
CI
F
-
+

TRANSPORTAIION

RISIARCH COtt,ll\ilITTIE

TRC9806

Verification of Construction
Productivity Tables

Paul D. Mixon

Final Report

2002



-lno
(o
@O
O)

Final RePort
March 21,2042

HIGHWAY RESEARCH PROJECT TRC - 9806

CONDUCTED FOR THE

ARKANSAS STATE HIGIIWAY A}\{D TRA}ISPORTATION DEPARTMENT

By

Paul D. Mixon, Ph.D., P.E.



1. Report No.

FHwA/an-02/002

2. Govemment Accession No. 3. Recipient's Catalog No.

4. Title and Subtitle
VERITICATION OF CONSTRUCTION
PRODUCTIVITY TABLES

5' Report Dd" March 2oo2

6. Performing Organization Code

8. Performing Organization Report No.

AR-02/002

7. Autho(s)

Paul D. Ivlixon

9. Performing Organization Name and Address

Arkansas State UniversitY
Dept of Engineering
P.O. Box 1740

12. Sponsoring Agency Name and Address

Arkansas $tate Hwy & Transportation Dept.
P.O. Box 2261
Little Rock, AR 72203-2261

10. Work Unit No. ORAIS)

I 1. Contrad or Grant No. f nC_ 9 g O 6

13. Ty?e of Report and Period covered

Final Report
1/98 to 3/02

14. Sponsoring Agenry Code

15. Supplementary Not6

16. Abstract

An updatable database was developed using the Microsoft Access
spre;dsheet and the I'isual Basic programming language.
approximately 55 separate AHTD jobs were included in the database.
Construction task rites were transcribed from RE Diaries and
Contractor Payroll records and were placed into one of 29 differen
contruction task categories. The entire database was sorted by
Interstate jobs and Brj-dqe jobs.

t

17. KeyWords Productivity rates,
Contract time

1 8. Distribution Statement

19. Security Classif. (Of this report)
none

20. Security Classif. (Of this page) 21. NoofPages 2,.Pice

Technical Report Documentation Page

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



DISCLAIMER

The contents of this report reflect the views of the author who is responsible for the facts and the
accuracy of the data presented herein. The contents do not necessarily reflect the official views
or policies of the Arkansas State Highway and Transportation Department or the Federal
Highway Administration. This report does not constitute a standard, specification, or regulation.

ACKNOWLEDGEMENTS

The author wishes to express his sincere gratitude and appreciation to the following people for
their efforts and assistance with this research project:

Mr. Alan Meadors for his oversight, advice, and the benefit of his experience.

Ms. Karen McDaniels for her coordination of this project.

The people in Research Division who performed the difficult job of transcribing data.

Dr. Thomas Parsons for his good advice.

2



PREFACE

The objectives of this study were:

(1) To develop an updatable database progrrlm using Construction Division records from recent

Arkansas Highway and rransportation Department (AHTD) projects.

(2) To verifu and/or update and revise the existing Construction Productivity Tables.

(3) To sort the data developed in part (1) to obtain specific information, such as on,.Bridge jobs,,

or "Interstatejobs".

An updatable database was developed using the Microsoft Access spreadsheet and the Visual

Basic programming language. Approximately 55 separate AHTD jobs were included in the

database. Construction task rates were transcribed from RE Diaries and Contractor payroll

records and were placed into one of 29 different construction task categories. The entire database

was sorted by Interstate jobs and Bridge jobs. For each job studied, all29 construction tasks

were tracked. Also, for each Bridge job 11 additional special tasks were tracked. There was an

indication that several of the existing AHTD Construction Rates should be revised to reflect the

capabilities of more modern equipment and techniques. Also, Interstate-related jobs exhibited

higher productivity on certain tasks as compared to non-Interstate jobs.
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INTRODUCTION

The Arkansas State Highway and Transportation Department (AHTD) assigns specific

time allowances for "staged" projects. In theory these time allowances should represent the

appropriate amount of time required by contractors to perform certain construction tasks. In

some cases, AHTD construction projects seem to last longer than they should, especially when

public opinion is taken into account. Some construction projects may seem to take longer than

necessary even when they are completed within the assigned time allowed by the AHTD. kl

some cases, these projects are cited as examples of poor planning and time management because

the AHTD appeulrs to have allowed too much time for the completion of the work.

The "Productivity Rates" used to establish the allowed contract times for particular

construction projects were developed using various techniques in the past, and these rates have

not been kept up to date with regard to improvements in construction technology and equipment.

