’ 5
750 189 71 4 2 21 30 ‘C’ ‘L’ ‘N ’ 5 ‘N’ ‘N’ 5
760 106 912 0 1 21 30 ‘P.’ ‘H’ ‘F’ 4 ‘N’ ‘N’ 5
770 125 213 9 1 21 30 ‘C’ ‘H’ ‘F’ 4 ‘N ’ ‘Y ’ 5
780 98 187.0 1 3 3 ‘14’ ‘II’ ‘F’ 2 ‘Y’ ‘N’ 6
790 645 174.0 4 5 10 ‘C’ ‘L’ ‘H’ 5 ‘Y’ ‘N’ 6
800 200 26 0 3 7 iS ‘P.’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 6
810 220 22 0 3 7 15 ‘C’ ‘L’ ‘H’ 5 ‘Y’ ‘N’ 6
820 90 80 0 1 3 3 ‘M’ ‘L’ ‘0’ 2 ‘Y ‘N’ 6
830 425 62 9 4 5 10 ‘C’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 6
840 485 74 5 4 5 10 ‘C’ ‘L’ ‘0’ 3 ‘Y ‘N’ 6
850 60 18.0 2 7 10 ‘K’ ‘L’ ‘0’ 3 ‘Y’ ‘N’ 6
860 85 16.5 1 3 3 ‘14’ ‘L’ ‘8’ 2 ‘Y’ ‘N’ 6
870 510 395.0 4 5 10 ‘C’ ‘L’ ‘H’ 5 ‘Y’ ‘N’ 6
880 05 53.5 I 16 25 ‘M’ ‘L’ ‘F’ 3 ‘N’ ‘N’ 0
890 430 300.0 4 5 10 ‘C’ ‘L ’ ‘H ’ S ‘T ’ ‘N ’ 0
900 400 74.0 4 5 10 ‘C’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 6
910 80 37 0 1 1 1 ‘P.’ ‘14’ ‘F’ 3 ‘N’ ‘Y’ 0
920 180 L29 . 0  2 3 3 ‘P. ’ ‘L ’ ‘0’ 4 ‘N ’ ‘Y ’ 0
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LIST 0930,1380

930 196 70 0 2 15 23 ‘C’ ‘L’ ‘N’ 3 ‘Y’ ‘N’ 6
940 160 6.0 1 2 6 ‘P.’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 7
950 16 10.0 1 2 2 ‘P.’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 7
960 72 10.0 1 2 2 ‘P.’ ‘L’ ‘F’ 4 ‘N’ ‘N’ 7
970 132 40.0 1 2 2 ‘P.’ ‘14’ ‘F’ 2 ‘N’ ‘Y’ 7
980 96 21 0 1 2 6 ‘P.’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 7
990 240 140 0 1 8 28 ‘C’ ‘M’ ‘0’ 3 ‘N’ ‘Y’ 7

F 1000 260 79 5 1 1 1 ‘M’ ‘M’ ‘0’ 4 ‘N’ ‘N’ 7
1010 144 39.4 1 8 28 ‘C’ ‘L’ ‘H’ 3 ‘N’ ‘N’ 7
1020 72 45.3 1 2 6 ‘P.’ ‘M’ ‘0’ 1 ‘N’ ‘Y’ 7
1030 136 6 9 1 8 28 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 7
1040 104 3.0 1 2 2 ‘M’ ‘L’ ‘0’ 2 ‘N’ ‘N’ 7
1050 320 5.2 1 8 28 ‘R’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 7
1060 200 10 0 1 2 2 ‘C’ ‘14’ ‘0’ 4 ‘N’ ‘N’ 7
1070 56 35 0 1 1 1 ‘R’ ‘H’ ‘F’ 1 ‘N ’ ‘Y ’ 7
1080 32 9 6 1 1 1 ‘M’ ‘L’ ‘F’ 3 ‘N’ ‘N’ 7
1090 16 8 0 1 1 1 ‘R’ ‘L’ ‘0’ 2 ‘N’ ‘Y’ 7
1100 104 20 0 1 1 1 ‘14’ ‘14’ ‘0’ 2 ‘N’ ‘Y’ 7
1110 64 150 0 1 1 1 ‘14’ ‘II’ ‘F’ 1 ‘N’ ‘Y’ 7
1120 160 14 7 1 1 1 ‘14’ ‘H’ ‘F’ 2 ‘N ’ ‘N’ 7
1130 101 140 0 2 10 20 ‘C’ ‘L’ ‘H’ 4 ‘N’ ‘N’ 8

F 1140 125 67 0 3 13 20 ‘C’ ‘14’ ‘H’ 3 ‘Y’ ‘N’ 8
1150 78 10 0 1 20 30 ‘C’ ‘M’ ‘0’ 3 ‘N’ ‘Y’ 8
1160 32 30 0 1 20 30 ‘P.’ ‘L’ ‘0’ 3 ‘N’ ‘Y’ 8
1170 35 9 0 1 10 20 ‘K’ ‘L’ ‘H’ 2 ‘N’ ‘Y’ 8
1180 38 50 0 1 1 1 ‘P.’ ‘H’ ‘F’ 1 ‘N’ ‘Y’ 8
1190 84 156 0 1 20 30 ‘R’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ 8
1200 40 5 0 1 1 1 ‘P.’ ‘L’ ‘F’ 2 ‘Y’ ‘N’ 8
1210 110 20 0 1 1 1 ‘P.’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 8
12 20 130 23 0 1 1 2 ‘P.’ ‘L’ ‘0’ 4 ‘N ’ ‘N’ 8
1230 180 28 0 3 10 20 ‘C’ ‘14’ ‘0’ 4 ‘Y’ ‘Y’ 8
1240 225 225 0 3 13 20 ‘P.’ ‘14’ ‘0’ 4 ‘Y’ ‘N’ 8
1250 170 44.0 3 13 20 ‘C’ ‘L’ ‘0’ 3 ‘Y ’ ‘N ’ 8
1260 45 73.0 1 20 30 ‘C’ ‘H’ ‘0’ 2 ‘N’ ‘Y’ 8
1270 195 75 0 2 13 20 ‘C’ ‘L’ ‘N ’ 4 ‘Y ’ ‘N’ 8
1280 650 194 7 3 11 20 ‘C’ ‘L’ ‘N’ 5 ‘Y’ ‘N’ 9
1290 49 10 5 1 1 1 ‘C’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 9
1300 1337 187 0 3 4 6 ‘C’ ‘M’ ‘II’ 5 ‘Y ’ ‘N ’ 9
1310 95 103 3 2 2 2 ‘14’ ‘L’ ‘0’ 2 ‘N’ “f’ 9
1320 187 22.0 2 2 2 ‘P.’ ‘L’ ‘N ’ 3 ‘N ‘N’ 9
1330 150 23.7 2 11 20 ‘C’ ‘M’ ‘0’ 3 ‘N’ ‘N’ 9
1340 126 43.1 2 1 1 ‘C’ ‘L’ ‘H’ 3 ‘N’ ‘N’ 9
1350 344 50 0 1 2 2 ‘14’ ‘L’ ‘H’ 4 ‘Y’ ‘N’ 9
1360 170 2 71 9 1 1 2 ‘14’ ‘H’ ‘F’ 3 ‘N’ ‘y ’ 9
1370 56 150.7 2 2 2 ‘14’ ‘H ’ ‘F’ 2 ~N ’ ‘Y’ 9
1380 177 260.1 2 2 2 ‘R’ ‘H’ ‘F’ 3 ‘N’ ‘1’ “
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LIST 1 390,1840

1390 132 18.4 3 4 6 ‘C’ ‘L’ ‘N’ 3 ‘N’ ‘N’
1400 27 10 5 1 1 1 ‘R’ ‘14’ ‘N’ “ ‘N’ ‘N’ 9
1410 17 149 3 1 2 2 ‘C’ ‘14’ ‘H’ 3 ‘N’ ‘Y’ 9
1420 114 9 3 1 3 3 ‘C’ ‘L’ ‘0’ ~ ‘N’ ‘N’ 9
1430 85 108 2 1 14 28 ‘14’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 10
1440 64 76 0 2 3 4 ‘P.’ ‘14’ ‘F’ 3 ‘N’ ‘Y’ 10
1450 36 40 0 1 3 4 ‘14’ ‘H’ ‘F’ 2 ‘N’ ‘Y’ 10
1460 100 28 9 1 14 28 ‘C’ ‘M’ ‘0’ 3 ‘N’ ‘N’ 10
1470 80 319 4 1 12 15 ‘P.’ ‘L’ ‘0’ 3 ‘N’ ‘Y’ 10
1480 60 62.1 1 12 15 ‘14’ ‘14’ ‘0’ 2 ‘N’ ‘Y’ 10
1490 55 98.0 2 14 28 ‘C’ ‘14’ ‘0’ 3 ‘N’ ‘N’ 10
1500 22 39 0 1 3 4 ‘14’ ‘H’ ‘F’ 1 ‘N’ ‘Y’ 10
1510 113 48 7 2 3 4 ‘C’ ‘14’ ‘0’ 3 ‘N’ ‘N’ 10

• 1520 40 34 9 1 4 9 ‘P.’ ‘M’ ‘0’ 3 ‘N’ “1’ 10
1530 50 25 0 1 12 15 ‘14’ ‘M’ ‘F’ 2 ‘N’ ‘Y’ 10
1540 62 130 5 1 4 9 ‘C’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 10
1550 44 103 0 2 4 9 ‘P.’ ‘H’ ‘F’ 3 ‘N’ ‘Y’ 10
1560 24 66 9 1 3 4 ‘P.’ ‘H’ ‘F’ 2 ‘N’ ‘Y’ 10
1570 50 20 4 1 1 1 ‘14’ ‘H’ ‘F’ 2 ‘N’ ‘Y’ 10
1580 190 150 0 1 2 2 ‘R’ ‘M’ ‘0’ 2 ‘N’ ‘Y’ 11
1 590 200 30 0 1 1 1 ‘P.’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 11
1600 120 50 0 1 0 3 ‘P.’ ‘L’ ‘0’ 2 ‘N’ ‘N’ 11
1610 220 150 0 1 1 1 ‘P.’ ‘L’ ‘F’ 1 ‘N’ ‘N’ 11
1620 160 70 0 1 2 2 ‘C’ ‘M’ ‘0’ 2 ‘N’ ‘Y’ 11
1630 100 65 0 1 0 12 ‘14’ ‘14’ ‘0’ 2 ‘N’ ‘N’ 11
1640 260 433 0 1 2 2 ‘R’ ‘M’ ‘0’ 3 ‘N’ ‘Y’ 11
1650 240 59 0 3 1 21 ‘C’ ‘L’ ‘O 4 ‘N’ ‘N’ 11
1660 60 81 0 1 0 3 ‘C’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 11
1670 240 233 8 1 0 12 ‘14’ ‘M’ ‘0’ 3 ‘N’ ‘Y’ 11
1680 280 380 0 1 1 21 ‘P.’ ‘M’ ‘0’ 2 ‘N’ ‘Y’ 11
1690 40 3 3 1 2 2 ‘14’ ‘M’ ‘0’ 1 ‘N’ ‘Y’ 11
1700 220 5 9 1 1 8 ‘C’ ‘L’ ‘H’ 4 ‘N’ ‘N’ 11
1710 180 197.0 1 0 12 ‘P.’ ‘14’ ‘0’ 3 ‘N’ ‘N’ 11
1720 156 198.0 1 4 4 ‘P.’ ‘8’ ‘F’ 3 ‘Y’ ‘N’ 12
1730 490 43 0 3 4 4 ‘C’ ‘14’ ‘N’ 3 ‘Y’ ‘N’ 1~1740 36 7 6 1 2 2 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 1’
1750 166 55 6 4 4 4 ‘P.’ ‘H’ ‘F’ 2 ‘Y’ ‘N’ 12
1760 231 56 5 1 19 23 ‘R’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 12
1770 88 122 0 1 2 ‘ ‘R’ ‘L’ ‘0’ 2 ‘N’ ‘N’ 12
1780 25 16 8 1 2 2 ‘P.’ ‘M’ ‘F’ 2 ‘N’ ‘N’ 1’
1 790 197 5 0 1 10 10 ‘C’ ‘L’ ‘0’ 1 ‘N’ ‘N’ l~
1800 2015 350.7 7 19 23 ‘C’ ‘L’ ‘H’ 4 ‘Y’ N’ 12
1810 56 143.1 1 2 2 ‘R’ ‘L’ ‘F’ 1 ‘N’ ‘N’ 12
1320 254 56.7 1 10 10 ‘P.’ ‘L’ ‘N’ 3 ‘N’ ‘N’ 12
1830 125 88.0 1 3 3 ‘R ’ ‘L’ ‘F’ 3 ‘N ’ ‘N ’ 12
1S-+ 0 -~33 54.8 4 19 23 ‘R’ ‘14’ ‘0’ 3 ‘N’ ‘N’ 12
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LIST 1850,2300

