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ABSTRACT 

The TennesseeDepartmentofTransportation(TDOT)is currently using 

production rates that were developed from past experience and some historical datato 

estimate contract duration These production ratestend to underestimatethetime 

duration ofa project Research bythe University ofTennessee,Knoxville has 

developed predictive production rates based on on-site construction operations 

observed in 1997-1998. TheP95 values were developed onthe basis thatthe 

contractor would complete an operation95%ofthetime Without making any 

comparisonsto past performance,the developmentoftheP95 values wasbased limited 

observations Historical data were collected,analyzed,and used to make comparisons 

to the predictive production rates. 

Thisthesis concentrates onthe comparisons ofhistorical data Historical 

production rates were determined based oninformation retrieved frominspector’s 

diaries, asphalt plant books,field books,and final record books. Comparisons 

between the historical production rates and the predictive production rates could then 

be madeto determine iftheP95 values were applicable TheP95 values werethen used 

to estimatethe time duration ofthetwenty-two operations studied and compared to 

the number ofdays reported for completion ofthe operations 

There appearsto be alarge discrepancy in production rate betweenthe 

historical records and theP95 model One majorreason is the interpretation ofdays 

reported. Without suflBcient information from the historical records,the daysreported 
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were conservatively defined asfull daysofoperation Thisinterpretation can easily 

lead to lowerthan actual production rates 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 

Low productivity has often been a problem in the construction industry. 

Whilethe overall U.S economy has beenincreasing its annual productivity at an 

annual rate ofclose to3%,the construction industry has averaged an annual 

increase oflessthan 1%(Adrian,1987). Estimating project duration is a problem 

the construction industry has had to deal with in the past and remains a concern 

today. Wide variations in project size and conditionslead to difficulties in 

estimating project duration The overestimating ofproject duration leads to 

increased costsforthe users and periods oftime when seemingly no workis being 

completed Also,knowing that the project’s duration has been overestimated,the 

contractor may chooseto movethe laborforce offthat project and workon other 

more profitable projects Underestimating the project duration,however,results in 

contractors having to accelerate the construction process The quality ofwork 

suffers and costs increase when contractors bidding on a project feel that the 

construction time is unreasonably short. Contractors either do not bid on that 

contract orthey raise their bid price to accountfor any liquidated damagesthat 

may occur dueto the time constraints 

The Tennessee Department ofTransportation sponsored a research 

contract with The University ofTennesseeto develop unit production rates that 
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will help to better estimate the duration ofconstruction projects Twenty-two 

construction operations wereidentified forthe study These operations comprise 

approximately75%ofthe work on atypical construction project The research 

team collected observed datafrom the field and developed the predictive 

production rates These predictive production rates were used to estimate the 

dmation ofan operation with a95%confidence level. Allofthe production rates 

were based on alimited number ofobserved data and a small portion ofan 

operation Hence,it is desirable to verify the developed model with historical 

records wherethe projects are completed 

1.2OBJECTIVEOFRESEARCH 

The objective ofthis thesis is,first,to comparethe historical production 

rates to the predictive production rates. Then the duration ofthetwenty-two 

operationsis estimated based onthe predictive production rates and compared to 

the duration recorded in the historical datato complete the operation Chapter2 

describes 
/

the methodsto retrieve,extract,and analyze the historical data Chapter 

3showsthe results ofthe historical analysis, estimatesofthe operations,and 

discussions ofresults Chapter4draws conclusions on what was discussed in the 

thesis and makesrecommendationson the recording ofdata Hnring the 

construction process. 
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CHAPTER2 

METHODOLOGY 

2.1INTRODUCTION 

The purpose ofthis research isto compare the production rate prediction 

model developed atthe University ofTennessee,Knoxville(UTK)with data 

collected by the TennesseeDepartment ofTransportation(TDOT). Historical data 

obtained from the Tennessee State Archivesin Nashville were used forthe 

comparison The TennesseeDepartment ofTransportation stores all files 

associated with acompleted contractin the state archivesfor a period of10 years 

Production ratesfor typical highway construction operations were extracted from 

the archived data Oncethe historical production rates were determined,a 

comparison to the production rates using the prediction modelwas made 

2.2 HISTORICALPRODUCTIONRATE 

TDOT has supplied the research team with a list containing all contracts 

and the associated tasks let from 1989-1995 Thisinformation wasused in the 

determination ofwhich contracts would be suitable for comparisons. A 

representative sample ofcontracts waschosenfrom thefour regions ofTennessee 

based on contract size and the number ofconstruction operations pertaining to the 

research project Next,the chosen contracts had to be retrieved from the 

Tennessee State Archives Final record books,asphalt plant books,field books, 

and diaries were utilized in the data analysis process. The final record book 
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contained the contract history and a complete list oftasksinvolved on the project 

