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FOREWORD

This research was initiated by a joint request from the Federal Highway
Administration’s Office of Highway Safety, Office of Traffic Operations, and the
Office of Highway Operations to determine the traffic safety and operations and
the construction efficiency related to twe traffic control strategies on four-
lane divided highways. These strategies were to close one Tane at a time or to
close one roadway, build a crossover, and to aperate the opposing roadway as a
two-lane, two-way facility. The research was to prepare an information guide
based on the research results.

The Research Report, volume I, FHWA-RD-89-209, provides the details of the
research conducted and will have only a limited number of copies reproduced.

The Informational Guide, volume 1I, FHWA-RD-89-210, provides basic study results
for use by highway engineers. The reports will be distributed to the
Transportation Research Information Service Network and Department of
Transportation Tibraries and they will be placed in the National Technical
Information Service {NTIS) to be available to interested parties. Both reports
will be distributed to the regional and division offices with copies sent to the
division offices for distribution to the State highway agencies.

ﬁ‘”ﬂ/a- -
b R. J.\Batsold \

Director, Office of Safety and
Traffic Operaticons Research
and Deveiopment

NOTICE

This document is disseminated under the sponsorship of the Department of
Transpartation in the interest of information exchange. The United States
Government assumes no Tiability for its contents or use thereof. The contents
of this report reflect the views of the contractor, who is responsible for the
accuracy of the data presented herein. The contents do not necessarily reflect
the official policy of the Department of Transpertation. This report does not
constitute a standard, specification, or reguiation.

The United States Government does not endorse products or manufacturers. Trade
or manufacturers’ names appear herein only because they are considered essential
to the objective of this document.
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I. INTRODUCTION

Backgrsosund

The Interstate freeway system is the backbone of the Nation's
highway system. Interstate Freeways constitute only 1.25 percent
of the ttotal highway network, but carries 20 percent of the
traffic.

Construction o¢f the Interstate System began in the late
1950's. There was, however, a need to begin to rehabilitate the
system, particularly the pavements, as early as the 1970's.
Rehabilitation regquires that cne or more lanes be closed. 0On four-
lane freeways, which constitutes the wvast majority of the
Interstate System, two basic alternative traffic contrel strategies
are primarily used during rehabilitation:

(1) Single 1lane closure (SLC). When one lane in one
direction is closed resulting in little or no disruption
of traffic in the opposite direction.

(2) Two-lane two-way traffic operation (TLTWO). When a
roadway is closed and the traffic which normally uses
that roadway 1is crossed over the median, and TLTWO is
maintained on the other roadway.

Occasionally there is an opportunity to detour traffic teo a
parallel highway facility during paving operations, but in most
situations one of the above two alternatives must be employed.

In the early 1970's, the majority of rehabilitation and
resurfacing on four-lane divided highways and bridge structures was
performed by using the TLTWO traffic control strategy. However,
the concern for serious head-on vehicle collisions on the temporary
two-way operation prompted the Federal Highway -Administration
(FHWA) to issue Emergency Regulations in 1978 which required
positive barriers to separate opposing traffic flows.(!) The result
was that most State agencies modified their traffic control plans
and began to emphasize the use of the SLC because of the
prohibitive cost of positive barriers at the time.

Recognizing the States' concerns, FHWA in 1982 modified the
Emergency Regulations to permit TLTWO with alternative separation
devices (other than positive barriers) subject to approval of
channelizing devices by the States and FHWA.(Z)

Highway construction and maintenance work zone productivity
is influenced by factors such as the work environment, the quantity
and quality of personnel and equipment and the methodeology used in
the work setting. cChanges in any of these factors may either raise
or lower productivity depending upon the change.



The traffic control approach selected affects the work zone
environment and thus has a direct influence on work productivity.
At every roadway work zone there is competition for lateral space
(right-of-way) between the needs of the work itself and the
requirement for moving traffic as safely and efficiently as

possible. As space for the roadwork increases, <there is a
comparable reduction in lateral space available for traffic, and
vice-versa. In the case of the above two traffic contrel

strategies on four-lane freeways, SLC provides the contractor with
less work space, but more space is available for moving traffic.

Another influencing factor is that the contractor must work
adjacent to traffic. The SLC strategy usually increases the amount
of time reguired by the contractor to complete the rehabilitation
project. The TLTWC strategy allows tihe contractor total use of one
side of the freeway and therefore pravides the contractor with
considerable flexibility in terms of construction methodology.
Thus, the contractor can normally complete the work in less time.
However, having two lanes closed (one in each direction) may be
more disruptive to traffic and may result in significantly higher
traffic congestion and motorist delays in areas where one lane
capaclities are approcached.

The important issue in selecting between the SLC and TLTWO
traffic control options, is the point at which one of the twe
becomes more economical from the standpoint of the total cost:
construction cost plus rocad user cost (i.e., travel times,
accidents, motor vehicle operating costs). Although there has been
much speculation as to which of these traffic control approcaches
is more desirable for various types of constructien and traffic
volume levels, highway agencies and construction contractors need
better data and guidelines to¢ objectively select the most
appropriate apprcach. The decision should be based on such items
as type of construction, project duration, traffic volumes, cost
of construction, and cost of traffic controls.

Objectives
The cobjectives of the reseach study were to:

(1) Determine the costs {construction and rcad user costs)
and safety impacts associated with traffic control
through work zones on four-lane divided highways using
SLC versus TLTWO; and

{2) Prepare an informational guide for highway agencies and
contractors te assist them in selecting the most cost-
effective of the two traffic control strategies for
proposed construction projects.



Scope

The research involved collecting and analyzing construction
costs, traffic control costs and accident data from 51 construction
projects on four-lane rural freeways where either the SLC or TLTWO
traffic control strategy was used. Data were obtained from 11
states (Arizona, California, Florida, Kentucky, Louisiana,
Michigan, North Carolina, ©Ohio, Oregon, Utah and West Virginia).
There originally were 9 participating states until projects in
California and Ohio were added.

The original intent was to conduct field studies to collect
data to measure construction zone traffic capacity and estimate
road user costs (travel time and motor vehicle operating c¢nsts) at
20 of the above construction projects. The traffic demands,
however, were Jlower than the roadway capacities {o¥ project
construction had been completed) at 48 of the 51 selected projects
znd, therefore, traffic congestion was not anticipated at these
sites. Thus, it was not pessible to collect the appropriate field
data. As an alternative, the researchers located and conducted
field studies at 22 other construction projects where State highway
agencies stated that traffic congestion would indeed occur. Field
studies were conducted in 11 states (Arizona, Florida, Kansas,
Kentucky, Michigan, Minnesota, Ohio, Oklahoma, Texas, West Virginia
and Wisconsin).

The research thus included studies in 16 states. However,
contacts with a number of other S8tates in the search for field
construction sites where traffic delay could be measured and
studied.

Previous Work

Construction _and Traffic Contreol Costs

In 1981, PFHWA funded a research project dealing with
improvements and new concepts for traffic control in work zones,
and part of the project was devoted to the issue of traffic control
on four-lane divided highways. The results were presented in a
report titled, "Effects of Traffic Control on Four-Lane Divided
Highways."(3?

The researchers conducted 9 case field studies (4 SLCs and 5
TLTWOS) on divided highways 1in Texas and Oklahoma with
characteristics described in table 1. Data were collected at each
site to assess (1) worker productivity:; (2) job duration; (3)
construction costs; (4) traffic control costs; (5) highway user
costs; (8) accidents; (7) conflicts; and (8) capacity.

Attempts by the researchers to obtain the actual construction
costs and traffic control costs for each of the nine construction

3



Table 1. Site characteristics.
Tratiic Hourly Left  Right  Taper/ Available Length of Length of
Type of Contrdd  Volume®  Side  Side  Crossover  Travel Wigth  Closure Bridge
Site  Location Work Plana  (Range) TCDP TCDd  TCODb LY () ()
1 Leoma, TX Concrete Pavement SLC 225 -280 Cones - BL 20 600 -
Repair
2 New Braunfgls, TX  Pavement SLC 705-875 Cones - Cones 220 6,800 -
Resurfacing
3 Amarilo, TX® Bridge Repalr TLTWO  1080-1795 PCB PCB BA 180 3,400 400
4 Amarillo, TX Bridge Deck SLC 175-240 BER Cones BL 19.0 2,400 225
Aepair
§ Carhage, TX Pavement TLTWO!  165-210 PM - BA 12.0 12,000 .
Recanstruction
6 Oklahoma City, OKX Overhead TLTWO 1275- 1810 PCB BR OR/PCB 15.0 3,100 -
Structure Repair
7 Oklahoma City, OX Bridge Repalr SLC  250- 350 PCB - DR/PCB 15.0 2,500 ga0d
1020- 1890
8 Edmond, OK Base Excavation TLTWO 600-960 Tubes - DR/PCB 20.0 22,700 -
and Pavement
‘Resurtacing
9 Oklahoma City, OK Bridge Repair TLTWO 550 - 680 Tubss - OR/PCB 20.0 25,500 -
and Pavement
Resurlacing
Test Dallas, T Bridge Repair SLC 1600+ Cones - BR 15.0 2,135 200
asLC - Singledang Closure. Cln direction of lane-closure or Crossover. ft = fest
TLTWO - Two-ane, Two-way Operation.
dTwo bridges (270 and 160 fest long) 560 feet apart.
bPCB - Pontable Concrete Barrier.
BA - Barricades. ©Normal 6ane freeway
BL - Barrels.
BR - Bridge Rall. fCrossover accomplished by exiting roadway, crossing an
DR - Drums. overpass, and reentering roadway using off-ramp on
PM - Pavement Markings. opposite side.



projects and the egstimated costs for the alternative traffic
control strategy (TLTWO if the SLC was actually used and SLC if
the TLTWO was actually used) were not totally successful.
Although, construction cost data (table 2) were obtained for all
nine sites, cost information for the alternative traffic control
strategy was obtained for only 3 of the 9 sites. The highway
agencies and the contractors indicated they did not have the
resources to produce confident estimates for the other six sites.

Using the contractors' bid prices to determine the cost of
traffic control also presents a problem in accurately estimating
costs. It was found that the contractors' bids for traffic control
were much lower than the actual costs.(3? For example, one
contractor bid one _dollar for traffic control on a 8§400,000
project.

After determining that traffic c¢ontrol bid prices were
misleading, the researchers requested that the contractors and/or
highway agencies provide a realistic estimate of what the traffic
control costs would be for the selected strategy, and for the

alternative traffic control strategy had it been used. These
estimates are presented in table 3. Alternative cost data were
available for 5 of the 9 sites. Contractors provided cost

estimates for the actual traffic control costs for their projects.
Traffic control cost estimates ranged from 4 to 39 percent, and on
the average. were 15 percent of the total construction cost.

It was recommended that actual costs and estimated costs for
the alternative zraffic control strategy would have to be reviewed
for many more consiruction sites to fully address the cost issue.
FHWA subsequently provided funds to several States to develop the
data base for a more complete analysis which is the purpose of the
research discussed herein.

The researchers' findings of the c¢ost analysis, even with the
small sample, are generally consistent with another FHWA study
conducted to evaluate traffic control and construction costs at 10
SLC and 4 TLTWO work sites.(4) The evaluation was based on project
bids made during 1980-1981, and the costs quoted by the overall low
bidder on each project. The projects ranged in size (i.e., total
cost) from $£400 thousand to $15 million.

The results showed that construction costs for the projects
using the SLC approach averaged just over 8364,000/mile of work,
while construction costs using the TLTWO approach averaged nearly
81,170,000/mile, However, this finding does not necessarily
repudiate the claim by some that the TLTWO reduces construction
costs. It should be noted that two of the 4 TLTWO sites reviewed



Table 2. Comparison of job duration and tonstruction
costs tor alternative traffic control approaches.

Job SLC T.TWQ
Type of rength Job Curatior®  Total Cost Jdob Duraticnd  Total Cost

Site Work (i) . (Days) $ (Cays) O]
1 Conciets Paverment Repair 12 1 2,719
2 Pavemnent Resurfacing 21,120 [51] 416112 * .
] Bridge Repalr 400 2400 1,162,683 200 849,372
4 Bridge Deck Repalr 225 6 70,012 s 78.12bC
5 Pavement Reconstruction 12,000 agob 3,500,0000 225 2,925,660
6 Overhaad Structure Repair 3,100 200 1,589,859
? Bridge Repalr 430 130 896,708
8 Base Excavation and 22,700 12 1,708,201

Pavement Resuiacing
) Briage Repair and 25,500 21 5,195,980

Pavermnent Rasurfacing

AContracted duration
Dindicates allernative traffic control approachas.,

CCortractor was working on bridges in both directions of traved, A TLTWO contral plan would have prevented simuitaneous work on bath
bridges, accounting for the higher cest for the TLTWO altarnative.

*No eslimate given because job was dspendent on the ablity of the hot mx plants to fumish materlals. Hot mix plants could not fumlsh
materiais as fast as the contractor could handle.

ft = fact
Table 3. Comparicon of estimated tratfic control costs
for alternative traffic control approaches.

Work Tralti 10l ADDIC
Site  Performed Typa of S1L.C TLTWO

by work Tralfic Contral Plan 7] )
1 State Concrate Pavement Repalr SLC 1.798 N/AR
2 Contractor  Pavement Resurfacing SLC 14 350 N/A
3 Contractor  Bridge Repalr TLTWO N/A 12,000
4 Contractor  Bridge Deck Repair 8LC 10,500 28,500 b
5 Contractor  Pavement Reconsiruction TLTWO 2250000 125,000
6 Contractor ~ Ovorhead Structure Repalr TLTWO 44, 176b 113,356
7 Contractor  Briige Repair SLC 246,098 283,1420
a Contractor Base Excavation and TLTWO N/A 344,693

Pavament Resurfacing

] Contractor  Bridgs Fepalr and TLTWO 1,644,078 287,595

Pavement Resurfacing

BN/A - Not availabig.
bindicates alternatlve traffic control approach.



during the latter study involved complicated and costly work, and
thus the results may be somewhat misleading.

Road User Costs

Researchers made field measurements at the 9 sites in the FHWA
study and conducted field studies at an additional 7 sites in
Houston, Texas as part of a study sponsored by the Texas State
Department of Highways and Public Transportation:(3:3%) The latter
studies were conducted at sites with high traffic demands. Highway
user costs for each cf the 16 study sites using a work zone queue
and user cost evaluation computer model {QUEWZ).(%) Table 4 shows
the user costs at work sites during periods when significant queues
were present. Table 5 shows the user costs at the 9 work sites
from the FHWA study by direction of travel during periods of the
day when no significant queues were present.

Table 4. Uaer costs (significant queues present).

Averape Addtional User Vehicie Average Avetage
Ske  Direction Avetage Cost per Vehicle Cost Per Average Hourly Hourly User
of Queue Delay Operating Total Mile of Vehicle User Cost Per Mile
Traveld Length Cost Costc  Cosl Queue Volume Cost of Queue
(rmi) (%) (%} ) (%) (veh/hour) ® 3]
7 ca oes 0.53 0.11 0.64 0.96 1.407 895 1,356
Tesd  CO 0.728 132 om 1.43 1.96 1,700 2,424 3,329

ATotals may not match separate values due ta rounding ermors and weighting of each run by the comesponding traffic voluma.
bCQ . Direction of crossover or lane closurs while queus was present.

COparating costs indude vehide runhing costs and speed change cycla costs.

dLocated on Cartral Expressway in Gallas, Texas.

mi ~ relleg

Table 4 shows that the average additional road user cost for
sites with significant queues was §0.64 per vehicle in the
direction of the lane closure. As shown at the bottom of table 5,
the average additional road user costs (costs above what would
normally be expected} with no significant gueues was $0.11 per
vehicle in the direction of the crossover and $0.08 in the opposite
direction.

Graphs were developed which illustrate the relationships
between hourly demand traffic volumes and user costs which resulted
from QUEWZ model.(¢) Figure 1 shows the relationship between



Table 5. User costs (no significant queues present).
Direction Type of Avarage Addtioral User
She ol Trathc —_Godt pec Vehicls Averspe
Trevell Contrdl Doloy Cporating Total Vehicla User Cost
Cost Cost¢  Cost Volume Per Hour
(s) (3} ® {veh/houe) (s)
] G e 00 001 0 27 5
o] <01 <01 <01 286 <1
2 G sLe 0.13 001 014 865 120
0 NA NA NA NA NA
3 G TLTWO 0.38 003 020 1,129 8
0 0.14 0o 018 1,269 220
4 c e 0.04 0o oMM 204 ]
o 0.01 001 002 175 3
L} c TLTWO 018 002 047 1,628 218
0 0.13 001 0.4 1,621 229
7 c SLC 0.07 003 0.10 1,14 117
Q 0.4 001 005 260 14
8 Cc TLIWC 0.21 008 015 943 145
o 020 003 D10 498 61
9 c TLTWO 012 002 010 s62 o4
0 Q.1 £43 008 801 48
Average C on opo 0.1t 6s3 94
Average O 009 D04 008 684 55

$/Work Zone Mile/Hour

Toeals may nol match sepamte values bacausg of rounding errors and weighting of each
run by the comesponding traffic volume.

BC = Direction of SLC of crossover.
QO = Oppostte direction.

Eperating casts Includs vehicle running costs and speed change cycle coste,

2,800
® At SINGLE LANE CLOSURE DIRECTION /
2,400 - In (COSTI=2.2907 +.00267 {VOL Al
AZ - 8383
2,000 1 aA2 CROSSOVER DIRECTION
In (COST)-~28,523 + 4.7987 In (VOL)
AZ - 8582
1,600
wB2 CROSSOVER OPPOSITE DIRECTION
In (COST)=--22.837 + 3.9624 In (VDL
1,200 |- R? - 9881
804g |-
400 -
1] s Sl
L 5 1 1 ' 1 1 1 1

0 200 400 600 800 1000 1,200 1400 1,800 1,800
Demand Voluma, Vehicles/Hour
Figure 1. Additlonal hourly user costs per mile of work zon#

by direction of travel.
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additional user costs per work zone mile and hourly demand volume
for the SLC and TLTWO traffic control strategies. An accident
analysis conducted using a limited data base indicated that the
TLTWO sites studies generally had a hetter safety performance based
on accident rates only-(?’ Results of accident severity by traffic

control approach were inconc¢lusive because of the small sample
sizes.

Separation Devices

In a related study for the American Concrete Pavement
Association (ACPA), a researcher examined the effectiveness of
various separation devices (other than positive barriers) for use
during TLTWOs.!7) The researcher conducted a survey and developed
a visual slide package and a separate publication in which he
demconstrated observed techniques for separating opposing traffic
flow during pavement improvement projects. Data were obtained from
an 18-5tate survey of construction projects using the temporary
TLTWO method of traffic control. A wide variety of techniques for
separating flow (in addition to the positive barrier) where found
to work satisfactorily without a detrimental effect on highway
safety.

Additional findings from the study were as follows:

(1) FH¥A developed criteria fof effective channelizing
devices that will be functional and durable in
separating traffic flow during TLTWOs.t®}

(2) Tubular devices with double yellow centerline markings
have been successfully used on projects with an average
daily traffic (ADT) volume of 14,500.

(3} The experimental continuous raised asphalt divider
developed by North Carolina has been successfully used
on projects with an ADT approaching 28,000.

(4) There are 1limits on the length of temporary TLTWO
sections because of driver impatience on long sections,
but states have reported many projects using lengths
greater than 5 miles. Frequent signs displaying
distances to the end of the TLTWO are helpful.

(5) Raised reflective pavement markers in the centerline area
are effective in deterring motorists from straying across
the centerline.

(6) Rumble strips constructed into paved shoulders should be
installed only after careful evaluation and should be
avoided when temporary shoulder lane use ig anticipated
in future pavement maintenance work.



The above project research and studies sexrve to demonstrate
the number of complex variables involved in determining which of
the two methods to employ in handling traffic on four-lane divided
highways. When pavement rehabilitation and maintenance projects
must be implemented in the efforts te preserve the integrity of the
Nation's extensive and essential highway transportation systen,
agencies must carefully consider all alternatives involved in their
traffic control design decisicnmaking.

II. RESEARCH AND STUDY APPROACH
Identification of Data Needs

Construction_and Traffic Control Costs

The procedure for comparing the costs of construction and
traffic control for the two alternative traffic control strategies-
~8LC and TLTWO--was to obtain cost data from the highway agency
for each of the 51 selected construction projects. Cost estimates
were then made by the researchers for the alternative traffic
control strategy to the one used by the agency. For example, if
SLC was used by a kighway agency on a specific project, all of the
cost data would be obtained from the agency for the construction
project. The researchers would obtain other relevant information
from the agency and then estimate the cost of the construction
assuming that the TLTWC traffic contyxol strategy was used. The
data necessary to fully assess the construction and traffic control
costs for the two alternative traffic control approaches included
the following:

(1} Type of construction (bridge rehabilitation, pavement
rehabilitation, etec.):

(2} Location of construction (rural or suburban):

(3} Length of bridges or roadway under construction:

{4) Type of traffic control plan (SLC or TLTVWO);

(5) Traffic control plan deteiling traffic control devices,
detours, etc.:

(6) Type of traffic control Jdevices for advance warning,
channelizing, separating traffic £rom the wark,
separating oppesing traffic on TLTWO, etc.;

(7) Construction phasing details;

(8) Total construction cost;

{9) Bid item quantities for traffic control measures:

{a) Median crossovers
(b) Separation of traveled way from construction
(c) Separation of cpposing traffic (TLTWO};
(10) Construction procedures and equipment;
(11) Factors that led to the choice of the traffic contryol
approach; and
(12) Agency policies.
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Rpad User Costs

Road user costs that are priceable can be classified into
travel time costs, motor vehicle operating costs and accident
costs. The data necessary to fully assess road user costs for both
traffic control alternatives include the following:

{1) Traffic volume through the work site (tc determine work
zone capacity):
(2) Demand traffic¢ wvolume upstrecam of the work site (to
determine delay);
{3) Duration of the construction (number of days):
(£) Duration of lane closures and crossovers;
(5) Length of gqueues on typical days;
(6) Time and duration of peak periods other than normal
weekday peaks {(e.g.., recreational traffig);
{7} Length (distance) of closure oY Crossover;
(8) Available right-of-way for trawvel 1lanes (including
shoulders);
{(9) Available right-of-way for construction (work space);
{10) Length of detours (if any):
{11) Traffic distriBution by vehicle type;
{12) Number of people within vehicles;
{13) Number and type of vehicle accidents (before and during
construction}:; and
{14) Nuwber and type of worker accidents.

Coordination With State Representatives

Initial Contacts With States

The principle investigator for the study telephoned the State
representatives of the 9 participating States to briefly discuss
the nature and scope of the research project. During the
discussions, a brief description was presented outlining the data
needs, responsibilities of the researchers and the agency, and
general reguirements for candidate projects to be considered for
study. The State representatives assigned to the project were

employed within one of 4 typical agencies of a State
transportation/highway department: ;

(1) Traffic engineering unit. (5}
{2} Research unit. {2)

{3) Construction unit. {1)

(4) University research program. (1}

Followup letters were transmitted to each State representative
confirming the telephone discussions, describing the scope of the
regsearch project and the candidate study project selection
parameters, requesting submission of 10 candidate projects to be
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listed on forms as shown in figure 2. Preliminary arrangements and
approximate dates were scheduled for wvisits to e2ach State
representative to review procedures and candidate projects, visit
construction sites of logical study projescts and begin project file
data collection. Arrangements were also made to meet with
pertinent personnel within the State transportation or highway
agency that could provide additional dats and information necessary
for the researcnh.

There has been emphasis by the FHWA to encourage States to use
more unit prices for work associated with traffic control in weork
zones. Unit price bids provide more flexibility and receptiveness
by contractors to implement unforeseen changes in Traiffic Control
Plans (TCPs) during c¢ongtruction even though there is more
documentation required. Althcough there is a trend to use more unit
price bid items, there are a variety of practices by State
transportation/highway agencies in the use o¢of lump sum or unit
prices for bidding traffic control items of construction work. The
FHWA contracting officer's technical repraesentative for the
research project provided the researchers with a recent summary of
State practices gathered by the FHWA. These practices were
summarigzed for individual participating States by the researchers
and forwarded to each State representative. This was done to
verify current practices and become more familiar with specific
practices in each State to simplify analysis of construction costs.

Meetings With State Representatives

The principal investigator and/or the traffic engineering
consultant traveled to each participating State te initially meet
with State Representatives. A review of research objectives and
discussions were typically held with the State Representative and
meetings arranged with pertinent individuals that would be involved
in the design, construction and data collection process. Typical
State agency personnel contacted were the following:

(1} Traffic Engineer.

(2) Design Engineer.

(3) Construction Engineer

(4) Planning Engineer (traffic data collectionl).
(5) Pavement Design Enginecer.

(6) Estimating Engineer {alternate TCP estimates).
(7) Safety Engineer (accident data).

Meetings were held with each of the above individuals or their
representatives to become familiar with the individuals involved
in the normal design/construction process for each participating
agency. Typical forms, status reports, construction cost
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7.

8.
to.
11.
1B,

13.

Reproduced from fp
best avallabla copy. YV

-Eandidate Project Form

FHWA CONTRACT DTFHE1-BE-C—00064
"Constr. Costs & Safety Impacts of Work Zore TC Gtrategies"
Rura) Four-Lane Bivided Mighways

Btate Agency Name “‘fﬂ;’ Candidate Proj. # 1
Highway Route_ 1715 Project Identif. No, I-B-15-3(22)112
Locations_ No. Beaver to Wildcat

Project Distance l.-'r'ou Dept. HOs 200 Miles
Date of Project: Ytaf__e,s__8§.=Comp1nt!dD ﬁctivcm PllnnedD

Type of Prcjects

DF\. Asphalt Concrete Pavement Resurfacinp/Recycling

DB. Pavl-mpnt Cracking & Beating
I:. Concrete Pavement Overlay/dritaid—S/ior Reeyeiing oM A}F‘)th"
DD. Concrete Pavament Restoration

DE. Pridge: . DR.pair DRepllccmeht

DF. Major Highway Recernstruction

D_G. Other (Describe)
Specific Comments: TCTJ0 - Conec. Borrir ";'7’"""""""’ =R 2

Alternative Design Analysis Performed Yo Choose Method of Traffic
e (5]

Control? B No

C nts

Average Dally ?rafﬂcu_ﬂ_. 9, Lergth of Project: 8.5 Miles
Project Construction Period: . 18% Months Cowrplefc Fhis Yeor ()

Cost of Project tActus)l or Estimated)) 11,229,009

Plwase list any other commentss

Date Form Completed:_ 8-21-86

Figure 2. Sample candidate project form.
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monitoring, accident data formats and frequencies and other
pertinent information were obtained for future reference and use
during the research project.

After meeting with the other agency personnel a meeting was
ther held with the State representatives and/or responsible
personnel to review skeleton construction plans for each candidate
project to determine applicability for inclusion within the
research study. The majority of the States had few projects to
select from that involved the TLTWO traffic control methodology.
Since the research required approximately one-half of the study
projects (25) to be TLTWQ, considerable time and effort was devoted
to locate all possible projects that employed this strategv, even
if TLTWC was employed only a portion of time during construction
of particular projects.

Discusgions were held with State representatives regarding
their practices and peolicies for use of TLTWO and any State
policies or legislation that should be considered in the analysis.
Preliminary reviews of the candidate projects furnished by the
States during these meetings indicated a wide variety of four-lane
divided highway construction projects. It became apparent that
selection of only two or three categories of types of construction
for study would not include each construction type project
classification for which the twe traffic control strategies were
employed.

