RESEARCH LIDRARY
MO, J
CONSTRUCTION & TECHNOLOGY v -~
DIVISION \ \ )
~
A | '

Work ITEm PRoDUCTION RATES
FOR MDOT ProJecTS

FINAL REPORT — JUNE 2002

e
TESTING AND RESEARCH SECTION ; !
CONSTRUCTION AND TECHNOLOGY DIVISION \»I,L ,
RC-1419 “’xﬁmj

PROJECT MANAGER : J. LA VOY

Michigam (11, Q\‘




TABLE OF CONTENTS:

Table Of COMOIES e eeeeeeaaeateamesneoeestameesecesessmesmesseantameamsesrentearesenec i
LSt OF FAGULCS oo eeeoee e ee et et s aeememss e iii
)T e 0 A1 ) U= SO, iv
YN T Yo STV OSSR v
CHAPTER 1:  INtrodUcCtion ..cccccviescsseerissseressinemsmanrissstesssnnismineeissssssssiseseanssonsisisne 1
11 TntrOdUCHON o1 vverecerecririsries s ssnenes v bbb 1
1.2 MDD O T SEEUCLULE +veveereeresriressresseresserasesessensestosssiassssesssosssssasssasst st ssnsrmsssissnanisisasssssncsisssisss 1
1.3 SCHEAULIE covvcvvsiivesrisseesssssssssssssss s b s AR e 2
1.3.1  Production RALES ...ceieremeeerenrisisirseemisismissmss ettt s 2
1.3.2  CoNtrolling TEOMS vuvverreersssressessnesserssstisssssssssssss st o ar b 3

1.3.3  MDOT MEHOAS. . criirrerrnmsinssessssrsssessesessississssnss sttt sss s sssssens 3

14 Goals of ReSeatrCh veecrcininiesienninnsieenens eeeeetreesib b Re e e eSS R s a RO b e s b e R 7
CHAPTER 2: Background....ccccceereieieeeiimiisniiimmmnmieeretiiiisismmimesstiiniiiiiiiee 8
2.1 Litetature Review ............................................................................................................... 8
2.1.1 Computetized Contract Time Determination SYSLEMS vrvvveveresreresesrsnseisnssesensanannns 9
2.1.2 Production Rate Calculations .o eserurersusesersminmissseesmissississmssnssssssmsssnes 11

2.2 SEate DT REVIEWS cvvererererrersisisisisesessssssssasesssssssisasssssssssssissessssssstsmsistsmssotstsnsssssssassasansas 14
220 TOWa ersesesrsisrsesre e —————————re s 14
2.2.2 Kentucky ............................................................. 15
D03 WWISCOMSIIL cvveriverireressessssesesssessssesessanesestssossssssnsesensssessasssstssiiebstsbabsba st e s st 16
D24 TILNOIS . evverseereemeriersesserssissessessesssssssss st e 17
22,5 FLOTIAR cevvercrerrisnisssissnsses bbbt s 17
2.2.6  INAIANG crverrerreeeirrecmiiisi e s e 17
CHAPTER 3: FieldManager SOftWALE ..cccveereeressuerreesiessanmnineessisieisisniniocoisinne 18
3.1 CUtLEnt MDD T TSC.cviverrerereeeeeisssssessessssssseresessessesssstssssassestsnsstessessssmsssssssmsnsssssssssssressssess 21
3.2 TIEAINING ¢oovvvereesscssnssnsesssssssssssessrsss s st s bR R 21
3.3 Internal FieldManager SHUCIULE ..o.uurrserisnsseersisssisss sttt 21
CHAPTER 4: Data ColleCtion ..ccovvveersmrmmmnneeenenreeennesisisimsesiiisssistnsmmsnisessnimissssencen 23
4.1 Project SElECtiON PLOCESS ouiviririrririreeririerreresesessessarssesissesessstmssssssssisasssssssssssistssssissses 23
4.2 Upper Peninsula [ODS vvveveereerereesssseismseessesessss bbb 24



CHAPTER 5: Data ANalySis .ooveeiierininiinieniiimnnenineisioetiieiiminimiemcmi. 26
5.1 MICLOSOTE ACCESS 1 everirreririririirerieisesesesees e rsssseese s as s b e bbb s b s b s bbb r e b a b sb et aassaenn 26
5,1.1 Basics of Relational Database Management Systems (RDBMS)........cccoevnnuninncn. 26
B2 QUEKIES c.evrrevetereiresisisssses e scsessss s ssssss e siass s b st R s s et 32

52 MACLOSOTE FEXCEL euiivirriirreiieineisirensiseiseestesseerressesseesessssssesressresbostssssssnssnnessossssnsessnensessssasess 36
CHAPTER 6: Discussion of Research Results ....cccceviirnvrrervencccssiisisnsssinnisinnnniieniine 39
6.1 TeSting RESUILS ..vuviisiriviiitieis s 42
CHAPTER 7: Conclusions and Recommendations .....ccceeeervenesessssssnersisssssenesnasssnne 50
7.1 CONCIUSIONS tvrvirrveerirrsiseresieseesiresiesssessessesssessessessessssnsessesessstsbessasssssnsstsssssssssnssreennassasssaes 50
7.2 Recommendations to MO T .....oiiiiieenirinreereesessessssiesssssisesmseiniessssisseons 51
7.3 FULULE SO 1rvvrveeisrsreeeieiseeeseerisees st essssessestentstssbsssenssseabesbeberesmeearenissssatsatsbeassaesaesnssresreons 56
Appendix A: Cusrent MDOT Production Rates ... A-1

Appendix B: State DOT Production Rate and Time
Determination Information B-1

Appendix C: Procedure to Link or Import FieldManager Data into

ACCRSS e eeeem e neeeaneeatanaaneasesnenat e anerannteemanemneean C-1
Appendix D: Action QUEIes ...t eene s D-1
Appendix E: Query Information ... E-1
Appendix F: Procedure to Calculate Confidence Intervals for the Mean______ | F-1
Appendix G: Statistical Results_ ... G-1
Appendix H: Data and Results from Contract 75022-45618 . . . .. . H-1
Appendix I: Data and Results from Contract 17062-38019________ . . ... I-1

i



L1ST OF FIGURES
Figure 1-1: Example MDOT Production RAtes ... s 4
Figure 1-2: MDOT Work Day/Completion Date Determination Worksheet...ooouuvuvvuriviinns 5
Figure 1-3: MDOT Fott 1130 iiiririnreerserreeerensisiritsiissssesssssssssissssssssssinsssssnssssssssssssssssassssiassss 6
Figure 2-1: Time Calculations for Leslie Methods. ... 12
Figure 3-1: Example FieldManager SCIEEMN «.uuurmmrrmmmiminiiisisssmisissssiss s ssssssssnss 19
Figure 3-2: Bxample FieldManager IDR ......couccivcrmmmrmmmimimm s ssssnssssees 20
Fig;fe 5-1: Example Mictosoft AcCess TABLE ..ccviiriermerintnnriiiiiise s sressnes 28

Figute 5-2: Example Mictosoft ACCESS QUELY...ivimimeiirriiieiensrsnsssiessiessi e 30
Figure 5-3: Example SOL O vviirrereereseiessertsesesesssesasesasssssssssasastsssesssesansessssssssaessnesssasssessnnessses 31

Figure 6-1: Comparison of Calculated Production Rates with Existing MDOT Rates .......... 41

it



L1ST OF TABLES

Table 4-1: Crush and Shape TYPe JODS...ciiiiisersi e 24
Table 4-2: Passing Relief Lane TYPe JODS v 25
Table 5-1: Production Rate Data Set QUELY ..o 33
Table 5-2: Production Rate Statistics Calculation QUELY ....ccvcvivnviiiinereninineeniennnes 34
Table 5-3: Sample Production Rate SEAtISHCS wurrerrnmmismernieersiersseisne. 35
Table 5-4: Sample Confidence Interval Calculations.....oconeesceninmnrinisminiimses 37
Table 6-1: Compatison of Calculated Production Rates with Existing MDOT Rates............ 40
Table 6-2: Original Duration BESMAte ... 43
Table 6-3: Predicted Duration from all Calculated Results ......coccvivrnnen. e 44
Table 6-4: Statistics from Completed Job 75022-45618 ......coovvrvvrrrnnrieisrniirersnene R 45
Table 6-5: Predicted Duration from Crush and Shape Calculated Results .......coouvvvvviinnnrinnnnn 46
Table 6-6: Original Duration ESHMALE .ooveeieiiiiiiriiinesnss s sees 48
Table 6-7: Predicted Dutation from all Calculated Results ...ccoovvvivivimveisinininiiniin, 49

v



ABSTRACT:

The Michigan Department of Transportation (MDOT) utilizes production rates
from the MDOT Construction Manual to estimate overall contract time duration on new
construction projects. These published rates are of unknown origin and date, and often
underestimate what cuttent MDO'T contractors can achieve. This leads to excessive contract
time granted to contractors in many cases, leading to increased user delays and
inconvenience to the traveling public.

This research project examined the use of existing MDOT FieldManaget software data
for extracting historical production rates with a Microsoft Access database. Crush and shape
and passing relief Jane type contracts from the 1999 and 2000 construction seasons in the
Upper Peninsula were used as trial data for the project. Production rate data was found to be
available from the FieldManager construction inspection records. A practical procedure was
developed for MDOT to create and maintain a database of historical production rates.
Testing the production rates developed against a completed MDOT project revealed a
problem with the accuracy of applying the production rates to determining contract
durations. Additional research for the application of these histotical production rates for
estimating durations of contracts is needed. It is believed that recording additional work item
time data in FieldManager will imptove production rate accuracy. A discussion of the results
and recommendation for future work are included in order to effectively implement the
procedure in future MDOT practice. A brief review of the procedures used in other state

DOTs is also included.



CHAPTER 1: INTRODUCTION

1.1 INTRODUCTION

The Michigan Department of Transportation (MDOT) is the government agency
responsible fot transportation planning, design, construction, maintenance, and operation in
the state of Michigan. As such, it is also ultimately responsible for the scheduling of
construction projects within the state. Diffetent types of projects require varying amounts of
detail to be included in their construction schedules, howevet, all projects require that an
initial engineet’s estimate of the overall contract time be performed. The determination of
the overall contract time is petformed in otdet to judge the amount of time that should be
requited to complete the project. Ultimately, this time determination is incotporated into the
bidding documents as a date that the project must be completed. This time length also setves
to check the contractor’s submitted schedule in otder to assure MDOT and the citizens of
Michigan that the contractor will perform the construction in a reasonable amount of time,

without providing undue delays on the road users.
1.2 MDOT STRUCTURE

MDOT is cuttrently organized in a decentralized structure, with the main office in
Lansing, Michigan. The state is then divided into seven regional offices to setve different
geogtraphic regions, and each region has three to five Transportation Service Centers (TSCs).
These TSCs provide focused contract administration and some design services for the
MDOT projects in the immediate geographic area covered by the TSC. This structure allows
for each TSC to develop expettise in the issues and challenges faced by each area, as well as
to develop a closer relationship with the citizens and the contractors that work in the area
setved by the TSC. The Upper Peninsula is the Supetior Region, and TSCs are located in
Crystal Falls, Ishpeming, Escanaba, and Newbetry. The Regional Office is also located in
Escanaba. Each region of the DOT has a Region Engineer in charge; and each TSC has a
Manager in charge of the area setviced by that TSC. As a result of this organizational
structure, each TSC and each Resident Engineer have knowledge and techniques unique to
their area. 'This structure can provide benefits to the construction process and to the road

usets, however, this decentralized structure can have negative consequences because of the
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potential lack of standardized practices. Difficulties with sharing this local knowledge and

documenting assumptions and local conditions may atise.
1.3 SCHEDULING

Scheduling is a critical component of the administration process for all types of
construction. Scheduling provides all parties in the construction process with a timeline to
major events and completion of the project. Road construction projects have an added
incentive fot propet scheduling in that they are typically very visible to the public, and are
most often publicly funded projects. This makes the citizen both a pattial owner and 2
critical eye of the construction process. Inaccurate initial scheduling can lead to either
excessive of testrained timelines fot the contractor. Both cases have detrimental impacts
upon the public. Excessive contract time can lead to higher uset costs for the roadway
system, increased exposute to safety hazards for both the traveler and the construction
workforce, and increased agency costs for the contracting authority. Restricted time
schedules can also have negative impacts, such as raising bid costs and preventing smaller

.eligible contractors from bidding on the project. (“Construction”, 1991)
1.3.1 Production Rates

Production rates provide a means for relating the quantity of work performed to the
time it takes to do that unit of wotk. An example of a production rate is that a construction
crew might be able to excavate an avetage of 1300 m® of earth per day. Many factors can
affect the actual production rate on a particular job, such as geographic location, weathet
conditions, equipment and construction methods used, size of job, and worker skill, among
others. Although production rates can widely vary for the same item of consideration, a
typical approach for estimating contract durations is to use an average value that may be
applied throughout the whole project. Production rate data can be obtained from several
sources, such as published cost and productivity databases, construction personnel using
past expetience and engineering judgment, histotical records from similar projects, and more
sophisticated models to predict production rates based upon a number of input factots.

Mote information on production rate determination can be found in Chapter 2.




1.3.2 Controlling Items

Controlling items are defined as those items that are located on the critical path of a
project schedule. Controlling items ate also known as critical items. This means that any
delay in completion of the controlling items will delay the overall completion date of the
project. Conttolling items are typically the only activities listed in the MDOT Progress
Schedule, as discussed in Section 1.3.3 below. The production rates used for controlling
items are especially important, as these items are the key to completing a project on time, ot

in planning they determine the completion date.
1.3.3 MDOT methods

Cuttently, MDOT lists production rate data in the Preconstruction Administration
section of the 1998 Construction Manual, under Division 1 — General Provisions
(“Michigan”, 1998). An example of the production rate data is shown below in Figure 1-1.

Although this data can be a helpful reference for MDOT employees, the origin and
date of the data is not cutrently known. MDOT petsonnel have found that many of the rates
are inaccurate and do not represent what Michigan contractors ate routinely capable of
achieving (Sikkema, 2001). With recent technological advancements in construction and
increased pressure on contractors to petform faster, many of the rates listed in the
Construction Manual have proven to be undet-teptesentative of actual production rates.
This situation can lead to increased contract time allowance for contractors, which creates
mote user delays and mote exposure for Michigan’s commuters to ongoing construction

projects.



Embankment {CIP) 1500 m®/day 5300 m¥/day

Excavation and/or

Embankment (Freeway) 1500 m3/day 9200 m®/day
Excavation and/or v - _
Embarikment (Reconst) 750 m3/day 3800 m?/day
Embankment (Lightweight 300 m®/day 600 m?/day:
Fill)

Muck (Excavated Waste and

Backfill) 1500 m*/day
Excavation (Widening) _ 600 m*/day
Grading (G.and DS) 750 m?/day

Subbase and Selected
Subbase (up to 7.4 m) 600 m?/day

Subbase and Selected ‘
Subbase (7.4 m and over) 450 m®/day

Subgrade Undercut and
Backfill 1500 m®/day

Subbase and Open-Graded
Drainage Course 450 m3/day

Figute 1-1: Example MDOT Production Rates

When MDOT is preparing to let a contract for bidding, the resident engineer males
an estimate of the overall contract time. This contract time duration is determined by
utilizing either the published production rates from the Construction Manual, or updated
production rates that the resident engineer may have kept for his /het own records. Currently
there is no standardized method for resident engineers to update their production rates from
past projects. The tesponsible engineer must examine the type and scope of the project to
determine the controlling wotk items and associated quantities, then he/she must determine
which production rates to use for estimating, This information is then used along with the
“Work Day/Completion Date Determination” worksheet found in the construction manual
to compute the amount of days required for each controlling item. (Refer to Figure 1-2
below.) The days for each item are then added in order to find the overall time required for
the project. MDOT allows ovetlapping controlling items on projects in which Special
Provision FUSP102() is utilized (FUSP102(T), 1996). Thus a simple addition of the days




requited for the individual controlling items in a project is sufficient for all contracts except
those that use Special Provision FUSP102(I). Projects that utilize this special provision

require considetation of overlapping activities on the multiple critical paths of the schedule.

WOHRK URY[CUNFTLETTUN DRATE DETERNIVATIO

cs JN

DESCRIPTION OF WORK

MAJOR PRODUCTION ESTIMATED
WORK {TEM QUANTITY RATE TIME

TOTAL ESTIMATED TIME CAL WORK
COMPLETION DATE-WORK DAYS

COMMENTS:

Figure 102-2
Work Day/Completion Date Determi

(1998)

102:30

Figute 1-2: MDOT Work Day /Completion Date Determination Wotksheet

All MDOT conttacts require a Proggess Schedule to be submitted by the contractor
and this becomes part of the contract documents. The contractor must submit the progtess
schedule on Form 1130, shown in Figure 1-3 below, unless a Critical Path Method (CPM)
schedule is required on the project. This submission is generally done at the Preconstruction
meeting between the contractor and MDOT. The contractot’s proposed schedule is

compared to the number of days that the MDOT resident engineer has calculated. If the




resident engineer believes that the contractor’s duration is excessive, he will negotiate with
the contractor for a new schedule to be submitted. Once the schedule is agreeable to all

parties, it becomes part of the conttact documents.
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Figute 1-3: MDOT Form 1130




1.4 GOALS OF RESEARCH

The goal of this research project was to determine if typical production rate data could
be extracted from the histotical information contained in the FieldManager software data. If
this data is available, a practical procedure would be developed to extract this data for
MDOT to update their production rate documentation tegulatly. The intention is to
develop average production rates based upon a normal 8 hout wotking day to estimate
contract dutations for MDOT projects. Updated production rate data could prove valuable
in the contract time detetmination process for MDOT to ensure that the estimated contract

time is actually representative of what contractors can achieve on MDOT projects.




CHAPTER 2: BACKGROUND

As part of this research project, a literature review was completed to determine custent
methods used to estimate production tates and contract durations. To accomplish this
review, two tasks were completed: a review of published studies relating to this reseatch

project, and a teview of the current procedures used in several other state DOTs.
21 LITERATURE REVIEW

Several studies related to contract time determination were reviewed for this research
project. Although the scope of this reseatch project was not to develop a new contract time
determination system for MDOT, these studies are closely related to the reseatch project
and contain useful information for the MDOT’s consideration. The U.S. Department of
Transportation Federal Highway Administration (FHWA) published an impottant teport to
this tesearch project in 1991. The tepott Construction Contract Time Determination Procedures
outlines the factors involved in determining contract time and also discusses many of the
procedures that may be used to establish overall contracf time on highway transportation
construction projects (“Construction”, 1991). This document defines contract time as “the
maximum time allowed in the contract for completion of all work contained in the contract
documents.” The document also requires all State Highway Agencies (SHA) to have
adequate written procedures for determination of contract time to be approved by FHWA
by six months after September 3, 1991, the effective date of final rule of Title 23, Code of
Federal Regulations, Patt 635. The essential elements in determining contract time ate listed
as: establishing production rates for each controlling item, adapting production rates to a
particular project, and computation of contract time with a progress schedule. The
document provides some guidelines for establishing production rates, including “production
rates ranges should be established in the State’s procedures based upon the size, type
(grading, structures, etc.), and location (urban or rural) for controlling items of wotk.” The
recommendation is made to establish ptoduction tates based upon an accurate database of
notrmal historical rates of efficient contractors, based upon an 8 hour day or per piece of
equipment. It is noted that the most accurate data will be collected from site visits ot review

of recent documents where the contractor’s efforts are cleatly documented. A data file of




three to five years of histotical data should be used. The report also notes that “rates should
be updated regulatly to assute they accurately represent the statistical average rate of
production in the area.” The report specifies that production rates should be adapted to a
patticulat project by consideting the urgency of the project, the traffic volumes and effects
of detouts, size and location of the project, availability of matetials, and the effects of
different levels of commitment from the contractor. The report also notes that special
production rates may need to be developed for projects that are ctrucial and that may need to
be expedited. The report contains many more suggestions and recommendations relating to
contract time determination and techniques.

Another FHWA document contains a more extensive discussion of scheduling and
contract time determination practices among vatious state DOTSs in the United States
(Thomas et al., 1985). This document contains a discussion of the factors that affect contract
time, methods for determining contract time, activity durations and sequencing, conversion
of working days to calendar days, responsibility for determining contract time, and a
discussion of problems that may atise with completion times on projects. Hetbsman and
Ellis (1995) provide another reference for contract time determination. This document
discusses the factors that affect contract time, the contract time detetmination process, and

other relevant topics. A similar discussion was found in Thomas (Thomas et al., 1985).
2.1.1 Computerized Contract Time Determination Systems

Several state DOTs have developed computetized contract time determination
systems. Kentucky, Louisiana, and Texas have developed computetized methods based upon
templates of typical controlling wotk items for several different classes of job types. The
Texas Transportation Institute research repott Construction Contract Time Determination
documents the construction of the Texas DOT Contract Time Determination System
(CTDS) (Hancher et al, 1992). Based upon fourteen different classes of highway
construction projects and the entry of quantities for controlling work items, the CTDS
develops a bar chart schedule to predict contract time. The computetized method was
developed to wotk with Lotus 123, Flash-Up, and SupetProject software. A provision in the
report was also made for manual determination of contract time in a telated procedure. Data
for production rates was solicited from other state DOTS, Texas highway contractors, and a

sutvey from Texas DOT petsonnel. Production rate data was unable to be collected from



contractors, and base production rates were developed from a combination of other state’s
rates and the rates supplied by Texas DOT personnel. Initial production rate data was listed
for average, high, and low production rates. Next, a list of relevant sensitivity factots was
developed for use as multipliers of the base production rates, including: location, traffic
conditions, complexity, soil conditions, and quantity of work. Default adjustment factors
ranged from 1.00 to 0.65, with the note given that users may develop their own adjustment
factors if desired. It is noted that the adjustment factors are correlated and not truly
independent, hence a maximum of two adjustment factors are‘ recommended to be applied
to base production rates. This helps prevent inaccuracies due to the interactions and ovetlap
between the adjustment factors. The system computes contract time in work days, with a
note that the user may later convert the work days to calendar days if desired.

The Louisiana Transportation Reseatch Center developed a related system by using a
program developed with Lotus 123 Release 5 macro language (McCraty et al, 1995). This
system is based upon 23 different templates, along with production rates developed from
review of approximately 100 completed construction projects. A discussion of the reseatch
project’s recommendations revealed that “the greatest portion of time and effort for this
research project was dedicated to determining verifiable production rates based on data
obtained from recently completed construction projects.” To improve upon this process, it
was recommended that the Louisiana DOT adopt an automated system for collecting work
progress information. This recommendation has already been met in Michigan with
MDOT’s use of FieldManager software.