It is possible that the current rates being used by the AHTD are not representative of the actual

capabilities of today's modern contractors and equipment.

This research project was undertaken specifically to meet the need to update the

productivity rates so that tables and production charts can be obtained that accurately predict

realistic construction contract times. These updated productivity rates can then be used in

conjunction with a database program to aid estimators in the determination of contract times for
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AHTD construction projects.

OBJECTTVES

This project consisted of three major objectives. They were as follows:

(1) Develop an updatable database program using Construction Division records from recent

AHTD projects.

(2) Verification and/or revision of the existing Productivity Tables by utilizing the database

developed in objective (1).

(3) Use the database developed in objective (1) to sort the data so as to obtain specific

information about Bridge jobs,Interstate jobs, Days Worked vs. Time Charged, and other

special information of interest.

METHODOLOGY

In order to achieve the objectives of this project, the following procedures were carried out:

Phase 1

A background literature review was completed by the end of January, 1 998. Approximately 1 5

articles and reports were reviewed. Several of these reports were particularly useful and relevant

to this project, including:

(a)'Managrng contract Research programs", NCHRP synthesis 231
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(b) "Evaluation of Contract Time Estimation ......", Louisiana Transportation Research No. 296
(c) "Determination of Contract Time for Highway Construction Projects", HCHRP Synthesis 215
(d) "Construction Contract Time Determination", Texas Trans. Inst. Research Report l26Z-1F
(e) '?re-construction Management System: Procedures Manual", Center for Trans. Research,
University of Texas at Austin, Research Report 922-lF

The second part of Phase I included organizing and developing a database from existing

Construction Division records. This was accomplished using the Microsoft Access spreadsheet

and the Visual Basic programming language. After consultation with the Research Committee, a

list of 29 highway construction tasks was compiled. The original Construction Productivity

Tables which were in use at the beginning of this project contained 27 construction tasks. The

new list of tasks compiled for this project included most (but not all) of the tasks from the

original Tables as well as several new tasks. The original Construction Productivity Tables (27

tasks) are included in Attachment A, and the 29 tasks for this project are included in Attachment

B.

In order to make the database as "user-friendly'' as possible, a windows-t1pe environment was

selected. The 29 tasks chosen for tracking were further separated into the following four

construction categories :

(A) Concrete Paving (8 tasks)

(B) Roadway Construction (13 tasks)

(C) Miscellaneous Construction (6 tasks)

(D) Bridge Items (2 tasks)

Attachment C contains visuals of the main menu and different sub-menus available to the user.
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The initial project goal was to transcribe 60 jobs into the database. 55 actual AHTD construction

projects were transcribed, including projects ranging from the year 1994 to the year 1999. Each

of the 29 tasks were tracked for each of the 55 jobs included. Most of the tasks being tracked

were in units of (quantity)lday. The rate for each task was calculated as follows:

(1) For each 2-week period during the course of the project, the total quantity of a particular item

indicated by the Contractor Payroll records was entered into the database spreadsheet. The total

number of days spent working on that particular item was then determined from the RE Diaries

for the same 2-week period, and entered into a separate spreadsheet in the database.

(2) The average rate for each task being tracked was calculated by dividing the quantity for each

task by the total time spent on that particular task. The database is configured so that the average

rate for each task is continually updated as additional data are entered into the master

spreadsheet.

Of the 55 jobs transcribed, about 24% (13 jobs) are Interstate jobs. During the course of the

project, it was determined by the Research Committee that it would be useful to track each of the

29 tasks for Interstate jobs only. This was accomplished by adding another sub-window to the

main menu, which included a filtering algorithm to calculate each rate using only data from

Interstate jobs. Interstate jobs were identified on the spreadsheet as they were entered into the

database by AHTD Research Division persorurel.