Also during these initial visits to the States, efforts were
made to select planned and active construction projects for study
that would have sufficient traffic demand through the work zones
to cause traffic delays that could be measured in the field.
General criteria provided to the States to screen these projects
were those with an ADT of 25,000 or more. Experience has shown
that directional peak hour volumes of 1,500 which is considered to
be near the capacity when one lane is closed. Thus, delays would
be expected on approaches to and through the construction work
Zones.

Preliminary On-Site Inspectionsg

Following meetings with the State representatives and
selection of some projects for inclusion in the study, arrangements
were made to visit active construction projects within each State,
where possible. Field inspection of the projects were made and
meetings held with project/resident engineers to obtain additional
significant information concerning project construction activities.

The meetings were very beneficial, and in some cases, it was
possible to obtain lane closure dates and times for use in project
analysis. Other information collected from the project engineer
included problems with handling traffic, construction, significant
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changes during construction, accident data and other significant
occurrences during construction.

Agreements With States

Final meetings were held with State representatives during the
visits to recap, review and confirm agreements reached concerning
data needs the State was to furnish, including deadline dates for
receipt of data for each study project selected during the
meetings. Criteria was also reviewed and projects requested where
delays had been or would be occuring through work zone sites.

Written reports were completed after each State visit to
document agreements reached during the meetings. A file of
candidate projects was then developed for each State which
documented pertinent features for each project to be used in the
selection of overall projects and classification of projects by
type of construction. A sample of this file is shown in figure 3.
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DOREGON ~ LCardidate Projects

Description/Proj. No. Yr., TCP Dur. Length Cost ADT
Locatior (Mos. ) (Miles) ($000}

I-5 Albany, Linn Co. a4C TLT &8 7.0 $12.6 24200
IR~5-4({95:228 {3 Intges kept open, ex pavt removed)

I-5 NE Goshen to Baginaw 84C TLT 19.7 13.2 6. 7M 23700
IR-5~3(132)174 (NB Inly, Asph overlay also vemoved, 3 Int.
kept open?

I-5 SB Elkdhead-Ri>e Hill 84C - a3 7.1 $2.1M 135100
IR-5-3(131)147 (# Partial detour +TLTWO w/conc bar) (recycled)

I-84 Meacham-La Grange 86C Both &.1 ? 3.8 5550
IR—-84- (Favt Recycled)

Concrete Pavt.Restoration

I-5 Grant's Pass &South 86A Both 16.6 15.5 $4.2M 18300
IR-5-1-(111)043 (Some conc bar in LC, TKTWO w/bar)

G-
7-

H. _

I-84 east of Portland 87F LG 4 ? $0. 1M ?

LA R el e R R e S - e

I-84 Karrend.-Lyento 5t Pk 85C LC 12.3 20+ %0, 4M 12300
IR-B4-2 (1536 (6 Br Widened, Culvert Rep.?

Reconstruction

I-5 Mockenzie r.-Willemtt 86A TLT 24 5, 4 18,3 31500
IR-5-4{102)4193 <{(Uiden to & lanes betw intges., Partial 41 tW0O)

New and_1rntrechanne _Consiruction

Figure 3. Sample candidate project file.
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IITI. STUDY PROJECT SELECTION PROCEDURES
Construction Study Projects and Classification

The following c¢riteria were used to select construction
projects for study and determine project classifications by type
of construction:

(1) A minimum of 50 construction projects were to be studied.

{2} All construction projects must be on rural four-lane
divided highways.

(3) Fifty percent or 25 study projects or more were to
involve the TLTWO traffic control strategy.

(4) Projects were to be selected such that 20 were planned
or active construction projects that could be field studied
for traffic delays through the work zone.

(5} An alternate traffic control analysis was required for
each study project for the strategy that was not employed
during construction of the project.

A total of 109 candidate projects were identified by the 9
States for consideration and inclusion within the overall study.
Because of the interrelationship of the above c¢riteria, it was
necessary to combine the process of selection of the 50 study
projects with the <c¢lassification of projects by type of
¢onstruction. Table 6 shows an example of a computer £ile
developed for one classification type.

Most rural candidate projects identified by the States did not
experience daily traffic delays, either during morning or evening
peak hours, that are normally associated with urban or metropolitan
population areas. The few projects that experienced or could be
expected to generate daily predictable delays were located in the
fringe areas of metropolitan population centers. Others were found
to be those involving heavy tourist or holiday traffic associated
with weekend travel. As a result of these findings, it was
necessary to disassociate the selection of most field traffic study
sites for measuring delay from the overall construction study
proiects.

Another problem experienced was that a number of the
participating States were hard pressed to find 4 or 5 candidate
construction projects that utilized the TLTWO method of handling
traffic. Therefore, it was necessary to select some projects for
study that were not the typical projects involving routine lengths
of highway with resurfacing, reconstruction or bridge construction
work. To satisfy the requirement of studying at least 25 projects
involving TLTWO, nearly all identified candidate projects that
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Table 6. Candidate projects sample listing -- reconstruction.

G. RECONSTRUCTION (24 Projects)

Cand Route/Location Yr. TCP Dur Lngth Cost ADT Alt Fld Study
No Description (Mo) (Mi.) (SM}) TCP Stdy Pot

Arizona (3}

1. I-40EB RiordonOP-US89A 86C TLT 8 4.1 6.4 9400 N N
IR-40-3(62) MP191 ( Eastbound Only)

4. I~10 Gila R Br Apprs 86C LC 5 0.1 1.1 19000 N N
ER-10-3(212) MP304 (Wide Veh Detour)

5. I-8 B6C ? 7 5.1 2.2 5500 N N Yes
IR-8-2(86), MP 160.8 (+ Overlay, GR & Culvert)

Florida (5)

2. SR80 Palm Beach Co 85C LC 635 5.6 10.0 5800 N N Yes
93120-3524

3. SR710 85C LC 4n0 5.5 4.4 8010 N N
893310-3512

4. US29(SR95) LanogCr—-C4A 86A LC 340 2.1 4.3 €000 N N
418060-3519 (Bid 8/87, Overlay, Guard Rail, Culvert)

5. SR95 CR4A-CR4AWest 861 TLT 470 3.0 4.9 4900 N N
48060-3515 (Widen 2 to 4 lanes)
17. SR710(BezeLine) 84C LC 346 3.4 2.6 6260 N N

93310-3511 (So of Palm Beach Gardens) (Two Lanes Added)
Kentucky (1)
2. US127 Boyle Co 87p TLT 7?7 ? ? 12000 N N Yes

Louisiana (7)

5. I-12 Us61-0"Neal 86A 2L 13 5.0 15.2 48420 N N No
454-01-40 (Widen 4 to 6 lanes, not eligible)

6. I-59 Pearl R Br-Miss L 86A TLT 23 5.0 10.6 22190 N N Yes
453-01-28

7. I-20 McIntyre-DixieInn 86A TLT & 2.6 4.9 27590 N ? Yes
451-03-37

8. I-20 Ruston-Choudrant 86A TLT 14 7.0 11.9 23870 N N
451-05-59 :

9. I-20 Rayville-Holly Rg 86A TLT 12 6.7 10.5 ““6540 N N Yes
451~-07-30 {(Asphalt Divider)

10. I-20 SR17-SR577 87P TLT 13 6.0 8.1 13,/v. N N
451-07-29, -08-29

13, I-10 Sulphur-Westlake 87P TLT 20 5.0 10.8 32000 N ? Yes

450-91-42 (Funding Delay?)

2/20/87. Rev 3/6/87
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utilized TLTWO during construction were selected for study. Some
of the projects used this strategy for only a portion of the
construction work. Several of these projects were interchange
reconstruction or new construction. Other major reconstruction
projects included in the study used both the SLC and TLTYO traffic
control strategies in separate stages of construction to accomplish
the required project work.

During the preliminary meetings with several States, the
researchers were advised that the TLTWO method of handling traffic
on certain projects was the only strategy available to perform the
construction work necessary for the construction improvement
project. This was specifically applicable to concrete pavement
recycling/overlay projects. The researchers took this to mean that
it was not economically feasible to use the SLC strategy, but that
an alternate TCP analysis could be undertaken for several typical
projects to verify the statsments made.

One other significant factor in £finalizing the number of
construction projects, as well as classifying the projects, was an
unfortunate delay incurred by the State agencies in implementing
the construction study projects because of funding problems. This
was primarily caused by a delay in passage of the 1687 Federal
Surface Transportation Act. As a result it was necessary to
eliminate several construction projects that were postponed
indefinitely and replace them with other candidate projects that
were completed or scneduled for construction. Additional projects
that were found desirable for study were located in Ohio and
California. The final selection of construction study projects
and classification by type of construction are listed in table 7.

Table 7. Classitication and selection of study projects.

Classification Type of Number of
Code Construction study Projects
A Concrete Pavement Recycling/Overlay 6
B Concrete Pavement Restoration 5
C Asphalt Concrete Pavement Overlay 13
D Bridge Deck Overlay 4
E Bridge Deck Replacement/Widening 6
F Reconstruction 11
G New/Interchange Construction _6
Bl
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Traffic Study Projects

The original plan was to collect the f£ield data for each of
the construction study projects to estimate the coastruction costs
using each of the alternative traffic contrel strategies. The data
would then be analyzed and road user costs associated with motorist
delays and operating motor vehicles would be estimated for the
entire duration of the construction project for each of the
alternate traffic control strategies. HoWever, traffic volumes on
all but 3 o©of the candidate preojects were not high enough to
generate traffic congestion through the work =zones. (It was
necessary that traffic congestion exist in order to measure traffic
capacity at each construction site.) Since most of the selected
projects did not experience delay, it was necessary to seek other
projects in the United States for traffic study to develop a data
base that could be used for estimating these costs.

The decision was made to conduct traffic studies and collect
field data at other construction sites where congestion was
anticipated. Contacts were made in several States to 1locate
suitable sites for field data collection. The process was
Qifficult in itself because State agencies were not able to locate
many four-lane divided highways where congestion was being
experienced or anticipated. Eventually 25 sites were identified
for traffic studies, 3 of which were construction study projects,
where agencies were confident that congestion would occur.

IV. DATA COLLECTION PROCEDURES
Construction Study Projects

The researchers collected the necessary data in 8 of the 9
participating States. The FHWA negotiated a contract with the
State of Kentucky and the University of Kentucky to provide the
data for that State. The following procedures were used in
collecting data for the study projects.

Preject Design Information

Collection of design data was initiated during the initial
meetings of the pirinciple research engirneers with the State
representatives, once candidate projects were reviewad and certain
projects had been selected during these meetings. Preliminary data
collection forms were developed for each project to monitor the
status of data received for each project. A sample is shown in
figure 4.
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STATE: A€iZenn
Profect ID: *#¢

FHWA #: I€-/0- &li123)
Location: T /& - &cotilfe RR.

Requested Data:._status: Comments:
#— #

Single Lane Closure

Const Start Date Oct 12 1380

Const. Comp Date

Tan 1, (357

Award Cost Total

r. Y1537 ¢23

Award Cost T. C.

Final Cost Total o por avalobla yet

Finat Cost T. C. o Aot available f{d“

Initial Bid Tab A -

Finat Bid 1ab )

Acc Data Prior 1 petates ge sofoe/86

iAcc Data During

Const. Plans Li-tral | gll_but skt YooY (Srrneture pits )

Tra Cont. Plan

Alt. T.C Plan

Res!dent Engineer Lofawd Durneff | (Lot) Y29 - SYFO

Lane Close Length NG ot get— % medd (it 10 Supt 73)
Lane Close Duration Vi ,E&mt&%s#_ ¥ peced (1sr g9 Sapt ¥3)
ADT thru work Zone 12, pan

isc. Gen. Inform.:

Stand. Specs.

Sup. Specs.

Stand Drawings

Typical Notes

Notes:

O 1350t 87 - Aend Cosrs sdoadid ba anen lable

Date: &F Tuly 7|

Revisicns:
13 Scpt 7

/G S~pl 3

Figure 4. Sample preliminary data collection form.
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Typical information collected for each project is as follows:
{1) Standard Specifications and Standard Drawings

This information was obtained to determine basis of payment
for construction costs and typical details for work to be performed
for each project. 1In many cases, particularly for older projects
for which c¢onstruction was completed, it was necessary to obtain
additional standard specifications and standard drawings applicable
to projects at the time of construction.

It was also determined during the analysis phase that there
were supplemental specifications applicable to selected projects
which were obtained as needed.

(2) Construction Plans

Partial sets of construction plans were obtained in order to
evaluate proposed construction work and associated costs for
comparative purposes. Typical plan elements obtained were:

{a) Title sheet.

{b) Schematic plan of project.

{¢) Typical sections.

(d) General summary.

{e) General notes.

(f) TCPs.

(g) Line sheets.

{h} Bridge plans (bridge projects).

(3) Pavement Design

Since all construction projects studied involved improvements,
rehabilitation or maintenance of highway pavements, information on
history and background of the pavement design decisions were
pursued on most of the projects excluding routine asphalt concrete
pavement overlays (resurfacing)} projects. This information was

obtained for use in cost and alternate traffic control plan
analysis.

The data for projects selected at that time were obtained
through meetiungs with State pavement design engineers or their
counterparts during the preliminary meetings with the participating
States. In cases where projects were later selected for study.,
this information was obtained during followup visits or by
telephone.

(4) Alternate TCP Design Analysis
History on the documentation of the design process and
consideration of the two alternate traffic control strategies was

pursued for each study project. It was found that there was very
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little documentaton available in the States®' files on alternate
traffic control design analyses of construction projects selected
for study. However. data was available on several projects in
North Carclina.

Most States indicated they pursued considerable design
deliberations on alternate methods of traffic control. However,
the researcher was advised that the method was generally determined
by the type of construction work reguired and history of past
practices.

{5) Location of Project

Information on the general lilocation of projects was obtained
without any great difficulty. Most construction plans have maps
on title sheets or schematic plan sheets that are helpful in
identifving the specific locations of projects. However, the
location of projects by sign milepost {(distance of the project from
the beginning of the sign route within the State) was not readily
available in several of the States. Since almost all of the study
projects were on interstate freeways, it was initially believed
that the sign milepost would be the most logical basis for project
locations. This was not recognized as a problem until accident
data was received and reviewed for correlation with the project
limits. Project limits for construction study projects had been
previously furnished to the States to request the accident data.

Some States do not wuse the sign milepost method for
identifying constructiocn project locations, but have other methods
of correlation with accident data bases. Some use a county
milepost system for identifying projects, while others have a
completely separate milepost system for identifying construction
projects and accident locations. One State used only physical
features, such as an intersecting route or dgrade separation
structure. As a result additional time was required to verify
project limits; in some cases it was necessary to cbtain additicnal
accjdent data to match revised construction-related 1limits for
consistency.

Average Dailyv Traffic {(ADT

The most current ADT was obtained for each construction study
project. In many cases this traffic information was not
necessarily current traffic or actual traffic at the time of
construction because traffic counts for most highways are not taken
annually. The data was the best information available from the
States and was used in determining accident rates for each study
project.

When projects 1included several interchanges, there were
variations of the ADT provided within the sdame project construction
limits. For purposes of the study these traffic volumes were
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averaged in order tov use a single ADT volume for the project.

Project Construction Information

{1) Bid Proposal and Special Provisions

Both of these contract documents were obtained for most study
projects., The information was useful in identifying special bid
items of work that were not included in standard specifications but
were significant in the traffic control cost analysis. During the
research contract pericd some States were in transition from the
historical lump sum to the unit price basis of payment for traffic
control items of work. The information obtained was essential to
the analysis of the traffic control costs because the standard
specifications were superseded by the contract plans and documents
in some projects. The proprsal and special provisions were also
used for reference in analysis and estimating construction costs
for alternate traffic control strategies.

{2) Awarded and Final Construction Costs/Quantities

Bid tabulations for construction contract award and £inal
costs were obtained for each project, except for those projects
that were not completed or final costs were unavailable within the
time frame for the research study. In these few cases awarded or

near final costs were used. Obtaining awarded and final costs
enabled the researchers to determine &ny significant problems or
changes in work cccuring during construction of the project. For

example, on one project rapid deteriation of pavement doubled the
pavement patching quantity from the bid estimate.

(3} Dates of Construction

The dates of construction were obtained for all projects for
use in defining accident data analysis periods. Although obtaining
this data was not anticipated to create any difficulties, there was
not a uniform understanding by the States of the actual dates of
construction desired when data was requested by the researchers.
The desired start date, for example, was the date when the
contractor actually started construction. Some States furnished
the date that the project was awarded. Similarly, the completion
date desired was the date of acceptance of the project, not ths
date that the project was finalled out {all quantities and costs
verified). It was necessary to verify these dates with the States
to assure that the accident data obtained was accurate for the
actual construction period for the project. Considerable time and
effort were needed to determine the dates of construction, which
delayed the accident data collection and analysis.

(4) Number and Duration of Lane Closures
This information was requested to assist in estimating delay
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and road user costs through congested work zones. The data were
difficult to obtain for completed projects, particularly those
involving SLC type traffic control. This information is not
normally documented in the files for construction projects, except
when TLTWO is employed, or when SLCs involve the use of lengthy
sections of positive barriers. TLTWC and SLC strategies involving
pesitive barriers are more stationary and require a stage of
construction with a traffic operation pattern that remains in place
for a period of time. In these casgses documentation of the date and
time are more definite because there 1s an extensive amount of
field work involved to install or remove the lane closure.

To obtain lane closure data for SLC traffic controls, forms
were developed for use in planned and active construction projects.
A sample form is shown in figure 5. Data were collected where
possible on projects for which the forms were available in tims for
documentation by construction personnel. Without measurable
traffic delays through a great majority of the construction study
work sites, the minor differential in user costs between TLTWO and
SLC for these projects was not considered te have a significant
impact on the research performed.

(5) Project/Resident Engineers

The names and telephone numbers of responsible project or
resident engineers were also obtained for all construction study
projects. The information proved very heipful in the data analysis
stage when it was necessary to obtain additional history on
construction problems associated with a particular project. It
was also useful to make contacts when it was discovered during the
analysis phase there were extensive changes in construction and
traffic control costs or guantities during construction.

Coordination of Data Collection

To monitor the data collection as it progressed during the
research study, computer Ifiles of data needs were developed for
each State and construction study project. A sample of the data
needs form is shown in figure 6.

Data needs were updated frequently as data were received from
the States. Periodically, telephone calls were made with reminder
letters sent to the State representatives along with data needs
forms to confirm additional data that were requested. Because a
number of study projects were actively under construction, a
considerable amount of effort was expended by the researchers to
obtain current construction progress information. Final cost
analysis of each construction study project was dependent on
receiving the most recent status of the completion cf each project.
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FHYA PROJ. # DTFH61-86-C-00064 LANE CLOSURE DATA

92

STATE CONSTRUCTION PROJ. #
LOCATION
DATE MILEPOST TIME LANE CLOSURE TLTWO or REMARKS
& DIRECTION AM/PM PLACED IN OPRN | REMOVED SINGLE LC
Form Completed by: Date

Figure 5. Sample lane closure data form.




E Proj. #1, Us 190,
Proj. 7—-10-28,

NZED: 1.
2.
3.

4.
Resident

Federal Project DTFH61-C-86-00064
STATUS OF STUDY PROJECT DATA NEEDS

Louisiana
B8/15/88

Baton Rouge Parish TLT Start - 5/27/86
BHF-03-1(009) Completion - (84% as of 3/1/88)
91% of time
Actual Completion Date
Final Bid Tab
Acc. Data - During
1/1/88 - Completion
Lane Closure data
Engr. - James C. Tadie, 504/342-7571 or 7570

C Proj. #3, I-10, SR 22 Ascension/St.James Par. LC Start - 3/17/86

Proj. 450-11-24,
IR-10-4{095)186

Resident

450-12-13 Completion - 6/30/87
& IR-10-4(096)190

Engr. - Gordon Nelson, 504/675-5320

C Proj. #4, I-12 Tangipahoa Parish LC Start - 1/27/86
Proj. 454-03-21, IR-12-1{078)040 Ccmpietion - 7/17/86

NEED: 1.
Resident

F Proj. # 6, I-59,

Lane Closure Data
Engr. - Joel McWilliams, 504/345-7590

St. Tammany Parish TLT Start - 2/19/86

Proj. 453-01-28, IR-59-(019)5 Completion - (59% as of 3/1/88)

NEED: 1.
2.
3.
4.
Resident

54% of time
Final Completion Date?
Acc. Data During Construction
1/1/88 - Completion
Lane Closure Data
Final Bid Tab
Engr. - Raycent Chu, 504/892-1458

Figure 6. Sample data needs form.
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Accident Data

Collection and verification of the accuracy of data collection
parameters was probably the most difficult of the data collection
tasks. Data were obtained for projects 3 years before construction
and during the construction period for each project. Accident data
was obtained within project limits and extending approximately 1
mile outside these limits in both directions of the highway for
most study projects.

A separate overall computerized accident data status summary
was maintained to list the date of receipt of data, data furnished
to the statistician consultant and outstanding Adata needs. A
sample of the summary is shown in table 8. Status, completeness
and accuracy of the data were reviewed frequently, and the data
needs transferred to the project data needs files for transmittal
to the States with reminder letters of remaining data needs.

Once sufficient data were received, it was reviewed for
accuracy and forwarded to the statistician consultant for reduction
and analysis. Upon initial review of the data received from the
States, it became readily apparent that each State used a different
data base format for their printouts of accident data summaries.
It was necessary for the statistician consultant to develop a
common data basze for reduction and use of the data for comparative
analysis of the two traffic control alternative strategies.
Specific aspects of this are discussed in the accident data
analysis section of this report.

Considerable ccordination was needed with the States to obtain
accurate data location limits anéd periods for which data was needed
for each project before accident data could be analyzed for the
research study.

Supplemental Data Collection

Very early during the preliminary analysis of the
construction and traffic control costs, it was determined that more
complete data were needed, and that more complete background
information on construction progress and history was essential to
the cost analysis for each proiect.

A pilot visit was made by the principle investigator to one
of the States to meet with construction personnel in the
headquarters office. The meetings yielded waluable background
information and documentation on study projects including change
orders and answers to a number of questions concerning substantial
changes in items of construction work and costs. The meetings
yielded such excellent results that additional meetings were
arranged with construction personnel in most other participating
States to obtain more detailed information. The meetings aiso
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PROJ
TCP LG

ENB# RT# type

Mi#A2 IR94 TLT 5.8
MI#G3 IR69 TLT 2.02
MI#D5 IR196 LC
@MP2.27

@MP3.67

@MP4.70

MI#F6 IR96 TLT 8.2
MI#F8 IR96 TLT 5.97
MWC10 IR96 LC 5.88

Table 8. Sample accident data status (Michigan).

ACC. DATA ACC. DATAACC. DATAACC. DATA

START COMPLETE CONST. BEFORE BEFORE DURING DURING

Available Data mailed to Texas - 7/9/88.
Addttional Data mailed to Texas - 8/11/88.

* New Data Recieved from Michigan, 9/1/88.

DAT DATE PERIOD FROM TO FROM TO
(mi) MO/DA/YR MO/DA/YR (MOS.) MO/DA/YR MO/DA/YR MO/DA/YR MO/DA/YR
§/ 9/86 11/14/86 5 5/8/83 5/8/86 5/9/86  11/14/86
9/28/85  (1988) 5/12/83 5/12/86  5/13/86
7/30/86 11/8/86 3
9M7/83 9/117/86  9/18/86  11/8/86
7/29/83  7/29/86  7/30/86  9/19/86
7/29/83  7/29/86  7/30/86 10/10/86
317187 11113187 8 3/16/84  3/16/87  3/17/87 11/13/87
51987  6/15/88 13 5/18/84 5/18/87 5/19/87  3/31/88
10/ 8/86  8/21/87 10 10/ 7/83 10/ 7/86 10/ 8/86  8/21/87

(5 SEPTEMBER 1988]
COMMENTS

Data Complete*
MP 3.89 - 11.60*
MP 0.00 - 2.00"

12/15/86 Need Data: 12/16/86 to Completion*

MP7.90-11.11*
MP 0.25 - 8.15*

Data Complete*
MP 1.77to MP 277
MP 31710 MP 4.17*
MP 4.20 to MP 5.20*

Data Complete*
MP 10.20 - 12.50*
MP 0.00 - 9.70*

Need Data:4/1/88 thru 6/16/88*

MP 2.60 - 10.60*
MP 0.00 - 2.00*

Data Complete*
MP 0.90 - 10.80"



afforded the opportunity to collect other supplemental data, wvisit
project engineers and censtruction sites, and <larify questioas
raised during the preliminary analysis of data collected.

Traffic Study Projects

Typical Data Collection Frocedures

It was initially anticipated that there would be sufficient
overall candidate construction study projects in each State that
would permit the selection of field traffic study sites and data
collection at 20 sites within the construction study projects in
2 to 5 of the participating States. However, because of the
difficulty in locating work =zone sites where congestion was
experienced within the 50 construaction study projects. a search was
conducted to select traffic study siies within construction
projects in cther non-participating States to collect the necessary
data.

After the research project principal engineers were assured
by a highway agency that congestion would occur at construction
sites on four-lane divided highways in rural areas in a State,
arrangements were made by telephone to collect data at a specific
construction work 2zone site. Arrangements were made for the
highway agency to collect the data, where possible. At sites where
data were collected by the researchers, 2 te 5 people, generally
college engineering students, were hired to collect the data at
each site. One of the principal research engineers generally would
then travel to the State to (1) obtain constructien plans and
inspect the c¢onstruction site; (2) identify agency sources for
field study persconnel; (3) meet with the highway agency to discuss
the study and finalize data c¢ollecticn support arrangements with
the agency; (4) take photographs of the site and the traffic
control devices; (b) meet with the field study personnel; and 6)
supervise at least the first study peried.

A few weeks before a field study, copies of field study
procedures and data collection forms were mailed to the study team
for their review and study. Copies of general information for
field data collection, field study procedures and data collection
forms are presented in appendix B for the following types of
studies:

(1) Weekday peak periods - SLC;

(2) Weekday peak periods - TLTWO;
(3) Weekday off-peak periods - SLC;
{4) Weekend -~ SLC:

(5) Weekend - TLTWO;

(6) Holiday weekend - TLTWO.
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V. ANALYSIS OF DATA

A total of 51 construction projects in 11 States were analyzed
for 7 different types of construction for the TLTWO and SLC traffic
control strategies. A listing of each project by type of
construction and pertinent features is contained in appendix A.
Accident data for each overall study project for the before
construction period Wwere compared with accidents during
construction. Field traffic studies to measure delay through the
work zones were performed at 25 construction sites in 10 different
States. The data collected from the 51 construction study projects
and traffic study projects in other States were analyZed as the
basis of this research study.

Construction Costs

A detailed review was made of the 51 construction projects,
and the primary construction work performed in all projects
involved improvements to the highway or bridge pavement. All
projects were classified in one of 7 general construction type
classifications. However, it can be concluded from the analysis
performed that no projects within any one classification type of
construction contained a similar scope of work in the construction
improvements performed within the projects. Even the study
projects involving routine pavement maintenance work, such as
asphalt concrete pavement overlay (resurfacing) projects, included
minor variations in scope of work that preclude direct comparisons
for the SLC and TLTWO traffic control alternative methods for
handling traffic.