1850 138 2 5 1 10 10 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 1 ’
1860 38 198 0 1 4 4 ‘P.’ ‘H’ ‘F’ 3 ‘N’ ‘Y’ 1~1870 75 99 5 1 2 7 ‘H’ ‘H’ ‘H’ 2 ‘N’ ‘Y’ 13
1880 16 43 6 1 15 2•’ ‘P.’ ‘L’ ‘0’ 2 ‘N’ ‘N’ 13
1890 194 299 7 2 17 32 ‘P.’ ‘H ’ ‘F ’ 1 ‘N’ ‘N’ 13
1900 70 100 0 1 1 1 ‘C ’ ‘H ’ ‘F’ 1 ‘N ’ ‘N ’ 13
1910 83 20 0 1 15 22 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 13
1920 13 160 6 1 3 3 ‘P.’ ‘L’ ‘0’ 2 ‘N’ ‘Y’ 13
1930 ‘‘O 136 0 1 10 20 ‘M’ ‘14’ ‘0’ 2 ‘Y’ ‘Y’ 14
1940 30 400 1 10 20 ‘M’ ‘H’ ‘F’ 1 ‘N’ ‘Y’ 14
1950 120 269 0 1 11 15 ‘M’ ‘M’ ‘0’ 2 ‘N’ ‘N’ 14
1960 250 82 0 1 10 20 ‘14’ ‘14’ ‘0’ 3 ‘Y’ ‘1’ 14
1970 30 10 0 1 10 20 ‘M’ ‘L’ ‘N’ 3 ‘N’ ‘N’ 14
1980 20 7 0 1 10 20 ‘P.’ ‘L’ ‘II’ 3 ‘N’ ‘N’ 14
1990 24 400 1 3 21 ‘R’ ‘H’ ‘F’ 3 ‘N’ ‘N’ 14
2000 250 999 Q 1 11 15 ‘P.’ ‘14’ ‘0’ 3 ‘N’ ‘N’ I
2010 300 83.0 2 10 27 ‘P.’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 14
2020 60 62.0 1 10 27 ‘P.’ ‘M’ ‘H’ 4 ‘N’ ‘N’ 14
‘0 30 85 15 0 3 25 30 ‘C’ ‘L’ ‘H’ 4 ‘N’ ‘N’ 14
2040 380 85 0 3 25 30 ‘C’ ‘L’ ‘N’ • 4 ‘Y’ ‘N’ 14
20 50 300 40.0 3 25 30 ‘C’ ‘L ’ ‘H’ 5 ‘Y’ ‘N’ 14
2060 290 7 5.0 3 25 30 ‘C’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 14
~0 70 2 30 75 0 3 25 30 ‘C’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 1
2080 732 233 6 3 3 3 ‘C’ ‘L’ ‘H’ 5 ‘N ’ ‘N’ 15
2090 176 50.0 1 1 6 ‘P.’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 15
2100 50 116.3 1 3 3 ‘P.’ ‘H’ ‘F’ 2 ‘N ’ ‘Y ’ 15
2110 166 195.0 2 4 10 ‘14’ ‘H’ ‘F’ 4 ‘N’ ‘N’ 15
2120 12 29.4 1 1 1 ‘M’ ‘H’ ‘F’ 2 ‘N’ ‘Y’ 15
2130 12 15.3 1 1 5 ‘14’ ‘14’ ‘0’ 3 ‘N ’ ‘Y ’ 15
2140 52 71.2 2 4 10 ‘

C ’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 15
2150 81 ‘70 0 1 4 10 ‘P.’ ‘L’ ‘8’ 5 ‘N’ ‘N’ 15
‘160 31 33 7 1 1 5 ‘C’ ‘L’ ‘N’ 3 ‘N’ ‘N’ 15
2170 129 36.8 1 1 5 ‘C’ ‘L’ ‘N’ 3 ‘N’ ‘N’ 15
2180 40 43.6 1 1 5 ‘14’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 15
‘190 ‘5 22 1 1 1 5 ‘R’ ‘14’ ‘0’ 4 ‘N’ ‘Y’ 15
‘200 58 100 1 1 1 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 15
2210 72 26.0 2 1 6 ‘C’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 15
2220 60 138.2 2 1 6 ‘P.’ ‘14’ ‘F’ 4 ‘N ’ ‘1’ 15
2230 164 296 9 1 10 18 ‘M’ ‘H’ ‘0’ 1 ‘N’ ‘1’ 16
2240 87 307 0 1 7 7 ‘M’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ 16
~~S )  118 194 6 1 7 7 ‘H’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ 16
‘~60 VS 60 1 2 9 30 ‘C’ ‘1 ’ ‘0’ 4 ‘N’ ‘N’ lb
2270 29 10.0 1 10 18 ‘P4’ ‘L’ ‘H’ 1 ‘N ’ ‘Y’ 16
2280 268 32. 7 3 9 30 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 10
2290 264 50.1 1 9 30 ‘R’ ‘L’ ‘0’ 4 ‘

N ’ ‘N 10
2300 216 15 .0 I ‘~ 30 ‘P.’ ‘H’ ‘0’ 2 ‘

N
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I LIS I 2310,2760

2310 844 106.3 3 9 30 ‘C’ ‘L’ ‘N’ 5 ‘N’ ‘N’ 16
2320 95 30.0 2 9 30 ‘C’ ‘L’ ‘H’ 2 ‘N’ ‘N’ 16
2330 38 30 3 1 10 18 ‘14’ ‘II’ ‘F’ 1 ‘N ’ ‘Y’ 16
2340 55 112 0 1 7 7 ‘C’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 16
2350 70 238 7 1 10 18 ‘P.’ ‘H’ ‘F’ 1 ‘N’ ‘Y’ 16
2360 175 80 9 1 2 19 ‘R ’ ‘H’ ‘F’ 3 ‘N ’ ‘N ’ 16
2370 24 292 6 1 2 19 ‘P.’ ‘H’ ‘F’ 3 ‘N’ ‘Y’ 16
2380 44 45 0 1 5 8 ‘14’ ‘H’ ‘F’ 1 ‘Y’ ‘N’ 17
2390 30 45 0 1 4 18 ‘P.’ ‘L’ ‘0’ 2 ‘Y’ ‘Y’ 17
2400 51 4 0 1 2 10 ‘C’ ‘L’ ‘F ’ 3 ‘Y’ ‘N’ 17
2410 90 58 3 2 3 17 ‘R’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 17
2420 49 10 0 1 6 30 ‘M’ ‘L’ ‘0’ 2 ‘Y’ ‘Y’ 17
2430 203 55 1 1 2 10 ‘C’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 17
2440 596 83 9 3 9 28 ‘C’ ‘L’ ‘N’ 5 ‘Y’ ‘N’ 17

• 2450 42 42 9 1 1 29 ‘a’ ‘M’ ‘0’ 1 ‘N’ ‘N’ 17
2460 151 18 6 2 5 18 ‘C’ ‘L’ ‘H’ 4 ‘N’ ‘N’ 17
“470 311 150 3 1 4 18 ‘R’ ‘L’ ‘0’ 3 ‘Y’ ‘Y’ 17
2480 52 14 0 1 2 10 ‘P.’ ‘L’ ‘0’ 3 ‘Y’ ‘N’ 17
2490 10 5 5 1 3 17 ‘R’ ‘L’ ‘II’ 2 ‘N’ ‘N’ 17
‘500 235 49 5 1 6 30 ‘14’ ‘L’ ‘0’ 3 ‘Y’ ‘N’ 17
‘510 115 71 1 1 2 10 ‘R’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 17
2520 231 44.8 1 4 18 ‘C’ ‘L’ ‘H’ 3 ‘Y’ ‘N’ 17
2530 305 28.1 1 4 18 ‘C’ ‘L’ ‘H’ 4 ‘Y’ ‘N’ 17
2540 420 95 6 4 4 28 ‘C’ ‘L’ ‘0’ 5 ‘Y’ ‘N’ 17
2550 273 153 9 1 1 29 ‘P.’ ‘14’ ‘0’ 3 ‘Y ’ ‘N’ 17
‘560 212 51 5 2 3 17 ‘R’ ‘L’ ‘H’ 4 ‘Y’ ‘N’ 17
2570 160 50 0 3 10 20 ‘R’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 18
2580 170 75 0 3 10 20 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 18
2590 85 250 0 1 2 10 ‘R’ ‘H’ ‘F’ 3 ‘N’ ‘N’ 18
2600 80 256 0 1 15 30 ‘M’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 18
2610 35 193 0 1 2 4 ‘M’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 18
2620 86 46 0 3 10 20 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 18
2630 35 230 0 1 2 4 ‘14’ ‘L’ ‘F’ 3 ‘N’ ‘N’ 18

• 2640 95 58 0 4 20 25 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 18
26 50 90 64 0 3 20 25 ‘C’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 18
2660 100 52 0 3 10 20 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 18
2670 50 26 0 3 10 20 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 18
2680 36 15 0 3 15 30 ‘C’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 18
2690 30 200 0 1 15 30 ‘P.’ ‘L’ ‘0’ 3 ‘N’ ‘Y’ 18
‘700 34 12 0 2 10 20 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 18
2710 120 70 0 3 20 25 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 18
2720 1’ 65 0 1 2 4 ‘P.’ ‘L’ ‘0’ 2 ‘N’ ‘y’ 18
‘730 118 75 0 4 10 20 ‘C’ ‘V ‘0’ 4 ‘N’ ‘N’ 18
2740 228 168 0 4 15 30 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 18