Phase 2

RESI.ILTS

The results from the 55 jobs transcribed to date are shown in the following tabular format:
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Task

PC Concrete Base

ACHM Surface Course

ACHM Binder Course

ACHM Base Course

Shoulder Seal

PCC Pavement

PC Concrete Driveway

Concrete Pavement Patching

Task

Box Culverts

Concrete Barrier Wall

Minor Drainage Structures

Concrete Curb and Gutter

Fencing

Guardrail

R&R Base Course

Trench & Shoulder Preparation

Proc Lime Treated Subgrade

Proc Cement Treated Subgrade

Aggregate Base Course

Unit

(ydzlday)

(tons/day)

(tons/day)

(tonsiday)

(gaVday)

(ydzlday)

(y&tday)

1y&tday)

Unit

(per day)

(linear feet/day)

(linear feeUday)

(linear feet/day)

(linear feet/day)

(linear feet/day)

(tons/day)

(linear feet/day)

(ydzlday)

(ydz/day)

(tons/day)

NA

All Jobs

841

855

tt02

47

3065

47

103

All Jobs

3032

NA

Interstate Jobs

NA

1213

1322

47

4259

101

Interstate Jobs

749

6

8 NA

794

902

32

1246

37s

1027

241

NA

NA

2t75

555

269

73

1829

268

t027

85

8
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Task

Reconstructed Base Course

Asphalt Surface Treatment

Clearing/Grubbing

Trench Existing Shoulder

Presplitting

Borrow/Embankment

Seeding/I\{ulch

Unclassifi ed Excavation

Remove Existing Bridge Str

Cost in Dollars/Day

Unit All Jobs

(tons/day) 739

(gaUday) 5O4r

(acres/day) 8

(linear feet/day) 62

(yd2/day) t4t

(yd3/day) 840

(acres/day) 19

(yd3/day) 1588

(per/day) .85

($/day) $47

DISCUSSION OF RESULTS

As can be seen from the previous results, on approximately half (13 of the 29 tasks) of the items

tracked the rates for Interstate Jobs exceeded the rates for all jobs. on several of the items where

the Interstate rate did not exceed the rate for all jobs, there was simply insufficient data to arrive

at a meaningful conclusion about that particular task. For example, the rate for Unclassified

Excavation was almost twice as much for all jobs as it was for Interstate Jobs, but this was

because there were only 1 or 2 jobs used to calculate the average rate for Interstate Jobs only, and

this is not a good indicator of the capability of today's contractors for that particular task. when

compared to the old rates from the ortginal Productivity Tables, most of the same items which

were tracked in this research showed in improvement in the average rate.

Interstate Jobs

NA

5788

18

62

31

482

25

883

2.35

129s6
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BRIDGE DETAIL

After consultation with the Research Commiuee, it was decided to further break down the bridge

jobs and separately track 11 additional tasks associated mainly with bridge construction. Each of

the 16 bridge jobs included' in the database were analyzed for the 1l tasks. The results are shown

in tabular form as follows:

Task Avg. Rate No. Jobs

Unclassifi ed Excavation 95

Class S Concrete

Class S(AE) Concrete

Re Steel Roadway

Re Steel Bridge

Piling

Beam/Girder

Elastomeric Bearing

Filter Blanket

Dumped Riprap

Detour Bridge

Unit

(vd)

(vd)

(vd)

0b)

0b)

(linear feet)

(lb)

(in')

(va)

(vd')

(linear feet)

18

4t

1293

3841

145

38ss4

t4070

3s9

119

15

11

11

11

14

15

15

8

4

t3

13

J
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ATTACHMENT A

Original AHTD Construction productivity Tables



ARKANS AS HIGHWA Y AND TRANSPORTA TION DEPARTMENT
PRODUCTION RATES

(Guide for Computing project Completion Time)

ITEM SMALL OUANTITIES
SMALL JOBS

LARGE OUANTMIES
LARGE JOBS

Soil Aggregate in Stab. Base Crse.

Surface Treatment

Stab. Base, Binder & surface Crses.

Major Structures @ox Culverts)

or Structures (Ivlultiple Structures)

Signals (Two Intersections)

Roadway Excavation

Course

Prime Coat

Curb & Gutter

Control

Drainage Structures

Structures @ridges)

encmg

Traffic Signals

Up

Move In

Clearing &

Cement Trtd. Base Crse.

Lime Trtd. Base Crse.

Concrete Pavement

Shoulder Seal

Concrete Walks

Concrete Driveways

5 Sta. or Acres / Day (5 Day Min.)
5 Sta. or Acres / Day (5 Day Min.)

5000 Gal. / Day (+ 3 day cure)

5000 Gal./ Day

600 Ton / Day

months from Advertising

9 months from Advertising

5 Days

Days

Cu. Yd./Day

Cu. Yd. or TonslDay

Sq. Yd/Day

Sq. Yd / Day

per Day

600 Cu. Yd./Day

200 Sq. Yd./ Day

2000 Sq. YdlDay

2000 Sq. YdtDay

lz5oo cat.l Dav

250 Lin. Ft./ Day

100 Sq./ Day

100 Sq.i Day

$ 1,200 per Day

$800 per Day

$2,500 per Day

$5,000 per Day

1000 Lin.Ft./ Day

5 Days

l0 Sta. or Acres / Day (5 Day Min.)
l0 Sta. or Acres / Day (5 Day Min.)
1500 Cu. Yd.lDay