Most highway agencies specified many other items of work
within the construction plans for these construction improvement

projects, including joint repairs, shoulder repairs or
reconstruction, bridge deck overlays, safety upgrading, signing,
permanent pavement markings, landscaping or other reguired

improvements to upgrade the highway to current standards.
Therefore, it is important to emphasize that the results of direct
comparisons of construction costs for specific projects cantained
in this research study should be used very carefully, and desirably
after reviewing the actual details of the construction proijects
compared. The analysis of construction costs for this research
will provide general conclusions with gqualifications as can be
determined from the knowledge gained in the review of projects as
permitted within the time constraints of the research study.

A summary of the construction costs for all projects by type
of construction including type of traffic control, alternate TCP
analysis estimates and percent of construction costs is shown in
table 9.
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Table 9. Construction study projects and costs.

Z¢

Mov. TCB = MovableTemporary Cerncrcis Barii
= Change Order

Route Type TCcP | TCP Alt. TC Comments
TCP Const. |% of Chan.
Used Cost (3) ] Total [TCP Cost{S) Device
Concrete Pavement Rec ay (6 P
1R-80 SLC 13,295,635] 1,142,300 _8.59 AC Div. 4LTWO Alt. = $1,387,490.
iR-94 TLTWO 4] 892 ,0§1 18] TCB
iR-5 TLTWO 3] 829,722] 6.91] No Alternate —
IR5NB TLTWO 9] 366,308 3.68] No Altemate -
R-15 TLTWO 004] 1,234,783] 10.61 Drums
R-20 TLTWO ,570,513] 1,195,715| 10.33' No Alternate) ~ Raise Highway Grade
ES: 71,305 943,482[ 8.5§|
Concrete Pavement Rastoration (5 Projects)
1R-20 SLC 15,000 2.14 AC Div.
IR40 .82] 35,000, 1984 SLC 4,056,619] 235,927] 5.82 AC Div. fowa Weave 1CP
1B-95 10.05{ 20,000] 1884 SLC 963] 215,345] 4.4 AC Div. lowa Weave TCP
IR-75 SLC 3,615,648] 299,935] 8.30 AC Div.
IR-5 SLC 562,754]  6.13 TCB
ES: 265,992| 5.36
Asphalt _Concrete Pavement 13_Projscts)
1R-8 SLC 247,028] 11.11 3 TCB
R-10 SLC 75,711] _2.61 5 TCB
5 { IR-295 SLC 137,851] 7.39 5 AC Div
6 | IR-285 SLC - 60,5699 6.51 AC Div.
SR-114] 1 SLC 198,094] 2.62 Tubes
IR-10 SLC 52,500} 1.4 éi AC Div.
1R-12 SLC 35,000 2.70 £ Tubas
R-96 SLC 38,042 2.31 . AC Div.
R-85 SLC 356,388] 10.37] 2 AC Div. lowa Weave TCP
A-85 SLC 155 501] 5.96] § AC Div.
1R-84 SLC £68,358] 8.33] 1 TCB
IR-84 SLC 13,370 3.65 7 TCB
1R-15 SLC 82641] 2.94] Drums
ES: 7,364] 163,237 5.22
Bridge Deck
[R5 SLC 19,500] 3.95 -36]_Tubes
IR-196 SLC 122,408| 23.52 .84] AC Div.
R64 SLC 19,078} 11.44 AC Div.
R-79 SLC 18,417 1.51 38.78] AC Div.
AVERAGES: 45,076] 10.11
= Agphalt Concrete Divider
= Temporary Concreta Barriar
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Table 9. Construction study projects and costs. (continued).

Project | Route|Project] ADT jConat. | Type [Primary| Total TCP_| TCP | Estimated JAIt. TCPJAIt, TCP| Comments
Number Length Period | TCP | Chan. Const. Const. |% of | Alternate | % of Chan.

(miles) Used | Device| Cost (S) [ Cost (3)] Total[TCP Cost($) Total | Device
_(gL‘Bridge Deck Replacement / Widening (6 Projects)
AZ JE2 IR-40 4.19] 8,800] 1986-87] SLC TCB 2,558,259]  253,084] 9.89] 827,210 32.33] TCB Bid TLTWO; SLC per C.O.
|AZ |E8 1R-10 0.20] 12,000} 1986-87|TLTWO| TCB 1,681,428] 357,135] 21.24[ No Altemate] — -
LA jE1 JUS-190 1.19] 16,000/ 1986-89 I TLTWO]| Tubes [15,020,322] 544,540 3.53] No Altarnale — — in ote Final Costs :
INC |ES |US-1 S 0.10] 15,000} 1985-87 | T_.TWO| AC Div. 879,999] 71,368 8.11 103,000! 11.70] N/A Design Alternate TCP Estimated Costs
Wvice R-84 0.89] 27,000]| 1987-89 {TLTWO| TCB 2,667,684] 709,449| 27.63] No Alternate fod - Incomplete Final Costs
WVIES R-77 0.60] 9,300]1986-87{TLTWO| TCB 1,041,904] 315,922} 30.32] No Alternate ~ ol
JAVERAGES: 1.20] 14 683 3,958,266 !75,25ﬁ 16.80
F) Reconstruction (11 Project
KY |F9 WKP 1.70] 4,200/ 1986-87|TLTWO| Tubes | 1,364,803 172,161' 12.61] No Attemnate] — Existing TLTWO/Landsiide Repair
LA |F6 IR-59 5.54] 12,980] 1986-88 | TLTWO| Tubes [10,649,517] 900,438] 8.46] No Alternate - - lnoon}gete Fingl Costs
LA {F7 R-20 2.68] 27 590] 1986-87 [TLTWO| Tubes | 5,048,848] 698,287] 13.83| No Alternate}] — -
LA |F9 R-20 6.78] 13,5630] 1985-87 | TLTWO! ACDiv. ]10,111,189] 887,875 .78 No Altemate - -
LA |F15 R-20 7.21] 23 870] 1985-88 I TLTWO| Tubes 111,947 245 11040,0ﬁ] 71 876,780 7.34] Drums
Mi {F6 IR-96 8.20] 12,800] 1987 |TLTWO| ACDiv. | 8,304,603]| . 394,681] 4.75 918,630 11.068] T72B
Mi {F8 R-94 5.97] 18,600{1987-88 | TLTWO| ACDiv. | 7,638,414] 406,968] 6.33] 1,588.884] 20.80] TCB
NC [F1 RA0 18.43| 15,000] 1984-87] SLC Drums | 9,135,648 977,682 10.70 1,516,804 .60] AC Div.
NC |[F2 R0 14.23| 25,000} 1985-88 [TLTWO| TCB 9,523,144 934,015 9.81 1,197,550 2.58|Mov. TCB
NC |F4 iR-40 8.96] 17.000/ 1988-89 | TLTWO| ACDiv. | 6,416,317[1,112.689] 17.34 1,684 063 26.25|Mov. TCB| Incomplete Final Costs
NC [F5 | IR77 9.23] 32,000] 1987-89] SLC [Mov. TCB| 5,472,109]1,302,858] 23.81] 1,609,404] 29.41] AC Div. TCB Transporter / Incomplele Final Coets
AVERAGES: 8.08] 18,406 l- 7,782,894| 802,521] 11.28 |
ug) New / Interchange Construction (6 Projects)
AZ IG7 1R-10 2.11] 33,000] 1986-87] SLC TCB 3,085,208] 375,802] 12.1§] 252 400[ §.18] 1CB Interchange Consiruction
FL |G5 SR-95 3.02) 4,900] 1986-38 § TLTWC|Cone/Dr 5,610,988 51,636 2.7Q| No Alternate — - Adgdition of two lanes
KY |G1 1R-75 0.40} 23,000] 1987 ]TLiWO!] Cones | 2,409,566 22,040] 5.06] No Alternate] - -~ Interchange Baconatruction
Ml |G? R-69 2.02] 15,500/ 1985-88 [TLTWO| TCB_|15,976,716] 296,642 1.86 00,562 0.63] Drums |Bid SLG; TLTWO Per C.0. / intge Const. on U.S. 127,
NC |G13 | IR-40 2.70] 30,000] 1986-88| SLC TC8 5,892,592] 512,974] 8.71 1,111,150] 18.86] TCB Pariial Interchange Construction
UT |G6 H-84 14.15] 8,845|1983-86 | TLTWO| Drums 121,346 357] 749,244] 3.511 No Alternate - - Addition of two lanes
AVERAGES: 4.07] 18,874 9,053,671] 368,056 5.67]
Legend
AC Div. = Asphalt Concrote Divider
TCB = Temporary Concrete Bamiar

Mov. TCB == MovableTemporary Concrete Barrier
C.0. = Change Order



Types of Construction and Traffic Control Alternatives

The 7 types of construction classifications for the study
projects were identified for comparative purposes because of the
anticipated construction methods that would likely lend themselves
to altermative analysis for handling traffic using either of the
two traffic control strategies. The following is an analysis of
each construction classification by type.

(1) Type A—-—Concrete Pavement Recycling/Overlay (6 projects)

Each of these projects involved completely removing and
replacing existing Portland cement concrete (PCC) pavement or
placing a concrete pavement cverlay on an existing pavement
surface. 2All of the projects, with the exception of a project in
California, specified use of the TLTWO as the primary method of
handling traffic through the work site. The Interstate B0 project
in California was included within this study because of the
additional flexible options afforded by the avaiability of a full
median shoulder for traffic control.

As mentioned previously, the research contractor was advised
by State representatives that for this classification of projects
no alternate option for a SLC was possible for performing the
needed pavement replacement. To cbtain more insight concerning
traffic control for these projecis, input was solicited from the
American Concrete Pavement Association (ACPA) which offered
comments after contacting several concrete paving contractors. some
of whom were involved in the projects, regarding several sanmple
study projects furnished.

Based on the knowledge gained from discussions with State
personnel and ACPA, the following reasons were offered for using
the TLTWC method for traffic control on these projects:

{(a) Removal of existing pavement, particularly reinforced
concrete, presents a safety hazard to passing motorists if they are
permitted to travel in a lane adjacent to the pavement removal
operation. Only a limited lateral buffer space can be provided
adjacent to the lane in which the pavement removal is performed.
As a result it was reported that contractor insurance rates would
be higher for this method of handling traffic because of the
potential for claims against the construction contractor,

{b) PFlacing new concrete pavement c¢an be performed more
efficiently with equipment that can place new pavement in both
lanes or a lane and a shoulder concurrently in widths of 24 feet
Or more.

(c) Delivery of materials during the paving operation can be
accomplished without interfering with traffic, which would be
stopped or delayed during the delivery and departure from the work
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site. The potential safety conflict between motorists and
construction equipment would be reduced.

(d) Traffic passing in an adjacent lane during both pavement
removal and placement operations would be unduly slowed or delayed
by the distraction {or attraction) of the construction work.

Alternate PTraffic Control Analysis

A detailed analysis of traffic control costs and alternate
traffic control cost estimates is discussed in a later section of
this report. However, with the knowledge of the above information,
an alternate analysis was performed to determine the estimated
costs for using the SLC strategy for traffic contrel on these types
of construction projects. S5ince no study projects were constructed
using this strategy., except the California I-80 project with full
width median shoulders, the following assumptions were made as a
basis for the analysis:

{(a) A typical roadway cross section of 4 £t. - 24 ft. - 10 £ft.
(median shoulder - pavement width - right shoulder) was used,
assuming shoulders are asphalt concrete.

(b) Pavement removal and placement will reduce the open lane
adjacent to traffic to 6 ft. of usable width.

{(¢) The median shoulder will be paved and temporarily widened
from 4 £t. to 8 ft. in order to accommodate traffic in the median
lane during work in the right lane.

{d) The right shoulder will be paved with a thin overlay to
carry traffic during work in the median lane.

{(e2) Channelization devices used will be comparable to State
policy for typical construction work involved.

The following sequence of construction was used for the
analysis:

{a) Widen the median shoulder from 4 ft. te 8 ft., and
maintain traffic in the right lane.

{(b) Remove the pavement and pave the right lane and shoulder
(12 £ft. & 10 £t.), traffic maintained in the left lane and median
shoulder with a 6 ft. buffer width between travel lanes and work
site.,

{c) Remove the pavement and pave the left lane and median
shoulder (4 £t. & 12 ft.), with traffic maintained in the right
lane and shoulder.

A sample alternate analysis and cost estimate for SLC is shown
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in table 10 for Louisiana Project F1l5 using temporary concrete
barrier for channelization. The cost for traffic contreol using the
alternate SLC in the sample is an estimated § 376,780 excluding an
additional time cost with the alternate method.

Each of the Type A (Concrete Pavement Recycling/Overlay)
projects using TLTWO were analyzed for costs and feasibility of
construction using the SLC method of traffic control with the
results shown in table 9. Several projects (Oregon Al and A2 and
Utah Ad) were found to be not feasible to construct with a SLC
because of (1) narrow bridges with shoulders that would not permit
maintaining a single 1lane of traffiec; (2} SLC would not be
economically feasible because of the construction methodology: or
{3) additional time te construct, which is estimated to increase
construction costs in the range from 10 to 19 percent of the total
construction cost.

The one exception to the use of the SLC strategy is the
Interstate 80 project in California. Although this study project
was identified late during the research study, and no accident data
were collected because of time constraints, it has one feature
worth noting. Tt had full width 10 ft. median shoulders, which
rermitted additional flexibility for traffic c¢ontrol during
construction. This construction improvement project is through
Donner Pass and carries a high wvolume of traffic, particularly
during the tourist and skiing seasons. The project involved the
construction of a concrete pavement unbonded overlay over existing
PCC while maintaining two 11 f£t. lanes of traffic through the work
site.

The additional median shculder width permitted all
construction work, except paving, to be performed while traffic was
maintained con a portion of the second directional lane and the

median shoulder in two lanes of traffic. Caltrans permitted
traffic to be maintained in one lane on the project with a SLC only
during paving operaticens during restricted weekday hours. An

alternate analysis was performed for a TLTWO strategy which
resulted in an estimated cost slightly higher than the actual
project cost. Because of the requirement that four lane traffic
be maintained during constructicen at times other than when paving,
the alternate TCP was not actually feasible. An analysis for a
4LTWD strategy was performed which was estimated at a c¢ost
approximately § 250,000 higher than the contract bid as shown in
table 9., The cost analysis for this project was based on contract
bid prices, as final costs were not available for inclusion with
+the research study.

While most rural freeways do not have the luxury of a full
shoulder in the median, in some cases where high traffic volumes
or heavy commercial traffic is encountered, it would appear
desirable to provide a full median shoulder for many maintenance
or construction c¢perations that could be performed with less
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Table 10. Sample alternate analysis and cost estimate for SLC Louisiana project F15.

IR-20-2(060)86  [LOUISIANA #F15]
Length = 7.207 miles

PCC Pavement (13" thick), AC Shoulder
and 6" Subbase Treatment Reconst.

1. Lane Closures
a. Shoulder Rehabilitation

b. Const. Channelizing Devices

¢. Traffic Control
i. Removal of Existing Markings
i, Pavement Markings/Markers
iil. Gonst. Signs

iv. Flashing Arrow Board
v. Barricades
vi. Warning Lights

d. Pavement Maintenance

TRAFFIC ALTERNATE TCF COST ESTIMATE:

TOTAL PROJECT COST BID:
TOTAL PROJECT COST ACTUAL:

COMMENTS:
Comparable to LA#C3.

State Project #451-05-59

SHT. LOCATION

Inside Shouider
Outside Shoulder

INSTALL

$501,840
$302,940
$30,000

$10,000
$32,000

$876,780

REMOVE

$0

MAINTAIN

$0

REMARKS
Two interchanges
STARTED:
COMPLETED:
DESIGN SPEED = 70 MPH
Median wkith = 56

8,364TONZ @ $60/TON
5,049TONS @ $60/TON
60 EA @ $500/EA (LA avg)
Temp. Precast Barr.

(LA#C3) X 0.80
{LA#C3) X 0.80
Temp. Signs & Barr.

$876,780.00

$11,987,596.00
$11,947,245.00



interference to traffic.

The research finding on *+vaffic control for concrete pavement
recycling and overlay constructien improvements is that TLTWO was
normally utilized to handle traffic during construction.

(2) Type B--Concrete Pavement Restoration (5 projects)

This type of construction improvement project inveolves the
intermittant replacement of concrete pavement sections. As can be
seen from tabkle 9 the normal method of traffic control employed
was the SLC. This construction may create considerable turbulance
te traffic flow, however, particularly during the paving
operations. Some of the features described previously cecur during
this operation. An Ohio project (Bl), which was field studied for
measuring traffic delay and congestion late during the construction
of the project, did not experience traffic delays during the study
that were caused by deficinent capacity. However, many delays were
reported by the construction project personnel prior to the field
study that involved long gqueues of traffic for as much as 1 or 2
miles in advance of the work site. This was reported to occur on
weekands during Friday afternoon peak hours continuing inteo the
evenings and on Sunday afterncons and evenings during the summer.

While observing traffic flow through the work site in
preparation for and during one of the field studies, the principal
investigator noticed that the paving coperation did cause delays and
stoppage of traffic. The delays were primarily caused by the
concrete trucks entering and leaving the work site where the paving
operation was in progress. It is necessary during paving for
¢oncrete trucks to mix with the through traffic to deliver concrete
to the paver. Trucks nust decelerate to a very low speed in the
travel lane prior to moving in front of the paver to unlecad the
material. After unloading the material the driver must then ove
back into the through travel lane from a stopped position, which
frequently requires a £lagger, depending on availability of
suitable gaps tc enter the traffic flow. In addition there is the
normal "rubber necking"” that occurs by passing motorists curious
to watch the paving operation. During hours of traffic flow
through the work site these two problems often disrupt the normal
flow of traffic¢, although measured traffic volumes do not approach
the actual capacity for the work site.

Contractor and project personnel at the Ohic project work site
believed that a TLTWO would have greatly simplified their work task
and provided a more efficient and safer work site. The experience
concerning accident rates for restoration projects will be
discussed in the accident analysis section of this report.

As previously mentioned, the SLC strategy was employved for
each of the 5 study projects involving concrete pavement
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restoration. An alternate analysis of the traffic control costs
for TLTWO was performed for each of the 5 projects. Table 9
contains tlrLe results of these analyses and shows that there is a
considerable additional construction cost associated with TLTWO
when compared with the SLC strategy specified in each of the
construction projects.

Based on the results of the alternate TCP ceustruction cost
analyses for pavemesnt restoration projects, the SLC was found to
be the most economical means of handling traffie during
construction for concrete pavement restoration projects. The
sample size of orly 5 study preojects may not appear to be large
enough to substantiate the results of the cost analysis to support
this conclusion, but the projects are deemed to be typical,

Field observations during field studies to measure delays
through lane closures in this research study, such as the
construction of the ©Ohio project, indicate that the actual
construction work itself can cause extensive congestion, even
though Jdemand traffic volumes are less than the work zone capacity.
For pavement restoration projects where there is an extensive
amount of pavement replacement work and high demand traffic volumes
and/or truck percentages, there would appear to be wvalid reasons
to consider TLTWO. Further research into comparative costs
involving frequency of incidents would have to be performed to
verify this.

(3) Type C-—-Asphalt Concrete Pavement Qverlay {13 projects)

The 1largest sample of study projects furnished for
consideraticn by the States was in this classification. The reason
is probably because most State malntenance programs include
extensive asphalt concrete (AC) pavement resurfacing as a routine
part of annual roadway maintenance activities. The conventional
method of handling traffic for these projects is the SLC strategy.

AC overlays are normally placed over existing pavement that
is in decent shape structurally, and the overlay work can be
performed by placement of the total thickness in several layers
(lifts) with several passes by an AC paver to reach the specified
thickness of the total overlay required. Maximum 1ift thickness
is governed by the thickness that can be safely traversed by
motorists once the pavement has been rolled and channelization
devices have been removed. Traffic control must be very portable
since the paving operation relocates frequently dQuring each day's
operation. One of the more typical problems with this construction
operation is maintaining a consistent distance between the
stationary advance warning sign system and the paving train. This
must be accomplished to maintain signing credibility that work is
indeed being performed, and in the interest of traffic safety to
maintain appropriate traffic speeds through the work zone for the
safety of the workers and protection of the equipment.

39



One of the most critical traffic control conditions during
construction of AC overlay projects occurs when repair or
replacement of transverse construction joints must be performed in
conjunetion with the overlay construction. This type of work was
included within several ©of the study projects. Joint
reconstruction requires removal and replacement of pavement
adjacent to the transverse joint prior to the placement of the
overlay. Lane closures during joint repair usually require more
restrictive traffic nontrol measures laterally because of open
pavenment sections and infringements on traveled way by construction
equipment.

A study project in North Carolina (C3) employed the "Iowa
Weave" strategy to slow motorists apprecaching the work site by
using alternating channelization that forces traffic to change
lanes and desirably slow down before reaching the work site.(3:

in alternate TCP cost analysis was performed on each study
project in this clasgification, and in all cases it was found that
the TLTWO alternative was far too costly to consider for these
projects, primarily because of the cost to construct median
crossovers to implement the TLTWO. Table 9 shows the results of
the cost analyses. The SLC strategy was found to be the most cost-
effective method for traffic control on study projects that were
exclusively AC pavement overlay projects. When extensive joint or
shoulder repairs are necessary in conjunction with AC pavement
overlay projects, a more detailed analysis of traffic control
strategies should be undertaken to determine whether TLTWQ is more
cost-effective.

(4) Type D-——Bridge Deck Overlay {4 projects)

This type of construction improvement project typically
congists »f installing new latex modified pavement overlays on
existing bridge decks without any major widening or bridge parapet
repairs o»r modifications. Work for the 4 projects studied
typically included the removal of portions of the bridge deck by
jack hammer or other appropriate means as necessary before placing
the deck overlay.

SLC was used to handle traffic on all projects studied, and
the temporary concrete barriers were used to protect the work site
on 2 of the projects. Although the sample size for this study is
small, it appears that the projects were very typical of
construction work on these type projects.

An alternate TCP cost analysis was performed for each of the
four projects and table 9 shows that the TLTWO strategy was much
too costly to justify implementation on these projects. The SLC
strategy was found to be the most cost-effective traffic control
to implement on bridge deck overlay projects.
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{(5) Type E--Bridge Deck Replacement/Widening (6 nrojects)

This type of bridge improvement project involves more
extensive work to the bridge structures as the title implies. Many
of the projects studied included extensive roadway work in addition
to the structures work. All except 1 of the 6 projects used the
TLTWO strategy to handle traffic because of the need for adequate
work space on each bridge to perform the major construction
improvement work.

As can be seen in table 9, 1 project, Arizona E2, originally
specified TLTWO for the bridge work involving deck widening from
30 ft. to approximately 42 ft. (and SLC for the remainder of the
roadway work in the project). Traffic control was modified by a
change order requested by the construction contractor and approved
by the Arizona DOT to use a SLC for the bridge construction work
also. Bridge decks were existing prestressed concrete voided slabs
to be widened with slabs of similar design. The change order on
this project resulted in a significant cost savings of § 250,000,
and specifications in Arizona typically reguire that the savings
be equally shared by the Arizona Depatrtment of Transportation and
the contractor. The alternate TCP cost analysis performed for this
project assumed TLTWO was used during construction of the entire
project. Table 9 shows that the cost (approximately $ 827,210
using Temporary Concrete Barrier throughout) would have been much
greater than the savings mentioned abkove.

An alternate TCP design cost analysis was performed by the
States for only two projects prior to construction, both in North
Carolina. For 1 of the projects, North Carolina E2, an alternate
TCP desigrn analysis was performed by the North Carolina Department
of Transportation. The cost of a detour was considered as the only
feasible alternative and was estimated to be $§ 103,000. When
compared to the use of the TLTWO specified, the alternate TCP
design estimate proved to be significantly more than the actual
construction cost of § 71,368 as shown in table 9. 1In all other
cases no alternate TCP cost analysis was performed because the
existing bridge deck width was too narrow to maintain one lane of
traffic, or the bridge was actually replaced.

For these types of projects, except in special cases, such as
encountered in Arizona Project E2, the research finding was that
the most cost-effective method for handling traffic was the TLTWO.
Many of these projects were initiated because the existing bridge
decks had to ke widened to satisfy current design standards, but
not widened to provide for additional lanes.

(6) Type F--—Reconstruction (11 projects)

These projects were the second largest sample to be studied.
They typically involved the most costly and extensive construction
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improvement work for replacing continuous lengths of pavement and
subbase material, and included shoulder replacement in some
prcjects. These projects also included a significant amount of
other permanent improvements for safety, such as flattening side
slopes and guard rail replacement. As can be seen in table 9, the
majority of the projects used TLTWO for handling traffic during
construction because of the need for minimal traffic interference
with the construction work.

Only 2 of these study projects used the SLC strategy to handle
traffic during construction. In both these cases, North Carolina
Projects Fl1 and F5, construction work did not involve continuous
pavement replacement, buf primarily involved concrete slab
replacement (pavement restoration type work), extensive AC pavement
nmilling and overlays, and transverse construction joint repair
work.

Project F1 began in 1984 and involved extensive AC milling
and overlay. There were significant problems with traffic control
(see Appendix) requiring modifications to the TCP. Project F5
primarily involved slab replacement, joint repairs and providing
an AC overlay of pavement and shoulders. Project F5 also was the
initial State freeway project employing SLC traffic control with
the recently developed technique using movable temporary concrete
barrier relocated by special transporter equipment. These 2
projects could be considered exceptions to the other 9 projects in
this classification.

For the same reasons cited in the analysis of c¢oncrete
pavement recycling and overlay construction projects, several
States indicated that there was no SLC traffic control alternative
to the TLTWO for thesa projects. The researchers alsec found no
possible TCP alternative for several of the projects because of
narrow bridges. However, c¢ost analyses were performed using the
methodology described in section I of this report for the SLC
alternative to yerify the cost feasibility. In all but Louisiana
project F15, the estimated alternate SLC cost was considerably
higher than the actual construction cost.

The alternate cost analyses for each of the 9 study projects
also did not consider any change in time to construct the project
using the alternate SLC method of traffic control. As previously
mentioned in section I, it 1s not possible to estimate a reasonable
change in cost due to change in construction time, but in all cases
it is believed that a conservative estimate of time for the SLC
strategy would be an increase in the range of 10 to 19 percent
additional time and total construction cost. This additional cost
would be caused by the interference to construction progress by
traffic in a travel lane adjacent to the work area, and would
create delay to the contractor in performing his work. The added
safety hazard to workers and motorists and probable damage claims
would likely increase the contractor's insurance costs. These are
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all intangible costs, but are judged to be additional to estimated
costs for the alterndte analysis costs.

It also should be noted that for several study projects final
construcion costs were not available, but they would not appear to
have any bearing on the overall cost analysis of these projects.

The research finding in analyzing construction costs only for
projects studied is that the most cost-effective method for
handling traffic for major reconstruction projects with extensive
pravement replacement is by using the TLTWO strategy.

{7) Type G~—New/Interchange Construction {& projects)

These study projects were selected to demonstrate the wide
variety of projects on which SLC and TLTWO strategies may be
employed to handle traffic. The projects in this classification
are not comparable to the other 6 category types because of
dissimilarities in work performed. However, several of the
projects in this category demonstrate interesting examples of how
the 2 traffic control strategies have been used to solve traffic
control problems.

Both the Florida G5 and Utah G6 projects invelved new
construction where a pair of new lanes were constructed adjacent
an existing two-lane highway to develop a four-lane divided
highway. Construction of the Florida G5 project resulted in a four-
lane divided highway and partially a five lane undivided highway.
TLTWO was maintained on the existing pair of lanes while the new
roadways were constructed; then traffic was shifted onto the new
rair of lanes until the existing pailr of lanes was ilmproved for use
of the entire highway facility. No alternate TCP cost analysis was
performed for either project because of the nature of the projects.