• 2750 70 32 0 2 8 22 ‘C’ ‘L’ ‘0’ 4 ‘N ’ ‘N ’ 18
• 2760 70 36.0 3 15 30 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 18
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1.1ST 2770,3220

2770 50 70 0 2 10 20 ‘R’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 18
• ‘780 120 55 0 3 13 17 ‘C’ ‘H ’ ‘N ’ 3 ‘Y’ ‘N’ 29

2790 100 74 2 4 13 17 ‘C’ ‘L’ ‘0’ 3 ‘Y’ ‘N’ 19
• “800 60 200 0 1 13 17 ‘P.’ ‘H’ ‘0’ 3 ‘N’ ‘Y’ 19

2810 50 5 0 1 4 21 ‘C’ ‘14’ ‘0’ 4 ‘N’ ‘Y’ 19
• 2820 100 73 0 3 10 22 ‘C’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ 19

2830 80 29 0 1 4 21 ‘C’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 19
• 2840 60 12 0 3 13 17 ‘C’ ‘14’ ‘0’ 2 ‘Y’ ‘Y’ 19

2850 90 24 3 2 4 21 ‘R’ ‘14’ ‘0’ 4 ‘N’ ‘N’ 19
2860 30 50.0 2 10 22 ‘14’ ‘H’ ‘0’ 3 ‘Y ’ ‘Y ’ 19
2870 46 34.7 2 13 17 ‘P.’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 19

• 2880 60 15.8 2 4 21 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 19
2890 30 6.1 1 22 22 ‘C’ ‘L’ ‘N’ 2 ‘N’ ‘N’ 19
2900 8 25 0 1 22 22 ‘R’ ‘H’ ‘F’ 2 ‘N ’ ‘N ’ 19
2910 42 4.9 1 4 21 ‘C’ ‘L’ ‘F’ 4 ‘N’ ‘N’ 19
2920 24 21.9 1 22 22 ‘C’ ‘H’ ‘0’ 3 ‘N’ ‘Y’ 19
2930 350 70 7 2 6 32 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 20
2940 40 12 9 1 2 2 ‘C’ ‘L’ ‘0’ 3 ‘N’ “1’ 20
2950 50 5 3 1 1 5 ‘C’ ‘L’ ‘H’ 4 ‘N’ ‘N’ ‘0

• 2960 700 717.1 2 6 32 ‘C’ ‘H’ ‘0’ 4 ‘N’ ‘Y’ 20
2970 125 41.7 1 1 1 ‘14’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 20
2980 200 98 7 1 4 15 ‘14’ ‘L’ ‘0’ 3 ‘Y’ ‘Y’ 20
2990 75 17 0 1 4 15 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N ’ 20
3000 250 68 1 1 2 2 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 20
3010 75 21 3 1 1 5 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘Y’ 20
3020 150 83 3 1 2 2 ‘P.’ ‘L’ ‘0’ 4 ‘N’ ‘N’ “0

• 3030 350 59 3 1 19 21 ‘C’ ‘1.’ ‘0’ S ‘N’ ‘N’ 20
• 3040 300 188 8 1 1 1 ‘P.’ ‘14’ ‘0’ 4 ‘N’ ‘N’ ‘0

3050 30 15 0 1 2 2 ‘C’ ‘14’ ‘0’ 3 ‘N’ ‘N’ 20
3060 40 9 9 1 4 4 ‘P.’ ‘L’ ‘0’ 1 ‘N’ ‘Y’ “1
3070 80 12 9 1 1 1 ‘14’ ‘L’ ‘0’ 1 ‘N’ ‘N’ “1
3080 40 6 6 1 1 1 ‘14’ ‘L’ ‘0’ 1 ‘N’ ‘Y’ 21
3090 120 190 1 1 ‘ 2 ‘14’ ‘L’ ‘0’ 3 ‘N’ ‘Y’ “1
3100 40 1 9 1 1 1 ‘R’ ‘L’ ‘0’ 1 ‘N’ ‘N’ 21
3110 50 7 5 1 7 30 ‘R’ ‘L’ ‘0’ 1 ‘N ’ ‘N’ 21
3120 100 400 1 7 30 ‘C’ ‘L’ ‘0’ 2 ‘N’ ‘N’ ‘i
3130 200 65.7 1 3 3 ‘M’ ‘8’ ‘0’ 2 ‘N ’ ‘Y ’ 22
3140 145 100.7 1 2 15 ‘

~~~
‘ ‘M’ ‘0’ 3 ‘N’ ‘N’ 22

3150 75 63 7 3 16 28 ‘C’ ‘H’ ‘H’ 3 ‘N’ ‘N’ ~‘2
3160 42 22 1 1 3 3 ‘H’ ‘H’ ‘0’ 2 ‘N’ ‘Y’ 2’
3170 14 9 1 1 4 iS ‘C’ ‘L’ ‘0’ 2 ‘N’ ‘N’ ‘‘

3180 1’O 20 4 1 16 28 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ ~~‘

3190 286 26 1 1 16 28 ‘C’ ‘L’ ‘N’ 3 ‘N’ ‘N’ ‘‘
3200 41 40 0 2 2 15 ‘C’ ‘H ’ ‘N ’ 2 ‘N ’ ‘N ’
3210 70 27.2 3 16 28 ‘C’ ‘L’ ‘0’ 4 ‘N’ N

’ 2 2
3220 16 22.8 1 16 28 ‘H’ ‘H’ ‘F’ 1 ‘N’ ‘

Y
’ 22
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1.L~T 3230 , 3680

3230 128 13.9 1 16 28 ‘C ’ ‘L’ ‘N ’ 2 ‘N ’ ‘N ’ 22
3’40 200 58 0 1 4 15 ‘C ’ ‘L’ ‘0’ 3 ‘N ’ ‘N ’ 2”
3250 400 75 0 2 5 10 ‘C ’ ‘L’ ‘0’ 3 ‘N’ ‘Y ’ 23
3260 750 377 0 4 12 15 ‘C’ ‘L’ ‘H ’ 5 ‘N ’ ‘N ’ 23
3270 275 213 7 1 5 10 ‘P.’ ‘14’ ‘0’ 2 ‘N ’ ‘Y ’ ‘3
3280 211 263.3 3 12 15 ‘P.’ ‘L’ ‘0’ 4 ‘N ’ ‘N ’ 23
3290 575 72 .4  3 5 10 ‘C ’ ‘L’ ‘0’ 2 ‘N’ ‘N ’ 23
3300 1659 2 S2 . 3  3 12 15 ‘C’ ‘L’ ‘N ’ 5 ‘N ’ ‘N ’ 23
3310 1181 180.5 4 12 15 ‘C’ ‘L’ ‘N ’ 5 ‘N ’ ‘N ’ 23
3320 150 129 .3  2 5 10 ‘P.’ ‘14’ ‘O 3 ‘N ’ ‘Y ’ 23
3330 272 254.5 1 4 4 ‘P.’ ‘L’ ‘0’ 5 ‘N ’ ‘N ’ 2 3
3140 154 211.9 1 12 15 ‘R’ ‘H’ ‘0’ 1 ‘N ’ ‘Y ’ 213
3350 427 231.0 3 12 15 ‘C ’ ‘L’ ‘H ’ 5 ‘N ’ ‘N ’ 2 3

• 
• 3360 159 179.0 1 4 4 ‘C’ ‘L’ ‘0’ 4 ‘N ’ ‘N ’ 23

3370 100 75.9 1 2 4 ‘P.’ ‘L’ ‘0’ 3 ‘N ’ ‘N ’ 23
3380 400 64 9 3 12 15 ‘C’ ‘L’ ‘0’ 5 ‘N ’ ‘N ’ 23
3390 220 36.6 3 12 15 ‘C ’ ‘L’ ‘0’ 3 ‘N ’ ‘N ’ 23
3400 92 61.5 3 16 16 ‘P.’ ‘L’ ‘0’ 5 ‘Y ’ ‘N ’ 24
3410 40 15 3 1 20 24 ‘P.’ ‘L’ ‘0’ 4 ‘Y ’ ‘N ’ ‘4
3420 452 380 0 3 16 16 ‘K ’ ‘L’ ‘0’ 5 ‘Y’ ‘N ’ 24
3430 122 75 0 2 6 6 ‘C’ ‘L’ ‘0’ 5 ‘Y ’ ‘N ’ 24
3440 129 ~7 6 3 6 6 ‘C’ ‘L’ ‘0’ 5 ‘Y’ ‘N’ 24
3450 48 “7 9 1 12 17 ‘C’ ‘L’ ‘N ’ 3 ‘1” ‘N’ 24
3460 111 15.9 1 6 6 ‘C’ ‘H ’ ‘H ’ 3 ‘Y’ ‘N ’ 24
3470 24 24.9 1 21 24 ‘lI ’ ‘L’ ‘0’ 4 ‘Y’ ‘N ’ 24
3480 280 199 0 1 11 11 ‘P.’ ‘L’ ‘0’ 5 ‘Y ’ ‘N ’ ~4
3490 845 619.9 1 20 24 ‘R’ ‘L’ ‘0’ 5 ‘Y ’ ‘N ’ 24
3500 902 447.0  4 16 16 ‘P.’ ‘L’ ‘0’ 5 ‘Y ’ ‘N ’ 24
3510 537 74.0 4 12 19 ‘C’ ‘L ’ ‘0’ 5 ‘Y ’ ‘N ’ 24
3520 589 75.0 4 12 19 ‘C’ ‘L’ ‘0’ 5 ‘Y ’ ‘N ’ .!~ e
3S30 179 80.0 1 16 16 ‘R ’ ‘L’ ‘0’ 5 ‘Y ’ ‘N ’ 2-4
354 0 144 78.0 1 21 24 ‘R ’ ‘L’ ‘0’ 4 ‘Y ’ ‘N ’ 24
3550 366 284.9 1 3 8 ‘R ’ ‘L ’ ‘0’ 5 ‘N ’ ‘N ’ 25
3560 612 232 5 1 12 28 ‘P.’ ‘M’ ‘0’ 5 ‘N ’ ‘Y ’ 25
3570 415 470 1 12 25 ‘C’ ‘L’ ‘0’ 5 ‘N ’ ‘N ’ 25
3580 34 1 ~7b 2 1 4 4 ‘14’ ‘L’ ‘0’ 3 ‘N ’ ‘N’ 25
3590 160 23 5 1 9 10 ‘R ’ ‘L’ ‘0’ 3 ‘N ’ ‘N ’ 25
3600 690 66 ‘ 3 12 25 ‘C’ ‘14’ ‘0’ 5 ‘N ’ ‘N’ 25
3610 60 240 1 1 1 1 ‘M’ ‘H’ ‘F’ 3 ‘N ’ ‘N ’ “S

3b ’O 81 1 4 1 12 28 ‘14’ ‘H’ ‘F’ 3 ‘N ’ ‘N ’ “5
3630 -.0~ [75 .0  1 1 1 ‘R ’ ‘H ’ ‘F’ 3 ‘N ’ ‘N’ 25
3t~-.0 98 1.9 1 2 2 ‘R ’ ‘L ’ ‘0’ 1 ‘N ’ ‘Y’ 25
3650 57 10.1 1 7 10 ‘C’ ‘L’ ‘H’ 5 ‘N’ ‘N’ 2 5
3 00) 36 3.0 1 7 10 ‘M’ ‘L’ ‘0’ 3 ‘N ’ ‘Y’ 25
3670 15 23.9 1 7 10 ‘H’ ‘H’ ‘F’ 3 ‘N’ ‘Y’ 25
3680 511 99.4 1 2 2 ‘C’ ‘L’ ‘F’ 5 ‘N’ ‘N’ 25

r,- idv
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~..IST 3690~4140

3690 192 29.6 1 9 10 ‘C ‘1.’ ‘H’ S ‘N’ ‘N’ 25
3700 124 41.4 1 18 22 ‘H’ t’ ‘0’ ~ 

‘Y’ ‘N’ 26
3710 204 154.9 1 18 22 ‘14’ ‘L ‘0’ 2 ‘Y’ ‘N’ 26
3720 115 13.7 1 2 2 R’ L’ ‘N’ 2 ‘N’ ‘N’ 26
3730 156 152.2 1 18 22 R’ ‘H’ ‘0’ 3 ‘Y’ ‘N’ 26
3740 260 291.3 3 S S ‘R’ L’ 0 4 ‘Y’ ‘N’ 26
3750 160 73.3 2 5 5 ‘C’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 26
3760 94 44.7 1 18 22 ‘14’ H’ ‘F’ 1 ‘Y’ ‘N’ 26
3770 104 93.1 1 18 22 ‘K’ ‘14’ ‘F’ 2 ‘Y’ ‘N’ 26
3780 124 161.5 1 18 22 ‘H’ L’ ‘F’ 2 ‘Y’ ‘N’ 26
3790 70 31.7 1 5 5 ‘M’ ‘L’ ‘F’ I ‘N’ ‘Y’ 26
3800 104 90.0 1 5 5 ‘14’ ‘L’ ‘F’ 2 ‘N’ ‘1’ 26
3810 148 282.5 1 18 22 ‘K’ ‘14’ ‘F’ 2 Y ‘Y’ 26
3820 96 32.8 1 5 6 ‘K’ ‘L’ ‘F’ 2 ‘N’ ‘N’ 26
3830 82 16.8 1 18 22 ‘C’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 26
3840 82 70.0 1 5 6 ‘K’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 26
3850 130 73.4 3 3 5 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 26
3060 140 30.0 2 3 5 ‘K’ ‘L’ ‘0’ 2 ‘N’ ‘N’ 26
3870 123 110.0 2 9 9 ‘K’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 27
3880 40 80.0 2 4 4 ‘K’ ‘L’ ‘0’ 3 ‘Y’ ‘N’ 27
3890 87 96.0 1 1 1 ‘K’ ‘H’ ‘0’ 3 ‘Y’ ‘N’ 27
3900 324 194.0 3 8 8 ‘C’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 27
3910 114 240.0 1 15 15 ‘K’ ‘H’ ‘F’ 2 ‘Y’ ‘N’ 27
3920 212 514.0 3 9 9 ‘K’ ‘14’ ‘0’ 3 ‘Y’ ‘N’ 27
3930 86 110.0 1 8 8 ‘C’ ‘H’ ‘F’ 2 ‘Y’ ‘N’ 27
3940 538 307.0 2 7 13 ‘K’ ‘H’ ‘0’ 3 ‘Y’ ‘N’ 27
3950 391 260.0 4 9 9 ‘K’ ‘H’ ‘0’ 3 ‘Y’ ‘N’ 27
3960 226 95.0 1 4 4 ‘K’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 27
3970 124 72.0 2 3 7 ‘C’ ‘H’ ‘0’ 3 ‘Y’ ‘N’ ~73980 380 61.0 3 8 8 ‘C’ ‘L’ ‘0’ 5 Y’ ‘N’ 27
3990 46 52.0 1 4 4 ‘14’ ‘14’ ‘F’ 3 ‘Y’ ‘N’ 27
4000 67 20.0 1 6 6 ‘C’ ‘L’ ‘N’ 3 ‘Y’ ‘N’ 27
40L0 38 8.0 1 7 13 ‘C’ ‘L’ ‘N’ 2 Y’ ‘N’ 27
4020 108 120.3 1 2 4 ‘H’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 28
4030 89 195.0 1 13 17 ‘R’ ‘1.’ ‘0’ 4 ‘N’ ‘N’ 28
4040 52 52.0 1 13 14 ‘14’ ‘H’ ‘F’ 1 ‘N’ ‘Y’ 28

• 4050 94 118.0 1 2 4 ‘K’ ‘14’ ‘0’ 3 ‘N’ ‘N’ 28
4060 38 35.0 1 13 17 “4’ ‘H’ ‘0’ 3 ‘N’ ‘N’ 28
4070 94 260 8 1 2 4 ‘K’ ‘H’ ‘F’ 3 ‘N’ ‘N’ 28
4080 76 231.1 1 2 4 ‘K’ ‘H’ ‘F’ 3 ‘N’ ‘N’ 28
4090 18 198.1 1 3 3 ‘K’ ‘H’ ‘F’ 3 ‘N’ ‘N’ 28
4100 46 11.9 1 13 17 ‘C’ ~~ ‘0’ 2 ‘N’ ‘N’ 28
4110 61 73.2 1 2 4 ‘K’ ‘H’ ‘0’ 2 ‘N’ ‘Y’ 28
4120 98 42.9 1 3 3 ‘K’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 28
4130 56 25.0 1 2 4 ‘K’ ‘L’ ‘0’ 3 ‘N’ ‘Y’ 28
4140 51 6.5 1 2 4 ‘K’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 28

ready
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l IST 4150,4600

4150 116 177.2 1 L I ‘K’ ‘14’ 0’ 3 N’ ‘N’ 28
4160 54 150.0 1 3 3 ‘K’ ‘H’ ‘r 3 ‘14’ ‘Y’ 211
4170 300 980.0 1 3 10 ‘K’ ‘H’ ‘F’ 3 ‘N’ Y’ 29
4180 200 24.0 2 5 32 ‘C’ ‘L’ ‘O 4 ‘N’ ‘14’ 29
4190 400 15.0 2 3 32 ‘C ‘L’ 0’ 3 ‘N’ ‘N’ 29
4200 54 86.0 1 3 10 ‘14’ ‘14’ 0 2 ‘N’ ‘N’ 29
4210 11 25.0 1 1 1 ‘K’ ‘14’ ‘O 4 ‘N’ ‘N’ 29
4220 30 4.0 1 1 1 ‘C’ ‘14’ ‘8’ 2 ‘8’ ‘Y’ 29
4230 49 28.0 1 I I ‘C’ ‘H’ ‘O 3 ‘N’ ‘Y’ 29
4240 160 11.0 1 2 2 ‘K’ ‘1’ ‘0’ 3 ‘14’ ‘N’ 29
4230 120 18.0 1 1 2 ‘