The Kentucky Transportation Center developed a computetized, template based
contract time determination system for the Kentucky Transportation Cabinet (KTC)
(Werkmeister et al, 2000). This system was similar to the Louisiana system, with differences
of utilizing only 6 project templates and using Microsoft Project 98 and Microsoft Excel 7.0
software. Design quantities are input to a Microsoft Excel template file for relevant work
items, then applied to default production rates contained in the system. Calculated activity
durations ate then developed in Excel and passed on to Microsoft Project for application of
scheduling logic and development of a bat chart schedule. Both the production rates used
and the calculated activity durations can be manually updated by the system user if desired.

Section 2.2.2 below details additional information on this system.
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2.1.2 Production Rate Calculations

As a result of and an extension of the wotk done by McCrary et al in 1995, Leslie
examined four different methods of determining production rates from historical quantity
records (Leslie, 2000). Thirty-six histotical Louisiana Department of Transportation and
Development (LaDOTD) rural asphaltic concrete overlay projects wete used to generate
and validate the production rates. Quantities for televant work items were determined from
construction inspector’s daily repott information and from the project’s final pay estimate.
Quantities from these two soutces were compared, with a result of either daily quantities
wete estimated for every day of work, or daily quantities were not estimated for every day of
work. Modifiers were applied to the daily quantity data if necessary in ordet to account for
all quantities from the final pay estimate. Since no information was contained in the
inspection tecords of time for each work item, four different methods of assigning time
values to the associated quantities were developed. These methods were “based upon
logically assumed relationships between quantity values and time values.” Method 1 assigned
a full day to each daily quantity, which gives the mean of the daily production rates. Method
2 compared the daily quantity with the mean value and applied a cottection factor of the
daily quantity/mean to a value of 1 day’s time if the daily quantity was found to be less than
or equal to the mean. If the daily quantity was greater than the mean, a time of 1.0 day was
applied. Method 3 assigned a time value of 0.5 days if the daily quantity was less than or
equal to the mean. A time value of 1.0 day was applied again if the daily quantity was greater
than the mean. Method 4 assigned times in increments of 0.5 days depending upon the
relationship of the daily quantity to the mean. For values of the daily quantity between 0.5 X
mean to 3.0 X mean and greatet, the time values ranged from 1.0 day to 3.0 days maximum,
For values of the daily quantity less than 0.5 X mean, the time value was modified similar to

the equation in method 2. Refer to Figure 2 — 1.
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e Method 1: Time = 1.0 day

e Method 2: If Quantity < Mean:

. __ Daily _Quantity «
Time = Mean 1day

If Quantity > Mean: Time = 1.0 day

e Method 3: If Quantity < Mean: Time = 0.5 day
If Quantity > Mean: Time = 1.0 day

e Method 4: If Quantity < 0.5¥*Mean:
Time = 22R=010 1 gy
If 0.5%Mean < Quantity < 1.5*Mean: Time = 1.0 day
If 1.5%*Mean < Quantity < 2.0¥*Mean: Time = 1.5 days
If 2.0¥Mean < Quantity < 2.5*Mean: Time = 2.0 days
If 2.5*Mean < Quantity < 3.0*Mean: Time = 2.5 days

If Quantity > 3.0*Mean: Time = 3.0 days

Figure 2-1: Time Calculations for Leslie Methods

After development of production tate data by the above methods, these production
tates wete applied to each of the 36 projects used to calculate the production rates in order
to generate contract times. Conttact time data was also available from the LaDOTD’s
original estimate, as well as the actual construction duration. Contract times were developed
from the four production rate methods by utilizing the software progtam developed by
McCraty et al (1995). This softwate develops two contract times for each production rate

method: one contract time considers item ovetlapping, while the other method assumes all

work items are petformed sequentially and sums all individual item durations. Two data sets
of contract times were created from this program: data set A considers ovetlapping activities,
while data set B considers a summation of work items. A statistical analysis was performed

to determine if there was a significant difference produced between the different contract
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time methods. A significant difference was found to exist, and additional statistical analysis
was petformed to study the individual production rate methods. It was found that the mean
production rates of method 1 most closely matched the actual contract times when the
contract times were based upon concutrent wotk activities. When contract times were based
upon sequential work activities, method 4 produced contract times which most closely
matched the actual durations. Finally, the contract times of data set A and data set B were
compared to the actual duration. Method 4 of data set B was found to have the overall best
match with the actual contract time. The repott notes that although method 4 produced the
best match for the actual contract time, method 1 may still be the best overall method to use.
This was attributed to the ease of computing mean production rates when compared with
the noted minimal precision gained by utilizing method 4.

The repott concludes that LaDOTD should continue to use mean production rate
values in conjunction with their Contract Time Determination System softwate to develop
contract times. The report concludes with recommendations to LaDOTD for future
improvements in the contract time determination process, including the development of a
computetized system of daily inspection reporting. A recommendation is included for the
LaDOTD to consider tequiting contractors to repott daily quantities and daily production
rates for their construction projects with LaDOTD. An additional recommendation is made
for the LaDOTD to petform petiodic checks of current production rate information.

Ellis petformed a study to present the concept of a factorial model for explaining
variance in construction production rates (Ellis, 1989). This study utilized a SAS software
package to develop a detailed statistical model to quantify some of the factors that affect
construction production rates. Petforming a model of this detail was beyond the scope of
this research project. The data gatheting process for this research project could be utilized to
create a database for development of a similar model for MDOT’s use.

Herbsman and Ellis (1998) also petformed a detailed study for the Florida
Department of Transportation (FDOT) to examine their current production rates and
recommend revisions where needed. This research project involved collecting data from
production rates used by other DOTSs, a field survey of production rates from FDOT
projects, and discussions with FDOT contractors. The field observation data collected for
each work item generally included the total quantity of wotk in the job, the date, quantity

and number of hours worked for each of five individual work obsetvations, and a record of
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which factors may have had an effect upon the production, such as weather, traffic,
insufficient manpower ot equipment, and phasing of work tequited by contract. This study
is an excellent example of a detailed statistical development of production rates, although the
actual production rates developed by this study are now somewhat dated and may not be

applicable.
2.2 STATE DOT REVIEWS

Personnel from several other state DOTSs were contacted by the research team to
determine some of their current production rates and contract duration determination

procedutes. Appendix B contains additional detail on the data gathered from these sources.
2.2.1 Towa

Accotding to the Towa DOT document “Letting Guidelines”, the Iowa Office of
Contracts establishes contract time periods with input from field offices (Iowa, 2002).
Average production rates are supplied in this document that are then utilized to evaluate the
number of days needed for each item of controlling wotk. The reviewer must then apply
his/her knowledge to the project to determine the overlap of concutrent operations. This
step then leads to a calculation of the total number of working days tequired for the project,
listed on the proposal/contract in increments of 5 days. The Iowa Estimate of Time
Required Form allows for documentation and relevant comments to be recorded for the
contract time establishment procedure. The type of contract period must then be selected
from the following types: Specified Start Date, Approximate Start Date, Late Start Date, and
Completion Date. Refer to Appendix B for more information.

The Iowa DOT employee Mr. Jack Krandel provided information that the
production rates listed in the “Letting Guidelines” document wete established approximately
ten yeats ago, and ate updated “at any time that our office feels a different rate is justified.
The Letting Guidelines ate ptinted once a year along with our yeatly ptinting of standard bid

items.” (Krandel, 2002).
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2.2.2 Kentucky

Mr. Donn E. Hancher provided additional information regarding the Kentucky
Transportation Cabinet’s use of the IKentucky Contract Time Determination System
(Hancher, 2002). He provided that the Kentucky Transportation Cabinet (KKTC) had
implemented and tested the system within the state. He tepotts that the system “tightened
up on the contract times, but can always be overridden by the user with their own
production rates ot just insert the times they want used.”” Mr. Hancher also provided the
research team with a copy of the Microsoft Excel template files that were developed for the
system. These template files contain default production rates for the necessary items. The
production rates were specifically developed to support conceptual estimating and include
supporting items necessary to complete the major work items.

Mt. Hancher also provided copies of the “KY-CTDS Operating Manual” and “Final
Report IKY-CIDS Kentucky Contract Time Determination System (IKYSPR-99-195)”
documents. Section 5.0, Development of a Conceptual Project Planning System for KY'TC
Projects, details the development of the model and production rates used. A study advisory
team was constructed with members from the KTC and the University of Kentucky. A
subset working committee of members with significant construction experience was selected.
Only activities that were on the critical path, or could ever possibly become part of the
ctitical path, were selected for inclusion in the templates. The report notes that difficulty was
encounteted by the research team to set aside all other project activities and focus on the
project duration controlling activities. English units of measure were selected as the standard
due to the Kentucky Transportation Cabinet’s standardization with English units. Activity
relationship logic levels wete next detetmined in the form of listing the preceding activities
for each item and the percentage required of the preceding item completed to statt the new
item.

Selecting default production tates for the systems was accomplished through debate
and discussion among the members of the research working committee. The committee
agreed to set default production rates with the understanding that the local districts of KTC
could adjust these default rates for their needs. A total of forty different controlling activities
wete estimated with default production rates. These rates were then compared to old

production rates from KTC’s previous contract time determination system. The old rates
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were discarded with the reasoning that they were too generous for contractot time. The new
rates were then tested on recently completed highway projects with the tesult that the
durations would have been challenging to the contractor but within reason.

The next task assigned a range of values for consideration in setting the actual
production rates used in the system. A lower and an upper limit on the average production
rates were created based upon the size and location of the job, the type of soil conditions
and topography, and the complexity of the job.

The remainder of the final report details the development of the link between
Mictosoft Project and the Excel project templates, along with other details of the softwate

development and implementation.
2.2.3 Wisconsin

The State of Wisconsin Department of Transportation Facilities Development
Manual provides guidelines for Contract Time for Completion (“Facilities”, 2000). This
document defines key terms, lists procedutes to establish contract time, lists factors affecting
contract time, and includes estimated production rates for computing contract time. A note
is given that production rates should be adjusted to meet the conditions of each individual
contract. Relevant factors that affect production rates are listed as size of work areas, time of
year constructed, and congestion due to traffic, etc. Appendix B contains a copy of this
document for reference. |

Mt. Richard R. Filsinger of the Wisconsin Depattment of Transportation Bureau of
Highway Construction provided the research team with the document. Mr. Filsinger also
provided that the cutrent document was the first publishing of production rates, and that
these rates had hence not been updated yet (Filsinget, 2002). He stated that Wisconsin DOT
districts may have their own production tate tecords on file, but no centtalized updating of
records had taken place currently. Mr. Filsinger was unaware of the individual(s) responsible

fot development of the rates cutrently listed in the Facilities Development Manual.
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2.2.4 Illinois

Production rate information was also obtained from the Illinois DOT. The rates are
intended to be applied to a notmal 8-hour workday. A listing of the production rates and

notes for their application appears in Appendix B.
2.2.5 Florida

Production rate information was also obtained from the Flotida DOT. A listing of
the production rates and guidelines for establishing’ contract durations appears in Appendix
B. (“Establishing”, 1999 and “Guideline”, 1994)

2.2.6 Indiana

As a final comparison for related production rate information, the Indiana Department
of Transportation also provided the research team with cutrent production rate information

(Bertram, 1997) The production rates and notes for their application are included in

Appendix B.
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CHAPTER 3: FIELDMANAGER SOFTWARE

In the early 1990’s MDOT realized the need for a computerized contract administration
database system. An eatly version of the system called CPRKS was developed in-house by
MDOT. MDOT cutrently utilizes a petsonal computer (PC) based contract administration
software system called FieldManager, developed in conjunction with Info Tech, Inc. from
Gainesville, Flotida. This award winning softwate has been adopted with great success in
recent MDOT practice (Ovetby, 2001 and Couto, 2001). FieldManager is utilized for
tecording Inspector’s Daily Reports (IDRs), daily diaries, contract item documentation,
contract material documentation, material stockpile quantities, pay estimates, contract
modifications, and other important contract information. Figure 3 — 1 presents an example
of the FieldManager list of IDRs. Numerous inquiries are also available to provide for
additional presentation options of the data recorded in the FieldManager files. Inspector’s
Daily Repotts ate the ptimary source of recording data from construction in the field
through the MDOT field inspectors. Figure 3 — 2 presents an example IDR from MDOT
contract 75022-45618. Daily diaties are intended for documentation from the office
personnel at the job’s corresponding TSC to clatify or provide more detail on a job for a
particular day. The pay estimates function of FieldManager allows for tecording and tracking
which items have been approved for payment to contractors. The contract modifications
function allows for data entry and recording of contract modifications that are necessaty for
the completion of the project and the contract administration. The other remaining
functions of FieldManager setve to ptesent and ofrganize the information enteted through

the IDRs, daily diaties, pay estimates, and contract modifications.
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=
Kottt

Michigan Department of Transportation

Inspector’s Daily Report

714/00 2:06 FM

FleldManager 3.09

Contract: 75022-45618, BITUMINOUS COLDMILLING AND RESURFACING

IDR Date Day of Week Sequence No. Import Date Prbject / Resident Engineer
7111100 Tuesday 1 ' 717100 Michael L. Kallio
Inspector’s Initlals-Name Federal Project Number
CR Charlie Rousseau N/A
Prime Contractor
PAYNE & DOLAN, INC,
Eritered By Revised By Revision Date Revision-No.
CR, Charlle Rousseau \
Temperatures " Weather
Low: 18°C High: 23°C clear

Comments

Contractor placing embankment and slope restoration at locations shown on this days IDR. slope restoration work in

progress.

Contractor/Subcontractor

Equipment No. Hrs.

" Contractor/Subcontractor's Name - Personnel No. Hrs.
PAYNE & DOLAN, INC. flag people 2 grader . 1
-+ forman 1 -lighted arrow boards 2 :
laborers 2 loader 1 |
mechanic 1 power broom 1 ;
operators 2 shoulder spreader 1
trucks 3
item Postings
Item/Materlal item  Prop. Brkdwn
Description - Code Line Prolect Category Quantity Unit Locatlon iD Attn
Embankment, LM 2050011 0070 45618A 0001 147.000 M3  14775-2+485 it 007
2+080-2+200 1t
Itern Remarks: irk # 95-1 3/ds @28m3=84m3 ’
trk#97-1 3lds @ 21m3=63m3
Ids are at 75% capacity. see inspector Dekysers iDRs for trk meas.
Granular Material, Cl IIf 147.00 m3
Reviewed By:
{Signature) (Date)
Contract: 75022-45618 IDR: 7/11/00, CR, 1 Page 1ot

Figure 3-2: Example FieldManager IDR

20

FieldManager is patt of a suite of telated software products, including FieldBook,
FieldPad, FicldBuilder and FieldNet. Togethet, these products allow state DOTs to manage
their contracts and maintain electronic documentation of these projects. Other state DOT's
that currently use FieldManager in a manner similar to MDOT ate Oklahoma, Maine,

Wisconsin, and Iowa (Baldwin, 10 April 2002).
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3.1 CURRENT MDOT UsgE

MDOT has a considerable amount of time, money, and training invested in this
softwate system. As an example, all of the MDOT inspectors have been issued a laptop
computer with FieldBook software, a companion subset of FieldManager developed to
automate the data entry process for field construction inspectors. The field inspectors utilize
FieldBook to enter their IDRs. These are used to document important job conditions and
activities, such as the day’s weather conditions, the inspector’s comments, which
contractot(s) were working, which equipment was used on site and their quantities and
houts, which personnel were on site and their number and hours, the matetial quantities
placed, and the location(s) of work activity.

FieldManager operates in a client/server network system on MDOT computers
throughout the state. This means that MDOT client computers with FieldManager at TSCs
can communicate and share information with MDOT server computers to provide

centralized payment estimates and other functions for jobs.
3.2 TRAINING

Basic training in the use of FieldManager software for the research was conducted at
Michigan Technological University in May 2001. This training included the basics of
FieldManager use, such as program setup, progtam navigation, and data entry. This training
also introduced the possibility of accessing the FieldManager data with Microsoft Access.
Advanced FieldManager training was conducted with InfoTech in Gainesville, Flotida on
September 11 and September 12, 2001. The Advanced training session included the
following topics: Database Fundamentals, FieldManager table structure, ODBC linking of
FieldManager with Microsoft (MS) Access, creating Access queries and creating Access

reports.
3.3 INTERNAL FIELDMANAGER STRUCTURE

The basic structure and otganization of the FieldManager software system is
documented in the InfoTech publication Fie/dManager System  Design  Document

(“FieldManager”, 2000). This publication includes detailed information on such subjects as
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the hardware and softwate requitements of the system, data flow structure, development
process, and internal table and report structure utilized in FieldManager.

Of particular interest to this research project was Chapter 3, FieldManager Reports, as
well as Chapter 4, Database. A condensed version of the Fie/dManager System Design Document
with these two chapters was obtained at the Advanced FieldManager training session, and
served as a useful refetence for the development of the MS Access database described
below. Section 5.1.2 of this report describes the FieldManager tables and fields that were

utilized in this research project.
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" CHAPTER 4: DATA COLLECTION

Current MDOT FieldManager data files wete needed for analysis by the research team
in the project. Read-only copies of the FieldManager data files were obtained from MDOT
offices for the various contracts studied in this research project as outlined below. These
read-only files wete then imported into FieldManager software on a computer at Michigan

Technological University available to the research team.
4.1 PROJECT SELECTION PROCESS

During the summer of 2001, the research team met with vatious representatives of
MDOT at numerous Transpottation Service Centers (ISC’s) and regional offices. Projects
from the Upper Peninsula were focused upon to facilitate the data collection process and
also because of theit simplified job complexity compared to many jobs in the Lower
Peninsula. Many jobs located downstate tequite additional restrictions, such as expedited
construction, or lane closutes that serve to complicate the schedules. To focus upon the
underlying data in FieldManaget, and as a ttial to determine if the data could be collected in
the manner desired, these more complicated projects were not selected for this research
study. As discussed below in the Data Analysis Chapter, the procedure developed will allow
for any job in the FieldManager system to be analyzed, so this restriction upon project
complexity will not be a problem for future application of the analysis procedure. Through
interviews with the responsible MDOT engineets, it was found that common projects in the
Uppet Peninsula were “Crush and Shape” and “Passing Relief Lanes” (Sikkema, 2001).
Bituminous base ctushing and shaping is defined by MDOT as “constructing an aggregate
base from an existing bituminous pavement” (MDOT, 1996). Passing relief lane jobs create
one or mote additional lanes on a roadway to facilitate safe passing of automobiles. Focusing
upon common projects such as these may allow for immediate benefit to the Upper
Peninsula MDOT personnel upon completion of this study. Compared to other projects
such as bridge construction or new freeway construction, the controlling activities are of

limited scope and ate readily identifiable, which allows for easier analysis.
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4.2 'UPPER PENINSULA JOBS

Tables 4 — 1 and 4 — 2 provide details on the projects selected for inclusion in this
research project, including the Contract ID numbet, the TSC responsible for the project, the
yeat of construction, the type of contract, and the type of job. The contracts include all 26

crush and shape and passing relief lane type jobs completed by MDOT in the Supetiot

Region from the 1999 construction season through the 2001 constructiof season.

Table 4-1: Ctrush and Shape Type Jobs

CONTRACT
66021-45097

MANAGING TSC
Crystal Falls

1999

CONTRACT TYPE

Completion Date

27011-44291 Crystal Falls 2000 Completion Date
27023-45009 Crystal Falls 2000 Completion Date
66032-45050 Crystal Falls 2001 Completion Date
27041-45096 Crystal Falls 2001 Completion Date
22012-47237 Ctystal Falls 2001 Completion Date
21032-38007 Escanaba 1999 Completion Date
21031-45612 Escanaba 2000 Completion Date
75022-45618 Escanaba 2000 Completion Date
75021-45610% Escanaba 2001 Completion Date
07013-34037 Ishpeming 1999 Wotking Day
52081-38112 Ishpeming 1999 Completion Date
52043-44973* Ishpeming 1999 Completion Date
52022-50392 Ishpeming 2000 Working Day
31031-44292 Ishpeming 2000 Wotking Day
07012-45108* Ishpeming 2001 Completion Date
17062-38019 Newberry 2000 Completion Date
17042-45599 Newberry 2001 Completion Date

*Job is listed as both a Crush and Shape and a Passing Relief Lane project
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Table 4-2: Passing Relief Lane Type Jobs

CONTRACT | MANAGING TSC YEAR CONTRACT TYPE
75022-47188 Escanaba 1999 Completion Date
55031-51434 Escanaba 2000 Completion Date
75021-45610%* Escanaba 2001 Completion Date
55022-47233 Escanaba 2001 Completion Date
07023-47218 Ishpeming 1999 Completion Date
52043-44973% Ishpeming 2000 Completion Date
07012-45108* Ishpeming 2001 Completion Date
49021-44927 Newberty 1999 Completion Date
49023-44989 Newberty 1999 Completion Date
17061-47043 Newberty 2000 Completion Date
49022-47047 Newberty 2000 Completion Date

* Job is listed as both a Crush and Shape and a Passing Relief Lane project

25




CHAPTER 5: DATA ANALYSIS

5.1 MICROSOFT ACCESS

Microsoft Access is a powerful database management system that is included with
some installations of the Microsoft Office software suite. Because many users of the
Microsoft Office Suite have little or no knowledge of Access, the following is a brief

introduction to terms and concepts necessary to understand the use of Access in this repott.
5.1.1 Basics of Relational Database Management Systems (RDBMS)

A database management system (DBMS) is a computer program that records, sorts, and
ptesents data in a flexible manner to the end user. A DBMS is the computet analog to file
cabinets containing paper documents, however, computers allow for a much more versatile
system than that of file cabinets and paper records. A propetly prepared DBMS system can

allow for multiple methods of inputting, displaying, manipulating, and presenting data.

Microsoft Access is an example of a relational DBMS, Although there are many types of

database systems available, the most popular and atguably the best for many systems are
relational database management systems (RDBMS). RDBMS are comprised of several tables
that store different, but related data in a structuted method utilizing relationships between
the data. Microsoft Access also supports a common computer language called Structured
Query Language (SQL), which allows Access to wotk with other database programs and
systems that also support SQL, such as Oracle or MySQL. This can allow for easier
portability of data to different systems. Following is a btief discussion of some of the
terminology necessary to undetstand a MS Access database.

A database is the overall container for all the data, forms, tepotts, tables, macros,
modules, and queties. A Zable stores the taw data. Queries can be used to view, organize,
modify, and to perform calculations upon the undetlying table data. Further information on
quetries can be found below. Forms can be used to enter, edit, or search the data from tables
ot queties. They can provide 2 more user-friendly interface to the database user, limiting the
methods of viewing and modifying the data to what is designed to be appropriate for the
situation and uset. Reporss ate used to organize and publish data from tables and queries, they

do not modify the data except to organize and possibly perform summary calculations upon
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it. Macros and modules are used to automate or enhance certain tasks, Macros are typically
written to automate frequently used procedutes. Modules are more complex and powetful
than most macros, and are written in the Visual Basic for Applications language.