The Arizona G7 project was an interchange construction project
on Interstate 10 southeast of Tucson in which several conplementary
ramps were constructed for an existing interchange to provide a
complete interchange with all movements. The project was one of
the 3 construction study projects for which field traffic studies
were performed to measure traffic delay through the work site.
The project carried a two-way ADT of 33,000, and the field study
provided significant data to assist in developing traffic velumes
for establishing capacity threshold 1levels for lane closures
through work zones. This project experienced one of the highest
peak hourly volumes through the work site without experiencing
delay to through traffic. See the field studies analysis section
of this report for data and analysis.

The EKentucky Gl project was an interchange reconst:uctipn
project where two interchanges were modified to handle traffic for
a new automobile manufacturing plant. The unique ¥eature to this
construction on Interstate 75 north of Lexington was the use of
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TLTWO which was installed and removed dally during construction
while the existing interchange bridge overpass was widened to
accommodate additional traffic demand. Median c¢rossovers were
constructed prior to the 1interchange reconstruction contract
letting to minimize time for the project. The TLTWC was placed in
operation on weekdays during daytime off-peak hours using cones for
channelization. Figure 7 shows a picture of the operation.

Figure 7. Temporary TLTWO with cones on -75 in Kentucky.

The Michigan 67 project involved new constructicon for
Interstate 6% northeast of Lansing in which a new interchange was
constructed for U.S. 127. TLTWO was used to handle traffic on U.S.
127 during interchange constructiocn as a result of a change order
reqaest by the contractor. A SLC was specified on US 127 in the
original construction plans, but the contractor proposed the TLTWO
based on his desire to save time in the interchange construction
work. The change order was approved at no additional cost to the
State and required the use of temporary concrete barrier for the
separation of traffic flow.

The research study did not find any consensus on traffic
control strategy for this type of constructiosn project because of
the dissimilarities in the scope of work involved in each project.
No alternate TCP analyses were performed for these projects.
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Traffic Control Cost Analysis

Each State was contacted during the preliminary phase of the
research study to obtain standard construction specifications,
special provisions, recent bid prices and other data to determine
the unit prices used for bidding traffic control elements of the
construction projects. A summary of each State's known policies
based on a summary furnished by FHWA to the researchers was
forwarded tc each State for confirmation and accuracy.

It was found that there was a wide variation in State
practices, although all States were either using unit prices for
bidding traffic control items or phasing some form of unit prices
into their bidding practices. During the c¢ost analysis phase of
each of the construction study projects, further variations of
basis of payment were obtained from the construction plans, bid

tabulations and other bidding documents. For a number of the
study projects construction had been completed where some States
had used lump sum prices for traffic control. A summary of bid

items and bases of payment for each of the 51 study projects is
contained in table 11. Note the wide variation in bidding methods.

An analysis was made of the costs for traffic ccntrol bid
items in order to develop a range of costs for the various bid

items. Table 12 shows the typical bid items with the range of
costs in the construction study projects within the State and the
basis of payment. Two States, Michigan and West Virginia,

specified unit prices for all traffic control; Chio specified lump
sum for nearly all traffic control work except for temporary
markings; eight other States specified unit prices for some work
items and included the remaining work in a maintenance of traffic
lump sum item. Utah and Louisiana specified traffic maintenance
work to be included within a lump sum mobilization bid item.

California specified a separate lump sum item for furnishing
and installing traffic control devices and a separate lump sum item
for maintenance of the devices. West Virginia specified unit
values for signs, barricades, drums, cones, etc. in a traffic
control devices rate schedule ranging in value from O to 100 points
per each type device. An estimated total unit quantity was
provided in the contract documents, which was then paid for on a
unit price per actual number of units used and accepted. One study
project in Arizona specified unit prices with estimated guantities
for all potential contractors to use in bidding on the work. It
is now standard practice for the Arizona Department of
Transportation to develop and provide an engineer's egtimate of
unit prices and cost to prospective bidders as the basis of payment
tor traffic control to be used by all contractors bidding on a
project.

The basis of payment for many commen bid items also varied
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Table 11, Basis of payment by State and project.
STATE: AZIAZJAZIAZIAZICAIFLIFLIFLIKYIKYIKYIKYJLAJLAJLAJLAJLAJLAJLATTAT MITMI] ML ML M|
PROJECT:| C5 [C11{ E2 | E6 ) G7 | A1 |C15]/C15] G5 | G4 | D7 | F9 | G1 {B14] C3 | C4 | E1 |F15| F6 | F7| F9 | A2 [C10]| D6 | FB | F6
YEAR BID:| 86 | 87 | 86 | 86 {86 | 88| 86 |87 [ 86| 85| 88| 86]87)1 87|86 86|86|865]|86]|86%185]|88] 86 87 | 87
ITEM BID:
Advance Waming Arrow Panel HR HR|{ HR | HR E/DIE/DIEMD | EA EA | EA EA| EAIEA| EA| EAl EA
Asphalt Concrete Divider ’ LF | LF LF] LF
Attenuator EA (4) | EA]EALEA] E
Attsnuator Replacement Parts
Barricades E/D E/D|E/D|EMD EA|EAJEA| EA| EA
Construction Signs E/D E/D|E/D| ED SF| SF| SF | SF | SF
Delineators EA
Flagging LS]LS LS ] LS
| Flagging (Force Account) Ls LS|Ls|LS .
| Floxible Post Markers EAJEAIEAJEA] EA] EA EA | EA
 Maintenance of Traffic LSIts|1s LS|y ts|is[io[les|ts|Ls|Cs[(3)
Minor Traffic Devices LS|[LSILS|tLSI|LS
Non-Metalic Drums
| Portable Traffic Control Devices
Remcve Pavernent Markings LF LF LE LF] LE]LF
femporary Signs & Bamicades LS| LS}|LS|LS|[LS|LS}]LS
| Temporary Concrete Barrier LF LFILFILF]LF LF EA| EA | (5) [ (5)] EA LF LF |
Temporary Pavement Markers EA EA EA| EA| EA| EA =A | EA
Temporary Pavement Markings LF LF LFJ{2)1(2}| (2 LS|LS|LSILF|LSILS|LS]|LF LF | LF
Temporary Pavement Markinge (Tape) LF LF LFILF]LF] LF| LF
Tubular Markers EA
Key - Special Bid Items Legend
(1) - “Traffic Control System" @ LS and *Traffic Control Surveillance® @ LS. E/D = perEach per Day
(2) - “Temporary Pavement Markings (Skip)" @ Gross Mile EA = perEach
and “Temporary Paverment Markings (Solid)® @ Net Mile. HR = par Hour
(3) - "Mobilization, Temporary Signing and Barricades® @ LS. LF = perlnear Foot
(4) - "lmpact Attenuators, DOTD Owned" @ Each. L#/D = per Linear Foot pet Day
(5) - “Temporary Precast Barr. (DOTD)" @ Each and “Temporary Pracast LS = perLlump Sum
Barr. (15)" @ Each. Mi  =perMie
SF = per Square Foot
Si/D = per Squars Foot per Day
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Table 11. Basis of payment by State and project. (continued).

STATE: MI[NC| NC|NC|NGC|NC]NC|NC|NC|NC|NCJOH]|OR]ORJOR|ORJOR| UT | UT [UT | UT [WN]WV [ WV]WV
PROJECT:  G3 | B7 | B8} C3|C17]|ES | F1 2| FA| F6]G13| B1 JA1 [A2| B4 | C6]C8JA4A5C3]| GE 3} D8 | E5 | ES
YEAR BID:{ 85} 84| 84| 87|85 | 85| 84 85| 88|87]|86f87[8a|/85]86 (86| 87|85]865) 87j83|868|86]|87]886

ITEM BID: ]

Advance Waming Amow Panel EA[EAJEAJEA[EAIEA{EA| EAlI EA| EA] EA EA|FA|EA|EA|EAIHR|HR|[ KA | R | E/D| E/D |E/D | ED

Asphalt Concrete Divider LF LF

Attenuator EAJ EA|EA EA|EA EA | EA EA EA EA|(11)

Attenuator ment Parte EA]l EA| EA EA| EA EA | EA EA EA

Bamicades EA LF LF | LF LF) LF LF EA Al EA] EA| EA Li/D

Construction Signs SFISFISF|ISF|{SF|SF | SF|SF|(6)] SF{(s) SF F | SF | SF | SF | (8) St/D] (8)

[ Delincators EA EA|EA EA EA| EA | EA |

Flagging .LS (7)J]HR|HRIHR{HR| HR] HR| HR{ HRj HR| HR HR | HR

 Flagging (Force Account)

Flaxible Post Markers

Maintenance of Traffic LSILS|[LS|LS[LSI{LS

Minor Traffic Devicas LS {10)1(10)[{10}l{10)

| Non-Metalic Drums EAJEA|EAJEAJEATEA|EA[EA]| EAJEA (8)

Fortable Traffic Control Devices LSILS}LS|LS|[LS(iS|LS|LS{LS]LS

| Remove Pavernent Markings LF[ LF LFILF|LF|LF LF LF| LF | LF LF | LF LF ] LF | LF

lemporary Signs & Bamicades

Tomporary Concrote Barier LF | LF LF | LF LE{LF|{ LEJLF{ LF] LF{ LF LF | LF LF LF{LFJLF

Temporary Pavernent Mari EA EA

Temporary Pavernent Markirgs LF{LF] LFILF{LFILFILF]LFILEILFILFIMiIi]JLF]LF LF|LF] LF| LF] LF LF | LF

Tomporary Pavernent Markings (Tape) LF{LF] LF] LF LF] LF | LF[ LF LF LF LF LF

Tubular Markers

Key - Special Bid !tems (Continued) Legend

(B) - "Stationary Construction Signs" @ SF and "State Furnished Signs" @ SF. E/D = per Each per Day

(7) - "Law Enforcoment Officer w/Car” @ Hour EA =perEach

(8) - Canstruction Signs bid both by Each and Square Foot. HR = per Hour

(8) - "55 Gal Plastic Drums® @ Each and "Maintenance of Drums* @ LS.

(10) - "Traffic Control Devives™ @ Unit and *Cleaning Irdividual Traffic Control Duvices® @ Each.

{11) - "Shadow Vohicle" @ Each/ Day.

LF = per Linear Foot

Li/D = per Linear Foot per Day
LS = per LumpSum

Mi = perMie

SF = per Square Foot

SfiD = per Square Foot per Day



Table 12. Bid item / unit comparison by State.

[ NE ADVANCE WARNING_AHROW PANEL TEMPGRARY _PAVEMENT HARKNGS - -
|BiD ITEM _DESCRIFTION: _ [B10 UNA: 1BI0 PRICES: 8I0 ITEW DESCRPTION: {610 UNIT: |80 PRICES:
|
ARIZONA [Feaiteng Aow Panol Ee vinn [$5.00 o Pavcmont I (e Fo__ 50,40 o 57150
CALIFORNIA Temp. Hasher & Gion MuminTi g 0,000 jnewx Foot_Je1.10
FLORIDA Fla sheng Artow Board (Temp. Each/Day {52825 TO £30.00 Grom Mo $36.60 1o $350.00
KENTUQRY Flastma Aing r-am 8, 0G0 U 8 000 Linex Fost___{$1.70
TOUEIANA Flastang ATow Sign 15,508 Lump Sum 10,000 [0 $200,000
[T Lighted Atrow Type A, Furm'ed Enm $1,300 YO §5,000 | nae Foot 160650 1o §2.00
NORTH CAFOLIA [Flashing Ao Panelr, Type = 9,000 10 $8,600 e Fool_[$0.14 Io §2.15
QRO 1 tal 1o Maird_ ot Trafie Whio 5 076.00
Sequeatial Arrow Sig §100 TO $5 000 Linex Fool _ [30.05 o $0.20
At Aclv. Yain_Dewson "A", & |px Fow___[510.00 [Tomporty Trafio Snp B0 50 to §1.00
WEST VIFGINIA___|Eloctic Anow lper Doy {$0.01 TOS9600 EdgafLanelLing, Whiie{Yelow) [Linea Foor _|$0.01 to 5300

BITUMINOUS _CONGHETE DIVIDER

|
T |BID PRIGES!
D UNIT:_ |80 PRICES: ]

HID ITEM DESCRPTION: J8I0 UNi BID PRICES:

Temp. Conoeie Banmer

Inot tid on prsior e revawen

10.00 TO §15.00
Terop, Fw g (Type 1K 3.00

Jnotbid on piojects reviewed

Canc. Barr. Type 12L Tom:,

Tamip ASpmal 1Tale Dolniant |

Bitumirays Conerste Curb

Tamp Rasod Awphalt |siand

Tcmp. Conerote Barnot Lrigar Frot  |80.50 10 £12.00 WEST VIFGINA na bid on projecs reviawed
BID ITEM: FRLAGGIRG IMPACT / CRASH ATTENUATORS
STATE: [5iD_ITEM_DESCHPTION: 80 PRICES: RID |TEM DESCEMPTION: |BID UNT: _ |BI0_PRICES: =
ARZORIA Flaggng Senioo (Fores Acl) __[Lump Sum 510,000 fu $50.6oa 7 acin revewed
CALIFORNIA inckiental to Maind, Vad, [Temp, Cavh Cushion Mockie
FLORIDA
KENTUCKY.
LOUAGIANA
PACHIGAN Flag Cantrol Lump Sum
NORTH CAl NA
OHE
DREGON 13 Hour
UTAH [ Fagpng Hour
WEST VIHGIGA | riaggart Hour

BID 1T EM: UMIQUE_THAFFIC CONTROL PLAN_GID T1T1EWS
BTATE: BID_ITEL DESCRPTION: _|BID UNiT:_|BID_FAIGES:
AFIZONA S and {Latge/Smal, Each 1 D B TO$1.60
CALIFORNIA Tralte Corbial System Lump Sum__$160,000
GALTFOLHIA Tl comm Taarvedlanon Sum__|[$160,000
ORDA {High Intensi xhi ..;_-- 703 $1.5670%236
I
LOULMEIAN. e Foad EL_ 18.20 10 $21.00
LOUBIAN .
LOUEIAN
il
H O
Gl
OH
a 005
CTAD Painied Pavament Noeea \Each |876.00 TO $100.00
UTAH Manienanoa of Drume [Lumg Sun __1925,700
[WERH VinGWiIA__ | shadow v oo, i 16000
L T N e M $0.01 TO §130.00
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by State and included different elements of work. For example, 2
States (Arizona and Floridal require bid items of work per each
per day for signs, barricades, drums, etc., while others bid
temporary signs per square foot. Some States bid temporary
concrete barrier furnished and installed per linear foot, and
provide separate payment for relocating the barrier per linear
foot.

In addition the TLTWO method of traffic¢ control involves not
only installation, maintenance and removal of traffic control
devices, but also many roadway items associated with construction
of median Crossovers, including detour pavement, subbase,
embankment, drainage culverts, guard rail and other items. Costs
for this work are discussed in the following section of this
report.

Median Crossover Costs

This item of construction work is typically associated with the
TLTWO method of maintaining traffic on four-lane divided highways,
when traffic is shifted onto cone pair of lanes while the necessary
construction work is performed on the c¢losed lanes. During the
study of the 51 projects it was necessary to determine the costs
for median crossovers as part of the traffic control cost for
TLTWO.

‘Because a number of—roadway work items are included in the
cost of median crossovers, it was necessary to determine the costs
and include these 1in the alternate TCP analysis for each
construction project as applicable., Many median crossovers were
constructed separately from the study projects for which they were
used. It was found desirable to compile a summary of the wvarious
design, construction zcost and other features for each crossover by
cne way and two way type of construction for each TLTWO project.

The following is an example of the variation in pavensnt
design in 2 different States for median crossovers to demonstrate
the problem of developing uniform ceosts for alternate TCP cost
analysis of SLC and TLTWO strategies:

Crossover 1 (LA FT7) Crossover 2 {(OR Al)
Pavement 1 1/2" AC 3" AC
4" AC
3 1/2" AC Base
9" 3"
Base _8 1,2" Cr. Stone 12" Aggregate
Total Depth 17 r/2" 15"
Basis Payment: Per linear foot Per ton of AC
of temporary rcad and aggdregate base
including excluding embankment
tamped embankment {incidental to other items)
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Tables 13 and 14 show a summary of the crossovers constructed
for or within most of the study projects where TLTWO was used for
traffic control, including features and costs. In the tables a one
way crossover is considered to be cne-directional lane. A two way
crossover is defired as ¢ne having an "X" traffic pattern across
the median for one-directicnal use by switching traffic to and from
either side of the freeway in various stages of construction.

Range of Costs for Traffic Control

Because of the many work items and the wide variation of basis
of payment for each, it was very difficult to develop the actual
traffic control cost for construction of the 51 projects studied,
as well as estimated ranges «f unit prices as required in the final
research report. Many items of work involved detailed research of
the applicable edition of a State's standard specifications,
contract special provisions, bid tabulations and construction plans
just to determime a source for costs and work included with the
costs of traffic control for construction of each project,

Based on the analysis performed, and other exanmples similar
to the above on median c¢rossovers, it was not possible to find
sufficient uniformity among the States to develop unit price ranges
for all items of work that could uniformly apply on a national
basis. The research study has quantified as many definable costs
for traffic control by ranges in the percentage of cost for traffic
control as related to the total cost for ceonstruction for the
various conparative types of construction projects. These
relationships are presented in table 9.

A range of costs for each type of construction is presented
in the averages shown at the bottom for each type of construction.
It can be seen that the range in cost relationships for traffic
control is dependent on the type of constructioen.

(1) In most cases the range in traffic control cost
percentages is greater and highest for bridge construction projects
{types D and E.)

(2) The range is 1.51 to 23.52 percent for bridge deck
overlays and 3.63 to 30.32 percent for bridge declt
replacement/widening projects. This is primarily becausse of the
short lengths of highway involved for relatively minor bridge work,
and the use of TLTWO for traffic control with median crossovers
and/or the need for positive barriers to separate moteorists from
workers.

(3) Traffic control costs relationships for the concrete
pavement recycling/overlay and reconstruction projects (types A and
F) also were relatively high (3.68 to 11.19 and 4.75 toc 23.81
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Table 13. TLTWO median crossover features and costs (one way).

ﬁuﬁct Houte |Project| ADT |[Primary|Degrec|Median|Pavt. &| X.over | Crossover
Number Length Chan. aof Width | Shidr. | Length! Cost (3) |
{miles) Device] Curve | {feet) | Width | (feet)
(feetl)
OR A1 IR-5 7.04] 24,2000 TCB 4 76 20 712 8,877
OR[A2 | IRENB 13.18] 22,550; TCB 4 84 20 579 6,389
UT JA4 | IR-15 8.7 8218 TCE 1.5 58 20 1,712 23536
405 140 20 | 1,167 7,661
UT JAS 1P-80 4,87] 12,860 TCB 3 40 18 743 19,651
2 40 18 733 19,094
| 3 45 18 L) 25 941
OR (B4 1R-5 16.62] 20,66 TGB 2 8.4 28 479 7,142
2 18 3 587 8,452
- 2 34 ] 1,005 14,997
ORiC6 | IR 18.39]  5.550] TCE - 81 28 479 711
YAFANLY 4.19:‘ iR T o 5 28 | T.202 | 21,840
T 1 1 a a4 28| 1,959 0,616
AZ JE6 | IR0 ©.20] 12,000 TCB 1.75 84 22 1,693 36,143
1.75 84 22 1,83 42,870
1.75 84 22 1,353 33,750
NC [ES§ US-1SB 0.10{ 15,000 AC Di. [ 36 14 618 9,442
[ 4 26 14 618 12,336
KY |F9 | WKP 1.70] 4 209] Tubes 3 30 14 840 15,155
3 30 14 678 16,065
] E 30 14 537 12,718
LA |FB IR-59 554! 12 960] Tubes 5 128 04 786 70,605
LA tF7 \R-20 2.68] 27,590{ Tubes £ 64 24 269 53,068
LA |F8 [ IR20 8.78[ 13,530{ AC Div. 5 64 24 425 43,734
[ Y 24 382 39,348
_ 3 64 24 344 35,473
LA [F15] 1R-20 7.21] 23,870 Tubes | 5 64 24 344 37,884
4.5 70 1€ 1,300 28,768
Mi _|G3 | IR62 2.02] 15,500] TCB - 70 € 1,300 39,760
Ul |Ge | IRs4 14.18] 35,0450 Drume | 1.8 64 22 1,392 43,312
1 40 22 1,161 36,124
3 84 32 1,228 51,073
RANGE HIGH = 5.0 |140.0)| 32.0 {1,831 70,603
AVEHAGJE = 3.2 59.1 21.4 885 27,466
RANGE LOW = 1.0 3.4 12.0 344 7,111

Table 14. TLTWO median crossover features and costs (twe way).

Project|{ Route | Project] ADT |Primary|Degree|Median]Pavt, &| X-over | Crossover
Number Length Chan. ot Width | Shidr. [ Length| Cost ($)
miles Device| Curve | {(feat) | Width | (feet)
{{eet)
LA JE1 | US-180] 1.18 | 15000] Tubes 8 1388 23 |811/837] 188,565
8 44 23 478/492] 110,836
WV [ES | IR64 0.89 | 27000]| TCB 3 40 14 970 38,918
WV IES | IR-77 0.60 9,300 TcB 4 40 14 1,047 524,48
1 r 40 14 970 67,225
Ly i |F8 | iR98 8.20 | 12,800 | ACDiv, 5 70 18 1,300 12,989 ]
NG 1F4 IR40 8.96 | 17,000 | ACDwv. 5 38 38X 650]36 X650! 20,017
KY G |R-75 0.40 | 23,000 | Conee - €0 12 750 1 36520
RANGE HIGH = B 1838 38 1,300 | 188,658
AVERAGE - 5 65 17 851 84,568
RANGE LOW = 4 EXC) 14 479 12,989




percent respectively) because of the extensive construction work
involved and the need to separate traffic Erom the work site by the
use of pcsitive barriers or the TLTWO strategy in most cases.

(4} The AC pavement cverlay projects (resurfacing and type

C} with a range of traffic control costs of 1.46 to 11.11 percent
had the lowest average costs for traffic control.

Alternate Traffic Control Cost BEstimates

Variations in items of work and the basis of payment (many
lump sum costs), as well as voids in comparable work in the study
projects within a given State, complicated the task of estimating
alternate traffic control costs. In addition, as previously
discussed under the "Alternate Traffic Control Analysis" section,
several States indicated that the SLC was not an acceptable
alternative for the concrete pavement recycling/overlay and
receonstruction projects {(types A and F). The SLC alternate
traffic control cost analyses for these projects were performed as
shown in the sample in table 10. The high SLC alternate TCP costs
for type A and F projects are summarized in table 9 and provides
an economical basis for supporting the "no feasible alternative
traffic control strategy" to the TLTWO strategy on these projects.

Because of the lack of common costs among the study projects
and participating States, it was found desirable, where possible,
to use unit prices and costs from the same State to develop a basis
for esgtimating costs for the alternate method of traffic control
that was not specified during construction of the project. BAs a
result where traffic control measures on different projects were
similar, the prices per unit of work for each unit length were used
for the alternate estimates for traffic control as presented in
Table 9.

In summary the alternate traffic¢ control cost analyses
performed demonstrate that the methods of traffic control strategy
selected for construction study projects were found to be sound,
except where contractors chose to submit an alternate that would
better suit their needs. This occured on two projects: Michigan
project G3, where the contractor received an approved alternative
to use TLTWO at nc additional cost; (This may still be under
debate in arriving at final costs.) and Arizona project E2, where
the contractor developed a structural technigque and received an
approval to use a SLC at a considerable savings to the State and
shared with the contractor.

Accident Analysis

Accident data were collected from 10 States for a total of 50O
of the b5l construction study projects, excluding California
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project Al. Each State's data was provided in variety of formats.
Although most States submitted only a single record for each
accident, some States, suchk as Utah, reported on e=ach wvehicle in
an accident as a record, and hence the data had to be screened to
avoid duplicate counts.

Accident data were collected for 3 years prior to the
construction period for each study project. For projects of less
than one vear's duration, the comparable months were abstracted for
the 3 year before pericd, (i.e. if a project ran from January 1,
1985 to June 30, 1985, only data for the months of January to June
were abstracted in the before years). If a preject was ongoing for
more than a year, all before data were used. In most cases, at
least 3 vears of before data were available.

The variables recorded for each accident were: date (month.

day, vear), time (hour}), am or pm, day or night, day of week,
weather conditions, read conditions, accident severity, and single
or multiple vehicle. These variables were hand coded ontoe coding

sheets and then entered into ASCII files on an IBM-XT PC. The data
were then edited and rechecked against the accident coding forms
to 1lnsure accuracy. £&ince some of the data arrived sporadically
and revisions were received from some of the States after data had
been entered, this required the analyst to ensure duplicate
accidents did not get into the data sets. There were also problems
in ensuring similar beginning and ending milepoints and dates for
the before and during construction periods. This effert required
much more time than had been planned or anticipated. For cne State
it was discovered that the data contained accidents for interchange
crossroad approches {off freeway) within the construction project
limits. Revised data were cbtained which corrected the problem.

All data collected were coded into the computer. Becauses of
major incompletions (i.e., not all States reported rcad condition)
and inconsistencies (some States did not c¢code am or pm and
day/night, or the day of week was not available), many of these
variables were not used in the analysis.

Table 15 shows the results of the accident data compiled for
each construction study project. The before and during
construction study periods are presented by number of months in
columns 5 and 6. The number of accidents for each project were
tabulalated and are 1listed for both the before and during
construction periods in columns 7 and 8. Property damage only
(PDO) accidents (columns 9 and 10) and injury and fatal (I & F)
accidents {(columns 11 and 12) are listed separately for the before
construction and during construction periods respectively.
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Table 15.