~~~
‘ ‘L’ ‘O 2 ‘14’ ‘14’ 29

4260 60 2.0 1 1 2 ‘14’ ‘L’ ‘O 1 ‘14’ ‘N’ 29
4210 40 9.0 1 1 2 ‘14’ ‘1’ ‘H’ 2 ‘N’ ‘N’ 29
4280 610 98.0 3 5 32 ‘C• ‘L’ •N’ 4 ‘8’ ‘8’ 29
4290 30 2,0 1 2 2 C ‘L’ ‘0’ 1 ‘14’ ‘Y’ 29
4300 94 42.0 2 5 32 ‘C’ ‘V ‘0’ 3 ‘14’ ‘14’ 29
4310 320 14.0 2 5 32 ‘C’ ‘I.’ ‘H’ 4 ‘N’ ‘N’ 29
4320 87 21.4 1 3 10 C’ ‘N’ ‘F’ 2 Y’ ‘Ye 30
4330 180 74,6 4 6 0 ‘C’ ‘1.’ ‘0’ 3 ‘Y’ ‘N’ 30
4340 200 64.0 2 3 30 ‘C ’ ‘V ‘O 4 ‘Y’ ‘N’ 30

= 4350 47 34 0 1 5 0 ‘14’ ‘L’ ‘0’ 2 ‘V ‘Y’ 30
4360 43 45,6 2 3 10 ‘14’ ‘V ‘0 4 ‘Y’ ‘14’ 30
4370 30 39.4 1 1 10 ‘14’ ‘L’ ‘0’ 3 ‘Y’ ‘Ye 30
4380 180 23,0 1 1 6 ‘C’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 30
4390 170 420.0 4 3 30 ‘C’ ‘L’ ‘14’ 4 ‘Y’ ‘N’ 30
4400 47 110.0 1 5 0 ‘N’ ‘H’ ‘F’ 2 ‘Y’ ‘Y’ 30
4410 60 22.5 2 7 0 ‘C ‘V ‘0’ 4 ‘Y’ ‘N’ 30
4420 74 97.0 2 3 0 ‘14’ L’ ‘O 3 ‘Y’ ‘14’ 30
4430 20 42.0 1 3 10 ~~~~

‘ ‘V ‘0’ 3 ‘Y’ ‘N’ 30
4440 105 71.1 4 3 10 ‘C ‘V ‘0’ 3 ‘Y’ ‘N’ 30
4450 104 98.0 4 3 10 ‘0’ ‘L’ ‘0’ 3 ‘Y ‘14’ 30
4460 158 32.5 4 3 30 ‘C’ ‘L’ ‘O 3 ‘Y’ ‘N’ 30
4410 144 276.2 1 11 11 ‘N’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ 31
4480 121 38.0 1 29 29 ‘C’ ‘N’ ‘0’ 3 ‘14’ ‘V 31
4490 411 20.0 1 11 11 ‘H’ ‘L’ 0’ 3 ‘N’ ‘V 31