Tables are the actual storage container for the data in a database. Refer to Figure 5-1 for
a typical MS Access table of FieldManager data. The basic components of a table are the
records, fields, and values. Fields are the most basic unit of a table, as they represent a single
category of information. A correctly structured table does not allow for fields to be broken
down into smaller useful units. A field in a database may be thought of as analogous to a
column of data in a computer spreadsheet program. Fields also define the type of data being
stored, as in text, numerical, date, etc. Records are the combination of all the fields of data
pertaining to a specific person, thing, or event. Records may be thought of as analogous to a
row in a computer spreadsheet program. The intersection of a field and 2 record results in a
value of data from the table, which is the actual data element being stored about the
particular entity. A value is analogous to a cell in a spreadsheet program. Most tables contain
more than one field, with the number and type of fields being set when the table was
created, It is possible to create or delete a field after the table is created, however, it is best to
anticipate all the fields needed when creating the tables. A table may have any number of
records contained in it, these records may be added ot deleted at will by the database user.
The otrder of records in a table is not import to the database design.

A relational database management system typically includes many separate tables that
store different information. A fundamental premise of a relational DBMS is to eliminate
redundancy of data stored in the database. This is done by logically grouping related
information into separate tables, and then linking them back together when needed by using
relationships and keys. Eliminating redundancy allows for easier input and maintenance of data,
as the relationships in a propetly structured database ensure that all records agtee with one
another and are current. Cotrectly structured telational databases also allow for easy

modifications with future changes in design requirements.
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L3 Microsolt Access

8 Database Window

610123
Anigizd
1010182
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4010352
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4010355
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4010741
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4010000

Figure 5-1: Example Mictosoft Access Table

Each table in a relational database needs to have a primary key, which is a unique
identifier for every record. A good example of a primary key is a social secutity number for
citizens of the United States. This number uniquely identifies every citizen of the United
States, providing a way to distinguish between multiple people with the same name. Primaty
keys allow for linking data between two or more tables. They also help ensute referential
integrity, which ensures that the relétionships between tables ate intact and that no record is
destroyed or altered that would affect other related data needed.

Primary keys ate used to link tables together with related information. One table holds
the primary key, while the othet table holds the foreign k¢y that the primaty key cottesponds
to. Linking the primary and foreign keys together ensures that the correct data is accessed in
queties with multiple tables utilized.

Sometimes a table will have a structute that is not conducive to using only one field as
the primaty key. In these cases, two or more fields are used as a composite k¢y that serves the
same purpose as the primary key. When two tables with composite keys are both utilized in a
quety, the common composite key fields must be linked together to ensure the proper

records are selected.
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MS Access and FieldManager are both compatible with Open Database Connectivity
(ODBC) standards, which allows Access to link to and utilize the data from FieldManager
when they are installed on the same PC. Access allows for two different ways of obtaining
data from FieldManager: you may /ink the data, or you may smport it into Access. Linking
data leaves the data in its original source and provides a path for Access to retrieve the data
from its source when needed. The data does not become patt of the Access database itself,
and the size of the database file does not grow appreciably. Importing data into Access
malkes a copy of the data from its original location and stores it within the Access database,
often substantially increasing the size of the database file. Linking data is useful for situations
in which the data is dynamic and the most cutrent information is desited. Importing data is
more useful for situations in which the data either will not change, or you wish to capture
the data at a particular time. Importing data ensures that the data remains in the Access
database unless the uset deletes or modifies the data in Access. One import note on linking
external data into Access is that it will no longer ensute referential integrity between tables.

For most purposes of this research project, only two data tables need be linked or
imported in from FieldManager. The names of these tables ate ITEMPROG and
PROJITEM. ITEMPROG records item posting information from the IDRs, while
PROJITEM records project item information from IDRs. The DDIARY table contains
comments and othet notes from the IDRs. The CONTRACT table also contains useful
general contract information, such as managing office, resident engineer, etc. Two
additional tables that provide useful information include DDEQUIP, and DDWORKER.
The DDEQUIP table provides information from the equipment information posted in
IDRs. The DDWORKER table provides information from the wortker information posted
in the IDRs. A procedute for linking ot importing these tables into Access can be found in
Appendix C. Once the data files are linked ot imported into Access, they may be viewed and
manipulated with queries. Access will add a prefix of DBA_ or DBO_ to the table name
from FieldManager when the table is linked or imported into Access.

As mentioned above, queties can be used to view, organize, modify, and to perform
calculations upon the undetlying table data. A query returns a group of records known as a
dynaset. This dynaset is a dynamic soutce of the actual data from the database tables,
updated each time the query is run. The dynaset is not stored in a new table, however, each

time the quety is used, Access updates the dynaset to reflect any changes that may have
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occurred in the underlying data tables. This ensures that the most current data is always
returned by the queries. A number of queries were created to aid this research project.
Queries in Access can be viewed several different ways. The design of the query may

generally be viewed either as the actual SQL code that comprises it, ot in the Access Design

Grid. One view of the Access design grid is presented in Figure 5-2. The design grid allows
the user to create a query with Query by Example (QBE). This method allows for an easier,
graphical approach to creating queries. SQL code is designed to be compatible among a
number of different database systems, and thus produces a teliable means ot transferting a
query design to another database program. Figure 5-3 depicts the SQL code from an

example quety.

¥ Microsoft Access
Lo g

Desgiption: IDESCE _CONTID PUTEM DDDATE Surns IPQTY. # Postings: DDDATE  |TUNIYS

DBA_PROJITEM DBA_ITEMPROG DBA_PROJITEM DBA_ITEMPROG DBA_ITEMPROG OBA_PROJITEM

Group Bt Grou Group By Group By Sum, Count 8

Ast Ascending Ascending
(] M & bl ]

5ub Base production rate

¥ Excel Trial 4 B
Excel Trial Mod 5 = Subbiase prod rate stats
f Fikered Prod Rate B Tl Praduction Rate
J Fikered Prod Rate Stats B Worker Hours

Figure 5-2: Example Mictosoft Access Query
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Pmductmn Hate lluely SQL Notepad

SELEBT DBR PRUJITEM IDESCR AS Description, DBA_ITEMPROG.CONTID,
DBA_ PROJITEM.PIITEH, DBA_PROJITEM.PIPRLINE, DBH ITEMPROG .DDDATE,

Sum(DBﬂ ITEMPROG.IPQTY) AS [Sum], Count{DBA_ ITEWMPROG.DDDATE) AS [# Postings],
DBA_PROJITEM.IUNITS

FROM DBA_PROJITEM INNER JOIN DBA_ITEMPROG ON (DBA_PROJITEM.GCHOD =

DBA_ ITEMPROG .CHOD) AND (DBA_ PROJITEM.PITYPE = DBA_ITEMPROG.PITYPE) AND
(DBR PROJITEM.PILINEND = DBA_ITEMPROG.PILINENO) AND (DBA_PROJITEM.CH =
DBA_ITEMPROG.CN) AND (DBA_| PROJITEM.PCN = DBA_ITEHWPROG.PCHN)

CROUP BY DBA_PROJITEM.IDESCR, DBA_ITEMPROG. CONTID, DBA_PROJITEM.PIITEH,
DBA_ PROJITEM.PIPRLINE, DBA_ ITEMPROG .DDDATE, DBA_ PROJITEM IUNITS

URDER BY DBA_PRODJITEM. IDESCR, DBA_ITEMPROG. CONTID, DBA_ITEMPROG.DDDATE;

Figute 5-3: Example SQL Code

Thete are several different types of queties available in Access, however the most
common type for this tesearch project were Select Queries. Queties may also be used to
perform actions on the table data, such as deleting or appending information from them.
These queties should be used with caution, however, as theit actions can be desttuctive and
the uset can not undo the action after running the quety. These types of queries can perform
useful functions for maintaining a database with changing data, for example to purge
outdated data, or to import new data into the database from FieldManager. The user should
always create a backup copy of the Access database file on a different location, or undet a
different name before petforming an action quety. Appendix D contains a discussion of the
procedute to create action queties such as this.

In order to create a quety, the table(s) and other quety(s) used for the underlying data
must be known. Once the soutce of the data is decided, the user can perform any joins
between the tables and/or queties used, if necessaty. Next, the user selects which fields will
be included in the quety, and determines if they will be sorted. Any criteria used to filter on
the field information included in the quety is selected, and the user also selects if the field
will be shown in the quety tesults. Access allows for the ctiteria to be listed as a constant
value in the criteria, ot else the user may place some text between square brackets in the
ctiteria field that Access will use to prompt the user for the criteria at the time the query is
run. This allows for an easy change of the data that will be included in the query’s results.
Another feature available is to show the “Total” row in the Access Design Grid. This total
row may be used to petform several useful functions upon the data. There are four basic

options available for the total row options: group by, aggregate, expression, and total field
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record limit. ‘The group by option is used to group common records togethet in the query
results. The aggregate option allows for nine types of mathematical ot selection options to
be petformed on the data. The nine options available include: Count, Sum, Avg, Max, Min,
StDev, Vat, First, and Last functions. The expression option is used fot creating a calculated
field with one or mote of the aggregate options. The total field record limit, or whete
operatot, allows for specifying ctiteria in several ways to limit the results of the quety.
Further information on creating queties may be found in Misrosoft Access 97 Bible, Gold Edition
(Prague and Irwin, 1999).

Access contains provisions for database security measures in otdet to ptevent users
from viewing, modifying, ot running certain tables, queries, forms, repotts, or macros. If
data is linked in to Access from an active FieldManaget contract, some concern may be
warranted to ensute that the Access user does not accidentally or deliberately modify the
data from the FieldManager contract file. InfoTech has stated that versions 3.1 and above of
FieldManager should not have any security issues through modifying the data by linked
Access tables (Baldwin, 13 Match 2002). Additional information regarding Access secutity
issues can be found in Chapter 37 of Microsgft Access 97 Bible, Gold Edition (Prague and Irwin,
1999). Another possible solution to any security concerns with linking to an active contract
in FieldManager may be to create 2 separate PC with both Access and FieldManager, then
import read-only copies of the desired contracts into FieldManager. These contracts could

then be linked to with Access without concetrns of modifying an active contract.
5.1.2 Queties

Construction of queries in Access was a ctitical component of the data analysis for this
research project. As such, the queties developed require special attention to their use and
construction. In general, two queties ate utilized in order to estimate average daily
production rates. The fitst query is used to define the data set used, while the second query
performs calculations upon the data to determine some basic statistics. Access allows for
easy changes to the structure of the queties, providing an easy means of revising the criteria
for the query.

The first query, used to define the data set, utilizes the tables ITEMPROG and
PROJITEM. If desired, the user can also include the table CONTRACTS in order to filter

out desited contracts by contract ID numbet, managing office, or other critetia. This fitst
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quety creates a dynaset of the records from the IDR data in FieldManager that will be used
to calculate the statistics on production rates desited. This dynaset structures the records
according to each item description, for each date, and for each contract ID. In the case of
more than one posting to a patticular item on the same date, the individual postings are
totaled for that date. This leads to the generation of a data set for the daily production rate
for each item description and for each contract ID. Table 5 — 1 summatizes the structure of
the query. The SQL code for this query is listed as the “Production Rate” quety in Appendix
E. The key fields linked together in this quety were PCN, CN, PILINENO, PITYPE, and
CMOD. These keys were the common cbmposite keys between the two tables, as found in

Chapter 4 of the FieldManager System Design Document (“FieldManager”, 2000).

Table 5-1: Production Rate Data Set Quety

TOTALROW

FIELD NAME | TABLE UTILIZED COMMENT

 OPERATOR

IDESCR DBA_PROJITEM |  Group By Item Description
CONTID DBA_ITEMPROG Group By Contract ID number
PIITEM DBA_PROJITEM Group By Proposal Item Number
DDDATE | DBA_ITEMPROG |  Group By IDR Date
IPQTY DBA_ITEMPROG Sum Quantity Posted
DDDATE DBA_ITEMPROG Count Number of Postings
TUNITS DBA_PROJITEM Group By Unit

Once the data set query is established, a second quety can be constructed to provide
some statistics for estimating production trates. This quety utilizes the previous “Production
Rate” data set query as its input. It provides the average daily production rates for each item
description across all the contracts selected in the data set quety. Additional statistics that are
calculated with this query include the minimum daily production rate found, the maximum
daily production rate found, the number of obsetvations the statistics are based upon, the
standard deviation of the daily production rates, and the coefficient of vatiation of the daily
production rates. The query also lists the item desctiption, the item number, and the units

used. Table 5 — 2 summarizes the structure of the quety. The SQL code for this query is
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listed as the “Production Rate Statistics” quety in Appendix E. The results of this query for
several pay items were manually checked against the values found in the original

FieldManager tecords in order to check the calculations done in Access.

Table 5-2: Production Rate Statistics Calculation Query

. TOTAL Row
FIELD NAME QUERY UTILIZED ' ‘ COMMENT
OPERATOR ‘
Description Production Rate Group By Item Description
PIITEM Production Rate Group By Contract ID number
Sum Production Rate Avg Average Daily Production Rate
Sum Production Rate Min Minimum Daily Production Rate
Sum Production Rate Max Maximum Daily Production Rate
Sum Production Rate Count Number of Observations
Standard Deviation of Daily
Sum Production Rate StDev
Production Rates
. Coefficient of Variation (COV)
[StDev]/[Avg] Expression
of Daily Production Rates
TUNITS Production Rate Group By Unit

One problem that may be encountered with the queries is negative item quantities
posted in IDRs. These negative postings are generally a result of the inspector adjusting an
earlier incotrect posting. These negative quantities can give misleading results for the
minimum daily production rate field calculated with the Production Rate Statistics query. A
negative value for this field is logically incorrect and does not provide useful information on
the actual minimum daily production rate. This problem may be avoided through the use of
an additional quety to cotrect the minimum daily production rate field, although this query
does affect the data the other statistics are based upon. All the daily production rate postings
that are not greater than zeto are filtered out before computing the statistics. The
“Nonnegative Production Rate Statistics” query filters out values less than or equal to zero
in the sum of IPQTY field to calculate statistics similar to the “Production Rate Statistics”

quety. The SQL code for both of this query is also listed in Appendix E.

34




Table 5 — 3 provides a sample subset of the data that results from running the

“Nonnegative Production Rate Statistics” query on the conttacts listed in chapter 4.

Table 5-3: Sample Production Rate Statistics

DESCRIPTION | PIITEM | AvG MIN MAX | Count | STDEV | COV | UNIT

Aggregate Base 3020001 398.00 5.52 8839.45 86 1020.44 | 2.564 T
Aggregate Base,
3020010 81.48 55.45 108.80 3 26.70 | 0.328 m2
100 mm
Aggregate Base,
3020016 | 7551.20 | 61.75 | 16081.00 20 4726.84 | 0.626 | m2
160 mm
Aggregate Base,
3020020 | 4782.29 | 264.00 | 15016.00 23 417093 | 0.872 | m2
200 mm
Aggregate Base,
3020026 | 6759.83 | 564.00 | 10369.90 6 4810.19 | 0.712 | m2
260 mm
Aggregate Base,
3020030 158.77 9.20 483.40 13 146.62 | 0.924 | m2
300 mm
Aggregate Base,
3020002 131.34 11.50 464.85 8 138.91 | 1.058 | m3
M
Bit Base Crushing
3050001 | 10288.52 | 6.00 | 27943.50 95 5631.17 | 0.547 m2
and Shaping .

One additional set of queries that may prove useful is constructed to filter out certain
contracts. By using the “Filtered Jobs” query and adding criteria to select or filter out certain
contracts in the criteria field of the CONTID field, the database user can select exactly
which contracts from a group he wishes to include in the production rate statistics. Then, the
“Filtered Production Rate” and “Filtered Production Rate Statistics” queries can be used to
calculate the production rates for the subset of contracts desired. The SQL code for these
three queties is listed in Appendix E.

Queries may also be constructed to calculate production rate statistics for a group of
related pay item codes or item descriptions. This may be done through the use of a criteria

field, along with the WHERE operator in the Access totals row within the query design
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view. Items with equivalent units must be selected for combination. One example of this
situation may be to create a combined production rate estimator for all Aggregate Base item
postings with units of m® Refer to Appendix G for statistics of several common items

combined in this manner.
5.2 MICROSOFT EXCEL

Microsoft Excel is a powerful PC based spreadsheet program. Access allows for casy
exporting of query data into Excel for further analysis and manipulation. This capability was
utilized to calculate confidence intervals for the average daily production rates developed in
the Access queries. The average, or mean, production rate value computed in the Access
queties is the best estimate of the mean from the population of all possible daily production
rates for each item. However, all data sets exhibit some level of variability that will affect a
user’s confidence in applying the statistics. Confidence intervals help quantify the uncertainty
in the actual mean value based upon the vatiation in the data used to estimate the mean. An
item with a large range for the confidence interval on the mean suggests that caution and
judgment should be used when applying the estimated mean to predict other samples from
the population. A large range also suggests that further research or additional data should be
collected on the item before trusting the results of the statistical analysis.

After a “production rate statistics” query is run in Access, the values can be exported
to Excel. The available functions in Excel can be used to easily compute confidence intervals

for all the items teturned from the Access quety. A normal distribution for the production
rates is assumed for application of the confidence intervals. A procedure for calculating these
confidence intetvals is presented in Appendix F. With additional development, it may be
possible to calculate the confidence intervals within Access, possibly with Visual Basic for
Applications code. This could provide an automated and integrated method of calculating
the confidence intervals along with the other statistics, without requiring an additional step
in Excel.

Table 5 — 4 provides a sample of several confidence intervals that have been calculated
in Bxcel, along with the supporting values from the “production rate statistics” quety in
Access. The LL column lists the lower limit of the two-sided 95% confidence interval, while

the UL column lists the upper limit of the two-sided 95% confidence intetval. The minimum
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and maximum daily production rates, along with the coefficient of vatiation values have
been omitted for clarity in Table 5 — 4. These values are given in Table 5 — 3 for the sample

data.

Table 5-4: Sample Confidence Interval Calculations

DESCRIPTION l PIITEM | Ave I LL l UL l COUNT | STDEV | UNITS
Aggregate
3020001 398.00 179.22 616.79 86 1020.44 t
Base
Agorepate
BEI°E 3020010 81.48 15.16 147.81 3 26.70 m2
Base, 100 mm
Aggregate
3020016 | 7551.20 | 5338.97 | 9763.43 20 4726.84 m?2
Base, 160 mm
Aggregate
3020020 | 4782.29 | 2978.64 | 6585.94 23 4170.93 m2
Base, 200 mm
Aggregate
3020026 | 6759.83 | 1711.86 | 11807.81 6 4810.19 m2
Base, 260 mm
Aggregate
3020030 158.77 70.17 247.37 13 146.62 m2
Base, 300 mm
Aggregate
3020002 131.34 15.20 247.47 8 138.91 m3
Base, LM
Bit Base

Crushing and | 3050001 | 10288.52 | 9141.39 | 11435.65 95 5631.17 | m2

Shaping

Exporting data from Access into Excel may also ptove to be useful for developing
charts of daily production rates for a specific work item, a group of related work items, or
for other graphing purposes. Although Access contains some chatting functions, the
charting functions in Excel are generally easier to use and more familiar to computer usets.
Graphically analyzing daily production rates could lead to additional insight regarding the
actual distribution of production rates for the selected projects. Figute 5 — 4 presents a
sample of a plot of daily production rates developed in Excel for the item “Aggregate Base”.

Graphing the production rates may also assist MDOT personnel with locating
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extreme values that may not accurately represent normal production rates. For example,
Figute 5 — 4 shows a production rate of approximately 8,900 tons/day on the date
8/23/2000, while the remaindet of the production rates ate less than 3,000 tons/day. These
extreme values require additional scrutiny when analyzing production rate statistics. Further
information on exporting data to Excel may be found in Chapter 24 of Microsoft Access 97

Bible, Gold Edition (Prague and Irwin, 1999).
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Figure 5-4: Aggregate Base Production Rate Chart
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CHAPTER 6: DISCUSSION OF RESEARCH RESULTS

A complete listing of the calculated production rate statistics, with the addition of
calculated confidence interval statistics from Excel, on the mean production rates from the
query “Nonnegative Production Rate Statistics” is presented in Appendix G. These results
wete computed based upon all items in FieldManager from the contracts listed in Chapter 4.
Table 5 — 4 presents an example subset of the data from Appendix G. As seen in the Count
column in Table 5 — 4, much variation exists in the numbet of observations for each item. In
order to get accurate statistics for an item, an adequate number of observations must be
included in the calculations. This may require that data from more conttacts be included in
the calculations before reliable conclusions can be drawn from the calculated statistics.

The user of the results discussed in this report should examine the confidence interval
on the mean values. As mentioned in section 5.2, a large spread on the confidence intervals
indicates that caution and judgment must be applied to the application of the average
production rates. Items with large confidence intervals will requite experience and judgment
to narrow the production rates applied to a specific job or application. The results and
calculations discussed in this report serve only as a guide to assist MDOT personnel with
selecting appropriate production rates. The methods discussed allow for MDOT personnel
to easily retrieve actual historical production rates for virtually any pay item.

Limited conclusions caﬁ be drawn when comparing the average production rates
developed from this study to the existing rates supplied in the MDOT Construction Manual.
Many of the items listed in the MDOT Construction Manual do not cortelate well with the
units and descriptions contained in the FieldManager records. Some items appeared in the
FieldManager records for which no corresponding rate could be found in the cutrent
MDOT rtecotds. Other items had incompatible units that prevented drawing direct
comparisons. Table 6 — 1 compates the average production rates calculated with the query
“Nonnegative Production Rate Statistics” from all 26 contracts studied. Figure 6 — 1 presents
a graphical view of the table data. The average calculated production rates were generally
lower than those of the MDOT manual. Exceptions were found in the items Pavement,

Removal, which had a much higher calculated average than the current MDOT rate.
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Bituminous Base Crushing and Shaping was found to have a similar, but slightly higher

calculated average production rate than the rate in the MDOT manual.