Accldent data summary by project and state.

a () 3) 4) (5) (9) n (8) 9 (o) ({11} (12) (13} (14) (15}
Project] Type | Aoo. |Average[Period|Period] Total | Total [P-0.0]P.0.0] I&F [I&F | Aco, Aea. Aco,
Number|ControllSectio Daily |Before|Duringl Acos. | Aces. | Acca. [ Acca. | Raas, [ Asos, | Rate Rate Raie

Usad [Lengthl Trafiic { (Mos] | (Mos) |Before]During| Bafote) Durlng‘Befure Ouring| Before ] During | Changs
[{(Wiew)| (ADT) |

NC JF1 ] SLC - 15,000] =S g =1 = — - = - - - - 1
UT _JAs [TLTWO 0.60] 12860 - = 1 = — = e — — — =
WV 1D3 SLC 2.88] 19,00 3| 1 2( 4 1 3 1 1 1.587t _9.522 7.D35!
M1 |C10] SLG .90] 24 500 RE] 1 284] 174 226 120] 58 54 4317 7.995 3.618;
NC 1a13] sic 3.44] 40,001 43 21 56 78 3 51 17 2 1.535] 4.435]  2.900
M1 {G3 [TLTWO 6.11 155000 28 20] 43] 1 ag 1 1 1.307] 4.235, 2841
E__P_l SLC 18.2b) 4 543 [ 2 11 7 [ 4 5 3 :.ozal 6.768] 274
FL {C15] SLG 4.80 20,0004 36 12| 142 12 84] 3 78 an__ 499 7.604 2,805
Az Jcs | SLC .10 9004 18] 8 ﬁ‘ 5| a 4 42{ 1 .939]  3.381] 2442
wvios | siC 4.16] 2004 531 1 2 18 1 11 g 7 657, 4.871 2.313
NC [ES | TLTWO 1.82] 15,000 35 1 21 18 13| [ g 10 674] 445 1,783
[WVTEG [TLTWO |~ 2.60] 6,300 36, 8 10 12| Ts‘ 3 42516 4.193] 167
LA {C3 { 8lLC 11.00] 24 079 36 1 130 107 T4 RE 56 82 .659) 004 1.435
C |[F5 | SLC 9.93] 32,600 47, 13 163 93 100 51 63 42} 328] _ 2.738] _ 1.411
NC (F4 1 TLTWO | 11.70] 17,00 3 % 124 67 67] 4 57| 22| 2.050] 3.415] 1.365
OR [A1 { TLTWO 7.06] 24,20 36 2 65 3. 20 3 0.712 .780] __ 1.068)
KY IG1 | TLTWO 4.00] 28, 27| 9 0 Fi 1% 12] [: 5 A6 .498] 1.029
OR |C6 | SLC 8.99] 5, 8] 6 1 15 5| 7| 16, B[ 2.053 .880] 0,827
NC [Ci7]_SLC 3. 41,300] 31 1 248l 293 143l 120 105 9. 803 .867]  0.864
¥ [ca | _sic 4.4 7.580) 31 7 64 32 4 25 19 1 2.268) .11 0.819]
oH [B1 [ SLC 8.09] 2535 ;81 [5] Aéﬁ 22 3 1 1 3 754] 2517 0.763
NC [F2 | TLTWO 16.8 25,00 35| 3 119 17 6 12%] 54 [3 0.280f 700 Q.720
NC |IC3 | SLC 7.35] 30,0004 42| 1 154] 74 24| 3 58 3 2.023] 2.722] C.699
QR 184 | SIC 15.52] 20,550] 36| 1 28] 93] 18 L7, L 23] 0.29 ).787] 0430
LA [F8 | TL.TWO 5.60] 12,080 6] 2 a4 55 504 a4 34 ga 3314 3.615]  0.a01
MI IF8 | TIL.TWO V.0 8,500 3| 11 240 101 175] 7! 85| 2 3.986i 4.185| 0.299]
LA [F?7 JTLTWO 4.70; 27,5 §, 1 61 32 ﬁ 1 —d_ k] 1.580 1.87 0.287]
AZ |G7 | SLC 3.30] 33,00 1 1 127 42 g 3 27 o] 4506 4.692] 0.186
NC |B7 V SLC 7 B0 ss,oog 14 b 7i a8 5 5 33 4 2418l 25

OR[ca | sLC 16,80 12,42 15 5| ) 10 (Y- 20 13 B8] 1044 1.

FL_[c18] _SLC 7.52] 26,000} 3§ 18] 183 R [} igi 112] 55 3. !aqj 3.

OR JAZ [TLTWO 3.18] 22,55 36 31 [] 79 [ 43] 45 3 0.978; 1.

M1 |D5{ TSLEC 3.00] 11,400 [} 2 Bl 2 7 1 1 1 o.oofo_} (X

LA |C4 8SLC 14 £%2.1.615‘ j{ 7 70 23 41 11 9 12 1.268 1.
el sie | 11.57 20,00 [ 18 'r% ] 4 2 _g} 38 1893 1.

LA IF9 | TLTWO B0, 3,53 8 21 [: 33 35 1€ § 17 wch

AZ |E6 | TLIWO 2.20 00 24 B 13 4 4 3] 0l __2.496] 2.
[UT Jee {nwo] _10.74] 845 48 48 5 48 37 36 1Bl 1 3.265] 3.

LA [B14] SLC 5.10[_ 23,47 [ 2 ] 2 1 1 7 1] _1.133] 0.

KY_|FO | TLIWO 5.50) _ 4,200] 36 12 1 4 El 3] 8 Pl 2048 1.

ME TAZ TTEIWO | 10.000 25,000, 18] 8l 118 44 [ 3 30 Bl 2884 2.
[FL G5 | TLTWO 2.80] 4900} q{_ 24 21| 13 13 7 8] 8] 5.478] 4.

AZ {E2 | SIC 6.20) 800 G| 1 ig{ 12 2 4 [) 16 | 2478 2.

Ky D7 | "SLC 8.00] 26,000 ] 8 7 F 4 1 21 g8l  1.414] 0.

AZ |C11] SLC 14.0 0001 >4 [ 53 4 0 % 74 23 881 5.

MI_Fe [TLTWO | 1 .a&1 0] 24 8 73 F 136 37] ] 04] 3.

LA {E1 | TLTWO 40} 16,0004 36| 2 08 5 62 5 46 3 505] 7.

WV |ES | TLTWO 05| 27,000 38 1 90| 16) 5 1] 31 5] 5495 2.931

OT A4 [ TLTWO 8.80] 5218 38 1 74 7 4 13 28 A 5447 2.81H)

LA [F15/ TLTWO 7.20] 23 870 36] 2 336 82 258 39 7l 48]  6.607] 2322

Ace. Rate = Acoldonts por 10,000 ADT.

P.D.O = Property Damage Cnly.

1&F = Injury and Fatel.
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These variables were used along with ADT to determine an accident
rate for each project.

To compute the accident rates it was necessary to standardize
the rates on comparable units. Since the before and duriung periods
covered different time periods, an average accident per day rate
was computed using 30 days per month. This daily rate was then
divided by the section length in miles (ending minus beginning
milepoints) and the ADT to produce an accident per day per mile
per unit ADT rate.

It was determined that a rate based on an ADT of 10,000 would
be suitable. The accidents per day per mile rate was therefore
multiplied by 10,000. The rate was then scaled up by 365 days per
vear to reflect an annual rate per mile for 1C,000 wvehicles for
each project. The final accident rate combined with other data for
each study project, before and during construction, is shown in
c¢olumns 13 and 14 of table 15.

The vearly accident rate change is then the difference between
the before and the during accident rates as shown in columr: 15 of
the table. An increase in the accident rate during construction
is shown as a positive number in thig c¢olumn, while a reduction in
the rate of accidents is shown as a negative (-} number. The
projects are listed in table 15 and ranked by those with the
greatest increase in accident rate change during construction at
the top, to the greatest decrease at the bottomn.

Worker Accidents

Construction worker or pedestrian accidents were not coded
separately in any of the data collected, but contacts were made
with project/resident engineers' offices for all projects to obtain
confirmation of worker accidents experienced on each project.
There was only 1 known traffic related accident within the 50
construction study projects involving workers. It was a one-
vehicle fatality involving a worker who fell asleep while driving
a truck.

Several other minor non—traffic related accidents to workers
were reported by the project representatives contacted. The
conclusion from the research study involving the 50 projects is
that there is no statistical significance to accidents invelving
construction workers or when comparing the SLC or TLTWO traffic
control strategies.

Statistical Analvsis-—Results and Conclusions

The statistical method used to analyze this data was the
analysis of variance (ANOVA} on the log transformation of accident
rate. The log transformation is the recommended transformation teo
use when analyzing rates because it tends to stabilize the

55



variance, thus satisfying a necessary assumption required of the
analysis of wvariance method-—-nameiy that the dependent variable
(accident rate) be normally distributed. A two-way ANOVA was run
using data from 48 of the projects with main effects of time
(before wersus during}, treatment (SLC versus TLTWO) and time by
treatment dinteraction 1incorporated in the ANOVA model. The
hypotheses being tested by these model variables are:

(1) Main effect treatment: Is there a significant difference
in the accident rates for TLTWO versus SLC over the entire time
period these data were collected? (i.e., combining both before and
during time periods).

(2} Main effect time: Is there a significant difference in
the accident rates before construction versus during construction
for all projects? (i.e., combining SLC and TLTWO projects).

(3) Interaction: Is there a significant difference in
accident rates from before to during construction for SLC projects
and TLTWO projects? (i.e., was there an increase in accident rates
and was this increase different for S5LC projects than for the TLTWO
projects?}.

The results of this analysis are summarized in table 16. The
sample sizes (number of construction mrocjects), mean and standard
deviation {(s.d.) of the log transformed accident rates, and nean
accident rates (untransformed) are shown. These same 1ates are
shown for I & F accidents only. They were computed by subtracting
the PDO accidents from the total accidents. The 25 SLC projects
had a mean total accident rate of 1.9570 before construction and
2.8682 during, whereas the 22 TLTWO projects had a mean total rate
of 2.6211 accidents before and 2,7832 accidents during. For I &
F accidents, the SLC projects had a mean of 0.7601 before and
1.2340 during construction and the TLTWO projects had a mean of
0.8390 before and 1.0523 during construction.

For total accidents, none of the model parameters were
statistically significant at the 0.05 level of sigynificance as
determined using the ANOVA method of analysis. This means that the
answers to the 3 guestions outlined above in the hypothesis were
gll "no." There was no statistically significant difference in any

of the total accident rates. However, £for the more severe
accidents there was a statistically significant increase in
accidents during construction of the study projects. This means

that the answer to gquestion 2 is "yes" for the F & I accident
rates, but "no" to guestions 1 and 3.

Another analysis was done for the SLC projects and TLTWO
projects separately. That is, one-way ANOVAs were run and the
question addressed was "Is there a significant increase in the
accident rates (total and more severe) from before tc during
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Table 16. Discriptive statistice for accident rates.

Type Traffic Construction Sample Mean Mean (log) §.D. (log)
Control Period Size (N)

TOTAL ACCIDENTS

SLC Before 25 1.9570 0.6714 0.6411
During 25 2.8682 1.05637 0.6959

TLTWO Before 22 2.6211 0.9636 0.67397
During 22 2.7832 1.0236 0.4472

FATAL AND INJURY ACCIDENTS

SLC Before 25 0.7601 -0.2737 0.6700
During 25 1.2340 0.2103 0.6327

TLTWO Before 22 0.8390 -0.17586 0.8771
During 22 1.0523 0.0510 0.5158

construction, if we look at only SLC projects separately from TLTWO
projects?" This analysis controls for difference in the
variability of accident rates feor the 2 types of treatments. When
the question is posed in this manner, there 1s a slight (but very
marginal) statistically significant increase in both total
accidents and more severe accidents for the SLC sites {(p-values =
0.04% and 0.011, respectively--less than .05 is "statistically
significant™), but not for the TLTWO projects (p-values = 0.73 and
0.31, respectively). Recall from the mean rates, this
statistically significant increage is less than one accident per
year per 10,000 vehicles {1.957 - 2.868 = -0.91}) for total
accidents and 0.7601 - 1.2340 = -0.4740 for more severe accidents)
--a result which is of questionable "practical” significance.

Projects were grouped according to types as follows: all A
{(Concrete Pavement Recycling/Overlay) and F (Reconstruction)
projects, all D (Bridge Deck Overlay) and E (Bridge Deck
Replacenrent/Widening) projects, and all C (Asphalt Concrete
Pavement Overlay) projects only. Table 17 shows the descriptive
statistics for these analyses. Again, there was no significant
difference from before to during accident rates for any of these
project types, including the separate ANOVA analyses that were
performed.

Another analysis was conducted to see if there was any pattern
of accident rate change from before to during for all the projects
using table 15. West Virginia project D3 had the greatest increase
of 7.9 accidents per ysar per 10,000 wehicles. Note that the SLC
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Table 17. Discriptive statistica for various types
of construction projects.

Project Type Traffic Construction Sample Mean Mean s.D.
Type Control Period Size (log) {log)
(#)
TOTAL ACCIDENTS
C SLC Before 13 2.309 0.8370 0.6048
During 13 3.364 1.2131 0.5938
D & E SLC Before 4 1.960 0.6731 0.3157
During 4 3.040 1.1121 1.0394
TLTWO Before 5 3.877 1.3553 0.6009
During 5 3.8%94 1.3595 0.4301
A&F TLTWO Before 13 2.309 0.8387 0.7094
During 13 2.275 0.8221 0.3953
FATAL AND INJURY ACCIDENTS
C SLC Before 13 0.782 =0.2460 0.649%2
During 13 1.557 0.4426 0.5799%
D & E SLC Before 4 0.662 -0.2460 0.6492
During 4 1.131 0.1238 0.8012
TLTWO Before 5 1.304 0.2655 0.7658
During 5 1.939 0.6625 0.6106
A&F TLTWO Before 13 0.858 -0.1413 0.5037
During 13 0.878 -0.1300 0.,3511

(*) Type A——Concrete pavement recycling/overlay
Type C--Asphalt concrete pavement overlay

Type D--Bridge deck overlay

Type E--Bridge deck replacement/widening

Type F——Reconstruction
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projects tend to rank higher and are "clustered" toward the top
half of the list whereas the TLTWO sites tend to "cluster" at the
Lottom half. A non-parametric statistical test, the Wilcoxon test,
was used to answer whether this "eslustering® was statistically

significant from what one would have expected by chance. The
result of the test was that there does appear to be a statistically
significant difference (p-value = 0.0395) in the ranks of these

projects by treatment (type of traffic control}. That is, SLC
projects tend to show more of an increase and TLTWO projiects more
of a decrease 1n accidents during construction.

All analyses were run on the SAS (Statistical Analysis System)
version 6.03 for the IBM PC.

Field Traffic Study Results for Measurable Delay

As mentioned previously the research originally anticipated
that traffic field studies to measure delay would be conducted at
suitable projects selected for construction study. Since pessible
delays were considered and actually field studied at only 3
construction study projects, other sites were selected for the
majority of the traffic studies. The following summarizes the
findings from the traffic studies conducteqd.

Construction Projects Using TLTWQ

Site Characteristics

Tables 18 and 19 summarize the characteristics in the
crossover direction and the opposite direction for the 12 TLTWC
study sites. Eleven of the sites were on freeways and turnpikes
and 1 of the sites was on an arterial that cressed a turnpike.
Data were collected, for the most part, during periceds when the
highest demand volumes were anticipated. The lone exception was
the data in Kentucky that were collected during off-peak periocds
by an agent of the Kentucky Department of Transportation. For the
12 study sites, data were collected on weekdays at 7 of the sites
and on weekends at the other 5 sites.

Temporary ccncrete barriers were used to divide the opposing
flows of traffic at 8 sites, plastic tubes were used at 3 sites
and cones at 1 site. The minimum travelway width (lane and
shoulder) in the crossover directlon ranged between 11.0 and 16.0
ft., and ranged beftween 11.33 and 23.75 ft. in the opposing
direction. The length of the TLTWO ranged between 0.1 and 11.2
miles, with the shorter 1lengths dinvelving highway bridge
improvement projects, Bridge decks had the minimum travelway width
on several of the projects.
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Table 18. Siie characteristics--TLTWO crossover direction.
Minimum Langth Vehicle
Sty Fiad  Type of Travelway of TLTWO Type of Pariod Patiod Occupsncy
Numbyet Date Sta  Highway Highway  Wiath (f) {mi} Divider Of Day Of Week ppv)
1 G/08/07 A1 Tumplke 195 -NB 120 0.7 PCB Peak Weekday 1.62
2 6/09/87 FL-2  Aneral SHEe4WB 110 0.4 PCB Peak Weekday 1.34
3 8/23/87 W1 Freeway {80 -cB 15.0 5.0 Tubes P.M. Sunday 1.75
4 9/04/87 MN-1  Freeway 135E -NB 160 1.2 Tubas P.M. Friday 192
"5 5/26/87 KY-1  Freoway 175 -8B 15.0 0.7 Cones Off-Peak  Weekday 157
6 5/05/88 WY-3 Freeway B4 -EB 140 1.1 PCB AM, Weekday 1.30
7 5/24/8B KS-1  Freeway 138 -NB 16.0 2.0 PCB AM. Weekday 1.47
8 5/28/88 KS.2  Freoway 1235 -58 145 7.5 PCB AM. Woekday 1.40
9 8/14/88 COX-1 Freeway 140 -WB 140 2.0 PCB P.M. Sunday 1,85
10 8/2c /a8 CK-2 Freeway 140 -EB 140 0.1 PCB PM, Frijay 1.44
11 B/21/88 Wi-2  Frooway 194 -EB 14.5 40 Tubes P.M. Sunday 1.56
12 9/01/6B  WY4 Freaway 164 -WB 1433 1.1 PCB .M. Weokday 1.25
* Data coflocted by Stata or State agent
ft =feat
ml = miles
NIV = DAFSONS pef venicle
Table 19. Site characteristics--TLTWO apposite direction.
Minimum Length Vehicle
Study Fiold  Type of Travetway of TLTWO T
ype of Period Perlod Cecupant
Number Date Ste  Highway Highway Width (ft) (mi) Divider Of Day Of Woek (pg;a) v
1 6/08/87 FL -1 Tumplke 195 58 19.75 0.7 PCB Peak Week 1
2 6/09/87 FL -2 Anoerial SHB4-EB 11,23 0.4 PCcB Peak W::ktd’::: |;c1)
3 8/2a/07 WI-1  Frooway 180 WB 220 5.0 Tubes P.M. Friday 1.88
_4 9/07/87 MN-1  Fresway I35E .SB 220 1.2 Tubes P.M. Monday 1.73
5 5/26/87 KY-1 Freeway 75 .NB 220 a.7 Cones Off-Peak  Weekday 1.61
6 5/04/88 WV3 Freoway 64 -WB 210 11 PCB P.M, Weekday 1.48
7 5/24/868 KS-1 Freeway 135 S8 200 90 PCB PM. Waocktay 1.51
] 5/25/88  KS.2 Freeway 1235 -NB 145 75 PCB P Weekday 1.22
9 B8/12/88 OK-1  Freeway 140 -EB 16.0 2.0 PCB P.M. Friday 1.59
10 B/28/88 OK-2 Freeway (40 -WwB 210 0.1 PCB F.M. Sundey -
:1 8/19/88 W1 -2 Froeway 194 -WB - 4.0 Tubas P.M. Friday 1.86
2 9/02/83 WV4 Freaway 164 EB 23.75 1.1 PCB AM. Weekday 1.60

¢ Data collectad by State or State agent

ft =foxx
mi = miles

PPV = Dersons per vehicle
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Capacities

Tables 20 and 21 summarize the maximum measured flow and the
average sustained flow for the crossover direction and the opposite
direction. The nmaximum flow was measured during 1 full hour; the
average sustained flow was the wvolume measured for consecutive
pericds exceeding 1 hour. Data are tabulated in terms of vehicles
per hour and equivalent passenger cars per hour. A  truck
equivalency factor of 2.0 was used to convert to equivalent
passenger cars.!3}

Traffic capacity through a TLTWO section can be measured
during periods when traffic dewmand i1s higher than the capacity of
the single lane. Thus, unless construction zactivities or a narrow
bridge within the TLTWO section affected traffic flow, congestion
would originate at the location where the highway section was
reduced from two to one lane. Traffic flow through the TLTWO
section would, therefore, constitute the capacity under saturated
flow conditions.

Previous studiest?’ indicated that the sustained capacity under
saturated flow 1is approximately 1,500 wvph in the crossover
directien and 1.800 vph in the opposite direction. The results of
the field studies of this project reported herein seem to confirm
these values.

The original intent was to collect data during saturated flow
conditions described above. Every attempt was made to coordinate
with the highway agency at each site to ensure that the research
principals could make arrangements (i.e., hire field personnel for
specific days, travel to the study site, set up traffic counters,
etc.) to collect data on days when congestion was, according to the
agency, certain to occur. However, as indicated in tables 20 and
21, these quality contreol procedures to collect data during
saturated flow conditions were less than succussful. In spite of
the coordination measures by the researchers, saturation flows did
not exist in the crossover direction at 6 sites and in the opposite
direction at 4 sites when the data were actually cellected.
Accidents occurred during data collection at 2 other sites in the
opposite direction which adversely affected the flow through the
work zone. In all these cases, the maximum measured volumes were,
as expected, less than 1,500 vph in the crossover direction and
less than 1,800 in the opposite direction.

Of the % freeway and turnpike sites (WI-2, Wv-4, FL-1, WI-1,
MN-1) thatc did experience saturated flows in the crossover
direction during the field studies, only 2 sites experienced
sustained flows of 1,500 vph or more. The sites, WI-2 and Wv-4,
resulted in sustained flows of 1,560 vph (1,600 passenger cars per
hour [peph]l} and 1,530 wvph (1,650 peph).
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Table 20. Summary of fleld studies--TLTWO ‘crossover direction.

Width of Lengthof Madmum®™ Average®® Maxdmum®*  Average™™

Study Flold  Travelway TULTWO  Measured  Sustalned Maasurad ~ Sustalned
Number She (ft) (ml) Flow (vph) Flow (vph) Flow (pcph) Flaw (peph)
1 L. - 120 0.7 1430 1450 15680 1550
2 FL-2 110 0.4 1540 1450 1630 1540
3 W1 150 5.0 1320 135 1450 1440
4 MN-1 160 n.z 1100 1010 1120 1030
» KY-1 150 0.7 e . e
3 KS -1 16.0 9.0 1200"** 100" ** 1380°** 1300***
7 KS-2 145 75 1120™** 1110*** 1220*** 180"
8 OK-1 140 20 1400*** 1470%** 1590™** 1560*4*
9 oK-2 140 0.1 13go™"" 1350*** 1480*** 1450
10 W2 145 40 1580 1580 1620 1600

*Data collected by State or State agent (Oft-poak data)
**Undper saturated flow condtiions
***Data were not collected under seturated flow conditions

ft = foat

m = mies

wph = vehiclas per hour

peph = passenger cars per hour

Table 21. Summary of fleld studies--TLTWO opposite direction.

Width of Lengthof  Maximum** Average** Maximum®™ Average™*
Study Fleld Travelway TLTWO  Measured Sustained  Measured Sustained

Numher Site ) {mi) Flow (vph) Flow (vph) Flow (pcph) Flow (peph)
1 FL -1 19.75 a7 1700 1500 1860 1650
2 FL2 1138 04 1540 1500 1580 1570
3 Wil 220 5.0 1330 1310 1550 1520
4 MN-} 220 11.2 13700 - 13p0%0¢ -
.5 KY _1 22.0 0.7 F 23] E 2 1] E 313 N Adw
6 KS -1 200 3.0 1840 1810 1850 1910
7 KS-2 145 75 1300"*" 1250 1470*** 1400 "
8 OK-1 15.0 20 1450*** 1410"** 1540 1500* 4"
9 OK-2 14.0 6.1 1420™** 1400™** 1490™* 1460 "
10 w2 - 40 1650 1620 1800 1750

*Data collected by State or State agent (Off-peak data)
**Under saturated flow conditions
***Data wera nol collected under saturated fiow conditions
XXpccident and/or stalled vehicla and,/or contractor stopped traffle

f
ml

foat

milas

vph = vehicles per hour

pcph = passenger cars per hour

0o
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The other 3 freeway and turnpike study sites (FL-1, WI-1,
MN-1) experienced sustained flows in the crossover direction during
saturated flow conditions which were less than 1,500 vph. In all
3 cases, work activities {(curious motorists) and/or geometrics
within the TLTWO section adversely affected traffic flow. Even
though traffic at the lane closure could theortically accommodate
approximately 1,500 vph, conditions within the TLTWO sections
resulted in reduced flows. Measurements at sites FL-1, WI-1 and
MN-1 resulted in sustained flows of only 1,450 vph (1,550 pcph},
1,315 vph (1,440 pcph) and 1,010 vph (1,030 pecph). It should be
noted that there were large percentages of camper vehicles during
the studies at sites %WI-1 and MN-1. The lengths of the TLTWO
sections were 0.7, B.0 and 11.2 miles at sites FL-1, WI-1l and MN-1.

At the 1 arterial street site, sustained flows of 1,450 vph
(1,540 pcph) were measured in the crossover directior.

Table 21 reveals that, of the 4 freeway and turnpike study
sites (KS8-1, WI-2, FL-1, WI-1) that did experience saturated flows
in the opposite direction during the field studies, the average
sustained flows were approximately 1,800 wph at only one site.
Site KS-1 experienced sustained flcws of 1,810 vph (1,910 pecph}.
The flows at sites WI-2, FL-1 and WI-1 were adversely affected by
the weork activities within the TLTWO sections and resulted in
sustained flows of only 1,620 {1,750 peph), 1,500 vph {1,650 pcph)
and 1,310 vph (1,520 pcph).

At the cone arterial street site, sustained flows of 1,500 wph
(1,570 pcph) were measured in the direction opposite to the
crossover.

Construction Projects Using SLC

Site Characteristics

Table 22 summarizes the characteristics of the 13 SLC sites.
A1l of the studies were conducted on freeways. Comparable to the
TLTWO sites, data were to be collected during periods of the day
when congestion existed as a result of the lane closure. Data were
collected during weekday peak periods at all sites with the
exception of 3 sites where the data were collected during the
off-peak hours. ’

The traffic control devices used to separate the workers from
the open traffic lane varied among sites and included cones, drums,
barricades and temporary concrete barriers. The width of the
travelway for the cpen traffic lane ranged from 12.0 to 24.0 f¢t.
Capacities

Table 23 summarizes the maximum measured flow and the average
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Table 22. Site characteristics--SLC (closure direction).
Width of Yehicie
Study Field Type of Travelway Type of Pariod Period  Cccupancy
Number Date Site  Highway Highway (it Divider Of Day Ofweek  {(ppv) Comments
1 7/09/87 TX-1  Freeway |35 -NB 12.0 Cones Off-Peak Weakday - Crane adjacent to traveled way
2 7/09/87 TX-2 Freeway 135 -SB 12.0 Carnes Ctf-Paak Weskday - Crane adjacent to traveled way
3 2/09/97 AR-1 Freeway HO-WB  14.0 PCB Peak Weekday 1.56
4 2/10/87 AR-2  Freaway 110 -EB 14.0 PCH Peak Weekday 1.43
5 8/03/87 M -1 Froeway 194 -WB 17.2 PCB Peak Weakday 1.7 Contractor stopped traffic
6 8/04/87 MI -3 Freeway 194 -WB 20.8 PCB Peak Weekday 1.71  No congestion
7 8/05/87 Mi-4 Freeway 194 -EB 2048 PCB Peak Waeekday 1.57
8  8/11/87 WV-1 Freeway 164 -WB 160 Barricades  Peak Weckday 143
9 8/12/87 WvV-2 Freaway I64 -EB 18.0 Drums Peak Weekday 1.67  No congestion
*10 8/19/87 KY-2 Freeway I71 -NB 16.0 Crums Off-Peak Wuakday 1.54  No congestion
1 8/18/87 KY-3  Freeway (71 -SB 16.0 Crumns Peak Weekday 122
12 10/36/87 OH-1  Freeway 175 -SB 22.0 Drums Peak Weckday 1.69
13 11/06/87 OH-2 Freeway 175 -S8 24.0 Drums Peak Weakday 1.78  No congestion

*Data collectad by State or Stats agent

ft = feet

ppv = persons per vehicle

Table 23. Field study results--SLC (closure direction).
Widih of Maximum™™ Average™  Maximum™” Average*”*
Study Fleld Travelway Measurad Sustained  Measured Sustained
Number Data Stte (#t) Volume (vph)  Flow {vph} Volume (pcph) Flow (pcph)
1 7/08/87 TX- 120 1060 1060 1200 1200
2 7/09/B7 TX-2 120 950 1100 1100
3 2/09/87 AR-t 140 169074 1670 1800°™* 1790™"*
4 2/10/87 AR-2 140 1690 es0*" 1800™"" 1760***
5  B/03/B7 M- 17.2 1350000 1320*** 1550°0 vae
& 8/04/87 MI3 208 1370™"" 1200™* 1530™*" 1420""*
7 8/05/87 MI-4 208 1450 1360™"* 670%™ 1550™"%
8 B/MBT Wy 16.0 1490 1400""" 1600™"" 1500"**
$  8/12/87 Wv-2 180 128000 124020 137000 134000X
*1G  8/15/87 Ky-2 180 1550""" 1420*** 1610™"" 1470"**
*11  8/18/87 KY-a 16.0 1130%"* — 1300™"* -
12 10/30/87 OH-1 220 1400 1370 1610 1570***
13 11/06/87 OH-2  24.0 410" 1380"** 1600"*" 15607

*Data collected by State or State agent

**Undar satuwrated flow conditkins
***Data were not collected during paak flow
WxAccident and/or stalled vehicls and/or contractor stopped traflic

ft = feet
vph = vehicles per hous
pcph = passenger cars per hous
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sustained flow in the direction of the lane closure. As was the
case for the TLTWO sites, the maximum measured flow was for one
full hour; average sustained flows were flows measured for
successive periods exceeding 1 hour.