Figure 2-1 showsasample page from the final record book ofContract3014 

Importantinformation to the research project such as contractor,contract cost, 

contract start and completion dates,and the numberofdaysneeded to complete 

the contract can befoimd on this page. A sample list ofconstruction operations 

from the same final record book was extracted and is shownin Figure 2-2 Each 

operation has anitem number,unit ofmeasure,unit price, quantity,and cost 

associated with theitem number The production rate wasdetermined using the 

final quantity given in this portion ofthe finalrecord book Information on asphalt 

items weretaken from the summary sheet ofthe asphalt plant books. Figure2-3 

showsasample ofan asphalt summaiy sheet taken from Contract2739for asphalt 

grade A-S. Listed onthe summary arethe date when material waslaid and a 

summation ofasphalt quantities The number ofdays reported for all ofthe 

operations,exceptfor asphalt,listed in Table 2-1 was eitherfound in field books 

ortheinspector’sfield diaries Figure 2-4is an example ofthe mineral aggregate 

operation taken from the field book ofContract2957. The date wasrecorded 

when material waslaid Also,a description wasrecorded telling wherethe 

material waslaid In the absence ofmformation defiboing the“daysreported”in the 

field book,a day reported wasassumed to be afull day ofwork An example of 

theinspector’s diary extracted from Contract7509is shown in Figure 2-5. The 

inspector’s diary consisted ofa daily reportincluding weather conditions,type of 

work,location ofwork,crewsand equipment,and anyremarkstheinspector 

4 
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wroteforfuture reference After all data had been collected, historical production 

rates were computed for each ofthe highway construction operations studied 

Using thefollowing equation. 

Final Quantity
Historical Production Rate= [2-1]

Number ofDc^sPieported 

a daily production rate could be determined 

2.3 OPERATIONDURATION USINGPREDICTIVEMODEL 

Afterthe historical production ratesforthe highway construction 

operations were determined,a comparison with the production rate model 

developed atUTK(Gatlin(1998),Brown(1999))could be made The production 

rate model was developed using observed data from selected contracts across 

Tennessee between 1997and 1998. The data collected werethetimestakenfor 

the completion ofone cycle ofoperation Thesetimes were modeled as a 

lognormal distribution A tps time was defined from the modelas 

%ND %ND 

95
t (^95.iVD)'*" (^9545) [2-2]

100 100 

where, %nd=percentage ofnon-delay cycles 

%D=percentage ofdelay cycles 

Thefollowing equations were used to calculate the delay and non-delay tgs cycle 

times 

‘■95JHD ~ ^ [2-3] 

and. 

^95 D = [2-4] 

12 



Substituting the appropriate cycle timesin forthe delay and non-delay cases,the 

parameters were calculated asfollows-

4"=Jin [2-5][f-V'\xJ 

1.2
X=Inx- [2-6]2^ 

where,X=sample average 

a=sample standard deviation 

The t95 time representsthe maximum duration one would take to complete one 

cycle ofthe operation95%ofthetime. Thatis,5%ofthe cycles would take 

longerthan t95 This tgs value was used to computethe 95-percentile production 

rate,P95 as 

C X 60 hr
P95 productivity = [2-7]

t9j(min) 