Table 6-1: Compatison of Calculated Production Rates with Existing MDOT Rates

ITEM DESCRIPTION
EXISTING
AND PIITEM CALCULATED
ITEM DESCRIPTION . MDOT
NUMBER IN HISTORICAL
IN MDOT MANUAL | PRODUCTION
. FIELDMANAGER PRODUCTION RATE
RATE
RECORDS
Earthwork and
Embankment (CIP)
Grading: 5,300 m® / day 672 m* / day
[2050010]
Embankment (CIP)
Sutfacing — Concrete: Sidewalk, Conc,
180 m” /day 55 m’ /day
Sidewalk 100mm [8030002]
Miscellaneous:
Removing Concrete Pavt, Rem [2040011] 450 m* /day 1,002 m* /day
Pavement
Miscellaneous:
Joint Repr, Longit
Longitudinal Joint 1,600 m / day 510 m / day
[6030040]
Repair
Sutfacing —
Bituminous, Rural — | Bit. Base Crushing and
. _ 10,000 m* /day 10,129 m® /day
Primary: Crush and Shaping [3050001]
Shape
Miscellaneous:
Clearing [2010001] 8,000 m* /day 2,955 m” /day
Clearing
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6.1 TESTING RESULTS

In order to determine the applicability of the calculated production rates developed
from this research project, the rates developed have been applied to a sample test project.
The MDOT contract 75022-45618 was selected as a test contract due to the availability of
the “Work Day/Completion Date Determination” wotksheet for this job. This contract was
a completion date type contract for bituminous coldmilling and resurfacing. This contract
was managed by the Escanaba TSC during the 2000 construction season.

The following items were listed as major, or controlling work items from the Work
Day/Completion Date worksheet on the project:

e curb and guttet removal

e large culvert extension

e small culvert work

* sewer work

e curb and gutter

e cold milling bituminous surface

® bituminous mixture, bituminous approach

e G.R. work

® slope restoration

® paint.
A copy of the Work Day/Completion Date worksheet and the results of the queties
“Production Rate” and “Nonnegative Production Rate Statistics” appears in Appendix H.

Table 6 — 2 presents a summary of the data from the original Work Day/Completion
Date Determination worksheet for this job. The summation of the individual estimated
times resulted in a trequirement for 43 working days for this project. The tesponsible MDOT
engineer then converted this value to 75 calendar days by multiplying the duration by 7/4 on
the worksheet. Examining the FieldManager records shows that construction began on this
project on May 8, 2000. The project was open to traffic on July 11, 2000, and construction
was complete on July 26, 2000. This gives the project an overall actual construction duration
of 79 calendat days, which corresponds well with the original estimated duration of 75

calendar days.
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Table 6-2: Original Duration Estimate

MAJOR WORK ITEM QUANTITY RATE ESTIMATED TIME
Cutb and Gutter
785 m 450 m / day 2 days
Rem
Latge Culvert
3 each 3 days each 9 days
Extension
Small Culvert Work 9 locations 3 locations / day 3 days
Sewer Work [none listed] [none listed] 3 days
Cutb & Gutter 850 m 300 m / day 3 days
Cold Mill Bit.
80178 m” 18000 m” / day 5 days
Surface
Bit. Mix 19858 ¢ 2000 t /day 10 days
Bit. Appt. 2099 t 1000 t / day 2 days
G. R. wotk 6 locations 1.5 locations / day 4 days
Slope Restoration [none listed] [none listed) 1 day
Paint [none listed] [none listed] 1 day

2 = 43 working days

Utlizing the calculated production rate statistics from the twenty-six conttracts

discussed in Chapter 4, along with the query “Nonnegative Production Rate Statistics”, a

predicted duration was developed for this project. A summary of the results from this

calculation is presented in Table 6 — 3. The values listed as N/A were not obtained due to

either incompatible units between the given quantities and the calculated production rates, ot

thete was no quantity given fot that item in the original worksheet, as shown by a [none

listed] note in the quantity column for that item. The corresponding duration from the initial

MDOT estimate was utilized for these items in otder to provide an equivalent compatison

between the two durations.

43




Table 6-3: Predicted Duration from all Calculated Results

MAJOR WORK
ITEM

PIITEM

USED

QUANTITY

ESTIMATED

TIME

Curb and Gutter
2040006 785 m 71.70 m / day 11 days
Rem
Large Culvert
N/A 3 each N/A 9 days
Extension
Small Culvert
N/A 9 locations N/A 3 days
Work
Sewer Wotk N/A [none listed) N/A 3 days
Curb & Gutter 8020018 850 m 64.97m / day 13 days
Cold Mill Bit. 9.687.42 m? /
5020005 80178 m* 8 days
Surface day
Bit. Mix 5020183 19858 t 1,186.72 t / day 17 days
Bit. Appt. 5020200 2099 t 121.12 t / day 17 days
G. R. wotk N/A 6 locations N/A 4 days
Slope _
N/A [none listed] N/A 1 day
Restoration
Paint N/A [none listed] N/A 1 day

2 = 87 working days

A summation of the days required for each major item listed results in an overall

duration of 87 working days requited. This value is significantly different than the 43

wortking days originally estimated by MDOT for this project. Further examination of this

tesult revealed that the actual production rates that occurred on the project were significantly

below the original estimated production rates. Table 6 — 4 shows the actual average daily and

maximum production rates that were observed on the construction of this job. The average

daily production rates for these 5 items in Table 6 — 4 were significantly lower than the

original estimated production frates. Only the maximum production rate for the item Cold

Milling Bituminous Surface approached the original estimated production rates. The other
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items had maximum production rates that wete much less than the originally estimated

average rates for this project.

Table 6-4: Statistics from Completed Job 75022-45618

, ORIGINAL
| AVERAGE | MINIMUM MAXIMUM
| PIITEM . ESTIMATED
PRODUCTION | PRODUCTION { PRODUCTION
USED | PRODUCTION
' RATE RATE : RATE
‘ , . RATE
Curb and
135.60 m /
Gutter | 2040006 730m / day | 209.90m /day | 450 m / day
day
Rem
Curb &
8020018 | 81.63 m / day | 45.00 m / day | 126.00 m / day 300 m / day
Gutter
Cold Mill
8616.14 m*/ | 187270 m2 / | 17610.07 m2 /
Bit. 5020005 18000 m* / day
day day day
Surface
Bit. Mix | 5020183 | 887.05t/ day | 123.21t/ day | 1449.79 t / day | 2000t / day
Bit. Appt. | 5020200 | 140.54 t / day 0.02 t / day 358.66 t / day 1000 t / day

Utilizing the calculated production rate statistics from only the eighteen crush and
shape contracts discussed in Chapter 4, another estimated duration was developed for this
project. A summary of the results from this calculation is presented in Table 6 — 5. The same
procedure as above was utilized for this calculation, along with the updated avetage
production rates from the ten crush and shape projects. This calculation was petformed to

analyze the effect of basing the production rate statistics upon a different subset of projects.
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Table 6-5: Predicted Duration from Crush and Shape Calculated Results

MAJOR WORK

ITEM

PIITEM
USED

QUANTITY

ESTIMATED

TIME

Curb and Gutter
2040006 785 m 66.27 m/ day 12 days
Rem
Large Culvert
N/A 3 each N/A 9 days
Extension
Small Culvert
N/A 9 locations N/A 3 days
Work
Sewer Work N/A [none listed] N/A 3 days
Curb & Gutter 8020018 850 m 67.53 m day 13 days
Cold Mill Bit. 10477.15 m2 /
5020005 80178 m2 8 days
Surface : day
Bit. Mix 5020183 19858 t 1184.37 t / day 17 days
Bit. Appr. 5020200 2099 t 128.00 t / day 17 days
G. R. work N/A 6 locations N/A 4 days
Slope
, N/A [none listed] N/A 1 day
Restoration
Paint N/A [none listed] N/A 1 day

2 = 88 working days

A summation of the days requited for each major item listed results in an overall

estimated duration of 88 working days requited. This value is significantly different than the

43 working days otiginally estimated by MDOT for this project. This value is also a less

accurate estimate of the actual contract duration than the original MDO'T estimate. It is very

close to the 87 wotking days estimated by using statistics from all twenty-six contracts

studied.

The MDOT contract 17062-38019 was also selected as a test contract due to the

availability of the “Work Day/Completion Date Determination” worksheet for this job. This

contract was a completion date type contract for bituminous coldmilling and resurfacing.

This contract was managed by the Newbetty TSC during the 2000 construction season.
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The following items were listed as major, or controlling work items from the Worl
Day/Completion Date worksheet on the project:
e shoulder aggregate
e culverts
e DS
e ditching
e carth excavation
e agpregate base
e crush and shape
e bituminous paving
e seeding
A copy of the Worle Day/Completion Date worksheet and the results of the queries
“Production Rate” and “Nonnegative Production Rate Statistics” appears in Appendix 1.
Table 6 — 6 presents a summary of the data from the original Work Day/Completion
Date Determination worksheet for this job. The summation of the individual estimated
times resulted in a requirement for 153 working days for this project. Examining the
FieldManager records shows that construction began on this project on May 9, 2000. The
project was open to traffic on July 11, 2000, and construction was complete on September
27, 2000. This gives the project an overall actual construction duration of 141 calendar days,

which corresponds well with the original estimated duration of 153 calendar days.
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Table 6-6: Original Duration Estimate

MAJOR WORK ITEM QUANTITY RATE ESTIMATED TIME

Shoulder Agg 13580 700 20 days

Calverts N/A N/A 12 days
DS. N/A N/A 1 day

Ditching 9653 600 16 days
Batth Ex. N/A N/A 1 day
Agg Base N/A N/A 2 day

Crush & Shape 102198 10000 10 days

Bit. Paving 47203 1100 43 days

Seeding 78488 1650 48 days

2 = 153 days

Utilizing the calculated production rate statistics from the twenty-six contracts
discussed in Chapter 4, along with the quety “Nonnegative Production Rate Statistics”, a
predicted duration was developed for this project. A summaty of the tresults from this
calculation is ptresented in Table 6 — 7. The values listed as N/A wete not obtained due to
cither incompatible units between the given quantities and the calculated production rates, ot
there was no quantity given for that item in the original wotksheet. The corresponding
duration from the initial MDOT estimate was utilized for these items in otder to provide an
equivalent compatison between the two durations. The items with in column PIITEM with

composite listed utilized statistics calculated from a composite of several PITTEM numbers

combined, as listed in Appendix G.
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Table 6-7: Predicted Duration from all Calculated Results

MAJOR WORK

ITEM

PIITEM
USED

QUANTITY

ESTIMATED

TIME

Shoulder Agg Composite 13580 613.13 22 days
Culvertts N/A N/A N/A 12 days
D.S. N/A N/A N/A 1 day
Ditching 9210022 9653 40 242 days
Earth Ex. N/A N/A N/A 1 day
Agg Base N/A N/A N/A 2 days
Crush & Shape 3050001 102198 10128.79 10 days
Bit. Paving Composite 47203 1275.82 37 days
Seeding Composite 78488 223.66 351 days

¥ = (678 working days

A summation of the days required for each major item listed results in an overall

duration of 678 wotking days required. This value is significantly different than the 153

wortking days originally estimated by MDOT for this project.

The two contracts used to test the application of the calculated production rates

revealed a significant discrepancy between the new calculated rates and the production rates

used by MDOT, as well as the actual construction duration. Additional reseatch is needed to

study the applicability of the average production rates developed by this research project to

the estimation of overall contract duration. Refer to Chapter 7 for motre discussion of this

issue.
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CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

The tesearch project determined that daily production rate data could be obtained from
existing data in FieldManager software files. A procedure was developed to determine the
daily production rates for each pay item description for a number of contracts, and to
determine the average daily production tate and other basic statistics for daily production
rates. MS Access allows for very flexible designs in its queries that may be adapted to suit
other needs and filtering of the projects and items to be included in the queties.

Since most MDOT offices possess 2 SQL and ODBC compatible database program of
" Corel Paradox, and the data is already available and being recorded on all MDOT projects in
FieldManager, minimal time and expense need be expended to implement this procedure.
Additional development of the Access database could also lead to other beneficial data uses
in addition to estimating average daily production rates. This possibility is further discussed
in Section 7.3.

Although production rate information could be determined with Microsoft Access from
the historical FieldManager records, this data may not be appropriate for ditect application
to estimating contract durations. Since no time data is generally available for the quantities
listed in the IDRs, accurately gauging the ptoduction rates is difficult. It is likely that more
than one item of work is undertaken on the same day for many projects. This effect could
help explain the low average production rates in test contract durations. If time data were to
be included along with the quantities posted in IDRs, the user of this database system could
determine if a posting was tepresentative of effort from a normal 8 hour work day.
Additional discussion of this issue is contained in section 7.2.

The comments field in the IDR postings was checked for a mention of the text “hout”
to determine if field inspectors wete including comments regarding hours wotked. An
Access query filtering the text strings was created on the field DDCOM in the table
DDIARY. Of the 1761 total records in the DDCOM field, only 31 records included the
stting “hour.” Most of these comments were relating to force account records, and did not

provide significant insight into the daily activities on the projects selected. A similar query
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may be used to find dates in which rain was reported at the site; howevet, this information
generally does not provide significant additional insight into the exact houts wotked. The ~»
field DDWEACOM in the table DDIARY contains comments on site weather conditions.
Caution should be applied when intetpreting and applying any statistics calculated
using the procedures discuséed in this teport. Additional research into selecting approptiate
data for development of production rates, and application of the estimated production rates
to determination of contract time should also be undertaken. Additional reseatch should also
be performed to quantify and explain the sources of the vatiability of the production rate
data. It is unknown at this time the amount of vatiability introduced into the data as a result
of the measurement process, and how 'much is due to natural variability in the work
processes. A study should be performed to assess the accuracy of the IDR information being
collected in the field. Section 7.2 contains additional recommendations for the

implementation and application of the results of this study.
7.2 RECOMMENDATIONS TO MDOT

To most effectively implement the results of this research project and expand upon its
potential benefits, sevetal recommendations are presented here for consideration by MDOT

personnel.

1. It is recommended that MDOT implement an Access or other SQL and ODBC
compliant database program to create a database for estimating daily work item production
rates.

This database will most likely petform best if implemented at the region level. This
would allow for mote projects to choose from than implementing at the TSC level, while still
allowing for regional variations in contractors, geography, weather, project complexity, and
other factors. A region-level implementation could also allow for one individual to be
responsible for maintaining the system and distributing the results to the TSCs within the
region. It would also be possible to implerr‘lent the database at the TSC level, or at the
MDOT central office in Lansing. Using a central implementation may create problems with
utilizing the unique local knowledge of job conditions that regions and TSCs possess, and

also with distributing production rate data in a timely manner to personnel at TSCs.
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MDOT should be able to implement a database system with theit current Corel
Paradox database software; however, this reseatch project revealed a lack of knowledge of
Paradox and database softwate among MDOT personnel. MDOT is currently planning to
transition to Microsoft Office softwate in the near future. It may be beneficial to wait until
this switch is made before implementing the recommendations of this research project on a
broad scale. Implementing this tesearch project on the current Corel Paradox software
system could create problems with the transition to Microsoft Office and its Access database
program. Waiting for the transition to Microsoft Office would reduce training time and
effort that could tesult from trying to implement the system on two different database

programs.

2. It is recommended that MDOT personnel from each region or from each TSC
become trained in the use of Access or a similar database program.

The extent of the training needed depends upon the exact implementation of the
ptocedute for estimating production rates, and any further expansion of the scope of the
database. A few short training coutses ot time spent in self-study with an Access database
book could provide the minimum level of knowledge to competently utilize the database.
Attending an Advanced FieldManager topics class from InfoTech could prdvide significant
advantages to the users and maintainers of the database system. Computer database systems
and Microsoft Access can be very complicated subjects, and as such, they require proper

training and support in order to most effectively utilize their powerful concepts.

3. It is also recommended that MDOT' personnel use Microsoft Excel to determine
confidence intervals for the mean daily production rates.

Excel can also provide additional desctiptive statistics and other functions. MDOT
petsonnel could also utilize the Access data in Excel to develop charts of daily production
tates, which would help to analyze the distribution of daily production rates for a specific
wotk item, ot a group of related wotk items. More information regarding the use of Access

data in Excel appears in section 5.2.
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4. It is recommended that whenever a construction project is completed and the
FieldManager file is ready to be finalized and archived in Lansing, a read-only copy of the
contract file should be created priot to removing the contract from the TSC computets.

This file could then be transfetred by email or other medium to the individual(s)
responsible for maintaining the database. Two options then exist for creating and
maintaining a comprehensive database for production rates. One option would be to create a
computer with FieldManager and Access or another database program separate from the
computers with active FieldManager contracts on it. The read-only contract files could then
be impotted into FieldManager on this computer, and then linked with the database
program. Since the information would be linked with the database program, and not stored
within the database program itself, contracts could be maintained through FieldManager.
Read-only contracts may be easily added and deleted with FieldManager. Contracts may be
impotted through the File / Import function. Read-only contracts may be deleted from the
contracts list screen by clicking on the contract and simultaneously pressing the SHIFT and
DELETE keys. It may be practical to maintain many different types of contracts within
FieldManaget, as this would allow the user to utilize the functions and viewing capabilities of
the progtam for additional details. The user could also maintain several different types of
contracts at once, which could create a robust database for estimating production rates for
different types of contracts. This may lead to the need for some contracts to be filtered out
from the queties. This may be done by adapting the “Filtered Jobs” query discussed in
section 5.1.2.

An alternative to creating a separate PC to contain the tead-only contracts within
FieldManager would be to import the table data from FieldManager into Access ot anothet
database program before the contract is archived to Lansing. The action queties desctibed in
Section 5.1.1 could be used to maintain by appending ot deleting contracts from Access as
desited. The jobs could also be filtered in the same manner as desctibed above. To comply
with the recommendations of the FHWA, a database of 3 to 5 yeats of contracts should be
maintained (“Construction”, 1991).

It is also possible to obtain a read-only copy of the atchived FieldManager contract
data from the central Lansing archive if so desited. To use this information in Access, it

would first have to be imported into FieldManager, then linked ot imported into Access.
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5. MDOT, along with Info Tech, should also develop an automated, required
procedure in FieldManager that will export the relevant table data from FieldManager into
an Access or other database system ptiot to atchiving of the contract from the TSC’s local
FieldManager system. This step would ensure that the MDOT TSC personnel could utilize
the data from FieldManager in future database applications.

The procedure to obtain estimated average daily production rates desctibed here
allows for much flexibility in its implementation. The procedure proposed telies upon the
responsible MDOT personnel’s judgment to select the apptoptiate contracts for inclusion in
the database, and to focus attention upon the correct controlling wotk items. The procedure
also assumes that the information contained in the IDRs is cottect, as the production rates
estimated with this system are derived ditectly from the IDR postings. Because of this
dependence, MDOT should perform a study to determine the accuracy of the field data
recorded in the IDRs. MDOT may also wish to provide additional training and auditing for
the field inspectots’ record keeping. The current procedure will also require careful attention

of the user when applying estimated production rates to determining contract durations.

0. MDOT should determine how they wish to implement the procedute developed in
this research project.

Some factors to consider atre who is responsible for cteating and maintaining the
database and at which level in MDOT the database is implemented: statewide, at the region
level, at the TSC level, or at some other level. Otganizing the database at the region ot TSC
level is recommended to take advantage of the local knowledge the decentralized structure of

the regions and TSCs allows.

7. To have more data available from which to generate and examine production rates,
MDOT should réquire usage of the hours reporting fields in the IDRs for both equipment
and personnel records.

Of the twenty-six contracts studied, only three contracts had any equipment hours
posted in the IDRs, with only 17 of 8560 records posted‘ in the IDRs reporting any hours.
Houts for equipment postings in IDRs is contained in the field DDEHOURS in the
DDEQUIP table. Only four of the twenty-six contracts had any petsonnel hours posted in
the IDRs, with only 19 of 5269 records posted in the IDRs reporting any houts, Houts for
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wotker postings in IDRs is contained in the field DDWHOURS in the table DDWORKER.
If the hours fields wete utilized, it would facilitate examining the amount of work done on
each job on each day posted. This information would be useful to examine if a particular day
was representative of a full 8 hour day’s work, if the work was shortened due to rain or other

factors, or if mote than 8 hours of work was performed on a day.

8. A futute modification to FieldManager could provide fields to include hours worked
along with each item posting in the IDRs.

These fields are expected to greatly assist with subsequent examination of historical
ptoduction rates, and would require relatively little additional effort from MDOT field
inspectors. If data were available for hours worked for each item posting, Access would
allow for revising of the query code discussed in this project to either filter out values not
consistent with a normal 8 hour work day, or a model could be developed to factor in the
deviation from a normal 8 hour work day to compute average production rates on an 8 hour
day basis. Although not verified in this report, the addition of these time fields in the

production rate calculation is expected to produce more accurate rates.

9. Additional research should also be undertaken to study the results of this research
project with regards to the recommendations of Leslie (Leslie, 2000).

His study suggested that utilizing mean production rates from historical records
should generate accurate contract times. The results of the limited testing performed for this
tesearch project do not seem to support this conclusion. Leslie studied a number of methods
of applying time estimates to daily quantity rates to most accurately estimate production
rates. The method of calculating production rates in this research project corresponds with
Leslie’s method 1, which was his recommended method for use in the LaDOTD. The Leslie
study was discussed in more detail in Section 2.1.2. Additional research should be petformed
to determine if the alternate methods proposed in Leslie’s study could generate mote

accurate production rates with the results of this research project for MDOT’s use.

10. MDOT should also request mote reporting using the Daily Diaty function in order

to record additional information for analysis of production rates.
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The Daily Diary allows for entry of the “Hours Available”, “Houtrs Worked”,
“Controlling Operation”, “Time Charge”, and “Reason for Delay” fields to desctibe a day’s
work. These fields can offer a good method of recording the responsible engineet’s opinion
of the work done on a particular day of a contract. Comparing the “hours available” to the
“houts worked” on any given day could give added insight to the contractot’s level of effort
on the job. If a contractor had excessive time allotted by MDOT in the schedule to complete
the work, he/she may not work as many houts as was originally scheduled, which could
potentially be analyzed by checking these fields. The “time chatge” and “reason for delay”
fields allow for documentation of extenuating citcumstances that are out of the contractor’s
contto] and would preclude him/her from completing work on a given day. MS Access
could provide an easy way to link to the FieldManager data for these fields and analyze their
effect upon the contract’s schedule. The data for these fields would first have to be collected

on new projects to analyze these items.
7.3 FUTURE WORK

MDOT should petform further investigation into several possibilities that wete

discovered through this research project to improve upon its operations.

1. One option that may prove to cteate a more uset-friendly database system is to
program an interface through an Access form where the user may select the options he
wishes to use.

These options could include selecting the specific contracts on which to base the
production rate data, the specific items to estimate production rates for, and possibly to
create an automated function to develop a plot of daily production rates for specific items in
Access. Programming a mote uset-friendly link to Microsoft Excel should also be possible,
to cteate more advanced analyses and graphs. It should also be easy to change the database
to estimate production rates on a different time scale, e.g. weeks, or months. A form could
also be cteated from which to run action queties to append or delete new contracts in

imported tables from FieldManager.
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2. Another possible structute to develop with Access would be to create a client/server
type database, with all the tables of FieldManager data held on one or more servers, with the
table data linked into a server side Access database with the queties, forms, reports, etc. used
to perform analyses.