Previous studies indicated that the capacity during a
long—-term SLC on a two—-lane freeway section when Temporary Concrete
Barriers {TCBs) are used to separate the workers from the traffic
is approximately 1,800 vph.!®) The capacity during shert-term
closures averdges about 1,500 vph, but could be less depending upon
the conditions within the work site and the width of the available
travelway.

Table 23 shows that the maximum measured volume and the
sustained volume did not reach the 1,800 vph and 1,500 vph flows
for long-term and short-term operations at any of the 13 sites.
There were reasons for the lower than expected flows.

At the two Texas sites (TX-1 and TX-2), the average sustained
hourly volumes were 1,060 and 950 vph (1,200 and 1,100 pcph). 1In
these two cases, a crane was in the closed median lane lifting
sections of TCBs from trucks inte place in the median of the
freeway. The closure reguired that the channglizing cones be
placed in the right lane resulting in a travelway width for
vehicles of only 12.0 £t (10 £t. shoulder + 2 ft. remaining in the
lane). The very unusual equipment and construction operation in
combination with the narrow travelway resulted in the very low
flows through the work site.

Accidents occurred at two of the sites during the data
collecticn periecd. An accident at one site in Michigan (MI-1)
resulted in a maximum f£low of only 1,350 vph (1,350 pcph). While
an accident at one of the sites in West Virginia resulted in
maximum flows of only 1,280 vph (1,370 pcph).

In all of the other cases, unfortunately, data were collected
during time periods when traffic was not at saturated conditions
(i.e., congestion was not continuously present at the lane closure
location}. Average measured sustained hourly volumes ranged only
between 1,320 and 1,670 vph (1,500 and 1,790 pcph) even though the
sites were long-term construction sites where TCBs, drums and
barricades were used to separate the workers from the traffic.

Although the field studies failed to substantiate the exact
values for capacities during SLC on four-lane divided highways, it
did indicate that the values of 1,800 vph for long-term closures
and 1,500 vph for short-term closures suggested by previous
research are reasonable.(3? The average measured sustained wvolumes
at all of the long-term sites in the study reported herein which
were collected during time periods when saturation flow did not
exist were less than 1,800 vph. 1In addition, the average measured
sustained hourly volumes {1,060 and 950 vph) at the two short-term

65



sites were consistent with previous findings.(2?
Comparative Analysis of Construction Projects

The comparison of construction costs between SLC and TLTWO by

type of construction was discussed in the "Construction
CostAnalysis" section, with conclusions offered for each type by
construction cost without accidents or road user costs. The

analysis in this section of the report will incorporate the
accidents, as well as the impacts of rcad user costs as they affect
selection of the 2 traffic control strategies.

The "Accident Analysis" section contains a discussion of the
statistical aspects of the rates of accidents for each study
project. Additional observations appear noteworthy regarding
analysis of accidents as they relate to¢ other specific elements of
the study precjects.

Accident Analysis by Type of Construction

Table 24 shows the construction study project accident rates
by type of construction and the rankings of the projects based on
accident rates within each type when comparing the dJduring
construction to before censtruction phase. (A positive rate of
change indicates an increase during construction, while a minus
rate of change indicates a decrease.) Weighted averages of the
project accident rates for each type of construction are also
presented. The following observations are offered concerning the
accident rates in table 24.

{1) As mentioned previously, the West Virginia D3 project is
ranked highest in rate of change with an abnormally high increase
in the accident rate (7.935 accidents per mile per 10,000 ADT),
during versus before. One can alsco note from tabkle 15 that
construction work on West Virginia D3 was completed within 3 weeks
and that there were 4 accidents during construction. This was a
bridge deck overlay project using SLC with drums. There were
cbviously some problems during censtruction of the project. The
acecident rate change demonstrates how a few accidents during a
short duration project results in a high rate change that is really
not representative, particularly with a small number of projects.
It drastically skewed the overall accident rate for the 4 study
projects in the bridge deck overlay classification. (Without WVD3,
the average rate of change would be approximately 0.6
accidents/mile/10K ADT', instead of 2.428.)

(2) The construction study project experiencing the most
improved accident rate {during versus before) was Louisiana F15,
which had a reduced rate of -4.285 accidents per mile per 10,000
ADT. This was a reconstruction project using TLTWO with tubes
separating traffic flow. A review of the project detalls in
appendix A shows that this project experienced a considerable
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Table 24. Construction study projects / annual accident rates by type of construction.

Project|Routa] Study] ADT | Type |Primary] Before | During | Change Project |Route} Study] ADT | Type |Primary| Before | During | Change
Number, Length TCP | Chan. |Accs./Mi.|Aces./Mi.] Durin Number Length TCP | Chan. {Accs./Mi.[Accs./Mi.] During
{miles) Used | Device J10K ADT/10K ADTvs. Before (miles) Used | Device V10K ADTV/10X ADT|vs. Befors
(A)_Concrete Pavement Recyclin Ovetlay (6 Projects E} Bridge Deck Replacement / Widening (6 Projects)
ORJA1 | IRS T 7.06] -24,200[TLTWO] TCB 0.712 1.780 1.068 NC |E8 {US-1S 1.82] 15,000] TLTWO] AC Div. .674 4.467 1.783
OR JA2 |IRE E 13.18] 22 550]TLTWO| TCB 0.978 .04 ¢.065 WV IE6 | IR-77 2.60) 9.30(4_'[._1HNO TCB .516 4.183 1.877
Mi [A2 ] 1R94 | 10.00] 000 TLTWO] ACDiv. { 2.884 2.53 -0.350 AZ {E6 | IR-10 2.20} 12,000] TLTWO}] TCB .496 2.304 -0.192
UT A4 | IR-15 8.804 5,218] TLTWO| TCB 5.447 2.81 -2.631 EE. 1R-40 6.20) ,800] SLC TCB 2.47! 2.058 0.419
UT A6 | 1R-80 — — |TLTWO| TCB -~ - - LA |E1 JUS-180] 2.40] 16,000{ TLTWO! Tubes 9.50! 7.097 -2.408
CA |A1 ] IR80 | N/A N/A | NA N/A N/A NIA N/A WV IES { IR64 2.05] 27,000{ TLTWO| TCB 5.49 2.931 -2.566
TOTAL = 39.04] 80,968] AVERAGES = 1.869 1.912 0.043 TOTAL = 17.27] 88,100] AVERAGES = | 4.719 | 3.908 -0.811
_(g)_‘gg_rlcrale Pavement Restoration (5 Projects F) Reconstruction (11 Projects)
IOH 1B1 | IR-75 .99 25353 SLC | Drums 1.754 2.617 0.763 C |[F5 | IR77 9.93] 32,000] SLC |Mov. TCB| 1.328 2.739 411
OR|B4 ] IR 16.52] 20,550 SLC TCB 0.297 0.787 0.490 C [F4 | IR40 [ 11.70] 17,000{TLTWO]| ACDiv. | 2.050 3.415 3685 |
NC |B7 | IR-40 .80] 35000/ SLC Drums 2.41 2.569 0.150 NC |F2 | I1R-40 18.89] 25,000{TLTWO| TCB 0.980 700 0.720
NG |B8 | IR95 | 11.567] 20,000 SLC | Drums 1.89 1.864 -0.039 LA |F6 | IR-59 6.60} 12.980{TLTWO] Tubes | 3.314 3.615 0.301
LA [B14] IR-20 6.10] 23,470] SLC ConeIDrﬂ 1.13 0.850 -0.283 MI F8 | IR94 10.00] 18,500{ TLTWO| AC Div. 3.886 4.185 0.299
TOTAL = 47.98{124 378] AVERAGES = | 1.608 1.825 0.219 LA [F7 { IR-20 4.70] 27,590/ TLTWO| Tubses 1.690 .877 0.287
LA {F9 | IR-20 8.80] 13,£30{ TLTWO] AC Div. .70 .806 -0.097
(C) Asphalt Concrete Pavement Overlay (13 Projecis KY [F9 ) | WKP 5.50] 4,200{ TLTWO| Tubes .04 766 -0.29
Mt _|C1 0l IR-86 9.90] 24 500 SLC Drums 4.317 7.935 3.618 YR IR-96 12.00! 12,800{ TLTWO! AC Div. .104 3.082 -2.04
UT [G3 [ IR15] 16.25] 4,543] SLC | Drums 3.022 5.768 2.747 LA [F15] IR-20 7.20] 23,870/ TLTWO] Tubes 607 2.322 -4,288
FL _[C15] IR-295 | __4.80] 20,000! SLC [Cone/Dr? 4.999 7.604 2.605 NC |F IR-40 — - SLC Drums - — —
IAZ |C A8 €.10] &£,900] SLC TCB 0.939 3.381 2.442 TOTAL = 93.32|187,470| AVERAGES = | 2,749 | 2.603 -0.145
LA IC3 | IR-10 ] 11.02] 24 070] SLC | Drums 1.659 3.094 1.435 :
OR [C IR-84 18.38] 5.,550] SLC TCB 2.053 2.980 0.927 G) New / Interchange Construction (6 Projects
NC |C17] IR-35 3.07] 41,300 SLC | Drums 1.803 | 2.667 0.864 NC |G13] IR-40 3.44] 30,000 SLC TCB 1.635 4.435 2.900
KY |C4 [SR-114] 14.40] 7.590] SLC [Cone/Dr .298 3.117 0.819 M1 |G R-89 6.11 500l TLTWO| TCB 1.397 4.239 2.841
[NC [C3 | 1R85 | 7.35| 30,000] SLC | Dmume | 2.023 | 2722 0.699 KY |G1 | IR-75 ] 4.00] 23000§TLTWO| Cones | 1.488 | 2.49 .028
OR|C8 | IR-84 1(5.89{ 12,425] SLC | Cones 1.044 1.160 0.116 AZ 1G7 | iR-10 3.30] 33,000] SLC TCB 4.506 4.69, 0.186
FL _{C18| IR-295 7.521 26,0001 SLC [Cone/Dr #3.336 3.423 0.086 UT |G6 | IR-84 10.70f 3,845{TLTWO!| Drume 3.285 3.019 -0.246
LA {C4 | IR-12 4.80] 21,610] SLC | Dmums 1.268 1.250 -0.018 FL |G6 | SR-95 2.80] 4,900 TLTWO|Cone/Dr 5.173 4.803 <0.369
AZ |C11} IR-10 4.09] 8000] SLC [Cone/Dr 6.88 5.802 -1.078 TOTAL = 30.35'110,245 AVERAGES = | 2.618 4,047 1.434
TOTAL = 154.56 231,488| AVERAGES = | 2.640 | 3.784 1.144
D) Bridge Deck Overlay (4 Projects)
Wv D3 | IR-64 2.59l 19,000] SLC | Dmums 1.587 8.522 7.935
wv{D8 | IR.-79 4.16] 6,200 SiLC TCB 2.657 4. 971 2,313
MI IDS |iR-198] 3.00] 11,400{ SLC TCB 0.000 0.000 0.000
KY 1D7 | IR-756 8.00] 26,000] SLC [ConeiDr7 _1.414 0.877 -0.536
TOTAL = 1 '.5.’-:' 62 600] AVERAGES = | 1.332 3.747 2.415



problem involving the extensive replacement of tubes for separation
of traffic flow during construction. The tube replacement problem
on this and other TLTWO projects specifying tubes prompted
Louisiana to change to the asphalt divider.

{3) The £ollowing are the results of the analysis of changes
in accident rates by type of construction shown in table 24 dquring
construction as compared with before:

(a) Type A—--Concrete Pavement Recycling/Overlay and Type F-
-Reconstruction Projects

Analysis of these two types of construction were combined
because of the similar construction methodology in both categeories.
Type A construction projects experienced a slight increase
(+0.043), while Type F projects experienced a slight reduction
{(=0.145) in the average overall rate of accidents during
construction. As can be seen from table 24, 14 of the 17 projects
in these 2 categories utilized the TLTWO traffic control strategy.
The 3 using SLC were: Project California Al which d4id not have
accident data collected, Project North Carolina F5 which used the
movable TCBE technique and an early project, North Carolina F1,
constructed from 1984-86, <£for which accident data was not
available. Referring to appendix A and the construction study
project descriptions, it can be noted that there were considerable
problems with traffic control in the SLC on North Carolina F1
during construction. Extensive modifications were made to traffic
control on this project which may have contributed to the State's
later change in policy to use TLTWO for type F {reconstruction)
projects.

Seven of the study projects using TLTWO experienced a slight
increase in the accident rate during construction, with the highest
increase being North Carolina F4, at +1.365 accidents per mile per
10,000 ADT.

As reported previously, the effect of the use of SLC on
accident rates for these projects, if any, would 1likely be an
increase in the accident rate during construction. This would be
because of the added exposure of through traffi¢ to the
construction operations in an open lane adjacent to the work site,
when continuous pavement is being removed and new full depth paving
or concrete overlay of existing pavement work is being performed.
It also would be impractical and not cost-effective to provide TCB
for the SLC strategy continuously throughout projects of this type
to separate motorists from the work site.

When considering these two types of construction, the research
finding from the 15 projects studied for safety is that the TLTWO
method is an acceptable method of traffic¢ control from a safety
standpoint for both types of construction.
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{b) Type B-—Con¢rete Pavement Restoration Projects

All B of the study projects utilized the SLC method of traffic
" control for this type of construction project and experienced a
slight increase in the overall accident rate (table 24) during
conatructien (+0.219). The highest increase in accident rate was
+0.763 experienced on the Ohico Bl project.

From a safety standpoint the research finding for the 5
projects studied is that the SLC traffic control strategy iz an
acceptable method of handling traffic on this type of project.

(¢) Type C--aAsphalt Concrete Pavement Overlay Projects

This type of project had the largest sample and included 13
study projects, all of which utilized the SILC strategy for traffic
control. The change in aceldent rates was an averadge increase of
+1.144 accident per mile per 10,000 ADT per project during

construction, Five projects had an accident rate increase above
+1.0 which included Michigan C10, Utah €3, Florida €15, Louisiana
C3 and Arizona C5 projects. A review of the details of these 5

projects in appendix A indicates no unusual proklems reported
during construction, except on Arizona C5 which had an accident
involving one construction worker. As can be seen in appendix A,
these projects all had extensive AC overlays (4 inches or more) and
3 projects had a substantial amount of milling, (ie., they were not
simple maintenance type AC resurfacing).

From a safety standpoint and the significant increase in
accident rates on the b referenced projects, 1t would appear that
more complex AC overlay projects may require more extensive
planning for traffic control measures. The research finding from
the projects studied is that the SLC traffic control strategy may
be an acceptable method of handling traffic on this type of
project, but improved traffic¢ control measures should be considered
for the more complex AC overlay projects.

{d) Type D--Bridge Deck Overlay Projects

All 4 bridge deck overlay projects utilized SLC for traffic
control and had a project average increase of +2.415 accidents per
mile per 10,000 ADT. This type of construction project had the
highest average increase rate in accidents of all the constructien
types studied. A significant impact on this average was the West
Virginia D3 project, with an increase of +7.935, the highest
individual project increase rate for all projects studisd, as
previously noted. BAs mentioned earlier, this one project skewed
the average overall accident rate change for this type of project.
However, the small sample size (4 projects) makes it difficult to
arrive at a concensus for the safest traffic¢ control strategy for
_ this type of construction.
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Based on the accident experience with the two West Virginia
projects it would appear that there may be a need to consider a
more positive separation between traffic and the work site or use
of the TLTWO strategy for some bridge deck overlay projects.

{e) Type E--Bridge Deck Replacement/Widening Projects

The 6 bridge deck replacement/widening projects had an overall
project average decrease of -0.811 in the accident rate during
construction. Five of the projects used the TLTWO strategy, while
the sixth project, Arizona E2, used the SLC, with a slight
reduction in the accident rate {(-0.419). It should be noted from
appendix A that the Arizona E2 SLC project originally specified
TLTWO, but was modified at the contractor's request and utilized
a special bridge design change developed by the contractor that
resulted in a significant cost savings te the project.

Based on the =small sample of projecvs studied from a safety
standpoint, there is no conclusive statistical evidence to indicate
a preference on type of traffic contrel on this type of
construction project.

(e) Type G--New/Interchange Construction Projects

These projects are not a comparative group of simiiar projects
from a construction viewpoint or a safety standpoint. Based on the
projects researched, it would appvear that each project with this
type of construction should be studied thoroughly during the design
phase to determine whether TLTWO or SLC should be employed.

Road User Cost Impact on Type of Construction

As previously discussed, it was not possible to perform field
study traffic delay impacts on road user costs for construction
study projects comparing SLC and TLTWO since there was no typical
measurable recurrent delay in the work zones for the construction
study projects. The followlng analysis of recad user costs was
performed to develop baslc parameters that may be considered for
variations 1n costs for the 2 traffic control strategies. The
finding is that road user cost comparisons between SLC and TLTWO
strategies for normal traffic flow through work zones is relatively
insignificant for 1lower traffic volumes which do not result in
delays through the work zone.

A study’®’, based on unimpeded flow through the work zone,
using 1982 costs estimated delay costs for TLTWO road user costs

at $ 0.11 per mile per vehicle for travel in a TLTWO in the
crossover direction and $ 0.08 in the opposite direction of the
TLTWO.
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This additional cost may be considered due to the additicnal
length traveled in the crossover direction, and some possible speed
reduction through the crossovers. Thus the average cost for both
directions in the TLTWO may be estimated at § 0.095 per mile, based
on the cited study. (3) The 5 TLTWQ sites studied for road user
costs in table 1 of this report ranged in length from 3,100 to
25,800 ft., with an average closure length of 2.52 miles. If
average lane c¢losure lengths are greater than 2.52 miles, (which
is true of most of the study projects in this report, except for
bridge deck replacement/widening projects, this average cost per
mile would likely be reduced, since there are only 2 crossovers,
one at each end of the TLTWO section, in the lane closures.

Although the referenced study did not list median width in the
work zone characteristics, it must also be assumed that the median
width is a primary contributor to the additional distance traveled
in a TLTWO sec¢tion. (The wider the median, the more distance
traveled in a c¢rossover.) In most four-lane divided highways a
mininmum width of approximately 40 ft. would appear to be about the
minimum width that could generate any cost differentials, provided
adequate c¢rossover geometric dJdesign 1is available without a
substantial required speed reduction. It may therefore be assumed
that the $ 0.095 per mile per vehicle would be a cost that could
vary for different lane closure lengths in TLTWO work zones, higher
for short bridge projects and lower for projects with lane closures
greater than 2.52 miles.

The same study indicated that there was no difference in road
user costs for the opposite direction of traffic in a TLTWO versus
SLC for equivalent work zone lenath, provided demand did not exceed
capacity (no significant gqueuves or impeded flow).(? Thus for SLC
projects, the average road user cost may be considered to be § 0.08
per mile per vehicle for projects without any significant queues
or impeded traffic flow.

Therefore, the cost comparison for road user costs between
TLTWO and SLC strategies (in both diresctions) may be considered as
$ 0.015 per mile per vehicle ($ 0.095 to & 0.08). (Additional
road user costs would equate to $150 per mile per 10,000 ADT.)

Traffic Control Strategy by Type of Construction

This section of the report incorporates the results in the
construction cost analysis section, and the accident analysis and
road user cost analysis contained in this section into research
findings for use of SLC or TLIWO traffic control strategies by type
of construction based on the projects studied.

As stated earlier in this report, it was not possible to
measure traffic delays rough the construction study project work
zones. This was becau.2 .projects had either been completad or
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there was not sufficient traffic demand that caused a measurabls
delay which could be field studied to determine rocad user costs.

{(a) Type A--Concrete Pavement Recycling/Overlay Projects

These construction improvements involve extensive work to
remove existing concrete pavement/shoulders for recycling and
replacement, or providing a new concrete overlay on existing
pavement/shoulders. Research findings from this study indicate
that construction is much more cost-effective without traffic
immediately adjacent to the work site and by use of TLTIWO. This was
previously discussed and demonstrated by analysis of alternate
traffic control costs from table 9.

Accident analysis for TLTWO on these projects indicates a very
slight increase in the overall average accident rate during
construction (+0.043) when compared with the before rates. Road
user cost differential is insignificant between TLTWO and SLC with
no measurable delay presented by construction. RESEARCH FINDING:
TLTWO

(b) Type B--Concrete Pavement Restoration Projects

This type of construction inveolves intermittant removal and
replacement of existing concrete pavement and shoulder sections.
Work is normally performed while traffic is maintained in a SLC
immediately adjacent to the work being performed. Alternate
traffic control costs using TLTWO are considerably more expensive
than for SLC as can be noted in table 9.

Accident analysis indicates a slight increase in the rate of
accidents during construction (+.219) using SLC. Construction and
contractor personnel have expressed concern for safety with through
traffic adjacent as well as traffic disruptions caused by the work
being performed. Accident rates do not indicate any significant
safety problem with SLC. Road user cost analysis appears warranted
for projects of this type to verify delays and road user costs that
would offset alternate TLTWQ construction costs. RESEARCH FINDING:
SLC, with possible need for road user cost analysis for delays that
¢ould offset additional construction costs associated with TLTWO.

{c} Type C-=-Asphalt Concrete Pavement Overlay Projects

This type of inmprovement consists of the resurfacing of
existing pavement with AC pavement using several passes by the
raver until specified pavement overlay thickness is achieved. SLC
is typically used for traffic control, and alternate cost analysis
shows a substantially greater cost for TLTWO.

Accident analysis indicates an overall average accident rate
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increase of +1.144 during construction. The increase in accident
rate during construction may be associated with the degree of
complexity of work in preparation for (milling) or the need for
thicker AC overlays and associated traffic control measures for the
required construction work. Road user cost differential for delay
with TLTWO alternative is insignificant. RESEARCH FINDING: SLC,
with careful study of traffic control needs for complexities of
placing AC overlay.

(d) Type D—--Bridge Deck Overlay Projects

These projects normally involve minor repairs to the deck of
an existing bridge and the placement of a latex modified overlay
on the deck surface which has more salt resistance and better
wearing 1life characteristics. SLC was used on all 4 study
projects, and c¢ost analysis of the alternate TLTWO strategy
resulted in very substantial additional costs.

Accident analysis showed an overall average increase in rate
of project accident rate of +2.415. Significantly high acc¢ident
rates occured on 2 of the 4 construction study projects, but with
a small sample it was not conclusive that TLTWO is warranted. Road
user costs would slightly favor SLC because of the short average
length of TLTWO travel (0.29 mile) for projects studied. RESEARCH
FINDING: SLC

(e) Type E--Bridge Deck Replacement/Widening Projects

Projects of this type normally involve the widening bridge
decks to provide greater roadway or shoulder widths and safety
shapes for bridge parapet walls, or complete replacement of a
structurally deteriorating bridge. Because of the narrow lateral
work space on bridges, TLTWO was typically used to handle traffic
on the projects studied and was specified initially for all
projects studied. (One project was modified during construction
to use SLC.)} An alternate TCP cost analysis for the SLC was
performed for 2 of the 6 study bprojects resulting in a
significantly higher cost for SLC. No TCP alternate analysis was
performed for SLC on 4 of the projects because the existing bridge
structures were too narrow or the removal of the existing structure
prevented use of SLC.

Accident analysis indicates that the project average rate of
accidents was reduced during construction (~0.811), but with
increases in the rate on two of the 6 study projects. Road user
costs for TLTWO might be slightly higher, as the average length of
study projects was 1.41 miles. RESEARCH FINDING: TLTWO
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{f} Type F--Reccnstruction Projects

These projects involved extensive work to rehabilitate
existing highways which typically included removal and replacement
of existing pavement and frequently shoulders. 'To provide ample
work space and efficiency in performing work, TLTWO was used on 9
0f the 11 construction study projects. Of the two exceptions using
the SLC strategy, 1, North Carolina project Fl, had significant
problems with traffic control, and the other, North Carolina F5,
utilized the innovative movable TCB on a project that primarily
involved 3jioint repair, some intermittant pavement replacement and
an AC pavement overlay. Alternate TCP cost analyses were performed
on 7 of the 11 projects, and all but i1 was significantly higher in
traffic control and total construction cost. SLC on the remaining
4 projects was not considered feasgible.

Accident analysis showed a reduction 1n the overall average
rate of accidents during comstruction at -0.14S5. There is no
significant difference in the road user cost for the 2 traffic
control strategies, RESEARCH FINDING: TLTWO

{(g) Type G~-New/Interchange Construction Projects

These types of construction study projects involved a variety
of new highway rconstruction and were not similar in type of work.
Therefore, traffic control measures could not be compared. They
consisted of new highway construction, new or partial interchange
construction or addition of new lanes to make a highway four-lane
divided.

None of these projects are comparable as mentioned previously.
Therefore there was no research finding regarding traffic control
strategy. RESEARCH FINDING: WNone It is recommended that these
projects be thoroughly studied to determine whether SLC or TLTWO
should be used for traffic control.

Table 25 summarizes in tabular form the 7 types of
construc*fon and research findings based on the 51 projects studied
concerning use of either SLC or TLTWO traffic control strategies.
These projects ranged in ADT from approximately 10,000 to 30,000
and little traffic delay was encountered through the work zone.

Acgident Analysis by Traffic Control Strategy (SLC or TLTWQ)

Table 236 segregates all study projects by the two alternate
traffic control strategies and lists the accident rates for each
project and the project average rates for SLC and TLTHO. As
concluded in the accident analysis section of this report, the
TLTWO strategy has a slightly reduced rate of accidents during
construction than the before rate. SLC has a larger rate of
acclidents during construction than the before rate.
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Table 25. Research findings for traffic control strategy
by type of construction.

Type of Strategy for Traffic Control
Construction

Construction Accident Road User Congensusg
Costs Analysis Costs

SLC TLTWO SLC TLTWQ SLC TLTWO SLC TLTWO

Concrete Pavement X X - X

Recycling/Overxlay

Concrete Pavement X X X? X Proj.
Restoration Analysis

Asphalt Concrete X X? X X

Pavement Overlay

Bridge Deck X X X X
Overlay

Bridge Deck Replace- X X - X

ment /Widening

Reconstruction b ¢ X — X

New/Interchange —— - —-—— Project
Construction Analysis

Accident Analysis by Traffic Control Strategy and Channelizing
Device

Table 27 presents the listing of projects within SLC and TLTWO

strategies by type of channelizing dJdevice ranked in order of
highest improvement of accident rate during construction.