where, C=capacityto be processed per cycle 

t95=cycle time at95%confidence level 

TheP95 represents the minimum production rate thatTDOTcan expect ofthe 

construction operation95%ofthe time. This production rate does assume thatthe 

contractor would have an adequate size crew and adequate number and 

appropriate type ofequipment availableforthe construction task TheP95 

production rate,however,doesinclude the effect ofnormalrandomness such as 

traffic condition,equipment breakdown,labor delays, material delays,the bunching 

effect,and managementas reflected in tgs given inEquation 2-1 

13 



For a given quantity ofa construction operation,the numberofdays 

needed to completethe operation is 

Final Quantity 
t
max 

[2-8] 
P95 

For example,referring to Figure 2-3 the total number ofdaysrequired to lay 

604525tonsofasphalt grade A-S was 11 days Based ontheP95 production rate 

of1560tons/day as determined bytheUTK model(Gatlin(1998),Brown(1999)), 

the numberofdaysneeded to lay6045.25 tons ofasphalt is4days(6045.25 

tons/(1560 tons/day)). The predictive modelunderestimated the reported duration 

by7days. 
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CHAPTERS 

COMPARISONOFPREDICTIVEPRODUCTION RATESAND 

HISTORICALPRODUCTIONRATES 

3.1 INTRODUCTION 

Data collected forthe determination ofhistorical production rates were 

limited forsomeofthe construction operations as can be seen in Table 3-1. Table 

3-1 is a summary ofthe operations and their associated TDOT production rates. 

averageP95 production rates,and average historical production rates. Also listed 

is the number ofcontracts used in the determination ofthe historical production 

rates. The contracts were divided into three classifications based onthe final 

project cost. Contracts were classified asfollows; 

Small Final Cost<$500,000 

Medium $500,001 <Final Cost<$2,500,000 

Large Final Cost>$2,500,000 

Bygroupingthe contractsin this manner,production rates could be developed for 

a range ofprojects Figure 3-1 representsthe production curvefor atypical 

operation referred to asthe“S-curve” Theflat portion ofthe curve atthe 

beginning depictsthe mobilization ofequipment,materials,and labor. Asthe crew 

workson the operation,they begin to learn the operation until full productivity is 

reached The middle portion ofthe S-curve representsthe highest productivity as 

the crews mastered the operation. Completing the operation involves cleanup and 
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Figure 3-1. Production Curve for Typical Operation

demobilization of equipment. This slows productivity and results in the flat

portion at the end of the production curve. For operations consisting of small

quantities, crews do not have time to develop the S-curve. In this case, production

rates should be lower than the production rates of an operation with larger

quantities. Operations with larger quantities take longer and are able to produce

the “S” shaped curve; therefore, a higher production rate is better able to estimate

the larger quantities.

The following assumption was made to prevent the historical data results

fi-om being skewed. Only operations that were recorded to take longer than 5 days

to complete, for medium and large projects, were used in the data analysis. A time

duration longer than 5 days was chosen because an item with a duration less than

19



this limit would not beonthe critical path and would not affect the totaltime 

durationfor the project This assumption wasmadeto preventthe historical 

production rates from being underestimated Projects meeting the criteriafor small 

classification were not held to the greater than 5 days assumption. Some 

operations on small projectstake less than5 days,therefore, all operations and the 

associated daysneed to be collected before an appropriate production rate can be 

determined 

Road and dramage excavation,borrow excavation,mineral aggregate mix, 

and asphalt operations were analyzed by considering all daysrecorded on small 

contracts and all days with atime duration greater than 5 daysfor medium and 

large contracts For concrete pipe culvert,steel pile,concrete parapet,catch basin, 

and concrete median barrier operations,all days were considered in the analysis 

Thetheory behind this assumption wasthat theseitems do notgenerally up a 

large percentage ofa project individually Forexample,alarge project may only 

have one bridge with a dozen piles to be driven In most cases the contractor 

could set the piles in 5 daysorless. This ofren occursand the days should be 

taken into account when analyzing this operation 

3.2COMPARISONOFHISTORICALPRODUCTIONRATESAND 
PREDICTIVEPRODUCTIONRATES 

Table 3-2showsthe historical production rate calculations ofatypical 

operation. This summarytable representsthe mineral aggregate operation. Also 

listed on this table is the number ofdays meeting or exceeding TDOT’s production 

20 
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rate and the number ofdays meeting or exceeding the predictive production rate 

For example,referring to Contract2867,ofthe 115 days reported the contractor 

met or exceeded TDOT’s production rate of3000tons/day21 days,and 29days 

out of115 days,the contractor metor exceeded the P95 rate of2800tons/day 

This comparison was madeto get an indication ofwhether or notthe P95 orthe 

TDOT production rate could be met95%ofthe time 

The operations were divided into three categoriesfor comparisons. 

operations with predictive production rates,operations with observed production 

rates,and operations with neither predictive nor observed production rates. The 

difference between operations with observed production rates and operations with 

predictive production rates wasthat operations using the observed production 

rates had smallamountsofdata Only operations containing sufficient datato 

develop a statistical modelused predictive production rates Forthe comparisons, 

one production rate wasequalto one classification size for an operation. Category 