With the approptiate structure created, this could potentially allow for easier data
management of the FieldManager tables, as well as allowing multiple simultaneous users of
the system, and othet benefits, This structure is discussed in Chaptet 24 of Microsoft Access 97

Bible, Gold Edition (Prague and Irwin, 1999).

3. Once a database system is created at MDOT to estimate production rates, the data
may be used to cteate a more advanced predictive model for production rates.

Although it may involve significant additional wotk, it should be possible to utilize the
historical data from the FieldManager files to develop equations to predict future work item
production rates when supplied with the desired input factors, such as location, weathert,
scope of project, etc. Ellis (1989) attempted to model production rates utilizing a factotial
model in this mannet, as discussed in Chapter 2. The data could also be utilized to perform a
statistical analysis of the disttibution of daily production rates for each pay item, or group of

items.

4, MDOT should investigate the possible benefits that could result from making
additions to the FieldManager software.

Comparing FieldManager with other cuttent highway/heavy construction contract
administration software such as HeavyJob, produced by Heavy Construction Systems
Specialists, Inc. (HCSS) provides some insight into possible improvements with
FieldManager. Although Heavy]Job is tatgeted more for contractors than for DOTS, it allows
for much of the same functionality as FieldManager, such as tracking site weather
conditions, materials used, quantities used, and general comments on the day’s work.
HeavyJob also allows for automatic reporting of production quantities and production rates
for the current day, the current week, the previous week, the job to-date, and the budgeted
values (HCSS, 2002). Adding these reporting functions to FieldManager may help MDOT

petsonne} keep their contracts on time and on budget, as well as allowing for a better

57



understanding of actual consttuction production rates and quantities. Adding these functions

to FieldManaget should require little additional work by Info Tech.
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APPENDIX A:

CURRENT MDOT PRODUCTION RATES

Criticel Path -
Construction Time
Estimates

" 102-20

The following are average production rates for major work items, which,
when multiplied or divided by the work item quantities on a project,
determine the estimated time, in workdays, to complete the item.

Cross Culverts
Rural Highways 40 m/day
Expressways 50 m/day
Large Headwalls 5 days/unit
Slab or Box Culverts 5 days/pour
Plowed in Edge Drain {production-type project) | 45600 m/day
Open-Graded Underdrain {production-type
project) 1200 m/day
Sewers
0 m-5 m (up to 1500 mm) 40 m/day
0 m-5 m {over 15600 mm) 25 m/day
5 m-over {up to 1500 mm) 25 m/day
5 m-over {(over 1500 mm) 20 m/day
Jacked-In-Place 13 m/day
Including excavation pit and set up min. 5 days
Tunnels
Hand Mining 8 m/day
Machine Mining 20 m/day
Including excavation pit and set up min. 5 days
Manholes 3 units/day
Catch Basins 4 units/day

Water Main (up to 400 mm) 100 m/day
Flushing, Testing and Chlorination 4 days

Water Main (500 mm-10560 mm) 25 m/day
Flushing, Testing and Chlorination 5 days

Order and Deliver 600 mm HP Water Main

50 days/order

Gas Lines

100 m/day

(1998)

Figute A-1
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(1998)

Embankment (CIP)

1500 m®/day

5300 m°/day

Excavation and/or
Embankment (Freeway)

9200 m*/day

Excavation and/or
Embankment (Reconst)

1500 m®/day

750 m3/day

3800 m®/day

Embankment (Lightweight
Fill)

300 m*/day

600 m®/day

Muck (Excavated Waste and
Backfill)

1500 m®*/day

Excavation (Widening) 600 m®/day
Grading (G and DS) 750 m?/day
Subbase and Selected
Subbase (up to 7.4 m) 600 m®/day
Subbase and Selected
Subbase (7.4 m and over) 450 m*/day

Subgrade Undercut and
Backfilt

1500 m®/day

Subbase and Open-Graded
Drainage Course

450 m®/day

Concrete Pavement (7.3 m) 450 m?/day
Including Forming and Curing min. 7 days
Pavement (7.3 m) 1200
m/day/course
Concrete Ramps (4.9 m) 300 m/day
Including Forming and Curing min. 7 days
Curb {1side) 750 m/day

Concrete Shoulder-Median

1200 m?/day

Sidewalk (Patching)

65 m?/day

Sidewalk

180 m?/day

102-21
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Sheeting (Shallow) 30 m/day
General Excavation at Bridge Site 750 m*/day
Excavation for Substructure (Footings) 1 unit/day
Piles (12m) 15 piles/day
Substructure (Piers and Abutments) 5 days/unit

Order and Delivery of Beams
Plate Girders
Rolled Beams

100-120 days/order
90-120 days/order

Concrete Beams

50 days/order

Erection of Structural Steel

3 days/span

Bridge Decks
Form and Place Reinforcement (60m
Structure)
Pour Deck Slab (1 1/6 days/pour}
Cure

15 days
2 days/span
14 days

2 Course Bridge Decks .
Add 9 days for Second Course Latex
Add 12 days for Second Course Low
Slump

Sidewalks and Railings
Sidewalks and Parapets
Slip Formed Barriers

5 days/span
2 days/span

Clean Up 10 days
Pedestrian Fencing
Shop Plan Approval and Fabrication 1-2 months

Erection

1 week/bridge

Riprap Replacement
Bucket Dumped
Bucket Dumped and Hand Finished

385 m?/day
131-523 m*/day

Retaining Walls

1 panel/day
min. 10 days

(1998)

Figute A -3
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S

(1998)

Grade Temporary Runaround

750 m®/day

Ballast, Ties, and Track

50 m/day

Place Deck Plates

5 days/span

Waterproof, Shotcrete and Mastic

5 days/span

Railroad Crossing Reconstruction

10-15 workdays
(depends whether
concrete base is

involved)

Order and Deliver Steel

55 days/order

Erect Steel

1 day/span

Ties and Track

3 days/span

Structure 30 days/m
Order and Deliver Electrical and Mechanical

Equipment 90 days
Install Electrical and Mechanical Equipment 30 days
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Removing Old Pavement

60 m/day

Removing Old Pavement for Recycling (7.3 m)

450 m/day

Crushing Old Concrete for 6A or OGDC

1350 mtons/day

Removing Trees (Urban)

15 units/day

Removing Trees (Rural)

30 units/day

Removing Concrete Pavement 450 m*/day
Removing Sidewalk 250 m?/day
Removing Curb and Gutter 450 m/day

Removing Bituminous Surface

1600 m*/day

Conditioning Aggregate 900 m?/day
Bituminous Base Stabilizing 2500 m?/day
Ditching 600 m/day
Trenching for Shoulders 750 m/day
Station Grading 610 m/day

Clearing-

8000 m?/day

Restoration (Topsoil, Seeding, Fertilizer and
Mulch)

1650 m¥/day

Sodding 2100 m?/day
Seeding 40,000 m?/day
Guardrail 230 m/day
Fence (Woven Wire) 360 m/day
Fence (Chain Link) 150 m/day
Cleanup 600 m/day
Concrete Median Barrier 300 m/day
Cure min. 7 days
Reroute Traffic (Add 4 days if 1% item) 1 day/move
Concrete Glare Screen 450 m/day

(1998)
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Light Foundations 6 units/day

Order and Delivery 6-8 week/order
Remove Railing and Replace w/Barrier (1-2 decks
at a time) . 4 days/side
Longitudinal Joint Repair 1600 m/day
Crack Sealing 4800 m/day
Joint and Crack Sealing 500 m/day
Repairing Pavement Joints - Detail 7 or 8 200 m/day
Seal Coat 6400 lane m/day
Diamond Grinding/Profile Texturing Concrete 3300 m?/day
Rest Area Building ’

Order Material 3 months

Construct Building 9 months
Tower Lights

Order and Deliver Towers 100 days
Weigh-In-Motion

Order and Deliver Materials 1 month-6 wks

Order and Deliver with Installation 3 months
Raised Pavement Markers 300 ea/day
Attenuators 2 ea/day
Shoulder Corrugations, Ground or Cut 8 km-9.7 km/

side/day
Aggregate Base 2900 m?¥/day
Aggregate Shoulders 350 m®/day
Freeway Signing - 3# Post Type 50 signs/day
(1998) ‘ 102-25°

Figure A~ 6 .
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Concrete Joint Repair (High Production - Project
with > 1000 patches)
Average (1.8 m) 50 patches/day
Large { >1.8 m) 500 m?/day
Bridge Painting 90 m?/day
Pin and Hanger Replacement 3 beams/day
Order Pin and Hanger 60 days
Scarifying (Including Cleanup) 10,000 m?/day
Joint Removal (Including Cleanup) 4 m/day
Forming and Placement 3.5 m/day .
Hydro-demolishing 300 m/day
Barrier Removal 15 m/day
Placement 45 m/day
A d
Hand Chipping (Other than Deck) 0.24
m¥person/day
Casting Latex Overlay 250 m/day
Curing Overlay
Regular 4 days
High Early 1 day
Thrie Beam Retrofit 30 m/day
Beam End Repairs
Welded Repairs 0.75 days/repair
Bolted Repairs 0.50 days/repair
Bolted Stiffeners (Pair) 0.25 days/repair
Grind Beam Ends 0.25 days/repair
Welded Stiffeners (Pair) 0.25 days/repair
H-Pedestal Repairs
Welded Repair , 0.50 days/each
Replacement 1 day/each
Deck Removal 235 m¥/day
102-26 (1998) ~
Figute A -7
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(1998)

Metro-Primary (< 18,000 mtons)
Paving
Joints
Cold Milling
Aggregate Shoulders

540 mtons/day
150 m/day
3400 m?/day
900 mtons/day

Metro-Primary (> 18,000 mtons)
Paving
Joints
Cold Milling

540 mtons/day
200 m/day
7500 m?/day

Metro-interstate (> 18,000 mtons)
Paving
Joints
Aggregate Shoulders

1100 mtons/day
360 m/day
900 mtons/day

Urban-Primary (< 18,000 mtons)
Paving
Joints
Cold Milling
Rubblizing
Aggregate Shouiders

640 m/tons/day
100 m/day
1700 m?/day
1700 m?/day
450 mtons/day

Urban-Primary (> 18,000 mtons})
Paving
Joints
Cold Milling
Aggregate Shoulders

1000 mtons/day
120 m/day
1700 m?/day
500 mtons/day

Bituminous Shoulders (1 side per course)

750 m/day

Urban-Interstate (> 18,000 mtons)
Paving
Joints
Cold Milling
Rubblizing
Aggregate Shoulders

1200 mtons/day
220 m/day
1700 m?/day
5800 m?/day
640 mtons/day

Rural-Primary < 18,000 mtons)
Paving
Joints
Cold Milling
Crush and Shape
Aggregate Shoulders

640 mtons/day
120 m/day

590 mtons/day
10,000 m%/day
640 mtons/day

Rural-Primary (> 18,000 mtons)
Paving
Joints
Cold Milling
Crush and Shape

1100 mtons/day
150 m/day

800 mtons/day
10,000 m%/day

Rural-Interstate (> 18,000 mtons)
Paving
Joints

1280 mtons/day
220 m/day

102-27
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Determination
of Work Deys/
Camplstion
Date

Examples of

Schedules

Progress
Schedules
w/ incentive/
Disi .
YD) or A+B
Clauses

Furrvished
Detaded

Form 1130

102-28

Work Day/Completion Date Determination, Figure 102-2, shows the
worksheet to be used for calculating the estimated time to complete
major work items and arrive at the total work days/completion date for
completion of all work items. This worksheet should remain on file at
the project office and become part of the permanently-retained project
files for audit purposes. :

Figures 102-3 and 102-4 are examples of Progress Schedules for Work
Day Projects with normal schedules (i.e., routine, non-expedited
schedules, four day work week). Figure 102-5 is an example of a
Progress Schedule for a Calendar Date Project with a normal schedule.
Figure 102-6 is an example of a Calendar Date Project with an expedited
schedule {i.e., five day work week). |t is important to include the
standard "boilerplate” language associated with expedited scheduies
starting with the paragraph "No extensions of time will be aliowed. . ."
and ending with the paragraph "Any extra costs incurred by the
contractor. . ." when preparing the Progress Schedule.

The construction staff engineer (Construction Section, Construction and
Technology Division) assigned to your particular region should be
contacted if it has been determined that incentive/Disincentive (I/D) or
A +B Clauses are required to be placed in the Progress Schedule to
complete the project. They cen provide the engineer with the most
current language for these clauses. The use of these clauses must be
justified by user cost analysis. The Special Provision for Extension of
Time and Extra Costs for Incentive/Disincentive Projects [SP 108(B)}
must also be included in the project’s proposal on I/D and/or A +B
projects.

A requirement of the Progress Schedule (written by the engineer and
included in the project’s proposal) is that the low bidder(s) meet with
MDOT representatives to work out a detailed progress schedule. The
low bidder(s) submits their detailed progress schedule on Progress
Schedule, Form 1130. This Progress Schedule is presently a requirement
for contract award and is most often submitted by the contractor for
approval at the preconstruction meeting. The authorized engineer
reviews and approves this Progress Schedule. The original is sent to the
Construction Section of the Construction and Technology Division,
attention Construction Management Unit, After the Progress Schedule is
reviewed and approved by the authorized Construction Section engineer,
it is given to the Bureau of Finance and Administration for inclusion in
the contract. Timely handling and submission of this Progress Schedule
at all steps is essential for prompt award of the contract.

The Progress Schedule will include, as a minimum, the starting and

completion dates for major items of work and the final project
completion date specified in the bidding proposal. If an open to traffic

(1998)

Figute A~ 9




APPENDIX B: STATE DOT PRODUCTION RATE AND TIME
DETERMINATION INFORMATION

Contract Time Determination Information for Iowa,..........ceeveveeeserereeneecscssssssesnsene: B-2

Conttact Time Determination Information for Wisconsin,..........eeeeureeecensseenesneenenns: B 37
Contract Time Determination Information for Illinois, .........ceceereeerreerecssasessnssseenesenn, B-44
Contract Time Determination Information for Indiana,..........coeeeeevveeeecievencssenreenena: B 50
Contract Time Determination Information for Florida B-061
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State of Wisconsin
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S Z .
= g Department of Transportation

KIS Facilities Development Manual
ORIGINATOR PROCEDURE
Director, Bureau of Highway-Construction 19-10-30

CHAPTER 19 | Plans, Spec'rﬁcations, and Estimates

SECTION 10 |P.S. & E. Transmittal and Composition

SUBJECT 30 | Contract Time for Completion -

General 4

A completed Contract Time for Completion (Form E-D-510) is required for all contracts
let to bid. An example is included as Figure 1 of this procedure. Due to the operational
nature of Agreed Unit Price Contracts, Service and Supply Contracts they do not need a
contract time analysis as part of the P.S. & E.

Contract Time

The contract should be analyzed in sufficient detail to determine a reasonable contract
time. '

Contract time can be set up on the basis of working days, calendar days, or by
specifying a completion date. In any case, a minimum of four weeks is estimated between
the letting date and contract execution.

Calendar day. Every day shown on the calendar, Sundays and holidays included.
This is one of the preferred methods of establishing contract time when an Interim
Liquidated Damages provision is included in the contract.

Contract time expressed in calendar days is armived at by estimating the number of
work days needed to prosecute the contract work. To this are added Saturdays, Sundays,
Holidays, and the'influence of anticipated weather conditions as expressed in terms of
probable working days. (See Figure 2 to determine probable working days.)

Contract time shall be rounded to the nearest five days. Contract time suspensions
ordered by the engineer and/or the days required for certain excluded work operations are
not included within this total. : .

Working day. A calendar day except Saturdays, Sundays and specified legal holidays,
on which weather and conditions not under the control of the contractor will permit
construction operations to proceed for at least eight hours of the day with the normal
working force engaged in performing the controlling item of work which would be in
progress at this time. The controlling item is that item which must be partially or wholly
completed to permit progress essential to complete the contract within the number of
working days allowed. See Standard Specification 108.12 for construction details related

to working day contracts.
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Facilities Development Manual Procedure 49-10-30

Working days is the preferred method of establishing contract time for a normal
construction project. Working day contracts equitably provide for those projects where
relatively minor weather changes greatly influence work progress, or where there are
frequent delays occasioned by other contracts, material delivery, or operations beyond the
contractor's effective control.

Contract time shall be rounded to the nearest five days.

. Completion date. The calendar:date shown in the proposal on or before which the
work contemplated in the contract shall be completed. No time extension allowances are
made for normal delays or lack of progress.

A completion date is preferred when an Incentive/Disincentive provision is used in the
contract,
A completion date contract should be considered in any of the following situations:

1. When stage construction contracts must closely follow one another to meet a desired
open-to-traffic date.

2. When the timing of a special event is the critical factor in determining the desired
completion date.

3. When the contract work is expected to extend over multiple construction seasons.

4. When the Interim Liquidated Damages provision is included in the contract.

Designers should avoid requiring unjustifiably high rates of operation progress through
improper selection of an early completion date. The normal procedure is to select the
completion date from a working day type time analysis, taking into consideration the
desired reasons for specifying the use of a completion date.

Factors Influencing Contract Time .

Holidays shall be New Years Day, Martin Luther King Jr. Day, Memorial Day,
Independence Day, Labor Day, Thanksgiving Day, Christmas Eve Day, Christmas Day
and New Year's Eve Day.

Probable working days in a month are the possible weekdays available for work
multiplied by a percentage factor based on past experience for the major construction
operation being performed. A percentage factor chart is included as Figure 2 of this
procedure. It may be used directly or with minor modification to refiect regional weather
conditions. The possible working days in a month are the total number of calendar days
minus any Saturdays, Sundays and holidays that occur during that month.

Production Rates. The production rates should be tailored to meet the conditions of
each individual contract. Consideration should be given to the size of work areas, time of
year constructed, congestion due to traffic, etc. See Figure 3 for estimated average
production rates. . ,

Utility and railroad adjustments are usually planned to be made prior to construction
operations to avoid interfering with the contractor's construction schedule. Occasionally,
utility or railroad facility adjustments must be performed during construction operations. If
there is good reason to believe that these adjustments may delay the contractor, time
should be added to the contract time for completion. The district utility or railroad
coordinator should be consulted as necessary.
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Facilities Development Manual Procedure 19-10-30

Temporary structures. When a temporary structure is required to keep the highway
open to traffic, a sufficient amount of ime should be included in the contract time for the
construction of the temporary structure. This time should be shown on the contract time

chart.

Exclusion From Contract Time Charge

Operations excluded from the contract time charges are those occurring prior to and

following the major operations of the contract, as detailed in Procedure 11.3.1.3 of the

Construction and Materials Manual. A brief listing of these is as follows:

1. Construction Staking, Initial Layout before grading work begins.

2. Move-in of equipment by the contractor.

3. Clearing, grubbing, stripping and subsequent final clean-up of aggregate pits or
quarries, borrow or subbase pits.

4. Delivery, installation and removal of temporary traffic control devices.

5. Exploratory digging of test holes.

6. Construction, maintenance and subsequent obliteration of access roads to pits or
quarries.

7. Setting up and dismantling of crushing, asphaltic or concrete batching or mixing plants.

Prelirhinary,blasting or crushing for test samples.

9. Watering sod, when performed after completion of all sod replacement and all other
construction work is completed. The 10-day watering requirement remains in effect,
however. |

10, The production of aggregate stockpiles when no other work is in progress nor has
been ordered to star.

11.Repairs to equipment performed at the work site prior to the start of work during official
suspension or after contract work is completed.

12.Curing and protection of concrete after all other construction work is suspended or
completed. %
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Facilities Development Manual

PERCENTAGE FACTORS FOR PROBABLE WORKING DAYS

Procedure 19-10-30

Probable Working Days

Possible Working Days

%

PC.C. Asphaltic
MONTH Grading Bridge | Base Course | Pavement | Concrete Painting
% %o % % Pavement %
%
January 58 61
February 43 65
March 58 65
April 58- 77 58
May 80 80 80 80 68 64
June 80 80 80 80 81 69
July 85 85 85 85 85 69
August 85 85 85 85 85 77
| September 76 80 72 72 70 60
October 77 73 73 72 27
November 70 - 70 74 43
December 58 58 58
Nate - Santember 15. 1995 FIGDRE 2 1 0f 1



Facilities Development Manual Procedure 19-10-30

. Estimated Production Rates for Computing Contract Time

Unit Est. Ave. Range
Item Units/8 Hour Work Day
English i I : ﬁr‘;ﬁg% (1
Removing Pavement S.Y. w:&i l 1
Shattering Pavement S.Y. e
Unclassified and Common | CY.
Excavation-Urban
Unclassified and Common CY.
Excavation-Rural
Marsh Excavation CY.
Rock Excavation " CY.
Borrow Excavation (Scraper) CY.
Borrow Excavation (Truck) CY

Crushed Aggregate Base Course Ton
(Rural Roadway)

Crushed Aggregate Base Course Ton
(Urban Roadway)

Crushed Aggregate Base Course Ton
(Shoulders) : ‘

Asphaltic Concrete Pavement Ton

(Rural)

Asphaltic Concrete Pavement Ton

(Urban/Misc.) 2

Concrete Pavement ‘(Rural) SY.

Concrete Pavement (Urban) S.Y. "

Salvaged Asphaltic Pavement . Ton .

(Milling) !
Salvaged Asphaltic Pavernent Ton i b
(Full Depth) ey

Concrete Masonry, Bridges ' CY. K

(Substructure) L

Concrete Masonry, Bridges CY. 10-20 "?, -
(Superstructure) Ll g

P

9, ]
[
Pk
wr
5

Concrete Masonry, Culverts

20




Facilities Development Manual Procedure 19-10-30

A

Estimated Production Rates for Computing Contract Time

Unit «  Est. Ave. Range
Item Units/8 Hour Work Day
Structural Steel Beams Each 6-12 ;%%%ifﬁé&{%
Timber Piling LE 200 - 800 a0
Steel Piling LF 200 - 800
Prestressed Girders Each 6-12
Concrete Curb and Gutter L.F 500 - 2,000
Concrete Sidewalk S.E 800 - 3,000
Storm Sewer LEF- 100 - 400
Inlets and Manholes - Each 3-10
Steel Plate Beam Guard LE 300 - 800
Woven Wire Fence L.E 500 - 2,000
Chain Link Fence L.F 300 - 1,5000
Seeding and Finishing S.Y. 5,000 - 20,000

MNeta Poclocmmbes 4B 900E mr']'%rj'zz: "



Illinois CONTRACT PROCESSING __November 1999

MINIMUM TIME IN
SUBMITTAL ADVANCE OF LETTING
List of Projects Recommend for Letting (by district) 12 Weeks
Plans to Bureau of Design and Environment (by district) 11 Weeks

DISTRICT PLANNING SCHEDULE
- Figure 66-2A

66-2.03 Construction Time Estimates

The contract duration is a very important part of the design data which accompanies plan submittals. It is
essential that care be exercised in the determination of the working days or completion date. It must be
remembered that a severe time requirement imposed upon a contractor will very probably be reflected in the
bid prices, and the Department will pay a premium for that particular job when it may not be absolutely
necessary. Also, with a provision for liquidated damages, it is extremely important that the designer arrive
at a reasonable time limit to alleviate differences between the contractor and the Department.