Accident Analysis by Type of Channelizing Device
Table 28 separates study projects into categories by type of

channelizing device used during construction of each project
ranked by most improved rate of accidents during construction.
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Table 26. Construction study projects / annual accident rates by type of control used.

[Project [Route] Study] ADT Type {Primary] Before | Durin Change | Project JRoute Studyl ADT ] Type [Primary| Before [ Durin Change
Number| Length TCP | Chan. |Accs./Mi.jAccs./Mi.| During Number Lengthi TCP | Chan. |Accs./Mi.|[Accs./Mi.] Durin
(miles) Used | Device /10K ADT/10K ADT|vs. Before {miles) Used [ Device J10K ADT/10K ADT{vs. Beafore

PRIMARY TCP = SLC PRIMARY TCP = TLTWO
AZ [{C11] IR.10 14.08] 8,000 LC Cone/)rq 6.881 5.802 -1.079 LA [Fi5] IR-20 7.20] 23,87OITLTWO Tubes 8.607 2.322 -4.285
KY |D7 | IR-75 .00l 28,000 LC |Cone/Dr 1.414 0.877 -0.536 UT J]A4 | IR-15 8.80] 5,2181TLTWO] TCB 5.447 2.815 -2.631
AZ {E2 | IR40 20] 8,800 LC TCB 4 2.47€ 2.058 -0.419 ﬂV_EB 1R-84 2.05] ¢ ',O(M TLYWO| TCB .495 2.931 -2.565
LA [B14| IR-20 | 6.10} 23,4700 SLC |Cone/Ord 1133 | 0.850 | -0.983 | [LA [E1 [US-1S0] 2.40] 16,000|TLTWO| Tubes | 9.506 ; 7.087 | -2.408
NC [B8 | IRS5 | 11.67] 20,00¢; SLC | Drums 1.893 1.854 -0.039 MI |F8 | 1R-98 | 12.00] 12,800] TLTWO| AC Div. 104 » 3.0682 -2.042 |
LA [C4 | IR-12 ] 14.80] 21611} SLC | Drums 1.268 1.250 -0.018 FL |G5 | SR-95 _80] 4,900} TLTWO|ConelDr 4 5.173 4.803 -0.369
M! ID5 |IR-198 3.00] 11,401} SLC TCB 0.000 0.000 0.000 yl__A_g R-94 10.00{ 23,000 TLTWO} AC Dt_v 2.884 2.53! -0.350
FL {Ci8|IR-295 7.53] 26,000] SLC |Cone/Dr | 3.336 3.423 0.086 KY |F8 | WKP 5.50] 4,200} TLTWO] Tubes 2.048 1.75 -0.283
OR {C8 | R84 16.89| 2,425[ SLC | Cones 1.044 1.160 0.118 UT |G6 | IR84 | 10.70 845! TLTWG; Drums 3.265 3.01 -0.246
NC |[BY | IR-40 7.80] 35000] SLC Drums 2.419 2.56"% 0.150 &!__EL_ R-10 .20] 12,000 TLTWO| TCB 2.498 2.304 -0.192
AZ |G7 | IR-10 3.30] 33,000 LC TCB 4.506 4.662 0.186 LA {F8 | IR-20 .80 530 TLTWO} ACDv. | 1.70 1.608 -0.087
OR|B4 | IR5 16.623] 20,550 LC TCB 0.297 0.787 0.490 OR JA2 HIRSNB!I 13.18] 22 550} TLTWO] TCB 0.97 1.043 0.065
JNC |C3 | |R-85 7.35] 30,000 LC Drums 2.023 2 722 0.699 LA |F7 R-20 4.70 :'i,Eﬂl TLTWO] Tubes 1.590 1.877 0.287
OH [B1 | IR-75 6.98] 25358 SLC | Dnms 1.754 7.517 0.763 IMI_F8 | IR-94 10.00] 18,500} TLTWO| ACDiv. | 3.886 4.18 0.209
KY IC4 |SR-114] 4.401 7,690 SLC [Cone/Dr 2.29 3.117 0.818 LA [F6 R-59 6.60] 12,980[ TLTWO| Tubes 3.314 3.6 0.301
NC |C 1R-85 3.071 41.300] SLC Drums 1.80 2.667 0.864 NC |F2 R-40 16.89{ 25,000} TLTWO} TCB 0.980 .700 0.720
ig_ 1R-84 18.39] 5550] SLC TCB 2.05 2.930 0.927 KY |G R-75 4.00] 23,000{ TLTWO| Cones 1.489 2.498 1.029
NC |F6 iR-77 9.93] 32,000 SLC [Mov. TCB] 1.32¢ 2.739 1.411 OR {A R-5 7.06] 24 200} TLTWO} TCB 0.712 1.780 1.088
LA {C3 ] IR-10 | 11.00] 24 070 LC | Drums 1.669 3.094 1.435 INC |F4 R40 | 11.70] 17,000] TLTWO| ACDiv. | 2.050 3.4 1.365
WV |D8 | IR-79 l.ﬂgl §,200 LC TC 2.657 4.971 .313 WV |E R-77 2.680] 9,300] TLTWO] TCB 2.516 4.1€ .877
AZ IC6 ] IR8 6.10] 5900f SLC TCl 0.939 3.381 .442 NC [E9 YS-1 SH .82f 15,000] TLTWO] ACDiv. | 2.874 4.45 1.783
FL |C16] IR-295 4.80] 20,0000 SLC [Cone/Dr Y 4.999 7.604 .605 ML |G 1R-69 6.11} 15,600] TLTWO| TCB 1.397 4.238 2.841
UT |C3 | IR-15 | 16.25] 4543] SLC | Drums 3.022 5.768 2.747 UT A {R-80 — — 1TLTWO]| TCB - — —
NC {G13] IR-40 3.44] 30,000{ SLC TCB 1.536 4.435 2.800 TOTAL = 157.11 362,985‘ AVERAGE = 3.062 2.864 -0.198
M!i {C10] IR-96 9.90] 24,500, SLC Drume 4.317 7.935 3.518
WV (D3 ; IR-64 2.69] 19,000} SLC Drume 1.587 9.522 7.935
NC {F1 | IR-40 — - SILC Drums — - -
CA |A1 ] IR8C | NA N/A SLC N/A N/A NIA N/A

TOTAL = 243.26] 622,266/ AVERAGE = 2.208 | 3.315 1.106




Table 27. Construction study projects / annual accident rates by type of control and channelizing device used.

LL

Project | Route| Study| ADT | Type |Primary| Before | During | Change Project | Route| Study! ADT | Type [Primary| Before | Durin Change
Number Lengthy TCP | Chan. |Acca./Mi.JAccs./Mi.} During Number Lengthi TCP | Chan. |Accs./Mi.|JAces./Mi.| Durin
{miles) Used | Davice {10K ADTY10K ADT|vs. Before! {miles) Used | Device 10K ADTV10K ADTvs. Before
PRIMARY TCP = SLC with CONES or DRUMS PRIMARY TCP = TLTWO with ASPHALT CONCRETE DIVIDERS
Wv D3 B-64 2.69] 19,000} SLC Drums 1.687 9.622 7.935 NC |E9 JUS-1 SH__ 1.82] 16,000] TLTWO] AC Div. 874 4.457 .783
Ml _|C10; IR-96 9.90] 24,500] SIC Drums 4.317 7.936 3.618 NC {F4 | IR-40 11.70] 17,000/ TLTWO| AC Div. .050 3.4156 1.365
UT |C3 R-15 | 16.25] 4,543] SLC | Dmums | 3.022 5.768 2.747 M} IFG | IR94 | 10.00] 18,600/ TLTWO| AC Div. | 3.88¢ 4.18¢ 0.299
FL |C15]IR-295] ~ 4.80] 20,000] SLC |Cone/lDrd 4.999 7.604 2.605 LA 1F9 | IR-20 8.80] 13,630} TLTWO] AC Div. .70 .608 -0.097
LA IC3 | 1R-10 | 11.00] 24,070] SLC | Drums 1.659 3.094 1.435 IMI_[A2 | IR-94 | 10.00f 25,000]TLTWO| ACDiv. | 2.88¢ 2.53 -0.350
NC |C17] 1R85 | 13.07] 41,300] SLC Drums 1.80 2.667 0.864 I {F6 | IR36 | 12.00] 12,800/ TLTWO] ACDiv. { 6.104 3.08 -2.042
KY |C4 |SR-114] 14.40] 7,590] SLC [Cone/Dr? 2.29 3.117 0.819 TOTAL = 54.32] 105,830 AVERAGE = 3.013 | 3.182 0.169
OH 181 | IR-75 8.99] 25,358] SLC Drums 1,754 2.5317 0.763
NC |C3 | IR-85 7.55! 30,000] SLC | Drums | 2.023 2.722 0.699 PRIMARY TCP = TLTYWO with CONES or DRUMS
NC [B7 | 1R40 7.80] 35,000] SLC Drums 2.419 2.569 0.150 KY 161 | IR-75 4,00 23,000]TLTWO| Cones | 1.469 2,498 1.028
OR |C8 | IRB4 16.89; 12425] SLC Cones 1.044 .160 0.116 UT |G6 | IR-84 10.70 3,845 TLTWO[ Drums .265 3.01 -0.248
FL [C16] IR-295 7.52] 26,000/ SLC {Cone/Dr 3.336 3.423 0.086 FL ]G5 | SR-85 2! 4,800{ TLTWO [Cone/Dr 173 4.80. 0.368
LA [C4 | IR12 | 14.80] 21,610/ SLC | Drums 1.268 .250 -0.018 TOTAL = 17.50] 31,746] AVERAGE = | 2.259 | 2.917 0.658
NC [Bé€ R-g5 11.57] 20,000 SLC Drums 1.893 .854 -0.038
LA [Bt4] IR-20 6.10] 23,470] SLC [Cone/Dr 9 1.133 0.850 -0.283 PRIMARY TCP = TLTWO with TEMPORARY CONCRETE BARRIERS
KY |D7 R-75 8.00; 26,000] SLC [Cone/Dr? 1.414 0.877 -0.536 Ml |G3 | IR69 6.11] 15,500] TLTWO| TCB .397 4.239 2.84
AZ 1C11] IR-10 14.09] _8,000] SLC |Cone/lDr 7| _6.881 5.802 -1.079 Wv |E6 | IR-77 2.60 9,300|TLTWO] TCB 2.516 4.193 877
NG |F1 | IR0 - — SLC | Drums - - — OR |A IR6 7.08] 24,200]TLTWO; TCB 0.712 1.780 068 |
TOTAL = 173.22] 368,866 AVERAGE = 0.998 0.940 -0.058 INC |F2 | IR0 16.89] 25,000|TLTWC| TCB 0.980 1.700 0.720
OR |A2 [IRENB|] 13.18] 22,650/ TLTWO| TCB 0.978 1.043 0.085
PRIMARY TCP = SLC with TEMPORARY CONCRETE BARRIERS AZ |E6 | IR-10 ,.ﬂgl 12,000] TLTWO| _TCB .48 304 -0.192
WC [F5 | IR-77 9.93] 32,000 SLC [Mov. TCB! .328 2.739 411 WV |E5 | I1R-64 2.06] 27,000]TLTWO| TCB .46 931 -2.566
NG 1G13[ 1R-40 3.44] 30,000 SLC TCB .535 4.435 2.900 UT A4 | IR-15 8.80 6.218|TLTWO TCB 6.44 .816 +2.631
Al 1C5 | IR8 6.10] 5,900] SLC TCB 0.939 3.381 2.44: UT jAS | IR-80 — — |TLTWO| TCB - - -
Wy D8 | IR-79 4.16] 6,200 SLC TCE 2.657 4.971 2.31¢ TOTAL = 58.89] 140,768] AVERAGE = 2.242 | 2.382 0.140
OF {C6 | IR-84 18.39] 5.550] SLC TCB 2.053 2.980 0.927
OR |84 R-5 15.52| 20,650] SLC TCB 0.287 0.787 0.490 PRIMARY TCP = TLTWC with TUBES
AZ |G7 | IR-10 3.30] 33,000} SLC TCB 4.506 4.692 0,186 LA |F6 1 iR-59 6.60] 12,980| TI.TWO|] Tubes 3.314 3.816 0.301
Mi_|D5 |1R-196 3.00] 11,400 SLC 1CB 0.000 0.000 0.000 LA |F7 | 1R-20 4.70] 27,590, TLTWO]| Tubes .590 .B77 0.287
AZ JE2 | IR-40 6.20] 8,800f SLGC TCB 2.478 2.058 -0.419 KY |[F9 | WKP 5.50 4,200{ TLTWO] Tubes .048 .768 +0.293
TOTAL = 70.04] 155, 400] AVERAGE = 1.946 | 3.110 1.164 LA |E1 JUS-190] 2.40] 16,000/ TLTWO| Tubes .505 7.097 -2.408
LA |F15] IR-20 7.20] 23,870, TLTWO] Tubes 607 2.322 -4.285
PRIMARY TCP = SLC with TUB TOTAL = 26.40] 84.840] AVERAGE = 4.788 | 3.250 | -1.538

ES
CA |A1 ] IRB80 | NA | NA SLC [TUBES| NA | NA | NA
TOTAL = | NA | NA AVERAGE = | N/A | N/A | N/A




Table 28. Construction study projects / annual accident rates by type of channelizing device used.

[Project | Route] Study] ADT | Type |Primary] Before | During Change | [Project|RouteStudy| ADT | Type [Primary| Before I DurlnE Change
[Number Length TCP | Chan. |Accs./Mi.]JAccs./Mi.] During Number Length TCP_| Chan. |Accs./MI.JAccs./Mi.[ During
(miles) Used | Device Y10K ADT/10K ADTlvs. Before (miles) Used | Davice V10K A_WIOK A_ﬁ?va. olor01

|ASPHALT CONCRETE DIVIDER TEMPORARY CONCRETE BARRIER
[NC JE6 JuS-1 SH  1.83] 16,000[TLIWO[ ACDv. | 2.674 | 4.467 | 1.783 NG JG13] 1”40 | 3.a4] 30,000] SLC | 1CB 536 | 4436 600
INC |F4 | 1R-40 11.70] 17,000] TLTWO| AC Div. 2.050 3.415 1.365 M! 1G3 | IR-69 68.11] 15,600{ TLTWO| TCB 387 4.230 .B41
Ml IF8 | 1R-94 10.00] 18,500 TLTWO| AC Div. 3.886 4.185 0.299 AZ |C5 | IR8 6.1 800] SLC TCB 0.839 3.38 .44
LA |F9 R-20 8.80 ,630] TLTWO| AC Div. .703 1.608 -0.097 wviDs | IR-79 4.1 6,200] SLC TCB 2.657 4.97 313
[MI_[A2 | 1794 | 10.00] 29,000/ ILIWO] AC Div. | 2.884 2.53E -0.350 | {WV|E6 | IR-77 | 2.80] ©9,300|TLTWO| TCB | 2.618 | 4.193 1.677
M1_[Fi R-96 12.00 800] TLTWO| ACDiv. | 5.104 3.082 -2.04: NC |F \R-77 93] 32,000f SLC Mm.TCB' .328 2.739 1.411

TOTAL = 54_4&2] 105,830] AVERAGE = 3.013 3.182 0.163 OR [A 1R5 7.06] 24 ,200|T.'I'W0 cB 0.712 .780 1.088

. [OR|C6 | R84 | 18.39] b.560] LC/Y | TCB | 2.058 | 2.960 927 ]

ICONES AND/OR DRUMS NC |[F2 | IR-46 | 16.88] 25000] T/LC TCB 0.880 1.700 .720
WV | D3 R-64 .69 19,000] SLC Drums 1.5687 9.522 7,93 ORiB4 | IRS 16. 560} LCT cB 0.287 0.787 , 490
IMI_|C10] IR96 | 9.90| 24,600] SLC_| Drums | 4.317 | 7.936 3.61 [AZ [G7 | IR-10 : 000] SLC | TCB | 4,606 | 4,682 163
UT |C3 | IR-15 16.25] 4,543] SLC Drums 3.022 5.768 2.74 OR [A2 [IRENB|[ 13. ,650] TLTWO CB 0.978 1.043 .086
FL |C15] IR-295 4.80] 20,000] SLC |Cone/Dr 4.999 7.604 2.605 MI |D5 | IR-196 .00] 11,400] SLC TCB 0.000 D.000 .000
LA |C3 | 1R10 | 11.00] 24,070] SLC | Drums .669 .094 1.435 | [AZ |E6 | IR-10 .20]_ 12,000]TLIWO] TCB | 2.48¢ | 2.304 | -0.192
KY {G1 | IR-76 | _ 4.00] 23,000{TLIWO]| Cones | 1.469 LT 1.029 | [AZ |E2 | TR0 .2o| ,800] SIC | TCB | 2478 | z.068 -0.419
NC [C17] IR-85 :.cfli 41,300 SLC | Drums 1.803 2.667 0.864 WE IR-84 .06] 27,000] TLTWO CB 486 .93 -2.585
KY |C4 [SR-114] 14.40] 7,590 SLC {[Cone/Dr7 2.298 117 0.81¢ UT |A4 ] IR16 801 5, 218{TLTWO; TCB 5.447 2.818 -2.631
OH (BT ) IN-75 6.99| 25,358 SLC | Dums 754 517 0.768 iUT _|AS | IR-80 - - e | T1CB — - —
NC [c3 | 1R85 7.35] 30,000 SLC Drums 2.023 .722 0.69¢ TOTAL = 128.93] 294,168] AVERAGE = 0.777 0.475 -0.302
NC |B7 { IR40 7.80] 35,000] SLC Drums 2.419 .569 0.150
OR{C8 | IR84 16.89] 12,425| SLC | Cones .044 1.160 0.116 ITUBES
FL |C16] IR-295 7.52] 26,0001 SLC JCone/Dr 3.3386 3.423 0.086 LA |F6 | IR-69 5.54] 12,9661".'!'W0 ubes 3.314 815 0.301
LA [C4 | IR-12 4.80] 21,610] SLC Drums .268 .250 -0.018 LA |F7 | IR-20 2.68] 27,5690] TLTWO] Tubes 59 877 0.287
NC {B8 R-95 1.87] 20,000{ SLC Drums .893 .854 -0.039 KY |F8 | WKF .70 4,200] TLTWO] Tubes 04 .766 -0.203
UT {G6 R-84 10.70] 3,845/ TLTWO| Drums 3.265 3.019 -0.246 LA [E1 |US-190, .19 16,000] TLTWO; Tubes 5056 7.087 2.4
LA 1B14] IR-20 6.10{ 23,470] SLC [Cone/Dr 133 0.850 -0.283 LA |F15] IR-20 7.21] 23 ,_870]".‘1W0 Tubes 807 2.322 -4.286
FL_|G5 | SR-95 2.80] 4,900/ TLTWO|Cone/Dr 4 5.173 4.803 -0.369 CA|A1 | IR80 ! N/A N/A N/A_| Tubes N/A _NA N/A
KY |D7 | IR75 8.00] 26,000/ SLC JConaDrq 1.414 0.877 -0.536 TOTAL = 18.32] 84,640 AVERAGE = 4.788 3.250 -1.539
AZ |C11] IR-10 | 14.09] 8,000 SLC [Cona'Dr7_ 6.881 5.802 1.079 o
NC |F1 | IR-40 - | - SLC | Drums - - —_

TOTAL = 190.72]400,611] AVERAGE = 0.390 0.310 -0.080



Estimating Traffic Delays and Road User Costs

Introduction

A quick estimating procedure is presented to allow highway
agencies and other analysts to compare the differences in road user
costs between SLC and TLIWO traffic control strategies during
construction on four-lane divided rcadways. As previously
mentioned, rocad user costs are a very esgential component of an
overall economic assessment of these two types of traffic control
strategies. The 2 strategies differ 1in terms of their
implementation cnsts, duration of construction, and other factors
which should be considered when deciding on which strategy to use.
When such a comparison is made, the differences in how each
strategy affects road user costs on the roadway must also be
examined.

This procedure addresses only travel time and vehicle
operating costs.

The two main factors that affect road user costs on a primary
roadway are the traffic volume demand and rocadway capacity at the
work zone. Each highway construction project will have a unique
set of conditions and constraints that requires individualized
analysis and customized soluticons. The ideal approach to analyzing
road user costs for a construction project would be to use a
computer analysis program. Microcomputer-based analysis programs
are available which might be useful for this purpose.(?’

The magnitude and duration of the traffic capacity reductions
on the highway under construction, coupled with the amount of
traffic demand on that highway, determine the appropriate scope and
level of effort that a highway agency should expend for the road
user cost impact evaluation. In general, the greater the (1)
demand volumes {(i.e., in urban areas), (2) reduction in capacity
on a highway under construction, and (3) duration of the capacity
reductions, the greater the scope and level of effort justified in
the road user cost impact evaluation.

For major wurban highway construction projects in which
significant reductions in capacity (i.e., lane closures or total
rcadway closures) are necessary and traffic demands are high, road
user impacts are 1likely to extend beyond the highway under
construction. Therefore, the impact evaluation should be corridor-
Wwide. A major issue in a corrider-wide evaluation is how traffic
will reallocate ameng alternate routes in the ceorridor. For these
kinds of complex issues, it may be necessary to use more complex
models with larger data requirements that <¢an simulate the
characteristics of the urban environment and attempt to estimate
the changes in travel patterns caused by construction.
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However, for mest rural and suburban highway construction
projects, the road user impacts may be restricted to only the
highway under construction. Unless high traffic volumes are
encountered {over 2,000 vehicles per hour), it is unlikely that
significant road user impacts would extend beyond the highway under
construction. In these situations, simpler work zone lane closure
computer analysis models are all that is likely to be needed to
estimate the impacts of various traffic control options being
considered.

Researchers recently reviewed the state-of-the-art of
microcomputer-based analysis tcols that might be useful in
evaluating road user cost associated with highway censtruction
projects.(1®) The authors concluded that the QUEWZ and FREQ
computer nmadels are the simplest and most appropriate medels for
rural and suburban highway construction projects.

Recognizing that not all highway agenciez have immediate
access to the QUEWZ and FREQ computer models and there is a need
for a quick way to assess road user costs for SLC and TLTWO traffic
control strategies on rural and suburban four-lane divided
highways, a quick estimating procedure was developed using the
QUEWZ model and is presented in this report. The procedure is
presented below in graphical form.

The Procedures-

Factors Used in the Procedures

The procedure is developed around only 4 basic pieces of data:
(1) normal demand volumes cn a rcadway; (2) estimated capacity of
the work zone; (3) estimated length of the work zone; and (4) the
percentage of trucks. TIn general, road user costs are affected at
work zones because of decreased speeds (reflecting the reduced
roadway capacity) which affect motorist travel times and wvehicle
operating costs, and the introductiocn of speed change cycles as
drivers slow down prior to the work zone and then speed up once
through. Travel times and vehicle operating costs are dependent
ofi the length of reduced capacity., which explains why the length
of work zone is included in the analysis. Finally, wehicle
operating, speed change c¢ycle, and travel time costs are
significantly different between automobiles and trucks.

Scope of the Procedure

Only road user costs associated with travel on four-lane
divided highways have been included in the procedure. Travel time
and vehicle operating costs for drivers wheo divert to alternative
routes, and drivers who normally travel the alternative routes,
are not included. Separate analysis should be made if there is
significant diversion from the primary four-lane divided highway
to alternative routes.
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Steps_in_the Analysis Process

The procedure essentially consists of 5 major steps. These
steps must be performed for each direction of travel in which a
lane is closed. In other words, the procedure would be performed
for one direction of travel for a SLC {for the lane closure
direction), and for both directions of travel of the TLTWO {for the
median crossover traffic as well as the opposite direction). The
basic steps in the procedure are:

(1) Estimate the Demand Volumes in a Given Direction of Trawvel

The first data needed for the analysis is an estimate of the
demand volumes expected on the roadway during construction. The
units of this data are in hourly volumes. Road user costs at lane
closure construction sites on four-lane divided highways for demand
volumes less than 200 to 300 vph may be considered negligible and
can be ignored. Depending on the scope of the analysis, it may be
desirable to estimate road user costs only during peak traffic
periods, Under these conditions, it will be necessary to obtain
demand (highest) hourly volumes during the daily peak perieds and
other peak periods when the demand volumes are expected to exceed
the roadway capacity during the closure (e.g., weekday peak hours
in suburban or metropolitan fringe areas, and holiday or other
weekends on Friday and Sunday evenings in rural or recreational
areas). The durations of these peak periods would also have to be
estimated. These volumes may be obtained from the highway agency
traffic planning unit or a similar agency responsible for taking
traffic counts. If not available, field counts may be taken or
projected to current vear from older existing counts.

Under other conditions, the scope of the analysis may require
that traffic demands during both peak and off-peak conditions be
examined. For simplicity, it is recommended that the time-of-day
distribution of traffic be represented by two or three periods of
constant demand. An example of a simplified representation of
traffic demand throughout a representative day is shown in figure
8. Here, the dashed line represents the actual hourly demand
volumes at & given location, while the solid line illustrates a
possible simplified demand function. For analysis purposes, an
off-peak hourly flow of 1,000 vph is assumed to exist for a total
of 10 hours (8 a.m. te 4 p.m plus 7 to 9 p.m.), while a peak neriod
volume of 1,500 vph is assumed to occur for 3 hours (4 p.m. to 7
p.m.). Of course, other simplifications are possible, and it would
the analyst's discretion to decide how to best represent the
demands throughout the day (depending on the scope of the
analysis).
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Figure 8. Sampie representative traftic demand on
a typical weekday,

It should be emphasized that the accuracy of the estimate of
road user costs on the roadway is heavily dependent upon two
factors: (1) the accuracy ¢of the estimate of demand hourly volumes
{the highest hourly traffic volumes you anticipate); and (2) the
accuracy of the estimate of roadway capacity anticipated during the
construction. The estimate of road user costs is only as good as
the estimates of demand volumes and capacity.

{2} Estimate the Work Zone Capacity

The second factor needed for the analysis is an estimate of
the capacities in the work zone. For SLCs, capacity in the closure

direction must be estimated. For TLTWO, capacities must be
estimated in the direction of the crossover and for the opposite
direction (where a lane closure is alsec implemented)}. Work zone

capacities are very difficult to estimate. As discussed in the
intreduction and field study analysis section of this report, the
existing database is fairly small, and the wide variety of factors
that influence capacity have not been adequately studied 1in
sufficient detail.

The research repcrted in this report suggests that the
capacity of a SLC is about 1,800 vph. However, there are
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circumstances that can significantly reduce the maximum traffic
flow to as low as 950 vph. Therefore, it is difficult to identify
a single capacity flow wvalue to select for all conditions. If
there are no obstructions {such as narrow bridges or high volume
entrance ramps, or other construction activities within the work
zene, inecluding construction work itself, that would adversely
affect traffic flow), then 1,800 vph is a reasonable value to use.
However, if there are obstructions and/or other influencing
activities, then the analyst must use a capacity estimate lower
than 1,800 vph.

The procedure 1s flexible and permits different work zone
capacities to be used in the analysis. One can quickly examine a
range of capacities if desired to obtain a sensitivity analysis of
the effects of different capacities upon the work =zone being
evaluated.

The research reported within this report also suggests that
maximum TLTWO capacities are approximately 1.390 to 1,550 wvph in
the c¢losure direction, and about 1,800 vph in the opposite
direction. But these valuas may be reduced if there are narrow
bridges in the TLTWO section, the geometrics of the median
crossover are not sufficient or there are other obstructions or
activities within the TLTWO section that adversely affect traffic
flow. Normally traffic will flow within a TLTWO somewhat freely
because it is away from the actual construction work activities.