Iutilized historical production ratesfor road and drainage excavation,borrow 

excavation,mineral aggregate mix,and asphalt operationsfor making comparisons 

to their respective P95 values. There were no predictive productions rates 

developed for concreteramp pavement,steel pile,concrete pipe culvert,concrete 

parapet,and concrete median barrier operations,therefore,observed production 

rates were used to makecomparisons in Categoryn Gatlin(1998)and Brown 

(1999)were not able to collect dataforthe catch basin operation,so for Category 
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in the historical production rates werethe only rates availablefor which to draw 

conclusions 

When developing the average predictive production ratesforthe 

operations,the research team used the weighted average approach This approach 

wasused so that any one contract having animusuallylow production rate would 

not have a disproportionate effect onthe final averaged production rate The 

weighted average approach wasalso used in this research Equation 3-2showsthe 

calculation ofthe weighted average historical production rate for each operation 

Wt.Avg=2] FQ. 
[3-2]

ZFQ, 
V j 

FQi,FQ,=final quantity fi-om contracts i orj 

N,=numberofdaysreported for contract i 

Thefi'action in the first set ofbrackets denotesthe historical production ratefor an 

operation,discussed earlier. The second set ofbrackets acts as a multiplierfor 

determining how muchthe contract’s production rate contributesto the final 

weighted average historical production rate Forexample,referring to Table 3-3 

and Contract2780,the final quantity was4658tons ofasphalt grade A-S and there 

were 12days reported for completion ofthe operation. The historical production 

rate wascalculated to be388tons/day and thesum ofthe historical production 

rates wascalculated to be516419tons/day. From Equation 3-2,the weighted 

average was4tons/day This contract contributed very little in the final 

calculation ofthe average weighted historical production rate 
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Weighted averages were calculated for each operation and then summed to 

obtain afinal weighted average historical production rate A ratio was calculated 

to determine how wellthe historical production rates compareto the predictive 

production rates Equation 3-3 shows how the ratio was calculated 

Weighted Average Historical Vrodution Rate 
ration [3-3] 

Vredtctive Production Rate 

Figure 3-2representsthe summaryofthe operations and their respective ratios 

Forthe operationsin categoryI,78%ofthe average historical production rates 

were within a minimum of60%ofthe predictive production rates. Nine 

production rates were used forthe comparison;however,one ofthe production 

rates had only one datum per operation Discarding that production rate resulted 

in89%ofthe average historical production rates being atleast minimum of60% 

oftheP95 values 

Categoryn had six production rates that could be used to make 

comparisons AHofthe historical production rates were atleast70%ofthe 

predictive production rates Two ofthe six production rates were at least 15% 

greaterthan the observed production rates 

CategoryHIdid not have predictive production ratesto make comparisons. 

however,historical production rates could be determined. Table 3-1 liststhe 

results ofthe analysis Nine production rates were developed firom the analysis, 

however,three rates were discarded because there was only one datum per 

operation The remaining six production rates were averaged and the results 

showed thatone catch basin could be constructed in a day. This istypically the 
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case on a construction project The construction ofthe catch basin operation 

involves pouring afooting and bricking the sides Since the operation does notfall 

onthe critical path,the contractor will instruct a couple ofmen,one man mixing 

mortar and the other placing bricks,to construct the catch basins Depending on 

the size ofthe catch basin,the construction willtake aboutadayto complete 

In general there wasa large discrepancy between historical production 

rates and predictive production rates The reasonforthe diBEerence could be due 

to the determination ofthe number ofdays needed to complete an operation All 

days listed in the diaries,field books,or asphalt plant books were assumed to be a 

full day For example,during the collection ofdataforthe mineral aggregate 

operation,every day that mineral aggregate nux waslaid,regardlessofquantity,“a 

day”wasrecorded Thus,ifthe contractor had reached full productivity laying 

mineral aggregate mix onaroadway,“a day”wasrecorded,however,ifthe 

contractor had laid onlytwo truckloads ofmaterial ona driveway,“a day”was 

also recorded This assumption of “full day”for“a dayreported”can lead to a 

lower production rate as not all days reported were fully devoted to that operation. 