To determine a feasible time limit, the designer must devote special attention to the sequence of
construction operations to determine the order in which the work will progress. Also, sound engineering
judgment is necessary to determine which construction operations will overlap to ascertain the days not
affecting the total working days. The magnitude of the job is significant; i.e., the contractor for a small
resurfacing job will use a much smaller work force than a contractor engaged in a large freeway project.
Therefore, it is not probable that the contractor for the small job will be engaged in numerous operations at
one time. Another consideration for the designer is the delivery of materials to the job site; e.g., in the case
of a grade separation structure, it may be necessary to allow slack time between the completion of the
substructure and initiating work on the superstructure due to the time required for fabrication and delivery
of the structural steel. Although such determinations cannot always be made with absolute certainty,
nevertheless, an estimate must be made to determine a reasonable time limit. If the contract will be placed
on a completion date basis, the designer must devote special attention to construction operations that are

limited by the Standard Specifications.

To determine the contract duration, the number of working days must be estimated. The “Estimate of Time
Required,” Form BD 220, is used to determine working days and should accompany the plan submittal.
Copies of the form may be obtained from BDE. The number of days required for each item is obtained by
dividing each quantity by its respective production rate. Figure 66-2B provides the production rates for

66-2(3)
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N

major items. The production rates shown in Figure 66-2B apply to an average eight-hour work day.
Construction production rates in Figure 66-2B should be reviewed periodically and revisions made for any
advancements in equipment output or construction techniques. Use the low rates on small projects and the
higher rates on larger projects. For expedited contracts, it will be necessary to adjust the rates for longer
working days. For items not contained in Figure 66-2B, the district may supplement rates from their own
design or construction files. The production rates of a single improvement are not conclusive in establishing
such rates. Extremely high rates are often reached on a particular project or on any given day in the normal
highway improvement but using such rates for the entire project would materially affect the accuracy of the

time estimate.,

The designer determines the “total days required” and “days not affecting time limit” on Form BD 220.
These can be ascertained more readily by using a bar diagram, particularly when it is anticipated that many
operations will be performed simultaneously or intermittently therefore making them difficult to schedule.
In assigning work days, the minimum number used is 15 days and the total number of days assigned are in
multiples of five. The number of working days required must also be calculated for contracts which will be
completion date contracts. This will ensure that the completion date is realistic and allow the estimator to
make allowances in the unit costs for anticipated overtime and extra crews the ‘contractor may need to meet
the completion date. Completion date contracts must be approved by the Bureau of Design and

Environment.

Where the major contract items require a tight completion date and it is not necessary for the minor items
(e.g., seeding, clean-up) to be included in that date, the designer may use a completion date plus working
days. The number of working days allowed after the completion date should be kept to'a minimum and only
allow minor work to be completed. The designer must clearly state in .the Project Specific Special
Provisions which items must be completed by the completion date and which items are involved in the
working days. Completion date contracts with working days must be approved by the Bureau of Design

and Environment.

66-2(4)
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MAJOR SuUB
WORKTYPE | WORKTYPE DESCRIPTION METRIC UNIT LOW | HIGH
Bridge Bridge Bearing Assembly each 5 10
Bridge Bridge Bridge Deck Concrete Overlay square meter 175 425
Bridge Bridge Bridge Deck Grooving square meter 425 675
Bridge Bridge Bridge Deck Scarification (Cold Milling) square meter 300 850
Bridge Bridge Bridge Deck Scarification (Hydroblasting) square meter 150 425
Bridge Bridge Concrete Structures cubic meter 5 20
Bridge Bridge Concrete Superstructure cubic meter 5 25
Bridge Bridge Clean & Paint Steel Bridge - SP 10 square meter 100 200
Bridge Bridge Clean & Paint Steel Bridge - SP 6 sguare meter 75 150
Bridge Bridge Clean & Paint Steel Bridge - SP 3 square meter 25 50
Bridge Bridge Cofferdam (Doesn'’t apply for major river bridges) each 0.20 0.50
Bridge Bridge Concrete Removal cubic meter 4 16
Bridge Bridge Deck Slab Repair (Full Depth) square meter 8 20
Bridge Bridge Deck Slab Repair (Partial Depth) square meter 20 40
Bridge Bridge Driving Piles meter 75 150
Bridge Bridge Cofferdam Excavation cubic meter 60 115
Bridge Bridge Formed Concrete Repair square meter 5 10
Bridge Bridge Jacking & Cribbing (per beam) each 5 10
Bridge Bridge Precast Concrete Beam Erection meter 50 100
Bridge Bridge Precast Concrete Beams (Fabricate & Furnish) calendar day 30 120
Bridge Bridge Precast Concrete Bridge Deck square meter 50 75
Bridge Bridge Precast Deck Beams square meter 90 275
Bridge Bridge Protective Shield square meter 125 200
Bridge Bridge Reinforcement Bars (Substructure) kilograms 1800 2700
Bridge Bridge Reinforcement Bars (Superstructure) kilograms 4500 | 7000
Bridge Bridge Removal of Existing Concrete Deck square meter 125 250
Bridge Bridge Removal of Existing Substructure cubic meter 15 30
Bridge Bridge Removal of Existing Superstructure square meter 80 200
Bridge Bridge Slope Wall square meter 20 65
Bridge Bridge Structural Steel Erection meter 45 75
Bridge Bridge Structural Steel (Fabricate & Fumish) calendar day 60 270
Bridge Bridge Stud Shear Connectors ) each 1000 | 2500
Bridge Bridge Temporary Sheet Piling square meter 25 90
Bridge Bridge Test Pile each 0.5 1
Bridge Bridge Waterproofing Membrane System square meter 80 210
Electrical Electrical Conduit in Trench meter 20 100
Electrical Electrical Conduit (Pushed) meter 10 25
Electrical Electrical Controller each 0.5 1
Electrical Electrical Detector Loop meter 45 90
Electrical Electrical Electric Cable meter 450 900
Electrical Electrical Electrical Conductors in Conduit meter 225 450
Electrical Electrical Foundations — Controller, Signal meter 0.5 1.5
Electrical Electrical Foundations — Light Poles meter 3 6
Electrical Electrical Foundations — Light Towers meter 6 8
Electrical Electrical Handholes each 2 4
Electrical Electrical Junction Box each 2 5
Electrical Electrical Light Pole each 4 6
Electrical Electrical Light Tower each 1 2
Electrical Electrical Luminaire each 5 10
Electrical Electrical Mast Arm Assembly & Pole each 2 4
Electrical Electrical Raceway for Magnetic Detectors meter 30 60
Electrical Electrical Relocate Existing Traffic Signal Posts each 2 4
Electrical Electrical Service Installation each 0.5 1

CONSTRUCTION DAILY PRODUCTION RATES
Figure 66-2B
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MAJOR suB ‘
WORKTYPE | WORKTYPE DESCRIPTION METRIC UNIT Ltow HIGH
Electrical Electrical Signal Head each 5 10
Electrical Electrical Signal Post (wood or metal) each 4 8
Electrical Electrical Trench & Backiill meter 25 105
Electrical Electrical Unit Duct meter 165 210
Electrical Electrical Unit Duct/without Cable meter 45 105
Landscape Landscape Evergreens each 20 40
Landscape Landscape Excelsior Blanket square meter 825 3350
Landscape Landscape Intermediate Trees each 20 40
Landscape Landscape Seeding hectare 2 4
Landscape Landscape Seedling Trees each 2000 3000
Landscape Landscape Shade Trees each 20 40
Landscape Landscape Shrubs each 200 400
Landscape Landscape Sodding square meter 825 1250
Landscape Landscape Straw Muich ton 9 18
Landscape Landscape Vines each 1000 2000
Landscape Landscape Weed Control Spraying hectare 20 40
Roadway Aggregate Granular Backfill cubic meter 230" 460
Roadway Aggregate Granular Embankment Special ton 725 1360
Roadway Aggregate Gravel or Crushed Stone Base Course ton 635 1100
Roadway Aggregate Gravel or Crushed Stone Shoulders ton 450 1100
Roadway Aggregate Gravel or Crushed Stone Surface Course ton 635 1100
Roadway Aggregate Porous Granular Embankment cubic meter 305 765
Roadway Aggregate Subbase Granular Materials ton 635 1800
Roadway Drainage Adjust Frames & Grates each 5 10
Roadway Drainage Catch Basins each 2 5
Roadway Drainage Concrete Box Culverts cubic meter 6 12
Roadway Drainage Concrete Headwalls cubic meter 2 6
Roadway Drainage Concrete Gutter meter 120 425
Roadway Drainage Curb & Gutter meter 90 365
Roadway Drainage End Sections (Pipe Culvert & Storm Sewer) each 5 10
Roadway Drainage Inlets each 2 5
Roadway Drainage Manholes each 2- 4
Roadway Drainage Paved Ditch meter 60 120
Roadway Drainage Pipe Culverts (Depending on size and depth) meter 30 90
Roadway Drainage Pipe Underdrains ) meter 450 2250
Roadway Drainage Precast Box Culverts meter 20° 75
Roadway Drainage Reinforcement Bars (Culverts) kilogram 1350 2275
Roadway Drainage Riprap square meter 80. 170
Roadway Drainage Storm Sewers (Dependent on size and depth) meter 20 80
Roadway Drainage Trench Backfill cubic meter 75 150
Roadway Drainage Exploration Trench meter 75 300
Roadway Excavation Embankment cubic meter 375 7650
Roadway Excavation Borrow Excavation cubic meter 750 7650
Roadway Excavation Channel Excavation cubic meter 150 375
Roadway Excavation Earth Excavation (Shoulders & Widening) cubic meter 375 750
Roadway Excavation Earth Excavation cubic meter 575 7650
Roadway Excavation Rock Excavation (Ripping or Blasting) cubic meter 375 1500
Roadway Excavation Excavation (Special) cubic meter 375 750
Roadway Excavation Excavation (Topsoil) cubic meter 375 750
Roadway Excavation Process Lime Modified Soil square meter 1675 5400
Roadway Excavation Process Lime Stabilized Soil square meter 1675 5400
Roadway Excavation Topsoil Placement square meter 4000 | 21 000
CONSTRUCTION DAILY PRODUCTION RATES
Figure 66-2B
(Continued)
66-2(6)
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MAJOR suB

WORKTYPE | WORKTYPE DESCRIPTION METRIC UNIT | LOW HIGH
Roadway Miscellaneous | Chain Link Fence meter 90 150
Roadway Miscellaneous | Concrete Barrier meter 60 120
Roadway Miscellaneous | Delineators each 75 150
Roadway Miscellaneous | Fumishing and Erecting Row Markers each 10 30
Roadway Miscellaneous | Noise Abatement Wall square meter 75 100
Roadway Miscellaneous | Steel Plate Beam Guardrail meter 90 180
Roadway Miscellaneous | Steel Plate Beam Guardrail Removal meter 150 250
Roadway Miscellaneous | Temporary Concrete Barrier Wall meter 150 450
Roadway Miscellaneous | Woven Wire Fence meter 150 300
Roadway Patching Class A square meter 40 80
Roadway Patching Class B square meter 40 80
Roadway Patching ClassC &D square meter 80 125
Roadway Paving Bituminous Concrete Base Course Widening square meter 400 1675
Roadway Paving Bituminous Concrete Binder & Surface Course—Class | ton 450 1450
Roadway Paving Bituminous Materials liter 13600 | 37 850
Roadway Paving Bituminous Pavement Removal & Replacement square meter 40 80
Roadway Paving Bituminous Shoulders square meter 1250 3750
Roadway Paving Bridge Approach Pavement square meter 40 80
Roadway Paving Continuously Reinforced Concrete Pavement square meter 1675 5850
Roadway Paving Bituminous Concrete Pavement (Full depth) square meter 825 2925
Roadway Paving Level Binder . ton 45 1450
Roadway Paving Median Surface (Concrete) square meter 70 185
Roadway Paving Pavement Fabric square meter 1000 5000
Roadway Paving Pavement Reinforcement square meter 1250 4200
Roadway Paving PC Concrete Base Course square meter 1250 5000
Roadway Paving PC Concrete Base Course Widening square meter 625 2000
Roadway Paving PC Concrete Driveways square meter 80 125
Roadway Paving PC Concrete Pavement square meter 1250 5000
Roadway Paving PC Concrete Pavement (Hinge Joint) square meter 1250 5000
Roadway Paving PC Concrete Sidewalks square meter 30 140
Roadway Paving PCC Shoulders square meter 1000 5000
Roadway Paving Protective Coat square meter 2500 5850
Roadway Paving Stabilized Subbase 100 mm square meter 2500 8400
Roadway Paving . Strip Reflective Crack Control meter. 3000 6000
Roadway Pvt Mk Paint Pavement Marking (Hand) meter 150 300
Roadway Pvt Mk Paint Pavement Marking (Truck) meter 3000 6000
Roadway Pvt Mk Raised Reflective Pavement Markers each 100 200
Roadway Pvt Mk Thermoplastic Pavement Marking Symbol square meter 40 80
Roadway Pvt Mk Thermoplastic Pavement Marking (Hand) meter 150 300
Roadway Pvt Mk Thermoplastic Pavement Marking (Truck) meter 3000 6000
Roadway Removal Bituminous Surface Removal square meter 1675 8400
Roadway Removal Curb & Gutter Removal meter 180 425
Roadway Removal Pavement Grinding square meter 835 1675
Roadway Removal Pavement Removal square meter 835 1675
Roadway Removal Sidewalk Removal square meter 140 230
Roadway Removal Tree Removal hectare 0.8 1.6
Roadway Removal Tree Removal (6 to 15 Units Diameter) units 150 400
Roadway Removal Tree Removal (Over 15 Units Diameter) units 100 300
Signing Signing Metal Post meter 75 120
Signing Signing Overhead Sign Foundation cubic meter 4 12
Signing Signing Overhead Sign Structure meter 8 15
Signing Signing Sign Panel . square meter 45 185
Signing Signing Structural Steel Sign Support Non-Breakaway kilogram 450 6800
CONSTRUCTION DAILY PRODUCTION RATES
Figure 66-2B
(Continued)
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66-2.04 Incentive/Disincentive Policy

The term Incentive/Disincentive describes a contract provision which compensates the contractor a
prescribed amount of money for each day identified that critical work is completed ahead of schedule and
assesses a deduction for each day the contractor overruns the schedule. The Incentive/Disincentive clause is
used to motivate contractors to complete critical projects by an expedited work schedule on or before a
specified date. The use of Incentive/Disincentive provisions should be restricted to those critical projects
where it is highly desirable for traffic inconvenience and delays to be minimized. Before an Incentive/
Disincentive clause is included in a contract, prior approval must be obtained from the Bureau of Design
and Environment. Unique cases not covered in Section 66-2.04(a) may be submitted for review and
approval to the Bureau of Design and Environment.

66-2.04(a) Guidelines for Project Selection

Incentive/Disincentive clauses are intended for those projects where early completion would greatly benefit
both the road user and the Department and where ramifications of not meeting the completion date are
extreme. Use of Incentive/Disincentive clauses should be limited to projects which involve one or more of

the following characteristics:

1. Adverse Effects. High-volume roads, high-volume truck traffic, and/or structures which involve
high road user cost increases, extended inconveniences, and hazards to the motoring public, or
severe disruption on adjacent business communities. Lower volume roads and river structures

which involve long adverse travel and area economic impact also may be considered.

2. Timing. Projects which have a direct bearing on the start and/or interruption of progress on major
freeways, arterials, or structures may be considered for Incentive/Disincentive (e.g., utility
relocations). However, where late completion, not early completion, is the primary concern, the
designer should consider adding a clause providing for higher liquidated damages based on other
Department costs per the Code of Federal Regulations — Title 23 rather than using Incentive/

Disincentive clauses. A beam fabrication project is an example where late completion may be the

primary concern.
3. Urban River Crossings. River structures in or adjacent to central business districts.
4, Night Time Construction. Night time construction (rehabilitation and/or resurfacing) on major

urban freeways.

66-2(8)
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A, D. 114
. INDIANA DEPARTMENT OF TRANSPORTATION
INDIANAPOLIS, INDIANA 462042248
INTER-DEPARTMENT COMMUNICATION
December 10, 1997 _ -
Memorandum 97-27
MEMORANDUM
TO: District Directors
District Construction Engineers
District Development Engineers
District Traffic Engineers _
District Operations Engine rw'
Area Engineers
FROM: Timothy D. Be Chief
B Operations Support Division
RE: Guidelines for Setting Contract Time

Attached herewith are revised charts and specific examples of bridge work to be used as a guide
for setting contract time. Setting contract time is not an exact science. Many things must be
taken into account when time is set for contract completion.

Outlined below are several steps to be considered when determining time on a contract:

1. A general review of the plans and contract provisions is made to determine type of
construction, length of job, number of bridges, traffic features, urban or rural site, magnitude,
and any special features of the project. :

2. If possible the person setting contract time should visit the site to get a feel for the extent that
utilities or other features might impact construction.

3. Determine if a commitment has been made by others to complete the contract, unrestrict
lanes, open a road etc., by a certain time,

4. How are schools, businesses, local festivals, farmers, Tush hour traffic, other contracts in the
area, etc., affected by the contract? ‘

5. Review plans to determine controlling operations.

B-50
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10.

11,

12.

13.

14.

. Decide if contract can be completed in one or tWo construction seasons.

Determine how letting date may affect the controlling operations, starting times, completion
times, etc.

Determine how adjacent contracts, existing or future, any affect detours, restrictions, access
on this contract. '

Using the Itemized Proposal, determine when each item can be done. Certain items control
other items while some items can be done simultaneously. Use the controlling items to set
the time. Normally the time is set in work days and if a completion date is desired, attached
charts will convert work days to calendar days depending on letting dates.

Determine in any intermediate times need to be addressed in the contract so that certain
roads, bridges, entrances, ramps, etc., are put back into normal use by certain times.

Some contracts have items involving specific materials that takes considerable time to obtain.
Delivery time for mast arm poles, strain poles, and hi mast poles is about 10 to 12 weeks.
Material delivery times should be considered when setting contract time. Delivery time for
structural steel is a minimum of three months unless singular members arc being used.
Singular members delivery time is three weeks. Delivery time for concrete structural
members is about six weeks. '

Because of the construction staffing, certain holidays, or other influencing factors, some
contracts can require delayed starting times specified in the contract provisions, Delayed

starting times are normally used on resurface or maintenance type contracts but they might be

considered for other types of contracts.

Permit restrictions can have a major effect on construction schedules. They often control
time on bridge contracts. Therefore they should be addressed when time is set for a contract.

Once contract time is established an incentive/disincentive clause might be considered.
These types of clauses are normally only used on special contracts that involve high traffic
volumes. User costs are used to establish time costs and one way to quickly determine a
reasonable time cost is to use the following formula:

Cost to restrict one lane of traffic during
peak lane closure period = AADT, (1+2x %Trucks)
) Number of Lanes

The non-peak lane closure period = 1/3 of peak lane closure period

This formula could also be used as a basis for specifying higher liquidated damages for
restriction or closed times/dates.
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15. Adjusting the time to fit contract circumstances should always be considered.
16. Last keep your work sheets in a file for future reference.

As stated earlier, setting time is not an exact science. The above information end attached shests
are to serve as a guide only when setting contract time. It should always be kept in mind that
because of the tremendous impact construction contracts have on traffic, particularly on high
volume roads, the focus of our customer’s ( the traveling public) satisfaction or dissatisfaction is
ever increasing.

A + B contract bidding might be considered for some high profile/traffic jobs such as major
interstate reconstruction. B times and B time costs are to be coordinated through Operations
Support Division.

Further, if a contract does not sell or many revisions are added, the contract time should be
reconsidered to see how the letting date or revision might affect the work.

TDB:pl
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Jax ] FEG. { DISTRIBUTION OF WORKING DAYS

Ty AR, W BY MONTHS, THRU _100 W.D. YEAR

AL AR \ CUMULATIVE TOTALS PER MONTH.

Apn 4 A b 4 | WY ' : . '
MAY | 17 17 17 17 13 | Jux, MEDIUM & HEAVY GRADING f
JuN 32 32 32 32 28 15 JUL. .

JuL 48 68 - L8 LB L4 31 16 AUG.

KUG | 65 65 65 65 61 48 33 17 SEPT.

Sep | 80 80 80 80 76 63 48 32 15 | ocr.