• 4500 80 220.0 1 5 17 ‘14’ ‘V ‘0’ 2 ‘14’ ‘Y’ 31
4510 81 33,0 1 11 ii ‘R’ L’ ‘N’ 4 ‘N’ ‘N’ 31
4320 331 73.0 1 2 2 ‘C’ ‘1’ ‘0’ 4 ‘8’ ‘N’ 31
4530 33 16.0 1 2 2 ‘C’ ‘L’ ‘F 2 ‘14’ ‘14’ 31
4540 27 11,0 1 II 11 ‘14’ L’ ‘F’ 3 ‘N’ ‘Y’ 31
4550 738 340.0 1 3 17 ‘14’ ‘14’ 0 3 ‘N’ ‘Ye 31
4560 88 30.0 1 2 2 •C’ ‘1’ ‘0’ 3 ‘N’ ‘V 31
.~~10 33 83 8 1 2 2 ‘Pt’ ‘H’ ‘F’ 2 ‘N’ ‘Y’ 31
4580 104 18.0 1 2 18 ‘14’ ‘V ‘0’ 3 ‘Ye ‘14’ 32
590 120 20 4 1 1 1 ‘14’ ‘H’ ‘0’ 3 ‘V ‘N’ ~
4600 150 10.0 1 4 13 ‘C’ ‘V ‘0’ 3 ‘V ‘N’ )~

ready
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LIST 4610,5060

4610 158 87.5 1 8 17 ‘14’ ‘H’ ‘0’ 4 N’ ‘N’ 32
4620 243 200.0 1 3 9 ‘14’ ‘H’ ‘0’ 2 ‘N’ ‘Y’ 32
4630 126 33.0 1 12 20 ‘14’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 32
4640 174 9.4 2 4 13 ‘C’ ‘V ‘0’ 4 ‘Ye ‘N’ 32
4650 154 10 0 2 2 10 ‘14’ ‘L’ ‘H’ 3 ‘Y’ ‘N’ 32
4660 284 140.0 1 2 29 ‘14’ ‘H’ ‘F’ 2 ‘N’ ‘Y’ 32
4670 71 6.2 2 1 1 ‘C’ ‘L’ ‘0’ 3 ‘Y’ ‘N’ 32
4b80 66 7 0 1 2 10 ‘C’ ‘V ‘0’ 2 ‘Y’ ‘N’ 32
4690 326 19 8 1 6 8 ‘C’ ‘L’ ‘H’ 4 ‘N’ ‘N’ 32
4700 211 116.1 1 6 8 ‘14’ ‘H’ ‘0’ 2 ‘N’ Y’ 32
4710 231 265.1 1 6 8 ‘14’ ‘H’ ‘0’ 2 ‘N’ ‘Ye 32
4720 262 22.1 4 4 5 ‘C’ ‘V ‘0’ 4 CT’ ‘N’ 32
4730 407 70 2 3 2 3 ‘C’ ‘L’ ‘H’ 5 ‘Y’ ‘N’ 32
4740 84 5.0 3 9 12 ‘C’ ‘1 ’ ‘0’ 4 ‘Ye ‘N’ 32
4750 607 321 0 1 2 29 ‘14’ ‘L’ ‘H’ 3 ‘Y’ ‘N’ 32
4760 447 100.0 2 3 9 ‘C’ ‘14’ ‘H’ 3 ‘Ye ‘14’ 32
4770 121 14.1 1 2 3 ‘C’ ‘L’ ‘0’ 4 ‘V ‘N’ 32
4780 57 4.2 2 9 12 ‘C’ ‘14’ ‘F’ 2 ‘Y’ ‘N’ 32
4790 90 75.0 1 9 12 ‘14’ ‘H’ ‘F’ 1 ‘8’ ‘Ye 32
4800 15 10 0 1 4 13 ‘14’ ‘L’ ‘0’ 1 ‘Y’ ‘N’ 32
4810 76 12.0 1 1 5 ‘C’ ‘L’ ‘V 2 ‘N’ ‘N’ 32 

=

4820 94 274.0 1 4 13 ‘C’ ‘L’ ‘H’ 1 ‘N’ ‘N’ 32
4830 95 30.0 1 4 13 ‘C’ ‘1.’ ‘N’ 3 ‘Y’ ‘N’ 32
4840 25 3.0 3 2 3 ‘C’ ‘I.’ ‘14’ 4 ‘Y’ ‘N’ 32
4850 110 25.0 1 4 13 ‘14’ ‘11’ ‘F’ 1 ‘Ye ‘N’ 32
4860 99 8.0 1 3 9 ‘14’ L’ ‘F’ 2 ‘Y’ ‘14’ 32
4870 71 25 0 1 6 8 ‘N’ ‘II’ ‘F’ 2 ‘Ye ‘Y’ 32
4880 169 50.0 1 4 13 ‘C’ ‘11’ ‘0’ 4 ‘Y’ ‘N’ 32
4890 60 6 5 3 2 29 ‘14’ ‘V ‘0’ 3 ‘V N’ 32 =

4900 47 50 0 1 2 29 ‘14’ ‘L’ ‘0’ 3 ‘Y’ ‘Y’ 32
4910 118 10 0 1 4 13 ‘14’ ‘1.’ 0’ 3 ‘Ye ‘N’ 32
4920 1048 215 0 3 4 13 ‘14’ ‘V ‘0’ 5 ‘V ‘N’ 32
4930 532 64 0 2 4 13 ‘14’ ‘V ‘0’ 5 ‘Y’ ‘N’ 32
4940 280 89 9 2 4 13 ‘C’ ‘L’ ‘0’ 5 ‘Y’ ‘N’ 32
4950 31 15 0 2 2 3 ‘14’ ‘V ‘0’ 2 ‘Ye ‘N’ 32
4960 39 50 0 1 2 3 ‘C’ ‘14’ ‘0’ 3 ‘V ‘N’ 32
4970 84 23 0 1 2 10 ‘14’ ‘L’ ‘0’ 2 ‘Y’ ‘N’ 32
4980 23 25 0 1 4 13 ‘14’ ‘14’ ‘F’ 2 ‘V ‘N’ 32
4990 38 111 0 1 4 13 ‘C’ ‘H’ ‘F’ 2 ‘V ‘Y’ 32
5000 103 163 0 1 4 13 ‘14’ ‘L’ ‘0’ 4 ‘V ‘8’ 32
5010 204 70 0 1 6 8 ‘C’ ‘14’ ‘0’ 4 ‘Y’ ‘N’ 32
5020 155 30 0 1 2 10 ‘C’ ‘H’ ‘F’ 2 ‘Y’ ‘14’ 32
5030 375 116 0 2 9 25 ‘14’ ‘V ‘F’ 4 ‘Y’ •Y’ 32
3040 257 44.0 2 9 25 ‘C’ ‘I.’ ‘F’ 4 ‘V N’ 32
5050 534 205 0 1 2 29 ‘14’ ‘H’ ‘0’ 4 ‘Y’ ‘Y’ 32
5060 90 50.0 1 3 9 ‘C’ ‘V ‘0’ 3 ‘Y’ ‘Y’ 32

ready
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L
LIST 3070,5530

5070 53 30.0 1 4 13 N’ ‘H’ ‘F’ 2 ‘N’ ‘Y’ 32
5080 131 199 0 1 6 8 ‘14’ ‘H’ ‘0’ 2 ‘N’ ‘Y’ 32
5090 17 25.0 1 4 13 ‘14’ ‘H’ ‘F’ 2 ‘Y’ ‘Y’ 32
5100 43 4.0 1 3 9 ‘C’ ‘L’ ‘N’ 3 ‘N’ ‘N’ 32
5110 43 10 0 1 1 1 ‘14’ ‘H’ ‘0’ 2 ‘Y’ ‘N’ 33
5120 46 45 1 1 1 1 ‘14’ ‘L’ ‘0’ 3 Y’ ‘N’ 33
5130 134 186.2 1 1 1 ‘14’ ‘14’ ‘0’ 3 ‘Ye ‘V 33
5140 60 147.0 1 1 1 ‘R’ ‘H’ ‘F’ 2 ‘1” ‘N’ 33
5150 38 6 9 1 1 1 ‘R’ ‘L’ ‘0’ 3 ‘Y’ ‘N’ 33
5160 225 99 0 2 12 30 ‘14’ ‘V ‘0’ 5 ‘V ‘N’ 33

= 

5170 40 33 0 1 1 1 ‘14’ ‘H’ ‘V 2 ‘N’ ‘N’ 33
5180 41 70.0 1 15 21 ‘14’ ‘H’ ‘F’ 3 ‘Y’ ‘N’ 33
5190 44 35 0 1 1 1 ‘14’ ‘H’ ‘F’ 3 ‘N’ ‘Y’ 33
5200 20 19 7 1 2 2 ‘C ‘L’ ‘0’ 2 ‘Y’ ‘N’ 33
5210 216 29 0 1 3 5 ‘R’ ‘L’ ‘0’ 4 ‘Y’ ‘N’ 33
5220 272 235 1 1 12 30 ‘14’ ‘14’ ‘0’ 4 N’ ‘N’ 33
5230 197 165.6 2 2 3 ‘C’ ‘V ‘0’ 3 ‘N’ ‘V 33
5240 255 360.0 1 12 30 ‘11’ ‘14’ ‘0’ 4 ‘14’ CT’ 33
5250 100 187 0 1 2 3 ‘14’ ‘14’ ‘F’ 3 ‘N’ ‘N’ 33
5260 250 125 0 2 1 2 ‘C’ ‘L’ ‘N’ 3 ‘N’ ‘N’ 34
5270 370 103,0 2 5 11 ‘R’ ‘N’ ‘F’ 3 ‘N’ ‘N’ 34
5280 216 15 0 3 6 17 ‘C’ ‘L’ ‘H’ 3 ‘N’ ‘N’ 34
5290 544 295.0 3 4 5 ‘14’ ‘H’ ‘F’ 3 ‘N’ ‘N’ 34
5300 406 131 0 3 4 30 ‘C’ ‘L’ ‘H’ S ‘N’ ‘N’ 34
5310 364 215 0 2 12 12 ‘R’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 34
5320 50 19 0 1 11 27 ‘14’ ‘14’ ‘0’ 1 ‘N’ ‘Ye 34
5330 268 150 0 3 2 8 ‘14’ ‘H’ ‘F’ 3 ‘N’ ‘Y’ 34
5340 170 200 0 2 5 15 ‘14’ L’ ‘0’ 2 ‘N’ ‘N’ 34
5350 240 66 0 2 12 12 ‘C’ ‘V ‘0’ 4 ‘N’ ‘N’ 34
5360 180 68 0 3 4 30 ‘C ‘L’ ‘0’ 3 ‘N’ ‘N’ 34
5370 320 133 0 1 12 12 ‘14’ ‘L’ ‘0’ 3 ‘N’ ‘V 34
5380 890 243 0 4 3 7 ‘C’ ‘14’ ‘0’ 4 ‘N’ ‘N’ 34
5390 400 34 0 2 4 5 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 34
5400 60 33 0 1 11 27 ‘C’ ‘14’ ‘0’ 2 ‘N’ ‘Y’ 34
5410 98 45.0 2 2 8 ‘R’ ‘L’ ‘0’ 5 ‘N’ ‘N’ 34
5420 100 29 0 1 4 5 ‘C’ ‘14’ ‘0’ 3 ‘N’ ‘N’ 34
5430 312 68.0 3 2 8 ‘14’ ‘H’ ‘F’ 2 ‘N’ ‘N’ 34
5440 235 96.0 3 4 4 ‘R’ ‘H’ ‘F’ 3 ‘N’ ‘Y’ 34

• 5450 60 90 0 1 11 27 ‘14’ ‘14’ ‘0’ 3 ‘N’ ‘Y’ 34
5460 520 73.0 3 12 12 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 34
5470 540 280 0 2 6 17 ‘C’ ‘H’ ‘F’ 3 ‘N’ ‘N’ 34
5480 180 68 0 2 2 8 ‘14’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 34
5490 50 22.0 1 11 27 ‘14’ ‘14’ ‘0’ 1 ‘N’ ‘Y’ 34
5500 440 82.0 2 5 15 ‘14’ ‘L’ ‘0’ 4 ‘N’ ‘N’ 34
5510 640 75 0 3 4 30 ‘C’ ‘L’ ‘H’ 3 ‘N’ ‘N’ 34
5520 100 30 0 1 4 30 ‘14’ ‘L’ ‘14’ 4 ‘N’ ‘N’ 34
5530 240 82.0 3 5 15 ‘C’ ‘L’ ‘0’ 3 ‘N’ ‘N’ 34

read y
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APPENDIX S

DESIGN SECTION SURVEY
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APPENDIX 3-i