There wasno indication in the historical records whetherthe days reported were 

full days or halfdays 

3.3COMPARISONOFRECORDEDDURATION ANDPREDICTED 
DAYSFORAN OPERATION 

The last processin validating the predictive production rates wasto estimate 

the operations listed in Table 3-1. Accordingtothe assumption oftheP95 rate,the 

contractor should meet or exceed the estimated days95% ofthetime To develop 
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the maximum numberofdays needed to complete an operation with a95% 

confidence level,the final quantity ofeach operationfora given contract was 

divided by the corresponding P95 rate Equation 2-8 was utilized in the 

determination ofthe maximum number ofdays needed,tMAx Table 3-4showsa 

typical contract(Contract8402)and the operations studied associated with that 

contract Each operation hasthe final quantity,number ofdaysreported by the 

inspector,predictive production rate,maximum number ofdays needed to 

complete the operation(tMAx),and a ratio listed The ratio,r,for each operation 

was calculated using thefollowing equation 

Max Number OfDaysNeeded At95% Confidence Level 
[3-4]Number OfDaysSported By TDOTInspector 

This ratio shows whetherthe contract was behind or ahead ofschedule Ifthe 

ratio waslessthan 1.0,the contract was behind schedule The project was ahead 

ofschedule ifthe ratio wasgreater than 1 0 A ratio of1 0reflected a contract 

concurrent with the schedule 

The historicaltime duration ofan operation was estimated using the 

predictive production rates and then compared to the actualtime recorded bythe 

contractorfor completion ofthe project By making this comparison,it could be 

determined ifthe contractor had been allotted enough daysfor construction ofthe 

operations For example,72%ofthe operationstook 50%longerto complete and 

approximately39%ofthe contractstook70%longerto complete All ofthe 

major operations like road and drainage excavation,borrow excavation,mineral 

aggregate,and asphalt operations,were50%or more behind schedule according 
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to the analysis. These major operations usually fall onthe critical path,which 

affectsthe total project duration and the total project cost An operation estimated 

to take20 daysto complete wastaking the contractor a minimum of30 actual 

daysto complete Again,the predictive production rates were based onthe 

contractor allocating the appropriate amount ofresourcesto perform the 

operations Thereis insufficient information recorded in the inspector’s diaries 

indicating whether thislarge discrepancy wasdueto an error in the predictive 

production modelorthe contractor’s failure to allocate sufficient resourcesforthe 

operations. 

Theroad and drainage operation wasthe only operation studied that had 

enough datato develop predictive production rates and historical production rates 

forthethree contract classifications. Figure 3-3 is a graphical representation ofall 

road and drainage operations studied for this thesis. Thirteen contracts were 

studied and77%ofthe contracts werefound to be behind schedule Since this 

operation usually falls onthe critical path,the proper allocation ofresources is 

crucialto the project being completed on schedule 

Since the mineral aggregate operation alwaysfalls onthe critical path,it is 

importantthat the estimation ofthis operation be within 10%ofthe actualtime 

needed for completion Figure 3-4lists the results ofthe mineral aggregate mix 

analysis The results indicate thatforthe thirty-sk contracts examined,98%ofthe 

operation’stime duration were underestimated. Thirteen contractstook at least 

twice the allotted timeto complete the operation Thislarge discrepancy might 
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not be due entirely to TDOT’s production rates Historical data collection for this 

item was difficult The determination ofafull day ora half-day could not be made. 

therefore,each day recorded wastaken as afull day An error wasintroduced 

upon making this assumption Withoutthe proper documentation needed for 

determining the historical production rates accurately,the assumption had to be 

madejustto get an idea ofhow wellthe production rates compared 

Figure 3-5 showsthe summary ofall asphalt grade D operations Ascan 

be seen,the majority ofthe contracts underestimated the construction duration 

according to the number ofdays reported. This underestimation is the casefor all 

asphalt operations studied. Only afew contracts were ableto meetthe predictive 

production rates and finish the operation on or ahead ofschedule. In general,the 

asphalt operationsindicated that more time wasneeded to complete the 

operations 

The item having the largest discrepancy between the historical production 

rate and TDOT’s production rate wasthe concrete ramp pavement operation 

Figure 3-6 representsthe summary ofall concreteramp pavement operations 

TDOT currently uses a production rate of10,000 sy/day Gatlin(1998)and 

Brown(1999)developed aP95 rate of536 sy/day Based onthe Pgs rate,40%of 

the historical contracts were ahead ofschedule by at least30% Allofthe 

contracts were600%or more behind schedule when TDOT’sproduction rate was 

used. According to these results,adjustments should be madeto TDOT’s 
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production rate to prevent this huge underestimation oftime required for concrete 