Oui'| o5 95 95 as 9] 28 63 47 30 15 | Nov.

wovt 100 100 1nn 100 96 83 68 52 35 20 5 e
De.C

JAY

AR |

APR 1 104 104 104 104 100 87 72 56 a9 24 9 ¢
WAY | 117 117 117 117 113 100 85 69 52 37 22 1
Jus a0 132" | 132 132 128 | 115 100 B4 67 52 37
JUL | 148 148 1648 148 144 131 116 100 83 68 53 4y
ALG | 165 165 |_ 165 165 | 161 | 148 | 133 | 117 100 BS 70 £
sepr | 180 180 | 180 180 | 176 163 168 132 115 100 85 |
oeT | 195 195 195 195 191 178 163 147 130 115 100 | o
nGv | 200 200 200 200 196 183 168 152 135 120 105 | i
e

Jax

Fei

MAR

ok | 2064 | 206 | 206 | 206 | 200 | 187 | 172 {156 | 139 | 336 Jy0e | u
MAY | 217 217 | 217 217 213 200 185 169 152 137 122 | 1y
JUN | 232 232 | 232 232 | 228 | 215 | 200 | 184 167 | 152 | 137 | 1
17, | 248 248 | 248 268 | 244 231 216 200 183 168 153 | Lo
AUS | 265 265 265 265 261 248 233 217 200 185 170 | &
Siv | 280 280 | 280 280 | 276 | 263 | 268 | 232 215 | 200 | 185 | 1%
oCt | 295 295 | 295 295 291 278 | 263 2417 230 | 215 200 |1
MOV | 300 200 | 300 300 | 296 283 | 268 252 235 220 205 20
pEC B
Jax T |
FES L
Tuan —
A¥R | 304 304 | 304 304 | 300 | 287 | 272 | 256 239 | 224 | 200 | 3¢
Teay (337 ) 317 | 317 317 | 313 300 | 285 269 252 237 222 | 2%
JUN | 332 332 | 332 332 | 328 315 | 300 284 267 | 252 237 3.
JuL | 348 348 | 348 34E a6 | 921 316 [ 200 283 268 233 | 2t

FREE 365 | 365 165 | 361 | 345 1 332 1317 300 | 285 | 270 | 2
Wi | 380 380 | 2380 380 | 3y 1 ome | 348 332 315 300 285 2.
out | 395 395 | 395 395 | 301 | US| 363 | 347 330 | 315 | 300 he
G | ea0 | aon_| 600 | aoe | ase | | s |asa | aap | az0 |ans [ o
e B, B !-%6 — — |
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LR CEER “ DISTRIDUTION OF WORKING DAYS
it VAR, \/ BY MOXTHS, TURU 110 W.D. YEAR
| TR, CWMULATIVE TOTALS PER MCNTH.
4 4 4 PR DS |
CMAY [ 17 17 17 17 13 |_JuN. LIGUT GRADING & URBAN
JaE) as 34 34 34 30 17 Jul.. ‘
Jm. | 52 52 52 52 4B 35 18 | AUC.
ALG |70 70 70 70 66 53 36 18 | SEPT.
“ero | eS RS | 88 | 88 84 71 | sk 16 18| ocrt.,
OCT | 105 105 105 | 105 101 88 71 53 35 17 | ROV,
NOV | 110 10 | 110 |10 106 93 16 58 40 22 5
peEd
Jal
¥R
MAR :
AR 110 106 | 116 | 114 110 97 80 62 | 44 26 9 B
VI HAY | 127 127 127 | 127 123 110 93 75 57 39 | 22 1
Flsve | a4 14 - | 164 | 144 140 | 127 | 110 | 92 74 56 _| 39 3
PTIohT167 | 162 | 162 162 | 158 | 15 | 128 | 110 | 92 7% | 57 9
3 ALG | 160 180 | 180 | 180 176 | 163 | 146 126 | 110 92 | 75 7
}|skp | 198 198 | 198 | 198 194 161 | 164 146 | 128 110 | 93 ! 8
) {oct | 215 215 215 | 215 211 198 | 181 163 | 145 127 | 119 | e
3 |tav | a0 220 220 1 220 216 | 203 156 168 150 132 115 0ot
DT
LJ.\.‘: ‘
y | Fen
) [1AR
y |apr | 224 224 | 226 | 224 220 207 | 190 172 | 154 136_ | 119
3 |bAY | 237 237 | 237 | 237 233 220 | 203 185 | 167 149 | 132
7 || 25 254 | 254 | 254 250 | 237 | 220 202 | 184 166 | 149
5] oun | 272 272 | 272|272 268 255 | 238 220 | 202 164 | 167
5 |AUG | 290 290 290 290 286 273 256 238 220 202 | 185
B |SEL | 308 308 308 {308 o4 | 291 274 256 238 220 | 205
7.]0uT 1325 325 | 325 1395 321 308__ [ 291 273|255 237 | 220
5 [NOv | 330 330|330 |33c 326 313|296 | 278 | 268 |. 283 |228
o |DEC
D ].JAN
o [FEE | |
0 IMAR . —
g |NER 1334 1334 336 13 320 I w7 laoo | 282 1 264 246|229
3 MAY | 347 347 347 347 343 43Q 313 295 277 | 259 242
7 1o | 364 |36k | 364|364 360 | 347 | 330 N2 | 294 | 276 | 259
8 _|ILL 1352 382 | s82. 1382 378 | a6a [ 248 330 1312 V294|277
6_.\3__. 4i)0 400 400 £00 ANG oo 66 o3 1130 719 ‘_;5;
SEit 1518 418 1 4H18 518 RS RALS 264 b6 348 330 13
7 Jocr (435 [a3s |43 Jads | em Lays |eor | 363 [ 36s 347 | 330
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JAU, ' BRIDGE
B Jiii, o0 ‘| FEB. DISTRIBUTION OF WORKING DAYS
“1FEE] o 0 | rak. DY MOMYHS, THRU 135 W.D. YEAR
WeR | 0 o 0 ATR. CUMULATIVE TOTALS PER MONTIL.
Joane 14 14 14 14 MAY
6| MAY | 30 30 30 30 16 | _JUt.
8| Juwl 48 48 | 48 48 34 18 JUL. i
glJuL| 67 62 Vi 67 53 31 19 | AUG. Fd
18| AvG | 85 85 85 85 71 535 37 18 SEPT. Y
(8{ skr | 102 103 | 103 103 89 73 55 36 18 | ocT.
171 0Cr | 120 120 | 120 120 | 106 90 72 53 35 | 17 NOV . |
1S | ¥~ 135 125 | 13S 135 | 121 | 105 | 87 68 50 32 15 o
Jan |
ol FrED
0 | MAR . . -
14 |[AFR | 149 | 149 | 149 149 [ 135 | 119 | 101 B2 64 46 29
16 | T1AY | 165 165 | 165 165 | 151 | 135 [ 117 98 80 62 45
18] | 183 183 .| 183 183 | 169 | 153 | 135 | 116 98 80 63
19 [JUL | 202 202 | 202 | 202 | 188 | 172 | 154 | 135 117 | 2999] 82
18 | AUG | 220 220 | 220 220 | 206 | 190 | 172|153 135 | 117 | 100 ;A
18 |{snp | 238 238 | 238 238 | 2264 | 208 [ 190 |17} 153 | 135 | 118 o
17 {ocy | 285 255 | 155 255 | 241 | 225 | 207 | 188 170 | 152 | 135 1
5 | rov | 270 270 | 270 270 | 256 | z40 | 222 | 203 185 | 167 | 150 |
n;c
)| Jad
0| ¥LES
0 | wan .
14 |ApR | 284 284 | 284 286 | 270 | 254 1236 | 217 199 | 181 | 164
16 | HAY | 300 300 | 300 300 | 286 | 270 | 252 | 233 215 | 197 | 180
18 [Juy | 318 318 | 318 318 | 304 | 288 | 270 | 251 233 [ 215 | 198
19 [JuL | 337 337 | 337 337 | 323 | 307 | 289 | 270 253 | 234 217 . |
18 [aua | 355 355 | 355 355 | 341 | 325 | 307 | 288 270 | 252 (235 |
18 |SEF | 373 373 | 3713 373 | 3s9 | 343 {325 |306 288 | 270 {253 |
17 [OCT | 390 3900 | 390 90 | 376 | 360 | 342 | 323 305 | 287|270 |
1S (xov | 405 405 | 405 405 | 391 | 375 | 357 | 338 320 | 1302 (285 |
o [ DEC :
b Loy
o | FED ;
0 ¥R —_ ;
16 |APR | 419 419 | 419 - | 419 | 405 389 371 352 334 316 299 |
16 |MAY | 435 635 | 435 | 435 | 421 | 405 | 387 |368 350 | 332 315
18 | | 453 453 | 453 453 | 439 | 423 | 405 | 386 368 | 350 |333
o laul {aya | 472 [ 472 | 472 ) 458 | 447 1426 {603 387 [ 369 [3s2 1
1 cvg leon  Laoo | a9 ) ous9n | 426 | acp 1442 ) 423 405 1387 370
18 |51» | 508 S08 | 508 508 | 694 | 478 | 460 |44l %23 | 405 388
I N - - - - ~f_5d - ~- ‘= imn san 4an LAQ
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SETTING OF WORK DAYS FOR BRIDGE CONTRACTS

When setting days for bridge contracts, it is usually best to establish the time required to
accomplish each project by assigning time for each controlling operation involved.

To illustrate this let’s look at three different jobs, the first being an overlay project. This contract
would be set up for calendar day restriction:

1. The first operation would be widening the shoulders. No time charged because this operation
can be dope without full time resiriction.

2. Traffic control items - signals and barrier wall. Probably three to four days unless
exceptionally long barrier wall,

3. Scarifying the deck - one day, if it takes longer because of size the next operation will
overlap and.control.

4, Plac'mg or forming full depth patches - plus curing time - this item depends on quantity.
5. Handchipping and removals - usually two to three days per span.

6. Forming and pouring concrete rail - usually 24 to 36 lineal meter per day.

7. Sandblast and clean deck - usually one day operation.

8. Overlay - usually one day operation.

9. Curing of Overlay - three days.

10. Bituminous approach and installation of guardrail - normally two days operation, unless full
depth approach dictates cooling time between lays.

11. Transferring traffic to next phase or removal of traffic control devices. - one day.

Another job-used to illustrate the procedure is a three span steel beam contract using a temporary
runaround. This job would be set on work days.

1. Construction temporary runaround. Depends on quantity of dirt and length of temporary
structure. Use 300 to 500 M? of fill per day with structure construction overlap.

2. Removal of present structure - depends on size and type of structure. Consider structure

removal phases, be reasonable, also consider phase overlap. (One day per bent, includes
superstructure.)



-12 @2 @7:48 FROM: INDOT PERMITS 3172331565 TO: +9864871620 PARGE:13

3. Drive piles for bents - Five to 10 piles per day depending on driving conditions - look at
boring and tip required.

4. Construction of end bents - 250 m>/day for small quantities of fill, one day to core for piling
if required - five to 10 piles per day.

5. Falsework and forms - usually two to three weeks.
6. Placing resteel - usually three to four days (9 metric tons/day).
7. Pouring deck - one day (380 M? or less in pour).

8. Backfill and place R.C. approach slab - 24’ wide - two days each - three days cure before
access to bridge. '

9. Form and pour concrete rail - 24 to 36 lineal meters per day.
10. Biturninous approaches - based on quantities and cool time between lays.

11. Guardrail - based on quantities (see progress charts).

12. Cleanup- and traffic markings - usually five days.
13. Sodding and seeding - usually done concurrent with other operations.

Afier days are set, the considerations outlined previously should be evaluated. Are schools,
businesses, farmers, other contracts, etc., affected? Will material procurement control job? How
will permit restrictions control the schedule? Are there utility considerations?

Assume that only one crew will be used on small bridge jobs. Multiple operations can be used
on larger bridges or possibly multiple bridges. Assume five day work week on state and county
work. Assume six day work week on interstate work. ‘

When setting days a) most LPA jobs use work days.
b) state jobs with temporary runaround use work days.
¢) interstate restrictions are always calendar days.
d) all state highway closures are calendar days.
¢) all state highway restrictions to one lane are calendar days.

Be lenient when possible but tight when necessary. The more you can encourage additional
bidders, the better potential for lower bid prices.
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R | Section 1.3

ESTABLISHING CONSTRUCTION CONTRACT
9 DURATIONS

1.3.1 Purpose

| To provide a uniform methodology for establishing contract durations on Department of Transportation
' construction contracts. ;

1.3.2 Authority
Sections 334.044(2) and 337.18, Florida Statutes
1.3.3 Background

The project duration is an integral part of every construction project let by the Department. In the past,
the time was set based on historical information of how long it took to complete similar projects. The
methodology and forms used were rather rigid and implied that tasks followed one behind the other with
no opportunity for two or more tasks to be performed concurrently.

The Department has instituted philosophical changes that affect the establishment of the contract
duration. These changes place emphasis on decreased project duration and the overall time required
from concept of the improvement to completion of construction to decrease user costs and the cost of
.contract administration. This philosophical change is reflected in this procedure. The methods, outlined
in this procedure, allow the District Construction Offices more flexibility in establishing the contract
duration.

1.3.4 Definitions

Acquisition Period or Procurement Time: A number of calendar days allowed prior to the first day
that time is charged to a contract. This period is to allow time for acquisition of some materials or
specialized contracts. r

Compressed Time or Time Priority: Compressed time is achieved by increasing the norma
production rates. The contractor will have to make corresponding increases in the hours worked as wel
as crew size and equipment to complete the project within the shortened time. Compressed time is
used when projects must be completed by a certain date or there are special considerations relating tc
traffic congestion or high public visibility.

Contract Duration: The period of time, measured in calendar days, allowed for the completion of ¢
contract. This duration does not include additional time for inclement weather.

CPM Schedule: A special provision for critical path scheduling is used for more complex projects. Witt

large projects, compressed time, or incentive/disincentive projects the Department is looking foi

assurance that the contractor will manage the project in a manner that will assure timely completion

, Management at this level of complexity is very difficult without a tool like CPM. The CPM schedule wil
' also provide additional documentation needed for negotiating contract changes and claims.

Flex Time: Flex time allows a contractor an additional amount of time after the notice to proceed tc
B -61
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begin work. The day the project is to be started is set by the contractor within a window of tim
established in the special provisions. The extra time allowed the contractor is used for scheduling f.
materials, equipment, subcontractors and acquiring materials. When this special provision is used, the
contractor is not given an additional material acquisition period. The contractors like the additions
flexibility, and flex time jobs normally will have fewer overruns and time extensions. The negative side or
flex time is that it pushes out the calendar date for the completion of the project. f

Incentive/Disincentive: Incentive/disincentive is similar to compressed time above, with the added
feature of providing special rewards and penalties to the Contractor for meeting specific time goals and
added charges if the goals are not met. Only projects which have been established using "compresse '
time" shall be considered for incentive/disincentive special provisions. o
Phase Il Review: One of the last technical reviews of a set of roadway plans prior to being let to bid. £
this review, all plan sheets are complete with the exception of the quantities for maintenance of traffic
pay items. The only work remaining will be to reply to comments that result from the Phase |l review
which is also known as biddability review. ‘

Production Rates: A ratio of units of work to a period of time; i.e., 1600 square yards/day or
yards/hour. '

Special Working Hours: Construction may occur only during certain hours of the day or on limite~ -
days of the week. These limitations are usually site specific and can increase the duration of th
construction contract. S

1.3.5 General Considerations

The Department establishes a contract duration on each construction contract. Several factors must k.
.considered when establishing contract duration, such as:

(1) Provide a time for the contractor to complete the project consistent with
historical records of contractor performance on similar work.

(2) Importance of the project to the implementation of Department Work
(3) Emergency conditions.

(4) Minimize annoyances in residential areas.

(5) Minimize traffic disrupt.ion and delay in high traffic areas.

(6) Coordination with other activities.

(7) Political sensitivity and public awareness.

(8) Minimize cost of CEl activities.

Many of these factors can conflict with others and not all of them will have the same importance for
each project. ' : L

bThe contract duration shall be established in conjunction with design's Phase Il review. If there are
quantity changes following the Phase lll review, the contract duration may require revision. It must, |
any case, be firmly established in sufficient time for the Design Project Manager to calculate the
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uantities for the maintenance of traffic pay items before the Phase IV review.
To assist the engineer establishing the contract duration, the Department has established guidelines for
production rates. These guidelines will be periodically revised and improved. Questions regarding the
'setting of contract duration should be directed to the District Scheduling Engineer.

Every effort should be made to involve the Resident Office in the Phase Review and in establishing the
contract duration. -

1.3.6 Specifications
The first step in setting a duration for a contract is to determine if any special provisions apply. A person

establishing the contract duration must be familiar with the project's specifications and may initiate the
addition of others as needed. Examples of these are:

(1) Flex Time

(2) Compressed Time or Time Priority

(3) Incentive/Disincentive

(4) Special Working Hours

(5) Special Working Period

(6) CPM Schedule

(7) Time Plus Money

(8) Lane Rental

(9) No Excuse Bonus

(10) Liquidated Savings

1.3.7 Establishing Contract Durations

The Guidelines for Establishing Contract Duration contains a set of production rates for many of the
activities that occur in highway/bridge construction projects. Production rates for all possible activities |
are not included nor are all production rates used in each construction job. The production rates may -
have to be supplemented with information from other sources and should be tempered with good
engineering judgement and past experience with similar work. Establishing a project's duration will be |
accomplished with the following steps: !

(1) Review the project plans and specifications with special emphasis on

maintenance of traffic. If the project has more than one phase, determine what

work can be done in each of the phases.
' (2) List the required activities for each phase. These are listed on Estimate of

Contract Time, Form No. 700-010-04, (Attachment 1-3-1). This list does not

need to be exhaustive but does need to include all controlling items of work or

activities on the critical path.
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(3) List each quantity of the unit of work that will be used as a basis for estimating
the duration of that activity; e.g., for storm sewers this would be the number of
linear feet of pipe, etc.

On a project with more than one phase, use only that quantity associated with
that phase. If the list of pay items shows, for instance, 10,000 cubic yards of
excavation for a project, that has two phases, that have approximately the same
amount on each phase, put 5000 cubic yards as the unit of work for excavation in
Phase 1 and 5000 cubic yards as the unit of work for excavation in Phase 2.
Extreme accuracy is not required. It is only necessary that the parts of a quantity
of a pay item sum to the whole, but a percent or two of error on any phase will
not affect the results. For a prOJect with two phases, this may be a 50%-50% split
for a particular pay item. This is just as accurate as using a 45%-55% spilit.

(4) Use the production rates and charts to convert the units of work into work
days. Do this for each activity in each phase.

(5) Review Utility Relocation Agreements and estimate the effect utility delays will
have on contract duration. This will usually be much less than the durations
shown on the Utility Relocation Agreements. A delay occurs only if the prime
contractor cannot work as a result of utility conflicts. Assume good cooperation
between the utility and the contractor during the actual construction of the
project. Utility delays should be handled as an activity if they will contribute to the
project duration.

(6) Multiply each of the work days by a factor of 1.4 to conven them to contract
days.

(a) The factor of 1.4 is based on 5 working days per week.
Implicit in this factor is the assumption that the contractor
will use "normal" crews and equipment, and will work a
"normal" work day.

(b) If the time requirements of the project are modified by
special provisions, then it may be appropriate to use
another factor, either larger or smaller. For a project with
incentive/disincentive, a factor of 1.0 or less could be
used. This would be based on the assumption that the
contractor would work 7 days per week with extended
work hours. On the other hand, if the special provisions
curtail the number of hours per day the contractor may
work, the factor used may be larger than 1.4.

(c) When using a computerized scheduling software
package, work days can be converted to calendar days
using the calendar function in the program. Holidays,
vacation time and other non-work days are entered into
the project calendar. Depending on the time of year this
may or may not replicate the 1.4 factor normally used for
converting work days to calendar days.

(7) Drawing a Bar Chart
B- 64
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(a) Select a scale to draw the bar chart; i.e,, if the project
is about 200 days and fits on one form, make each block
10 days. More than one page may be used for long
projects. Succeeding pages may be for later time periods.

(b) Put the first activity bar on the bar chart, beginning at
day 1 and extending the line for the duration of that
activity.

(c) Determine how many days after the beginning activity
has started until the second can start. Use that contract
day as the starting date of the second activity and extend
the bar for the duration of the second activity.

For each succeeding activity, the scheduler must decide if
its start is dependent or partially dependent on a
activity. If so, then the beginning of the activity is placed to
reflect this dependence.

(d) Repeat until all activities are completed on the chart.
Use more than one form sheet if necessary.

(e) When all activities are on the chart, 15 days general
time is normally added. Do not multiply the 15 days by a
factor. The contract time is now established.

(f) Computerized scheduling programs may be used to
establish contract times. The input into the computer is
developed in the same manner as that used for the
manual method. If utilizing a computerized scheduling
program, substitute a report from that program in place of
the manual bar chart form. The report(s) from the
scheduling software and/or noncomputerized form should
show, as a minimum, for each activity: name, units of
work, production rate, duration, beginning contract day
and ending contract day.

1.3.8 Documentation

(1). On each form used, complete the Federal Aid
Participation (FAP) number, Financial Project ID, county
name, the contract time, and the name and phone number
of the person who established the contract duration.

(2) Schedules are considered a part of the "plans to
Tallahassee package". Instructions for submitting the
complete "plans to Tallahassee package" are included in
Volumes 1 and 2 of the Plans Preparation Manual,
Topic Nos. 625-000-005 and 625-000-006.

1.3.9 Prosecution

B-65
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The contract duration is not final until the project is bid. Up to this point in time,
the project duration can be influenced by changes in design or by external
intervention. The designer (Project Manager) and the District Scheduling
Engineer shall coordinate all changes that would affect the contract duration.
Attachment 1-3-1
ESTIMATE OF CONTRACT TIME
FORM NO. 700-010-04

[NOT AVAILABLE -1 Page]



FLORIDA DEPARTMENT OF TRANSPORTATION

GUIDELINE FOR
ESTABLISHING CONTRACT

DURATION

May, 19384



BASIS OF PRODUCTIOM RATES:

ROW Preparations:

Clearing and grubbing(Acres): The removal of top soil, trees,
minor physical objects and other vegetation from the construction

site using mechanical equipment.
Excavation(C.Y.): The removal and transporting of in situ soils
on the construction site using mechanical equipment.

Embankment (C.Y.): The placing and compaction of soil on the
construction site using mechanical equipment.

Drainage Structures/Storm Sewers:

Storm Sewers (L.F.): The excavation, installation and backfilling
of drainage or sewer pipes using manufactured pipe.

Box culverts(C.Y.): The excavation, forming, reinforcing,
pouring, finishing, stripping, and backfilling of cast in place
concrete box culverts on the construction site. If using precast
units, then the units should be changed to L.F. and appropriate
production rates substituted.

Inlets & manholes (Each): The installation of premanufactured
inlets and manholes for drainage or sewer systems. Time is

included in Pipe.

Bridge Structures: (Note: The production rates on several items
appear low since they must include time for the total scope of
activities necessary to complete an item.)

Cofferdams (S.Y.): The installation, dewatering and minor
excavation associated with building a cofferdam system for a
bridge construction site.

Sheet Piling(S.F.): The installation of sheeting for retaining
walls and deep excavations. Do not add to cofferdams.

Piling(L.F.): The installation of piling for bridge foundationé.




Footinga(C.Y.): The layout, forming, reinforcing, placing,
curing and removing forms for reinforced concrete bridge

footings.

Columng, Caps & Bents(C.Y.): The layout, forming, reinforcing,

placing, curing and removing forms for reinforced concrete bridge
columns, caps and bents.

Wingwalls (S.F.): The layout, forming, reinforcing, placing,
curing and removing forms for reinforced concrete wingwalls for

bridges.

Bridge deck -(total depth) (C.Y.): The layout, forming,
reinforcing, placing, curing and removing forms for reinforced
concrete bridge decks. The production rates have been set to
include time for all components of the deck, including precast
plank under slab, thus the full depth of the deck is used to

calculate quantity.

Bridge curbs/walks(L.F.): The layout, forming, reinforcing,
placing, curing and removing forms for reinforced concrete bridge

curbs and walkways.

Bridge handrails(L.F.): The layout, forming, reinforcing,
placing, curing and removing forms for cast in place reinforced

concrete bridge handrails.

Retaining walls(S.F.): The layout, excavation, forming,
reinforcing, placing, curing and removing forms for cast in place

reinforced concrete retaining walls. The time for precast
proprietary wall systems is included in embankment.

Base Preparations:

Stabilized Roadbed(S.Y.): The placement, mixing and compaction
operations involved in the stabilization of subgrade soils.

Base material(S.Y.): The placement, mixing and compaétion of
flexible base material. ‘

Hot mix asphalt bage(Ton): The laydown and compaction of hot mix
asphalt concrete base course material. The production rates are

taken from the graph for plant mix.