Variables Considered but Not Selected

a. Scope

b. Security Problem Requirements ( Secure Area, Entry Control )
c. Location of Project Site on Base

d. Availability of Drafting/Surveying Support

• e. Manning Level

1’. Engineer Working Within his Discipline

g. Speed of the Engineer

h . Unique or Innovative Projectl new State-of-the-Arts Tbst Case

1. Engineering Productivity

j . Weather or Season

k Reference Material Available ( Sweet ’s Catalogue, VSMF )
• 1. Availability of Record Drawings

m. Accuracy of Record Drawings

n. Standard Specifi cations Available

o. Adequacy of Programming Information

p. Environmental Problem

q. Geographical Location

r. Size of Base

a. Higher Headquarters Review and Approval

= 
t. Mount of Coordination Required

u. Number of Using Agencies Involved

v. Fiscal Year Cycle ( Near End of Fiscal Year )

w. Mili tary or Civilian Designer

89
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x. PrIori ty of Project or Urgency

y. Time Availabl, to Aoooapliah Project ( a. for a Specified
— Obligation Date )

= 

I-

90



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
- - - - ____ =

APPENDIX 8-2

Pro ject Design Manhour Estimating Survey

DEPARTMENT OF THE AIR FORCE = - •  - ,

H~~A OOUA~~T~~RS UNITED %TATE~, AIR IOI~CE

WASHINGTO Ot

a AFIT/LSG 24 APR ~~~

= ~~~~~ Project Design lanhour Estimating Survey

,
~
. Chief of Engineering Design Section (DEEE) , Civi l Engineering

-~ • (CONUS )

1. The attached survey was prepare d by a research team at
= 

the Air Force Institute of Technology, Wright-Patterson AFB,
Ohio . The purpose of the survey is to acquire data concerning
current project design manhours and estimating methods . The
data will be used to identify and analyze design factors
which af fec t  design time estimating accuracy .

2. You are requested to provide data for each section . Your
responses to the survey will be held confidential.

3. Please remove this cover letter before returning the
completed survey . Your cooperation in providing this data
will be appreciated and will be beneficial for improving
current project manhour estimating me thods . Please return
the con~ leted survey in the attached envelope within two weeks
of receipt.

FOR THE CHIEF OF STAFF

= ri !!~, c”.. r~r 2 Atch
= .

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 1. Questionnaire
=

= r = .. . • = . . .~~~~~, -= • • ‘  ~~~- • •  = 2. Return envelope —
~

• - 
4 . .
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Survey Information Page

1. The purpose of this survey is to collect data on the pro-
cedures currently used to estimate project design times. This informa-
tion will be used to assess the effectiveness of current estimating
procedures and to develop a predictive model designed to improve the
accuracy and reliability of project design time estimates. We believe
that this model can be a valuable tool for the Chief of the Design
section to use in preparing and implementing efficient design schedules.

2. This survey is being sent to the Chief of the Design
section of each CONU S installation. All information provided will be
treated confidentially and will be used only to analyze factors
affecting project design time. No attempt will be made to evaluate
a specific base , engineer , or Chief of the Design section. 

=

3. To establish a common teruu.nology for this survey, project
design time is defined to be the number of manhours required for
engineers to: (a) review existing programming documents, (b) review
record drawings , (c) make site visits, Cd) attend project design meet-
ings, (e) research regulations and product information, (f) develop
specifications and drawings, (g) obtain base and command leve l
coordination and approval, and (h) comply with project review comments
from command, the using organization, and procurement.

4. If there are any questions, please call any one of the
following: Capt. Don Meister, Capt. Richard Moss, or Capt. Dave
Ruschmann (AUTOVON 785-6513). 

=
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PI~).J~~T DESIGN MANHOU R ESTIMATING 
=

1. Major Co~~and - 

=

2. Ba _________________________MY!*OVON_________________________

3. Circle the following factors which you consider when making esti-
mates for project design times. If you consider other factors not
shown on the list, add them to the list.

a. Total estimated cost j .  Curren t design load
b. N~mber of disciplines involved k. Type of work C M, R , MC)
c. Which discipline(s) involved 1. Experience of the engineer
d. Adequacy of program dOcuments m. Security requirements
e. Similar project done recently n. Complexity of the project
f .  Type of design specifications o. Number of coordinating
g. Availability of record drawings agencies
h. Accuracy of record drawings p. _________________________
i. Lund source (O&M, NA? • MFH)

ci. ________________________

4. From the above list , select the three factors which you most often
use and rank order them.

a. Most often used
b. Second most used_____________
c. Thi rd most used_____________

5. What accuracy would you consider desirable in estimating design
manhours for scheduling?

a. Within 10% d. Within 40%
b. Within 20% e. Within 50%

= c. Within 30% f. No opinion________________

6. What degree of accuracy do you presently achieve in estimating
design manhours for scheduling? If you do not directly record
this information, indicate this rather than estimating your
accuracy for this question.

a. Within 10% d. Within 40%
b. Within 20% e. Greater than 40%
c. Within 30% f .  Do not directly record

this_______________________

7 . What pe rcentage of the engineer ’s total time is scheduled for =

direct project design?

a. Less than 20% d. Less than 50% 
=

b. Less than 30% 
______________ 

e. Less than 60%
c. Less than 40%~ ___________ 

f .  More than 60%

93
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Instructions for Co~~ leting This Page

Col umn 1. This provides an identifying number for each engineer.
Enter ~.nformation for each eng ineer next to the line n umber .

Column 2. Enter the actua l grade or rank of the engineer.

Column 3. Enter the discipline for the engineer by his  assi*.j ned
manning position . C 1cck the appropriate column for: A~Architt*~.t, C~ C i v : 1 ,
E—Electrical, N—Mechanical, and 0—Other .

Col umn 4. Enter the total years of actual design experience
= 

(federal and civilian) for the engineer (to the nearest year).

Column 5 .  Enter the years of design experience that the dngineer
has on the base (to the nearest year).

Columns 6,  7, and 8. Enter the total years of design experience, the
total years of experience as chief of Design , and the years of experience as

- - Chief of Design at your base (to the nearest year ) .

(1) (2)  (3) (4 ) (5 )
~ngineer Rank/ Discipline Design Experience
Number Grade A C E N 0 Total Years Years on Base

1 
_____________ ____________________ _____________________________ ______________________

3 
_____________ __________________ ___________________________ ________________

4 
________________ ________________________ ____________

5 
_________________ __________________________ ________________

6 
_______________ _______________________ ____________________

7 
__________________ ________________________ ________________

8 
_______________ ________________________ _____________

9 
_______________ _______________________ _______________

10 
____________ ___________________ __________

11 
_______________ _______________________ _________________

12 
______________ _____________________ _______________

13 
______________ _____________________ ______________

14 
____________ ___________________ ________________

15 
_____________ ____________________ __________________

16 
_________ ____________ ___________________ _________________

17 
________ ____________ ___________________ _________________

________  — (6) (7) (8)
Total Years Experience as Chief of Design

Chief of Design Exp. Total Years Years on Base ’
Design
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Instructions for Completing the Next Page

Information provided from this part will be used to create a
data base for estimating project design manhours. Information should
be available on time sheets, DD Forms 1391, monthly design schedules ,
and the MAREMIC reports.

Columns 1 to 4. Select and list approximately fifteen projects
(excluding service contracts) designed in—house since 1 October 1976,
to include projects from M=Maintenance, R~’Repair, and MC=Minor Construc-
tion type work. Please include several fund sources, such as O&M , HOSP,
NAF, and MFH. In Column 1, list an abbreviated title for the project.
In Column 2, enter the total estimated cost of the project to the near-
est thousand dollars (as entered on DD Form 1391). In Column 3, enter
the fund source for the project. In Column 4, check under the appro-
priate heading for maintenance, repair, or minor construction .

Col umn 5. Enter whether a project is modular in design. If
one set of specifications is used for work repeated on many facilities,
say such as thirty family housing units, then the project is highly
modular (H). If one set of specifications is used for work on several
facilities , even though separate drawings may be required for each
facility , then the project is moderately modular (N). If one set of
specif ications is good for only one or two facilities , then the project
has low modularity (L).

Column 6. Enter the total project manhours that were estimated
and the actual manhours used by the engineers for the project. Only
project manhours directly charged to an engineer should be used (this
should exclude administrative and site development personnel manhours).
If an engineer does his own drafting and the manhour figure includes
this drafting time , place a check in the column labeled “EDr.”

Column 7. Enter the engineer ’s identifying number (from the pre-
vious work page) for each engineer who worked on this project.

Col umn 8. This column indicates the complexity of the project
as it relates to the average project that you design. The scale ranges
from 1 to 5, with the very simple project being 1, an average project
being 3, and the very complex being 5. Complexity takes into account
such factors as the amount of coordination required, whether the proj-
ect has unique design requirements, is new technology involved, and is
much coordination required among the engineers.

Column 9. This column indicates whether a similar project has
been previously completed, which can also be substantially reused for
this design . Check the appropriate column for YES or NO.
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NONPROJECT DATA ANALYSIS
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APPENDIX C-i

= - 

MM 00(1 of Bases Responding the the Survey

MAJ CON Nusb.r of Bases
______ 

Respw~d.tng Not Responding

ADO 3 0

- 
~
- 

AFA 1 0

AFLC 3 3

A~~C I

ATC 10

MAC 6 6

SAC 15 10

TAC ii 7

One base was included with another baee which actually
accomplished its ~iealgn work . Two bases had been closed .