ramp pavement construction 

The results ofthe analysis showed that the concrete pipe culvert operations 

were generally allotted enough daysfor completion Sixty-seven percent ofthe 

concrete pipe culvert operations were estimated to be65%or more ahead of 

schedule. Thisitem does not usually have a great impact onthe overall duration of 

a project because it is not onthe critical path. Therefore,the data indicated that 

the production rates currently being used byTDOT would be sufficient in the 

estimation ofthe time durationforthe concrete pipe culvert operation 

Eventhough the resultsindicate thatthe contractor typically needed more 

time to complete the operations,the historical data showed that some contractors 

were capable ofmeeting the predictive production rates. Since some contractors 

mettheP95 rate,it can be assumed that all contractors should be capable of 

meeting theP95 rate The misallocation ofresources could bethe main reasonfor 

notfinishing the operation on schedule. 
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CHAPTER4 

CONCLUSIONSANDRECOMMENDATIONS 

4.1 CONCLUSIONS 

The goalofthis research project wasto collect historical data,determine 

historical production rates,and comparethese rates with the predictive production 

rates developed by Gatlin(1998)and Brown(1999). Comparisons were to 

determine the validity ofthe predictive production rates. The results for the 

operations indicate,typically,thatthere wasnotenoughtime appropriated forthe 

contractorto complete the operations on schedule. However,alook atthe 

historical dataand the numberofdays meeting orexceeding the P95 rate shows 

thatthe contractors were ableto match the predictive production rate someofthe 

time during construction. Thisfact would indicate thatthe contractor mightnot 

havethe appropriate amountofresources allotted to the operations. Failureto 

have enough resources available canlead to contract overruns,costoverruns,and 

ultimately claims. 

The mineral aggregate operation wasthe only operation studied where 

98%ofthe contracts had more daysreported to complete the operationthanthe 

numberofdays estimated usiag the predictive production rates. Thereasonfor 

the large discrepancy between actual days and estimated days wasdue primarilyto 

record keeping. Days wererecorded when mineral aggregate mix waslaid; 

however,no details asto the location ofplacement were recorded in the historical 
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records. A differentiation could notbe made between a“dayrecorded”and a“full 

dayofwork”;therefore,an assumption had to be made. The assumption wasthat 

each day recorded would be counted asa“full day”. This assumption canlead to 

alarge underestimation ofoperation productivity,since there wasno indication in 

the historical records whetherthe days reported were full days or halfdays. 

Although it is notas evidentin the results ofthe asphalt operations,the same 

problem occurred in record keeping. 

Manyfactors influence production rates. Forexample,project 

managementis oneofthe mostinfluentialfactors affecting final completion ofa 

project. Project managers determine how manyresources should be used. The 

production rates were developed onthe assumption thatenoughresources will be 

available for construction. Whenequipmentor persormel are inappropriately 

allocated,areductionin productivity occurs. Anotherfactor influencing project 

duration isthe arrivaltime ofmaterial. Delays occurifthe materials do notarrive 

onthe projectsite whenthey are needed. The bunching together ofhaultrucks 

during the hauling ordumping ofmaterials,also known asthe bunching effect, 

causes areduction in productivity. The processor hasto waitfortrucksto arrive, 

and then thetrucks are bunched together. Trucks have to waitin a queueto be 

loaded and then delays occur. 

4.2 RECOMMENDATIONS 

Descriptive record keeping would help in theimprovementofproduction 
« 

rates. A researcher mustrely onthe documentsofthe pastto provide information 
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forfuture changesin productivity calculations. Many problemsin record keeping 

were noted during this research. Whenreferring backto field books,dates of 

construction and placementofmaterials were often difficultto find or notfound at 

all. Forexample,datesfor placementofthe mineral aggregate mix and asphalt 

were mostalways noted;however,the location ofplacementwas never noted. It 

isimportantto the researcher to know wherethe material was being laid. Ifonly 

two truckloadsofmaterial were laid on a driveway,the proper adjustments need 

to be made to accountfor the low daily production. Also,whenthe contractoris 

atfull production laying material onthe roadway,anote needsto be madeso that 

afull day would be interpreted. 