Curb and gutter(L.F.): The layout and construction of new
roadway curb and gutter using automated equipment or forms and

hand finish.



Concrete pavement repair(S.Y.): The removal and replacement of

sections of unsatisfactory or failed portland cement concrete
pavement.

Milling/planing(S.Y.): The removal of the surface level of
existing pavements using automated milling or planing equipment.

Plant mixed surfaces(Ton) : The laydown and compaction of hot mix
asphalt concrete surface course material. The production rate is
taken from the graph for Plant Mix.

Asphalt Friction Course(l course) (S.Y.): The laydown and

compaction of asphalt concrete friction course material.

Cement Concrete paving (rebar + curing) (S.Y.): The layout,
reinforcing, placing, curing and jointing of portland cement

concrete pavement.

Precast traffic barriers(L.F.): The layout and installation of
precast concrete traffic barriers. If barriers are to be cast in
place, then the units should be changed to C.Y. and the
production rates adjusted accordingly.

Permanent Signing and Traffic Signals:

Small 51gns(Each) The installation of small hlghway information
and warning signs mounted on metal posts driven into soil along a

highway.

overhead signs(Each): The installation of large highway
information and directional signs mounted on metal frames over a

highway. It is assumed that the footings and poles that support
the frames are already in place.

Major traffic signals(Each): The installation of automated
traffic 91gnals and their support systems at highway

intersections.

Pavement markings(L.F.): The application of thermoplastic
pavement marking materials to a highway pavement.

Raised Pavement Markers (RPM) (Ea.) - The application of adhesive

and raise pavement markers.




Seeding(S.Y.): The seeding of grasses, application of fertilizer
and mulch, and cutting into soil. }

Final clean-up(Sta.): The removal of debris, dirt and other
construction materials from a highway pavement and adjacent right
of way at the end of a construction project. The time for this

activity is included in "General Time".

Structure demolition (WKDAYS): The demolition and removal of the
materials for large structures (multi-story buildings, retaining
walls, towers underground tanks, etc.) from the right of way of
new construction projects.

Remove old gtructures (small) (WKDAYS): The demolition and
removal of the materials for small structures (Single-story wood
buildings, storage sheds, fences, road signs, etc.) from the
right of way of new construction projects. Time for this is
included in Clearing and Grubbing.. »

Bridge demolition (WKDAYS): The demolition and removal of all
materials for an existing bridge structure and related

appurtenances (approaches, gates, signals, etc.).

Erect temporary bridge (WKDAYS): The layout and construction of a
temporary bridge structure and related appurtenances for a
highway construction project. o

Remove temporary bridges (WKDAYS): The demolition and removal of
all materials for a temporary bridges structure and related
appurtenances for a highway construction project.




FLORIDA DEPARTMENT OF TRANSPORTATION

PR ION RATES FOR ESTIMATING WORKING DAYS

ACTIVITY:

CLEARING AND GRUBBING
(.000023- Ac/Sq Ft)

EXCAVATION/EMBANKMENT
(Regular, Lateral Ditch,
Subsoil, Convert grading
Roadway to cubic yards for
this purpose.

EXCAVATION/EMBANKMENT (Truck
Haul)

L.ess Than 100,000 cy
100,000-300,000 cy
Greater Than 300,000 cy
SHOULDER GRADING (Resurfacing)
STABILIZED ROADBED

BASE

CEMENT CONCRETE PAVING
MILLING EXISTING PAVEMENT
PLANT MIXED SURFACES

(in tons see conversion
factors below)

STORM SEWERS

(time calculated for storm

sewers includes time for pipe,
inlets, manholes, etc.)

BOX CULVERTS

CURB AND GUTTER VALLEY GUTTER
BARRIER WALL - PERMANENT

SIDEWALK

PRODUCTION RATE - PER WORKING
DAY

1 to 10 Acres, depending on
nature not to exceed 20 days

See graph for Earthwork Time

900 Cy
3800 Cy

7500 Cy

1 mi.

6000 Sg Yd (Maximum 10 days)

See Chart for Production Rate

5,000 Sqg. Yd.

8,000 Sg. Yd. (5 days maximum)

Maximum days may be limited by
specification

See Chart for Production Rate

200 to 400 LF (< 5' deep, no
dewatering)

100 to 200 LF (> 5' or
dewatering)

(large diameters decrease

.~ production rate)

20 - 80 CY
400 to 800 LF
200 LF

300 Sq Yd




DITCH PAVING

SODDING

SEEDING

PLANT SHRUB TREE
THERMOPLASTIC STRIPING

REFLECTIVE PAVEMENT MARKERS

SURFACE TREATMENT

GUARDRAIL
(When a significant part of

Contract)

BREAKING AND COMPACTING
EXISTING CONCRETE PAVEMENT (Re-
seat Conc. Pave.)

COMPRESSION SEAL REPLACEMENT

UTILITY DELAYS

Use only when construction for
a utility company equals 50%
of total contract.

SIGNALIZATION
Use only on signalization
contract.

HIGHWAY LIGHTING (Not high
mast) Use only for lighting
contract.

FENCE
Use only where major portion
of contract.

lLess Than 10,000 LF
Greater Than 10,000 LF

COFFERDAMS

PILING

FOOTINGS

& BENTS

COLUMNS, CAPS,

WINGWALLS

200 Sq. Yd.
1500 Sq Yd (3 days maximum)
23,500 Sq Yd (5 days maximum)
30 EA

6.7 Mi.

5000 Use 500 EA.
Use 1000 EA.

0 -
5001 +

200 CY
1,500 LF

5,000 SY

100 LF

See Utility Agreements and
Specifications

15 Days / Intersection

5 Standards

500 LF

1200 LF

100 - 300 S.Y.
200 - 400 L.F.
20 - 40 C.Y.

4 - 10 C.Y.
100 - 200 S.F.



BEAM ERECTION 150 - 250 L.F.

BRIDGE DECK 6 - 14 C.Y.
BRIDGE HANDRAILS 150 - 300 L.F.
RETAINING WALLS 100 - 200 S.F.

(For proprietary systems time
egstablished for embankment do
not add additional time)

SHEET PILING 1000 S.F.

SIGN ONLY JOB:

Small sign 10 - 30

Overhead sign 2 - .7

GENERAL TIME 15 Calendar Days

(Moving in Preparatory to
starting work, etc.)

SPECIAL ACQUISITION PERIOD
Calendar Days allowed prior to
the first day of time charged
to the contract. These are to
allow time for special
acquisition on specialized
contracts.

a. Resurfacing

1-20,000 Tomns 30 Days
20,001-60,000 Tons 60 Days
60,001+ Tons S0 Days
b. Signalization 90 Days

Use only when primary
contract is
signalization.
Reconsider on jobs when
"other work" exceeds 90
Days.

c. Highway Lighting 120 Days
Use only when primary
contract is lighting
Reconsider on jobs when
"other work" exceeds 120

Days.
d. Highway Lighting 90 Days
Conversion

Mercury vapor to high
pressure sodium



MMM RPE PR RP WD,

NN
Ww»

Asphalt Tonnage
" = 0.0313 X
" = 0.0375 X
" = 0.0500 X
1/4" = 0.0625 X
1/2" = 0.0750 X
3/4" = 0.0875 X
" = 0.1000 X
1/4" = 0.1125 X
1/2" = 0.1250 X
3/4" = 0.1375 X

WO &b Www

Conversion
n -

1/2" =

" =

1/2" =

n =

" =

u =

" =

Chart

0.1500
0.1750
0.2000
0.2250
0.2500
0.3000
0.3500
0.4000
0.4500
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APPENDIX C: PROCEDURE TO LINK OR IMPORT
FIELDMANAGER DATA INTO MICROSOFT ACCESS

On a computer with FieldManager installed and containing the contract files you wish

to analyze, follow the steps below to import ot link FieldManaget data tables into Microsoft

Access
To Import:
1. Click File, New, select Database and give the database a suitable name and file
location.
2. Click on File, Get External Data, Import In the dialog box that opens, click on the
down atrow next to Files of Type, select ODBC Databases
3. Click on Machine Data Source, click on FieldManager
4. Click to highlight on the tables you wish to impott. Click OK.
5. If a box appears that says “Select Unique Record Identifier”, click Cancel, continue
this step if necessaty
To Link:
1. Click File, New, select Database and give the database a suitable name and file
location.
2. Click on File, Get External Data, Link In the dialog box that opens, click on the
down arrow next to Files of Type, select ODBC Databases
3. Click on Machine Data Soutce, click on FieldManager
4. Click to highlight on the tables you wish to link. Click OK.
5. Ifa box appeats that says Select Unigue Record Identifier, click Cancel, continue this

step if necessaty

Note: Any database program that is ODBC compatible and located on the same PC as

FieldManager should be able to link or import FieldManaget data, though the ptocedure

may differ from that desctibed above.



APPENDIX D: ACTION QUERIES

Note: Befote running any action quety, it is recommended that the uset create a

backup copy of the otiginal database file under a new name and/or location to prevent any

loss of data that may unintentionally occur.

% Append Queries

To append new data into an existing table within a MS Access database, follow the
ptocedure below. The procedure is written for the situation in which the user desires
to update the data in the ITEMPROG table by importing new data available from
the contracts active in FieldManager. It also assumes that no duplicate information is
contained in the FieldManager data from that currently in the Access database (i.e.

the same conttact is not in both Access and FieldManaget)

To Append:

1.

Follow the procedure from Appendix B under “T'o Import” and select ITEMPROG
as the table you wish to link.

Since thete already exists a table in the database called DBA_ITEMPROG, Access
will automatically name the linked table DBA_TTEMPROG1

Create a new quety in design view, then select the SQL view and paste the following
text into the entry box:

INSERT INTO DBA_ITEMPROG

SELECT DBA_ITEMPROG1.*

FROM DBA_ITEMPROG1

WHERE ((DBA_ITEMPROG1.CONTID)=[Input ContractID]));

Save this quety under a name you will recognize, such as “Append ITEMPROG
from ITEMPROG1”. When the quety is run, it will prompt you to input the full
contract ID number you wish to append that data for into Access.

When the user runs this query, Access will display a warning that “You are about to

tun an append query that will modify the data in your table. Are you sure you want



to run this type of action query?”. Click Yes if you are sure you will achieve the
desited result. |

6. Open the ITEMPROG table and ensure that the correct data was appended.
Filtering the data to show only the ContractID that you attempted to append is a
useful method to complete this check.

7. 'To append the data for the table PROJITEM, follow the steps above, but substitute
the name PROJITEM and PROJITEM1 where approptiate. Substitute the tollowing
text where appropriate in Step 3:

INSERT INTO DBA_PROJITEM

SELECT DBA_PROJITEM1.*

FROM DBA_PROJITEM1

WHERE ((DBA_PROJITEM1.CONTID)=[Input ContractID]));

8. To append the data for the table CONTRACT, follow the steps above, but
substitute the name CONTRACT and CONTRACT1 where appropriate. Substitute
the following text whete appropriate in Step 3:

INSERT INTO DBA_CONTRACT

SELECT DBA_CONTRACT1.*

FROM DBA_CONTRACT1

WHERE ((DBA_CONTRACT1.CONTID)=[Input ContractIDY)));

¢ Delete Queries

To delete old or unwanted data from an existing MS Access database, follow the
procedute below. The procedute is written for the situation in which the user desires

to delete data in the ITEMPROG table by selecting a particular Contract]D number.

To Delete:
1. Create 2 new query in design view, then select the SQL view and paste the following
text into the entty box:

DELETE DISTINCTROW DBA_ITEMPROG.CONTID, DBA_ITEMPROG. *
FROM DBA_ITEMPROG
WHERE ((DBA_ITEMPROG.CON TID)=[Input ContractID}));

2. Save this quety under a name you will recognize, such as “Delete ITEMPROG”.
When the quety is run, it will prompt you to input the full contract ID number you

wish to delete that data for in Access.




When the uset runs this query, Access will display a warning that “You are about to
run a delete quety that will modify the data in your table. Are you sure you want to
run this type of action query?”. Click Yes if you are sure you will achieve the desired
result.

Open the ITEMPROG table and ensure that the correct data was deleted. Filtering
the data to show only the ContractID that you attempted to append is a useful
method to complete this check.

To delete data fot the table PROJITEM, follow the steps above, but substitute the
name PROJITEM and PROJITEM1 where appropriate. Substitute the following text
whete appropriate in Step 1:

DELETE DBA_PROJITEM.CONTID, DBA_PROIJITEM.*
FROM DBA_PROIJITEM
WHERE (((DBA_PROJITEM.CONTID)=[Input ContractlD]));

To delete data for the table CONTRACT, follow the steps above, but substitute the
name CONTRACT and CONTRACT' 1 where appropriate. Substitute the following
text where appropriate in Step 1:

DELETE DBA_CONTRACT.*, DBA_CONTRACT.CONTID
FROM DBA_CONTRACT
WHERE ((DBA_CONTRACT.CONTID)=[Input ContractID]));



APPENDIX E: QUERY INFORMATION

Following is a listing of the SQL code from MS Access 2000 used for each trelevant
query discussed for this research project.

Production Rate

SELECT DBA_PROJITEM.IDESCR AS Description, DBA_ITEMPROG.CONTID,
DBA_PROJITEM.PIITEM, DBA_ITEMPROG.DDDATE,
Sum(DBA_ITEMPROG.IPQTY) AS [Sum], Count(DBA_ITEMPROG.DDDATE) AS [#
Postings], DBA_PROJITEM.IUNITS

FROM DBA_PROJITEM INNER JOIN DBA_ITEMPROG ON (DBA_PROJITEM.PCN =
DBA_ITEMPROG.PCN) AND (DBA_PROJITEM.CN = DBA_ITEMPROG.CN) AND
(DBA_PROJITEM.PILINENO = DBA_ITEMPROG.PILINENO) AND
(DBA_PROJITEM.PITYPE = DBA_ITEMPROG.PITYPE) AND
(DBA_PROJITEM.CMOD = DBA_ITEMPROG.CMOD)

GROUP BY DBA_PROJITEM.IDESCR, DBA_ITEMPROG.CONTID,
DBA_PROIJITEM.PIITEM, DBA_ITEMPROG.DDDATE, DBA_PROJITEM.IUNITS
ORDER BY DBA_PROIJITEM.IDESCR, DBA_ITEMPROG.CONTID,
DBA_ITEMPROG.DDDATE,;

Production Rate Statistics

SELECT [Production Rate].Description, [Production Rate].PIITEM, Avg([Production
Rate].Sum) AS [Avg], Min([Production Rate].Sum) AS [Min], Max([Production Rate].Sum)
AS [Max], Count([Production Rate].Sum) AS [Count], StDev([Production Rate].Sum) AS
StDev, [StDev]/[Avg] AS COV, [Production Rate].TUNITS AS Units

FROM [Production Rate]

GROUP BY [Production Rate].Description, [Production Rate].PIITTEM, [Production

Rate]. JUNITS;

Nonnegative Production Rate

SELECT DBA_PROJITEM.IDESCR AS Description, DBA_ITEMPROG.CONTID,
DBA_PROJITEM.PIITEM, DBA_ITEMPROG.DDDATE,
Sum(DBA_ITEMPROG.IPQTY) AS [Sum], Count(DBA_ITEMPROG.DDDATE) AS [#
Postings], DBA_PROJITEM.IUNITS

FROM DBA_PROIJITEM INNER JOIN DBA_ITEMPROG ON (DBA_PROJITEM.CMOD
= DBA_ITEMPROG.CMOD) AND (DBA_PROJITEM.PITYPE =
DBA_ITEMPROG.PITYPE) AND (DBA_PROJITEM.PILINENO =
DBA_ITEMPROG.PILINENO) AND (DBA_PROJITEM.CN = DBA_ITEMPROG.CN)
AND (DBA_PROJITEM.PCN = DBA_ITEMPROG.PCN) .

GROUP BY DBA_PROJITEM.IDESCR, DBA_ITEMPROG.CONTID,
DBA_PROJITEM.PIITEM, DBA_ITEMPROG.DDDATE, DBA_PROJITEM.IUNITS
HAVING (((Sum(DBA_ITEMPROG.IPQTY))>0))

ORDER BY DBA_PROJITEM.IDESCR, DBA_ITEMPROG.CONTID,
DBA_ITEMPROG.DDDATE;



Nonnegative Production Rate Statistics

SELECT [Production Rate].Description, [Production Rate].PIITEM, Avg([Production
Rate].Sum) AS [Avg], Min([Nonnegative Production Rate].Sum) AS [Min],
Max([Production Rate].Sum) AS [Max], Count([Production Rate].Sum) AS [Count],
StDev([Production Rate].Sum) AS StDev, [StDev]/[Avg] AS COV, [Production
Rate]. IUNITS

FROM [Nonnegative Production Rate] INNER JOIN [Production Rate] ON ([Nonnegative ;
Production Rate].PIITEM = [Production Rate].PIITEM) AND ([Nonnegative Production
Rate].Description = [Production Rate].Description)

GROUP BY [Production Rate].Description, [Production Rate]. PIITEM, [Production

Rate]. IUNITS;

Filtered Jobs

SELECT DBA_CONTRACT.CONTID AS [Contract ID],
DBA_CONTRACT.CNMNGOFF, DBA_CONTRACT.UNITSYS,
DBA_CONTRACT.CNDESCR, DBA_CONTRACT.CNDTCBEG AS [Construction Begin
Dat], DBA_CONTRACT.FBRESENG AS [Resident Engineer],
DBA_CONTRACT.FBPRIJENG AS [Project Engineer], DBA_CONTRACT.CNDTNTP AS
[Notice to Proceed]

FROM DBA_CONTRACT

ORDER BY DBA_CONTRACT.CNDESCR;

Filtered Production Rate

SELECT DBA_PROJITEM.IDESCR AS Description, DBA_ITEMPROG.CONTID,
DBA_PROJITEM.PIITEM, DBA_ITEMPROG.DDDATE,
Sum(DBA_ITEMPROG.IPQTY) AS [Sum], Count(DBA_ITEMPROG.DDDATE) AS (#
Postings], DBA_PROJITEM.IUNITS

FROM [Filtered Jobs] INNER JOIN (DBA_PROJITEM INNER JOIN DBA_ITEMPROG
ON (DBA_PROJITEM.CMOD = DBA_ITEMPROG.CMOD) AND
(DBA_PROJITEM.PITYPE = DBA_ITEMPROG.PITYPE) AND
(DBA_PROJITEM.PILINENO = DBA_ITEMPROG.PILINENO) AND
(DBA_PROJITEM.CN = DBA_ITEMPROG.CN) AND (DBA_PROJITEM.PCN =
DBA_ITEMPROG.PCN)) ON [Filtered Jobs].[Contract ID] = DBA_ITEMPROG.CONTID
GROUP BY DBA_PROJITEM.IDESCR, DBA_ITEMPROG.CONTID,
DBA_PROJITEM.PIITEM, DBA_ITEMPROG.DDDATE, DBA_PROJITEM.IUNITS
ORDER BY DBA_PROJITEM.IDESCR, DBA_ITEMPROG.CONTID;

Filtered Production Rate Statistics

SELECT [Production Rate].Description, Avg([Production Rate].Sum) AS [Avg],
Min([Production Rate].Sum) AS [MIN], Max([Production Rate].Sum) AS [Max],
Count([Production Rate].Sum) AS [Count], StDev([Production Rate].Sum) AS StDev,
[StDev]/[Avg] AS COV, [Production Rate] IUNITS AS Units

FROM [Filtered Jobs] INNER JOIN [Production Rate] ON [Filtered Jobs].[Contract ID] =
[Production Rate]. CONTID

GROUP BY [Production Rate].Description, [Production Rate]. JUNITS;



APPENDIX F: PROCEDURE TO CALCULATE CONFIDENCE
INTERVALS FOR THE MEAN

To calculate confidence intetvals in Microsoft (MS) Excel for the mean of daily
ptroduction rates calculated in MS Access, follow the steps below. The procedure is written
with refetence to the “Production Rate Statistics” query in MS Access desctibed in Chapter
5. Since the standard deviation of the population is not known, the t statistic is used as the
test statistic to calculate the confidence intervals. The following formulas wete utilized to
calculate the Lower Limit (LLL) and Upper Limit (UL) for the two-sided 95% confidence
interval:' Because of the varied number of observations for each item, the 7 disttibution was

utilized to accommodate samples of less than 30 observations.

Lower Limit = X — Ly [—S—)

Jn

Where S is the sample standard deviation, n is the number of observations, o is
the significance level, which corresponds to 0.05 for the 95% confidence interval,

and ty; is the value of a random variable with a t distribution withv =n — 1.

N

Where S is the sample standard deviation, n is the number of observations, o is

— S
Upper Limit = X +ta,2[———)

the significance level, which corresponds to 0.05 for the 95% confidence interval,

and t., is the value of a random variable with a t distribution withv =n - 1.

1. Begin by running the quety “Production Rate Statistics” in MS Access.

2. Click File, Export. Select the location and name you wish to save the file to. In the
dialog box that opens, click on the down atrow next to Files of Type, select Microsoft
Excel 97-2000.

3. Open MS Excel and select File, Open. Chose the file that you named in step 2.

4. Click on the top row in column D. Select Insert, Columns. Repeat.

5. Enter a label of LL in cell D1, and a label of UL in cell E1.

1 Referenced from Probability, Statistics, & Reliability for Engineers, by Bilal M. Ayyub and Richard H. McCuen
(1997)



10.

Click on cell D2. Type the following text:
=$C2-TINV(0.05,($H2-1))*($12/($H210.5)).
Click on cell D2 and drag the mouse to high]ight cell E2. Click Edit, Fill, Right.
Click on cell E2. change the first minus (-) sign to a plus (+) sign. The text should
now read
=$C2+TINV(0.05,($H2-1))*($12/($H210.5)).
Click on cell D2 and drag the mouse to highlight cell E2, then drag the mouse down
so that all the rows you wish to calculate the confidence intervals for are highlighted.
Click Edit, Fill, Down.
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APPENDIX H:DATA AND RESULTS FROM CONTRACT 75022-
45618

Original MDOT Duration Estimate for Contract 75022-45618 ..., H-2
Results of Query “Production Rate” as Applied to Contract 75022-45618,.................. H-3
Results of Query “Nonnegative Production Rate Statistics” as Applied to

Contract 75022-45618 H-10




ATTACHMENT B

WORK DAY/COMPLETION DATE DETERMINATION
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APPENDIX I: DATA AND RESULTS FROM CONTRACT 17062-
38019

Original MDOT Duration Estimate for Conttact 17062-38019 T-2

Results of Query “Production Rate” as Applied to Contract 17062-38019 I1-3

....................

Results of Query “Nonnegative Production Rate Statistics” as Applied to
Contract 17062-38019 I-20
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