ii

I1
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APPENDIX C-2

Design Factors and Their Frequencies

Factor Frequency

a. Total Estimated Coat 30

‘b. Number of D.tsoip]tnes Involved

c. Which Discipline. Involved 37

d. Adequacy of Program Dooumsnt 21

= e. Similar Project Done Recently J12

1. Type of Design Specification 30 =

g. Availability of Record Drawing. 2k

h . Accuracy of Record Drawings 19 
=

I. Fund Source ( 0~l, NA?, MFH ) 7
= j. Current Design Load 31

k. Pyp. of York ( M , B, MC ) 16

1. Experienc, of t~~ Engineer
— in. Securi ty Requirement. 16

n. Compl.xlty of the Project

o. Number of Coordinating Agencies 21

p. Command Interest I

q. Using Agency Changes 1

r. Impos.d Funding L.vels I

a. How V.11 Proj .ot i. Defined by the
Approval Document I

= 

t. Typ. of P~cillty Involved 1

4 u. Drafting Tim. 2
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Factor Freeu.nc~ 
=

v . Experience of the Technician 1

w. Other Bas. and Headquarters Prioriti.. I

x. Funding Status 1

y. Present &nd Anticipated Manning 1

a. Amount of Surveying Required 1

ma. Workload of Disciplines 1

bb. Leave , TI)!, Extra Duties, Mobility 1

cc. Environmental Aases.aenta and
Statements 1

dd. Extent of Cut-and-Paste That
Can be Done 1

em. Site Location In Relation b
Existing Utilities 1

ff. Mod ulari ty 1

~~~~. Location of Project 1

hh. Repetitive Nature 1

ii. Weather Factor for Construction I

jj. Special Interest of Headquarters,
Wing , or Base 1

kk . Required 100% Designed Date 1

11. Sise or Scope of Project 1

mm. Base or Command Approval/Review 1

= 
nn. Working Pace of Engineer I

no. Military or Civilian Engineer 1
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APPENDIX C- 3

Three Most Used I~ctors with Non-Weighted
and Weighted Rankings

Factor Non-Weighted Weighted
1.t 2nd 3rd Total Rank 1,t 2nd 3rd Total Rank

11 3 1 15 3 33 6 1 ~40 2

=

= 
b 11~ 5 2 11 5-ti 12 10 2 24 5

c 2 5 3 10 7 6 10 3 19 6

d 1 0 2 3 3 0 2 5
e 0 7 4 11 5.-tie 0 14 4 18 7

f 1 2 2 5 3 4 2 9

h 1 1 0 2 3 2 0 .5

I I 1 0 2 3 2 0 5

j 5 5 4 14 4 15 10 4 29 4

k 1 1 1 3 3 2 1 6

1 1 9 10 20 2 3 18 10 31 3

n 19 3 7 29 1 5? 6 7 70 1

t 0 1 0 1 0 2 0 2

ma 0 0 1 1 0 0 1 1

bb 0 0 1 1 0 0 1 1

ft 0 0 1 1 0 0 1 1

kk 0 0 I 1 0 0 1 1

11 0 0 1 1 0 0 1 1

nn 0 0 1 1 0 0 1 1 =
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APPENDIX c-k

-
~~ Factors Considered by Bases Indicating Accuracy

Within 20 Percent

Factor Jlrst Second Third Total = -

a 4 1 - 5
b 2 1 1 LI.

o - 2 1 3
e - 2 1 3

- = h - 1 1 2

j  1 1 2 LI

k - - 1 1

1 - 2 1 3

n 4 - 1 5
kk - 1 1
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APPENDIX C-S

Factors Considered by Bases Computed as Achieving
Accuracy Within 20 Percent

= 
Factor First Second Third Total

a 2 2 - 4

b 1 - - I

c 2 - - 2

d - - 1 1

h 1 - - I

j  1 3 - 4

k - 1 1 2

1 - 1 3 4

n 1 - 2 3 =

103
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APPENDIX c-6

Thr.,e Most Often Used Factors by Bases In
th~ Di fferent Major Commands

Factor NAJ COM
MAC SAC TAC Arc AFLC ADCOM AFSC USAFA

a LI 3 5 - 1 - 1 1

b 1 5 1 3 1 - - -

c 1 5 2 - 1. 1 - -

d - 2 1 - - - - -
e 2 4 2 1 - 1 - 1

f - - 1 1 1 2 - -
h - 2 - - - - - -
1 — 1 — — — — — —  =

j  1 5 5 1 1 — — I

k - 1 2 - - - - -
1 2 5 5 3 1 3 1 -

n 5 II .5 3 2 2 1 -

t - — — - 1 — — —

ma 1 - - - - - - -

bb - - 1 - - - - -
ft - - - - I - - -

kk - 1 - - - - - -

11 — I — — — — — —
H nn 1 - - - - - - -

104
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APPENDIX C-?

Three Most Often Used Factors by Size of
Design Staff =

Factor Size of Staff
.5 6 7 8 9 1 0 11 12 14 18 19 30

I —

a - 3 4 2 - - 2 2 - - 2 -

b 1 2 1 4 1 1 — — — — — 1

c - 3 2 3 1 - - - - 1 - -
d 1 - 1 - - - - 1 - - - -
e — 3 1 1 1 1 2 — — — 1 —
f I 3 -  - - - - - - - 1 -

= 

h - 1 - - 1 - - - - - - - =

-
~~~ 1 1 — — — — — — — — — — —

-

~~~ 
j  2 1 5 3 — — 1 1 — 1 — —

k - 1 1 - - - - 1 - - - -
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APPENDIX C-8

Three Most Often Used Factors by Military/Total
St&ff Ratio

Factor Military/Total Staff Ratio
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

a 2 4 3 3 - 1 1 -

b I 1 2 2 2 2 1 -

c 3 - 1 1 2 3 - -
d 1 - - - 2 - - -

e 1 - 2 2 1 4 1 -

1 1 1 1 — 1 1 — —

h - - 1 - - 1 - -
I — — — — I — — —
j  2 1 2 3 4 1 1 -

k 1 1 — 1 — — — —

1 2 2 3 - 4 1 1 -

n 3 5 6 3 1 6 4 1

t - 1 - - - - - -

as 1 - - - - - - -
bb - - - 1 - — -

- 

-

11~ - 1 - - - - - -

kk - - - - - - - 1

11 — — — — — — 1 —
nfl - 1 - - - - - -
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APP~NDIX C-9

Three Most Often Used Factors by Years of
Experience as Chief of Design

Factor Years of Experience
1 2 3 4 5 7 8 9 10 11 12 13 15 20 21 23

a 2 2 — 1 — 1 — 1 1 1 2 1 1 — — —

b 1 1 — 1 — 1 — 1 1 — 2 — 1 1 — —

c 3 — — — 1 1 — —  — — 1 — 1 — — i

d - - 1 1  

e 1 2 1 — — l i — i  — — — 1 — 1 —

f - 1 - - - i l -  1 1  

h ‘ - - - - 1- -  
=

1 — — 1

.3 2 — 1 1 1 1 — 1  2 — 2 — 1 — 1 1

k 1 - -  - - 1 1 - - - -

1 6 1 1 2 1 — 1 1 1  — — — 3 — — i  =

8 4 1 2 - 2 — 1  3 1 1 1 1 1 - -

t - - - 1

ma I

b’b 1 -

ft I 

kk - 1

irn I 
=
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APPENDI X C-b

Three Most Often Used Factors by Military or
Civilian Chief of Design

Factor 7 Military Chiefs 32 Civilian Chie fs

a 1 11

h 2 8

C 3 5
d 0 3

1 7

r 1 4

h 0 2

1 0 1

.3 2 12

k 0 3
1 4

n 7 17

-~ as 0 1

bb 0 1

ff 0 1

1 0
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APP~~DIX C—il

Desirable Degree of Accuracy as Indicated
by Chiefs of Design

30

26
25

~~~~ 2O

ct~ 15 =

1: 

-_ _ _ _ _ _

~10 ±20 ~30 ~J40

PERCENTAGE ACCURACY

APPE~ DI)( C—12

Desirable Degree of Accuracy as Indicated
by Bases in Different ~~jor Ccnriands

Accuracy MAJCCt4
_______ 

MAC SAC TAC AIV AFLC ADCC*4 AFSC USAFA

± 10% 1 3 LI 1 2 — — —

~ 2O% L~ 10 7 2 1 1 — 1

± 30% 1 — — — — 1 — —
±~~Q% — — — 1 — — 1 —
±50% — 1 — — — 1 — —
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APPENDIX C—i 3