Information needed from inspector’s field diaries was also hard to collect. 

Historical datafor the box culvert,box bridge,bridge deck,and steel bar 

reinforcement operations could notbe collected because ofpoorrecord keeping. 

To makeaproper assessmentofthese operations,the inspector mustkeep detailed 

notes. Theamountoftime needed to dig footings,to lay the steel,toform the 

foundation,walls,and top,to cure,and to strip theforms should all be noted for 

the box culvert and bridge operations. Since the inspector cannotoversee 

everything ona project without missing something during the construction 

process,an approximatetime would be sufficient. The amountoftime needed to 

tie steel bars onabridge deck is also veryimportantto research. Thisitem is on 

the critical path for bridge construction. Work cannotproceed imtil the 
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reinforcementis placed and tied. Accurate production rates need to be determined 

in orderto predictthe amountofdaysneeded for this operation. 

Thefuture ofan organization depends greatly on learning and improving on 

the progress ofthe past. Proper record keeping would help to improveonfuture 

construction. Bykeeping proper records,contract overruns,dispute resolution, 

and total projectcostcan be better defended. Therecord keeping process should 

be uniform across the state,thereby reducing the possible misinterpretation of 

contract documents. Training seminars would be one step in assuring appropriate 

recording ofevents occurring on projects. Bytaking a little moretime and 

makingthe proper notes,production rates can be determined for any ofthe 

construction processes. 
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A step bv step analysis ofan operation studied. 

Contract2476 

Final Contract Amount=$2,511,50628> $2,500,000 

Therefore,this contract falls into thelarge contract classification 

For Asphalt Grade A-S 

Final Quantity=11019tons 

AverageP95Production Rate=1560tons/day 

TDOTProduction Rate=2000tons/day 

Data collected from historical records(See Figure A-1) 

NumberofDaysReported for Completion ofOperation=7days 

NumberofDaysMeeting orExceeding TDOTProduction Rate=2days 

NumberofDaysMeeting orExceedingP95 ProductionRate=3 days 

Analysis 

FinalQuantity
Max Number ofDaysNeeded According to TDOT= 

s.TDOT^voductionRate, 

\\0\9tons 
Max.Number ofDaysNeeded Accordingto TDOT= =6days

lOOOtonsIday. 

FinalQuantity
Max.Number of DaysNeeded at95%= 

V’PredictiveProductionRate, 

\\Q\9tons
Max.Number ofDcysNeeded at95%= =8dc^s 

\\56Qtonslday) 
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D.
WOT

= MczxNumberof DaysNeeded According to TDOT-NumberofDays^^ported 

D.
WOT

=6days-ldc^s=-\day 

Dpg^ = MaxNumberofDc^sNeeded at95%-NumberofDoy^Reported 

Dpg^ =%dc^s-Idays=\day 

DTDOT
PercentTDOT= *(100)

\Max NumberofDaysNeededAccordingtoTDOT) 

f-\day
PercentTDOT= *(100)=-17% 

\6days) 

DP95PercentPg^ = *(100)
Max.NumberofDc^sNeededat95Vo) 

Ifiiary 
*PercentPg^ = (100)=13% 

\%days) 

Max NumberofDaysNeededAccordingtoTDOT 
RatioTDOT= 

NumberofDayjReported 

r 

6days 
RatioTDOT= =0.86 

\ldaysj 

Max NumberofDaysNeededat 9SVo 
RatioPe.95 ~ NumberofDc^s^eported 

Zdc^s
\ 

EatioP9̂5“ =114 
Idays) 

/ 

FinalQuantity 
\ / 

FinalQuantityContribution toWt.Avg= * 

K^NumberofDqysKeported TLofAllFinalQuantities) 
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\\0\9tom\J \\0\9tons\ 
Wi Avg Historical Vvod Rate= =3AtonsldayIdays j \5\6A\9tonsJ 

FinalQuantity \

*

r FinalQuantity
Wt Avg=S 

NumberofDaysKeported) K.'LofFinalQuantities, 
/ 

FinalQuantity 
\

*

f 
FinalQuantity

Wt Avg= Z' 
'^NumberofDqv^Reported) VlLofFinalQuantities) 

The analysis was performed on all other contracts containing the asphalt grade A-S 

operation and then summarized in Table A-1. Figure A-2is a graphical 

representation ofthe summary Table A-2 
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