1500 Cu. Yd./Day

300 Sq. Yd,./ Day

1000 Cu. Yd. or Tons/Day

Gal. / Day (+ 3 day cure)

$7,500 per Day

1500 Lin.Ft./ Day

8 months from Advertisino

months from Advertising

5 Days

Sq. Yd/Day

500 Gal./ Day

Gal.lDay

Sq./ Day

,000 per Day

2000 Sq. Yd/Day

2000 Sq. YdlDay

800 Ton / Day

10000 Sq. Yd/Day

350 Lin. Ft./ Day

200 Sq./ Day

$2,000 per Day

$3,000 per Day

$3,000 per Day



TYPE WORK
IPE
2 EMERGENCY
3 RECONSTRUCTION
4 MA"IOR WIDENING (Adding one or more lanes)
5 MINOR WDENING fuassing lanes see #35
6 REHABILITATION (pavement restoration, patching,

heat scarifying, planing & texture)
7 RESURFACING (overlay, hot mix seal)
8 BASE
9 BRIDGE REIIAB @ridge deck grinding)

I0 SATETY & TRAFFIC ENG. (ntersection improvements, signars, rogo

, sHorLDERrMpRovEMENr, ffi",'"f*"m*ffiT#ilm:',
but excluded from outgoing reports)

12 BASE STABILZATION & SLIDE REPAIRS
13 BASE&DRA]NAGE
14 BASE & SI.]RFACING
l5 GRADING, DRAIiAGE, & BASE
16 GRADING & STRUCTIIRES
17 GRADING

20

2t
22

23

I8 SURFACING
19 STRUCTURE APPROAC}DS

24 INTERCHANGE
25 BUILDINGS
26 ROADSIDE APPIIRTENANCES

27 RESURFACE & SHOI.ILDER
28 NEW LOCATION
29 SEAIING
30 FRONTAGE ROAD
31 CLEARING & GRI.]BBING
32 STIIDY
33 RIGIIT.OF-WAY
34 UTILITY
35 PASSING I.ANES

(gravel roads only)
(includes MDS, bridge replacemenr, grade separation)

(includes ieveiing, under drain, joi,t rehab., Removal w/no replacement,
salvage yards, Br. painting, fencing, Br. Removal w no replacement, AHp insp. pads
(new)
(AlfiD purposes including district oflices, chemical storage buildings)
(Public purposes including rest areas, tourist information centers,
weigh stations, roadside parks, commuter facilities, landscaping, wheelchair ramps)

(Applicable only to jobs with programmed status)
(Applicable only to jobs with programmed status)



ATTACHMENT B

List of 29 Highway Construction Tasks which were tracked for this research.



Concrete Paving

PC Con Base (yd2lday)
ACHM Sur Course (ton/day)
ACHM Bin Course (tor/day)
ACHM Base Course (ton/day)
Shoulder Sear (gaUday)
PCC Pave (yd2lday)
PC Con Drive (ydzlday)
Concrete Pavement Patching (y& I day)

Turf and Roadway Preparation

Clearing/Grubbing (acres/day)
R&R Base Crs and Asp Sur (ton/day)
Trench and Shoulder Prep (lin ft./day)
Trench Existing Shoulder (lin ft.iday)
Proc Lime Treated Subgrade (ydzlday)
Proc Cement Treated Subgrade (y&lday)
Presp littin g (y d2 I day)
B onoWEmbankrnent (yd3/day)
Agg Base Course (ton/day)
Recon Base Course (ton/day)
S eeding/IVlulch (acres/day)
Unclassifi ed Excavation (yd3lday)
Asphalt Surface Treatment (gal/ day)

PRODUCTTVITY RATE CATEGORIES

Misc. Construction

Box Culverts ($/day)
Concrete Barrier Wall (lin ft./day)
Minor Drainage Sts ($/day)
Concrete Curb and Gutter (lin ft./day)
Fencing (lin ft./day)
Guardrail (lin ft./day)

Bridge Items

Remove Existing Bridge Str (#)
Bridge Items ($/da,



ATTACHMENT C

Windows Environment Main Menu and Submenus
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