Degree of Accuracy Presently Beinp~ Achievedas Stated by Chiefs of Design
H

;~fl
-

- ~~~~~~15

10

6
I )

0 _ _ _ _

±10 +20 ±30 ± 0 Do Not
PERC1~NFAGE ACCURACY Record

APPF~ DIX c—Fi

1)cgre~’ of Accuracy Being Achieved by Bases as Cctnputed
by the Authors Fran Project Data

- - 

10 -

7

LI
3

J ’
~l H H iH 0 

~~
0— 10— 20— 30— ZJO_ ~o— 60— 70— 8o—
10 20 30 LI0 N) 70 80 ~10

PERCFNVAGR ACCURACY
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APP~ 4DIX C—15

Est imating Accuracy by M.snber of Years ~t’
Experience as Chief of Design

100

80 . -

_ _ _ _ _ _  
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APPFI4DIX c—i6

Percentage of the ~ igineer ’a Ibtal Time Scheduled
Pbr Direct Project Design by Base

= 

15

11

10 9..

ii .
5

2
1

0 <20 <30 <~0 <50 <~ O >60

P~~C~N1~AGE OF T11€

APPENDIX C—17

Percentage of the Engineer’s ¶1’otal Time Scheduled For
Direct Project Design by ~~jor Ccnnani

Pereent.age MAJCCI4
- - MAC SAC TAC ATC AFLC ADCCR4 AFSC IJSAFA

<20% — 1 — — — — — —
-V <~o% — LI 1. — — — — —

<40% — 7 2 — 1 — 1 —
LI 1 5 2 2 — — —

<60% — 1 2 — 3 — —
>60% 1 — — — — — — I

112
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PROJECT DATA ANALYSIS
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APPENDIX D-1

Subset Groupings from Student, Newman, Keu].s
Contr&st Tests

Base Variables with Subsets
Y XI XC X3 X8

_ _ _ _ _ _ _ _ _  
12  1 1 2 3  1 2 3 4 5 6  1 2 3 4 5 6  1 2 3 4 5

1 X X X X X  X X X X  X X X X  X X X
2 X X X X X  X X X  X X X X X  X X X X
3 X X X X X  X X X  X X X X
4 X X X X X  X X X  X X X X X  X X X
5 X X X X X  X X X X
6 X X X X X X  X X X X X  X X X X
7 X X X  X X  X X  X X X X
8 X X X X X  X X X  X X X X  X X X
9 X X X X X  X X  X X X X

= 10 X X X X X  X X X X  X X X X X  X X X
11 X X X X  X X X  X X X X
12 X X X X X  X X X X  X X X  X X X X
1) X X X X X  X X X X X  X X X X X  X X
14 X X X X X  X X  X X X X
15 X X X X X  X X X X X
16 X X X X X  X X X X  X X  X X X X
17 X X X X X  X X X  X X X X  X X X
18 X X X X X X  X X  X X X
19 X X X X X  X X X  X X X  X X X
20 X X X X  X X X  X X X X X  X X X X
21 X X X X  X X X  X X X X X  X
22 X X X X X  X X X X  X X X X  X X X X
23 X X X X  X X X X X  X X X X X  X X X
24 X X X X X  X X  X X X X X  X
25 X X X X  X X X X  X X X X X  X X
26 X X X X X  X X X  X X X X X  X X
27 X X X X X  X X X X  X X  X X X
28 X X X X  X X X  X X  X X X X
29 X X X X X  X X X  X X X X X  X X X X
30 X X X X  X X X  X X X X X  X X X
31 X X X X  X X X X X  X X X X X  X X X X
32 X X X X X  X X X  X X X X X  X X X
33 X X X X  X X X  X X X  X X X
34 X X  X X  X X X  X X X X X  X X X
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APPENDIX D-2

Results from Analysis of Variance
( 16 Base Data File )

Variable 
_________ ~

‘
pxob

Y 1.172 0.247

Xl 0.392 0.999

X 2  1.349 0.109

X 3  1.895 0.003

X4 1.355 0.102

X8 0.758 0.829

APPENDIX D-3

Results from Analysis of Variance( 25 Base Dat& File )

Variable F5 
-

Y 1.879 0.003

Xi 0.65? 0.929

X 2  1.924 0.002

X 3  5.768 0 000

XLI 4.006 0.000

X8 1.320 0.115
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APPENDIX D-4

Results from Linear R.gression Analysis

The following list of variables is provided for

use in examining the results of each multiple linear

regression analysis:

Xl Estimated Project Cost

X2 Number of Design Disciplines

X3 Years of Base Experience of the Engineer

X4 Years of Total Experience of the Engineer

Dvi Minor Construction Project

DV2 Maintenance Project

DV3 Medium Modularity Project

DV4 High Modularity Project

DV5 Hospital Fund Project

DV6 MFH Fund Project

DV7 NAP Fund Project

X8 Perceived Complexity of the Project

DV8 Engineer Did Hi. Own Drafting Work

DV9 Similar Project Has Been Accomplished
Previously

116
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MASTER FILE (553 PROJECTS)

VARIABLE R SQUARE R SQUARE CHANGE
X2 0.2584 0.2584
Xl 0.3562 0.0977
X8 0.4010 0.0648
DV? 0.4144 0.0133
DVS 0.4191 0.0047
X3 0.4213 0.0022
X4 0.4243 0.0029

REPRESENTATIVE DATA(505 PROJECTS)

VARIABLE R SQUARE R SQUARE CHANGE
xl 0.2413 0.2413
X8 0.3870 0.1456
X2 0.4465 0.0595
DV8 0.4330 0.0065
DV1 0.4585 0.0055
X3 0.4614 0.0028
X4 0.4698 0.0084

NO ENGINEER DRAFTING PROJECTS(391 PROJECTS)

VARIABLE R SQUARE R SQUARE CHANGE
X2 0. 2020 0. 2020
Xl 0.2838 0.0818
X8 0.3281 0.0442
DV? 0.3637 0.0355
X3 0.3706 0.0069
X4 0.3770 0.0064
DVI 0.3804 0.0033
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SINGLE DISCIPUNE PROJECrSU63 PROJECTS)

VARIABLE ft SQUARE ft SQUARE CHANGE
*8 0.1617 0.1617
Xl 0.2747 0.1130
DV6 0.2880 0.0133
DV 8 0.2984 0.0103
*4 0.3032 0.0047
*3 0.3139 0.0107
0V9 0.3164 0.0024

REPAIR PR0JECrS(22q PROJECTS)

VARIA BL E ft SQUARE ft SQUARE CHANGE
Xl 0. 1682 0. 1682
X8 0.2775 0. 1093
*2 0.3368 0.0593
DV8 0.3481 0.0112
DV6 0.3519 0.0038
X3 0. 3554 0.0034
*4 0.3715 0.0160

MI NOR CONSTRUCTION PROJECTS (229 PROJECTS)

VARIABLE R SQUARE K SQUARE CHANGE
XL 0.2903 0.2903
X2 0.4147 0.1243
X8 0.4494 0.0346
DV? 0.4669 0.0175
DV9 0.4701 0.0032
DV3 0.4730 0.0028
DVS 0.4755 0.0025

= 
MAINTENANCE PROJECTS (93 PROJECTS)

VARIABLE ft SQUARE R SQUARE CHANGE
Xl 0.1776 0.1776
DVÔ 0.2600 0.0824
18 0.3047 0.0446
DVØ 0. 3351 0.0304
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LESS THAN 10,000 DOLLA!kS(52 PROJECTS )

VARI ABLE R SQUARE K SQUARE CHANGE
X8 0.0916 0.0916

14 0.1252 0.0336

10,000—50,000 DOLLARS(198 PROJECTS)

VARIABLE R SQUARE R SQUARE CHANGE

12 0.1426 0. 1426

DV9 0.2037 0.0610

DV I 0.2337 0.0300

Xl 0.2609 0.0272

X8 0.2789 0.0180

Dvi 0.2867 0.0077

0V5 0.2972 0.0104

50 000-400,000 DOLLARS(145 PROJECTS)

VARIA BLE K SQUARE K SQUARE CHANGE

X8 0.2378 0.2378

X2 0.3318 0.0940

X3 0.3495 0.0176

DV? 0.3729 0.0233

X4 0.3825 0.0095

DV I 0.3871 0.0046

DV6 0.3936 0.0064

100,000—150,000 DOLLARS(41 PROJECTS)

VARIABLE ft SQUARE R SQUARE CHANGE

DV7 0.3180 0.3180

14 0.4970 0.1790

*2 0.5791 0.0820

Xl 0.5963 0.0172

0V4 0.615? 0.0193

*3 0.6279 0.0122

119 

- -— -~~ -~~~~~~~~~~~~~~~~~~~~ -—~~~~~~~-— —-----~~~~~~~—.-- - = -



F.— — =- _. ,—.= — ———=
~

— —
~ 

—_._.= 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~=.=== .- =- - - -.--- —-- - .~ =. . . _ . . .-..

150 ,000— 200,000 DOLLAR S(47 PROJECTS)

VARIABLE ft SQUARE K SQUARE CHANGE
X2 0.4293 0.4293
DVS 0.3641 0.1347
DV? 0.7718 0.2077

*8 0.7827 0.0109
DV3 0.7893 0.0065

200,000—400,000 DOLLARS(60 PROJECTS)

VARIABLE ft SQUARE ft SQUARE CHANGE
X2 0.4757 0.4757
DV7 0.6291 0.1533
DV6 0.6463 0.0171
0V8 0.6574 0.0110
X4 0.6640 0.0065

0.6868 0.0228 —

GREATER THAN 400,000 DOLLARS (10 PROJECTS )

VARIABLE ft SQUARE ft SQUARE CHANGE
X8 0.6249 0.6249
DV7 0.7476 0.1226

*3 0.9114 0.1638
DV6 0.9318 0.0403
Xl 0.9720 0.0202
DV8 0.9960 0.0239
DV3 0.9994 0.0034

10,000—100,000 DOLLARS(343 PROJECTS)

VARIABLE ft SQUARE ft SQUARE CHANCE
X2 0.2281 0.2281
X8 0.3187 0.0906
Xl 0.3644 0.0456
DVI 0.3774 0.0130
DV? 0.3872 0.0098
*3 0.3948 0.0075
*4 0.4051 0.0103
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100,000—200 ,000 DOLLARS(88 PROJECTS)

VARIABLE K SQUARE ft SQUARE CHANGE

*2 0.3734 0.3734
DV? 0.4739 0.1005
DVS 0.5394 0.0654
DV8 0.5735 0.0341
Xl 0.5911 0.0175
DV3 0.6072 0.0161

GREATER THAN 200 ,000 DOLLARS(70 PROJECTS )

VARIABLE ft SQUARE R SQUARE CHANGE
X2 0.4068 0.4068

*8 0.4467 0.0399
DV6 0.4611 0.0143

DV7 0.4740 0.0129

I
25—BASE DATA FILE(424 PROJECTS)

VARIABLE ft SQUARE K SQUARE CHANGE

X2 0.2598 0.2598
Xl 0.3471 0.0873
X8 0.3854 0.0382
DVS -0.3927 0.0073
DV8 0.3976 0.0048
0V7 0.4025 0.0049
X4 0.4060 0.0034

16—BASE DATA FILE(288 PROJECTS)

VARIABLE K SQUARE ft SQUARE CHANGE
X2 0. 3658 0.3658
X l 0.4491 0.0833

*8 0.4803 0.0312

*4 0.4998 0.0195
DV7 0.5059 0.0060
DV8 0.5094 0.0035
DV3 0.5122 0.0028

— 

li_i 

~

=. 

~~~~~~~~~~~~~~~~~~



.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~ 
—

~
—-=— —=-—~~ .—=~=. ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

APPENDIX E

DISCUSSION OF STATISTICA L METHODS

122 

~~~—-——~~~~~~—~~~-~~~~~~ -. - - = - .= -~~~~~~ = -~~~~~ =



— ~~~—~- ~~—- - — - —~~‘-~~~

APPENDIX E-1

Analysis of Variance (ANOVA)

Analysis of variance is a statistical technique

which can compare the mean of a sample to either the over-

all population or other sample means. As there is no

recorded population of Air Force projects , analysis was

conducted between sample means. The SPSS program ONEWAY-

ANOVA compares sample data means based on the hypothesis:

H
0
: ~1~~~~~~2 .”~~~fl

H
A
: at least one ~i. 

~

where the ~ are defined as the dependent variable sanpie

means for n independent variables ( i . e . ,  thirty-four

bases)

The following assumptions must be met to allow

use of analysis of variance .

1. The dependent (response) variablc is normally

dist ributed for each sample group.

2. The distributions of the dependent variable

are normally distributed .

3. The error terms are independent random vari-

ables.
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APPENDIX E—2

Linear Regression Analysis

Linea r regression anal ysis is a method which is

used to describe whether a linear relat ionship exists

between a dependent variable and the independent variable (s)

for a set of data points. Multiple linear regression (MLR)

takes into account the effect of more than one independent

variable on the dependent variable . Utilizing MLR , with

project design manhours as the dependent variable, a

model may be obtained which would predict project design

manhours as a function of a number of independent variables.

The MLR model will be in the form of the following

equation :

Y — 8
0

+B
1
X
1

+B
2
X
2
+.. .+B~ X~

where :

Y = Project design manhours.

X l Parameters based on descriptive data per-

ta in ing to the project or the base where the

project is being desiqnod .

13. The coe f f i c i en t s  of regression.
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Variable S~ g~n i f i cance

Once the mode l has been created , the coefficients

of the variables in the equation must be tested for their

- - stat ist ical  significance. When a variable is considered

statistically significant from zero at a specified confi-

dence level , for example 95 percent, it can be said that

one is 95 percent confident that there is a linear rela-

tionship between the dependent variable and the indepen-

dent variable . If a linear relationship exists , then tha t

variable can be considered as a predictor of the dependent

var iable .

The test for statistical significance is conducted

on both the overall equation and the individual independent

variables. The overall equation test of significance is

used to determine whether or not the equation can be con-

sidered as a good predictor of the dependent variable.

Each individual independent variable is tested for its

- 

.
~ contribution to the overall equation and shows whether or

not a particular independent variable is a pred ictor of

part of the value of the dependent variohie . It is possible

for one or more of the individual independent variables

to fail to be statistically significant , while the overall

equation can be statistically significant , and hence a good

predictor of the dependent variable. This occurrence

results from a phenomenon called multicollinearity , which ,

very simple stated , means that there exists an
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R2 - Explained Variation Due to Regression
Total Variation

The higher the value of B2, the more accura te the model

is in predicting the value of the dependent variable

given the independent variables. An R2 of approximately

0.80 is normally considered to be sufficient to conclude

that the model has an acceptable prediction capability .

Research Assumptions

1. Data on the independent variables have been

compiled accurately.

2. Multiple linear regression is an appropriate

method for analysis and creation of the prediction model.

Limitations

The model resulting from this research effor t will

be valid only for predicting future project design manhours

for the bases included in the sample. Inferences to

enlarged or similar populations must be based on sub-

jective evaluation and logical argument.
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