Selection of appropriate capacities should take into
consideration the length of work zone, method of closing the lane
and separating opposing traffic, and the width of bridges and the
traveled way ({(pavement and shoulders). The above disacussion is
provided to assist in the selection of a realistic preliminary
capacity value. More definitive recommendations can be made when
a better data base is obtained.

(3) Determine Appropriate Unit Cost Factors

Figure 9 was developed using the QUEWZ3 computer model and
presents the relationship among demand volumes, capacities and unit
cost factors for work zomnes using 1987 dollars and an 8 percent
truck factor where demands do not exceed capacity. Figure 9a is
an enlargement of the beoittom portion of figure 9. These figures
are appropriate for both the SLC and TLTWO strategy analyses. The
curves represent additional road user costs generated through the
lane c¢losure section. No c¢ongestion is anticipated to develop
upstream of the lane closure, although slight congestion may occur
when the demand volumes approach capacity. For the TLTWO strategy,
cost factors based on the estimated capacity and demand for that
direction must be determined for each direction of travel, while
the SLC strategy involves only one direction. The resulting factor
is a cost per mile of work zone per hour. These cost factors are
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Figure 9a. Road user costs for non-congested conditions
(demand volumes 0 to 1,000 vehicles/hour).
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then multiplied by thelength of the work zone and the number of
hours that the demand volume is estimated to be at that constant
value in order to determine the total road user costs for that time
period.

If demands exgeed capacity, congestion develops upstream of the
work zone. This congestion generates large amounts of delays and,
as a result, overshadows the effects of the other components
(vehicle operating and speed change cycling costs, and travel time
costs through the lane closure section). As an estimate of costs
during congested conditions, figure 10 was developed using the
QUEWZ3 computer model. It presents the relationship between the
average length of dqueue during an hour to the hourly rodd user
c¢osts. There are different lines on this figure for all levels of
capacity, but they are so close together that the graph appears to
be only one 1line with some variation in width. This further
illustrates how the delay component associated with the queue
overrides the other compcnents in the analysis.

An average queue length must be estimated for each hour that
the traffic demand exceeds the capacity and for subsequent hours
until the queue clears. The amount that traffic demand exceeds
capacity is assumed to queue upstream of the lane closure of the
Wwork zone. To estimate the average queue length, one begins with
the first hour that demand exceeds capacity. At the end of the
first hour, the excess demand (the number of vehicles that demand
exceeded capacity) is converted to a gqueue 1length using the
following relationship: (7)

V x vl
QL (hourl) = --——--—-
n x 5,280
where
QL{hourl) = queue length at the end of the first
hour of congestion, miles
V = excess demand volume after the first
hour of congestion, veh
vl = average spacing in feet between
vehicles in a queue (use 40}
n = number of lanes upstream of the lane

closure

The average queue length during the first hour AQL(hourl) of
congestion, is:
AQL{hourl) = QL{hourl)/2.

The second hour's excess demand is added to that of the first, and

the gqueue length computed in a similar fashion as before. The

average queue length during the second hour, AQL(hour2), would be:
AQL(hour2} = [QL(hourl) + QL{hour2)]/2.
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Figure 10. Road user costs for congested conditions
(based on average queue length).

Computations would continue in this fashion until demands drop
to below capacity. During the succeeding hours the number of
vehicles in the gueue would be reduced hour by hour by the amount
that demand is then less than capacity. Average queue lengths
would be computed in the same fashion until the number of vehicies
in the gqueue drops to zer¢o (the gueue clears). An average gueue
length would thus be estimated for each hour of ¢ongestion. Figure
5 would be used to determine road user costs for each of these
hours. The road user c¢osts for each hour would then be summed to
produce the total road user costs on the roadway for the periods
when congestion would be anticipated.

(4) Adjust Costs for Different Truck Percentages

An adjustment should be made to the calculations to account
for the effect that different proportions of truck trarffic have
upon recad user costs. Figures 11 and 12 were developed using a
default truck percentage in the traffic stream of 8 percent. For
situations where truck traffic differs by this amcunt considerably,
adjustments must be made.

A series of QUEWZ3 runs were made, holding traffic demands and
capacities constant but varying the percentage of trucks in the
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ratios, at least for those ratios greater than 0.5 (¢cost values for
v/c ratios below 0.5 were toc small to accurately determine the
effect of trucks). For lack of better estimates, it is suggested
that these values be used for v/c ratios less than 0.5 also.

Percentage of Trucks

Adjustment
Factor 0.90 0.94 0.97 1.00 1.03 1.07 1.10

In general, it appears that a 2 percent difference in truck
traffic (from the default value of 8 percent) results in a 3 to 4
percent change in rcad user costs. Once an appropriate adjustment
factor has been established, it is multiplied by the unit or daily
costs (whichever is preferred, but not both} to determine the road
user costs adjusted for trucks.

{(5) Compute Additicnal Road User Costs

Unit cost factors for uncongested conditions are expressed as
decllars per hour per work zone mile. The unit cost factor must,
therefore, be multiplied by the length of the work zone being
evaluated. Also, the facteor must be multiplied by the number of
hours that the unit cost factor is assumed constant. There may be
several unit cost facteors used for variocus times of the day,
depending on how the analyst chocses to represent the dJaily
distribution of traffic demand. The additional road user costs
computed for each time period are summed to compute the total
additional ({(uncongested) road user ¢osts generated each day. 1In
equation form:

TARUCuyn = {UNCi X WZL X Ti) + (UNCz x WZL x T2) +
(UNCz x WZL x T:) + ...

TARUCun = Total additional road user costs during uncon-
gested conditions

UNCi = Unit additional road user cost during time

period i (8/hr/mi)

Length of work zone {miles)

Duration of time period i (during which demand

volumes and unit cost factors are assumed

to be constant)

WZL
T3

If congestion develops dquring a period of time, the cost values
computed from figure 11 directly represent the effect of the queue
upon road user costs. These cost velues are determined hour by
hour during the time that the queue is present. They are then
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Figure 11. Road user costs during non-congested conditions
for exampie problem.

simply summed to determine the total additional road user <¢osts
during congesticn. These costs are then added to the total
additional road user costs during uncongested conditions to
determine the total daily additional road user costs at the work
zone,

Example of the Procedure:
As an example of this procedure, assume that both SLC and TLTWO

traffic control strategies are being contemplated for a four-lane
divided highway work =zone. It has been estimated that weekday
traffic volumes per direction during the peak periods are as shown
below. To simplify the analysis, traffic volumes during non-
congested conditions are assumed to be represented as an average
demand volume of 1,000 vph for a 10 hour off-peak period. After
that, the volume is negligikle. The work =zone will be
approximately 3.0 miles long if the single-lane closure strategy
is used. If the TLTWO strategy is used, the work zone will be 4.0
miles. There are 6% trucks on the roadway. Based on the
conditions at the site, it is estimated that the capacity f£low if
the single-lane closure strategy is used will be 1,800 vph. If the
TLTWO strategy is used, it is expected that the maximum traffic
flows will be 1,500 vph in the crossover direction and 1,800 vph
in the opposite direction. The problem is to determine the road
user costs when the lane closure or the crossover is in Direction
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in the opposite direction. The problem is to determine the road
user costs when the lane closure or the crossover is in Direction
1. Table 29 shows an example of typical hourly traffic volumes
through a work zone that may be used to illustrate our prohlen.

Tabie 29. Example hourly trattic voiumes through the work zane,

Direction 1 Direction 2
&- T7am 200 1,400
7- 8am 400 2,000
8- 9am 700 1,600
9-10am 750 900
10-11am 800 800
3- dpm 1,300 800
4- 5pm 1,500 900
5- 6pm 1,900 950
6- 7pm 1,650 600
7~ 8pm 800 400
8- 9pm 600 500
9-10pm 500 450

For SLC Strategy—-

{1) Estimatad Capacity = 1,800 vph in the closure direction.

{2) For off-peak perieods (non—-congested conditions), demand
volume = 1,000 vph, unit ceost factor is equal to $49/mile/hour
of lane closvre in Direction 1 (figure 11).

(3) For peak periods {congested conditions)}, table 30 shows the
number of vehicles that would be delayed.

Tabie 30. Example of number of vehicles delayed for SLC.

Volume Excess Accum.
Direction 1 Capacity Vehicles Vehicles
6- T7am 20Q 1,800 0 0
7— Bam 400 1,800 0 0]
8- 9an 700 1,800 0 0
9~10am 750 1,800 0 0
10-11lan 8C0 1,800 0 0
3- 4pm 1,300 1,800 o 0]
4— 5pm 1,500 1,800 0 0
8- &pm 1.90¢0 1,800 100 100
6—- 7pm 1,650 1,800 {150} 0
T7- 8pm 800 1,800 (1,000) o
8- 9pn 600 1,800 (1,200} 0
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12. Road usér costs during congested conditions
for example problem (single iane closure strategy).

{(Note: In table 30,
a.m. Hence, these volumes are accounted for in the equivalent off-
peak unit factor determined in Step 2.}
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Figure 13. Road user costs during congested conditions
for example probiem (crossover strategy).

Total recad user cost during non-congested

conditions ($49/mi/hr x 3 mi x 10 hrs) = $1,470/day
UNADJUSTED TOTAL ROAD USER COST = §3,970/dax

(4) Truck adjustment factor = 0.97 for 6% trucks

TOTAL ROAD USER COST = $3,970 X 0.97 = $3.850/day

For TLTWO Strategy—-—

(1) Estimated Capacity 1,500 vph in the crossover direction

1,800 vph in the opposite direction

{(2) For off-peak periods (non-congested conditions}), demand = 1,000
vph, unit cost factor is $75/mi/hr in the crossover direction
and 549/mi/hr in the copposite direction (figure 11)

{3) Table 31 shows the number of vehicles delayed for TLTWO in
direction 1.
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Table 31.

Volume
Direction 1

4pm 1,300

Spm 1,500

6pm 1,900

Tpm 1,650

8pm 800

9pm 600

Opm 500
length (hour ending
length (hour ending
length (hour ending
length (hour ending
length (hour ending

Avetrage queue length (hour
Average gueue length {(hour
Average queue length (hour
ge queue length (hour
Average gqueue length (hour

Avera

Avg.
Avg.

Avg.

congested road user cost (hr
Avg. congested road user cost (hr ending at &pm)
congested road user cost {hr ending at 7pm)
Avg. congested road user cost {hr ending at 8pm)
congested road user cost (hr ending at 9pm)

at
at
at
at
at

Capacity
1,500
1,500
1,500
1,500
1,500
1,500
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Spm) =
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Tpm) =
8pm) =
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ending at
ending at
ending at
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Example of number of vehicles delayed for
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(4) Table 32 shows the number of vehicles delayed in direction 2.

Table 32,

Volume
Direction 2

6— 7am 1,400
7- Bam 2,000
8- Sam 1.600
9-10am 900
10-1l1lam 800

Capacity
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Example of number of vehicles delayed for
TLTWO In direction 2.
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Queue length (hour ending at 8am) = (200) {40)/(2) (5280) = 0.75mi
gueue length (hour ending at 9am) = 0.00mi
Average queue length (hour ending at 8am} = 0.38 mi
Average queue length {(hour ending at 9am} = 0.38 mi

Average road user cost {(hour ending at 8am)
Average road user cost {hour ending at 9am)

$ 2,500 (figure 13)
S 2,500 (figure 13)

Total road user cost during congestion = § 5,000/day
{direction 2)

it

{5) Total road user cost during non-congested
conditions ($49/mi/hr x 4 mi x 10 hrs)
+ ($75/mi/hr % 4 mi x 10 hrs) = $ 4.960/day

UNADJUSTED TOTAL ADDITIONAL ROAD USER COST
$17,500 + §£5,000 + $4,960 = $27,46C/day

{6) Truck adjustment = 0.97 for 6% trucks

TOTAL ADDITIONAL ROAD USER COST
$27,460 X 0.97 = $26,640

Thus, the lane closure gstrategy will increase road user costs
by about § 3,850 per weekday, when the lane closure is in direction
1 compared to the TLTWO strategy which will increase costs
approximately $26,640 per weekday when the crossover 1is in
direction 1. The next part of the analysis would be to evaluate
the weekday road user costs when the closure or c¢rossover 1is in
édirection 2. Then the procedure is repeated to evaluate weekend
conditions.

The example assumes that for SLC there is a lane closure in
one direction only, in comparison with the TLTWO alternative. If
the construction project sequence anticipates concurrent lane
closures both directions for the SLC, these road user costs must
also be considered in the comparative of the 2 strategies.
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VI, SIMARY OF RESULTS

There are many findings from this research conducted to study
the construction costs and safety impacts associated with work
zones inveolving SLC and TLTWO on rural four-lane divided highways.

The primary finding in this research is that there are many
variables associated with construction work zZones that limit the
development of guidelines for selecting the most cost-effective
traffic control strategy.

The study found accgident rates were not significantly
different between the 2 traffic centrol strategies. Therefore, the
selection of the traffic control strategy is primarily based on the
type of construction. If traffic congestion is expected to be a
problem, the construction and traffic delay costs should be studied
before selecting the control strategy.

The original scope of the research study anticipated that the
participating States would select sufficient projects within few
enough construction categories that would provide large samples
that could be statistically analyzed and compared. The States
provided a wide variety of candidate projects {(109) from which to
select, but it was necessary to consider 7 realistic construcrion
classifications when the final study projects were selected in
order to obtain meaningful results. Therefore, the study
encompassed a broader scope than originally envisioned.

In addition it was anticipated that traffic delays would cccur
within projects selected for study. However, only 3 construction
study projects approarhed lane closure capacity, and delays were
not encountered during the field studies of most of the project
work zones. Consequently the study of construction and safety
impacts of the 51 construction projects were somewhat divorced from
the field traffic studies conducted to measure delays and develop
capacity range limits for work zones on four-lane divided highways.

As a result of this research study much knowledge was gained
and documented that should assist professicnals in highway agencies
and construction in data cecllection procedures and selecting more
cost-effective methods for traffic control in work zones for rural
four-lane divided highways.

Accident Analysis

The accident rates for each project were determined for the
before construction and during construction periods. It was found
that there was no statistical difference in the accident rates for
SLC versus TLTWO over the time periods covered for 49 construction
projects. There was no significant difference found in total
accident rates before versus during construction for all projects,
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but the fatal plus injury accidents had a significant increage
during construction for both traffic control strategies. In the
analysis of accident rate change, it was found the SLC projects
tend to show more of an increase, and TLTWO projects more of a
dec¢rease in accident rates during construction as shown in table
i5.

Selecting the Most Cost-Effective Strategy

Based on the research conducted, the following guidelines are
offered considering the various elements affecting traffic control
strategy =election of either SLC or TLTWO for construction
projects.

Type of construction and traffic control strategy must be
carefully considered in conjunction with each other for major
improvements to, and maintenance of, existing highways. This
research study analyzed the 7 most common types of rural four-lane
divided highway construction projects in 11 different States. The
following factors were carefully considered in the analysis to
arrive at general conclusions: project design history, total
construction and traffic control costs, alternate traffic control
strategies and estimated costs, nature of work performed during
construction, significant c¢hanges during construction, traffic
accidents and road user costs.

It is most important to recognize that no 2 construction
projects that are similar in type of construction are necessarily
comparable. Each project will have varilations in work performed
to take care of the improvement needs for a particular highway.
The 51 projects that were studied in this research were grouped
into 7 classifications. Some of the projects could have been
placed in different classificaions for comparison purposes, but the
conclusions reached are believed to be reasconable for the purposes
of the research performed.

The general findings, shown in table 33, are based on the data
collected and analysis performed on rural four-lane divided highway
construction projects where traffic volumes weres between 10,000 and
30,000 vehicles per day. The informatieon shown is not to be
congidered a substitute for the need for sound engineering
judgement and the careful consideridtion of all alternatives in the
selection of the most cost-effective traffiec contrel strategy for
a given project. The research did not study or consider the need
for detouring traffic on alternate routes, which obviously is a
third alternative that should always bke investigated for
feasibility.

Estimating Traffic Control Costs

It was not possible to develop unit prices for traffic control
items of work because of the diversity of bidding practices in the
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various States. The basis of payment for each study project shown

Table 33. Suggested traffic control strategles by
construction type,

Type of Traffic

Construction Control Strategy
Concrete Pavement Recycling/Overlay TLTWO
Concrete Pavement Restoration ¥SLC (Analysis)
Asphalt Concrete Pavement Overlay sSLC
Bridge Deck Overlay SLC
Bridge Deck Replacement/Widening TLTWO
Reconstruction TLTWO
New Interchange/Construction Analysis

* Road User Cost Analysis should be performed for work delays

in table 11 reflects the variety ¢f methods of bidding for the 51
study projects that made it difficult to develop ranges of unit
costs for traffic control work items. A number of commeon bid items
and cost ranges are presented in table 12 for the States.

To determine costs a range of prices for traffic control
as related to total construction costs were develcoped for the seven
types of construction. These costs are presented in table 9.

Median Crossover Features and Costs

When using the TLTWO traffic control strategy, it was also
found desirable to develeop a summary of costs for median crossovers
that must be constructed when TLTWO is specified. There is a wide
variation in costs ranging from $7,111 to §70,605 as presented 1in
tables 13 and 14 for median c¢rosscvers. This variation is because
of a number of features including geometric design, pavement
design, median width, bidding practices, etc. However, this
information c¢an serve as a guide for ranges of costs that may be
Used in considering TLTWO strategies.

Average Construction Costs per Unit of Time and Distance

From the construction study costs it was possible to develop
a summary of costs per day and costs per mile for each proiect by
type of construction that may be used for estimating costs. They
are presentad in table 36. An average cost per unit of time and
distance is also prasented for each type of construction. These
estimates should be used with discretion because the unit costs are
per calendar day (not working days) and include the entire
construction contract period. There 1is also a wide range of
construction costs within any one type of construction because
ofthe nature of scope of work included within each preject.
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Table 34. Study project construction costs per unit length / time.

Project] Route|Projecf ADT | Type | Total | Avg.| Total Average Average|Averagel : Camments
Number Length TCP [Contract Days| Const. Total TCcP TCP | .
{milas) Used | Days * |/Mile| Cost (§) | Cost (S) Cost ($)[Cost
per Mile jper Day per Mile [per Da
{A) Concrete Pavement Recycling / Overlay (6 Projects)
CA |A1 | IR80 6.50{ 21,600{ SLC 564 86 13.295,635’ 2.045;182[ 23,999{1,142,300¢ 175,738 2.06_2-_,
Ml JA2 | R84 5.80] 29,000{TLTWO] 189 33 7,968,964] 1,373,959| 42 164| 852,065 163 804 4,729]
ORA1! IRS 7.04] 24 200[TLTWO| 787 112 [12,012,163] 1,708,273] 15283] 829,722 117 868 1,054]
OR [A2 |RENB| 13.18] 22 650|TLTWO] 949 72 | 9,940,649 754,215 10,476, 366,308] 27,793 386]
UT |A4 | IR-16 771 5218/ TLTWO] 49 57 |11,640,004] 1,327,404 23 488|1,234,783| 140,812 2L48_§J
UT (A5 | IR80 4.871 12,860] T/ILC 46 85 111,670,613] 2,375,388] 25,044]1,195,715] 245476 2,588 Raiso Hi Grade
6.60{ 18,576 498 76 11,297,456 1,766,701 25988]1,058,917] 166, 738] 2 583|(A) Classification Average (Excluding OR A2
B) Corncrete Pavement Restoaration (5 Prolects)

LA |B14] IR-20 5.65] 23,470] SLC 73 13 699,782} 123,855’ 9,586' 15,000} 2,655 205] .
INC 1B7 R-40 5.821 35000 | §LC 5387 82 4,056,618] 697,133 7,654 235,92 40,5644 438] towa Weave TCP
NG |BB | IR-95 10.05! 20, DOO'_’ZLC 615 61 4,901,963 487,865 7,971 16,345 21,631 352 fowa Weave TCP

OH |B1 | IR-75 5.02] 25358 SLC 163 LY 3,615648] 720823 27 182 289,835] 69,796 1,840,
OR [B4 { IR5 15.52] 20,550] LC/T 493 32 8,186,788 591,932 8,634] 582 754] 36,260 1,141
B.41] 24 876 376 46 4,492 160 524 320 3,185] 285 .992l 32,167 7 QGIiBi Cinssification Average
(C) Asphait Concrete Pavement Qverlay (13 Projects)
AZ IC5] IR8 6.13] 5,900] SLC 186 36 | 2222615 433,258 11,950 247,029] 48,164] 1,328
AZ |C11] IR-10 12.10] 8,000 SLC 257 21 3,011,793 248 991! 11,718] 76,711 8,269 295
FL {C15] IR-295 4.77] 20,000 SLC 366 75 1,865,670 91,044 241]  137,8 28,894 387]
FL [C18] IR-295 7.5621 26 000] SLC 425 57 2,466,210 327 868 a,803| 160,599 21,351 378
KY 1C4 1SR-114] 12,50] 7,580 SLC 448 36 7,602,670 608,206] 16,970] 199,094 15,928 444
LA {C3 | IR-10 .96] 24,070 LC 470 . p: 3,688,713 400,680 7,636] 52500 861 14
LA [C4 | IR-12 12.86] 21,610 LC 71 K ,294,622) 100,655 7,671 ,000 721 05
M1 _[C10] R85 £.88] 24 500 LC 317 54 1,643,603 279 524 5 185 38,042 6,470, 20
NC {C3 R-85 6.00f 30,000f SLC 478 80 3,437,750 572 577 7,192] 356,388 £9 358 '14 lowa Weave TCP
NC iC17] IR-85 1 Egl 41,300] SLC 502 42 2,607,689 220,617 5185 155 501[  13.156 310
OR |C6 R-84 18.39] 5,550] LC/T 185 10 6,824,651 371,107 36,89_9] 568,358 30,308 3,07
OR |C R-84 6.89) 12 425| SLC 137 8 366,192 21 681 2 673 13,370 'iEl ]
UT |C3 R-15 5.34] 4,543] SLC 74 [ 2,813,652 183 371 38,02_5' 82,84 5386] 1,11
10.63] 17,807] 308 38 | 3067364l 319966] 12465] 183,237 18854 862{(C) Classlfication Average
(D} Bridge Deck Qveriay (4 Projects)
KY |D7 | 1R-75 0.227 26,000{ SLC 236 1,083 493 862] 2,265 422] 2,093 19,500] 83,450 §|
Ml _ID5 | IR-198 0.08] 11,400] SLC 101 1,232 520,432] 6,346,732 5,153] 122,408|1,492 780 1,212]
WV ID R-64 0.6 9,000] SLC 21 30 174,585 253,022 3,314 19,978 28 954 951
WviD R-79 0.1 6,200] SLC 522 3.263] 1,220,779] 7.629869] 2 339 18,417 116,106 3 .
0.29] 16650 220 1,402 602,418] 4,123,764] 4,474 45 076] 431,672 570{(D) Classification Average

*  "Contract Days" refer to Calendar days of contract duration not Working Days.
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Table 34. Study project construction costs per unit iength / time. (continued).

Project]| Route|Projec ADT | Type | Total Avg. Total Averags |Avera TCP ] AveragelAvera o Comments
Number Leglﬂr TCP Kontract Days| Const. Total Totel | Const. TCP TCP |
(miles) Used | Days * [/Mile | Cost (3) | Cost (3) [Cost (8)] Cost (S)]| Cost (S)|Cost {5)]
per Mile jper Day er_Mile per Day?
{E) Bridge Deck Replacement / Widening (6 Projects)
AZ 1E2 | IR0 4.1 800] SLC 385 94 2,668,259 61g§§§| 6,477] 253,094 60,404] c41| Bid TLTWO; SLG per C.O.
AZ |E6 | 1R-10 0.20[ 12,000[ TLTWO| 232 1,140] 1,681,428] 8,262,544 7,248] 367,136}1,754,963) 1,5391
LA |E1 JUS-190 1. 000} TLTWO 379 823 [15,020,322]12,622,118] 15,343] 544,540} 457,697 556 I ete Final Costs |
NC |E9 [US-1 Sﬁ 0. 15,000 TLTWO 599 15,760 879,999 8,461,629 ,4€9i 71,368} 686,231 119 Design Alternaie TCP Estimated Costs 1
WV JE5 | 1A-84 0.89] 27,000] TLTWO 505 670 ] 2,567,684 898,063 5,086] 709,448] 800,733 1,408 Incomplete Final Costs
WV IE6 | IR-77 0.60] 9,300{TLTWO| 382 639 | 1,041,904 742,314 2,727] 315,922 528,298] 827
1.41] 14,620 499 663 | 4,673919] 6227,121] 7,376] 436,028] 720,399 894|(E) Claasificaticn Average (Excluding NC E6)
F) Reconstruction (11 Projects — )
KY JFS | WKP | 1.70] 4,200]TLIWO] 343 | 202 | 1348658] 793,328] 5,932] 172,161] 101,277 502 Existing TLTWO/Landslide Repair
LA _[F6 RB-59 .54] 12,980{ TLTWO| 1,032 | 186 |10,649,617[ 1,923,337 10,318 900,438 162,622 873] Incomplete Final Coets
LA |F7 R-20 .68] 27,590{ TLTWO| 500 186 | 6,048 848] 1,883,196 0,098] 698,38 260,495 1,327}
LA |F8 R-20 8.78] 13,630] TLTWO| 645 95 110,111,189 491,326 5676 88'@7L13C,! 55 1,L77{
LA [F15] IR-20 7.21] 23,870/ TLTWO| 777 108 111,947,245] 1,657,728] 15,376[1,040,073] 144,314 1,339
M1 1F B-96 8.2 00| TLTWO| 241 29 8,304,603 012,756] 34 450 394.621] 48 132 1,638
MI_{F8 R-94 5.97] 500/ TLTWO] 394 66 7,688,414 1,279,466] 19,387] 408,969 68,165 1,033
NG IF1 R-40 18.43 000] SLC 98¢ 34 9,136,648 496 668] 9,237 !77,682-{ 53,046] 989]
NC |F2 R-40 14.23] 000| T/LC 92¢€ 65 9,523,144 6869,042] 10,284] 934,013 65,6819] ,008] -
NC IF4 R-40 8. 17,000} TLTWO| 70! 79 8,416,317 716,507 9,127]1,112,689] 124 242 583 | Final Costs
NC |F5 [ 1R-77 9.23) 32,0000 SLC 484 52 | 5472,109] 6592,990] 11,308 1,302,858} 141,155! .z,sezl incomplete Final Costs
8.08] 18,408 839 102 | 7,781,427] 1,137.758] 13,664] 802 521{ 11!,186] 1,312[(F) Classification Average
G) New / Interchange Construction (6 Projects
AZ 1G7 1R10 1 2.11] 33,000] SLC 57 168 | 3,085,206[ N/A N/A] 375,802 N/A N/A Interchange Construction
IFL | Gb | SR-95 3.0, 4,900} TLTWO 68 88 ,610,988] N/A N/A] 151,636 N/A| N/A Addition of two lanes
KY |G1 | 1R-75 0.40] 23,000] TLTWO 54 38 | 2,409,666] N/A, IN/A| 22 040, N/A N/A; Intercha Reconstruction
Ml ]G3 R-89 2.0 500} TLTWO] 1,190 | 589 [16,976,716 N/A N/A] 296,642 N/A N/A] Bid SLC; TLTWO Per €. O. / Intge Const. on U.S. 127
NC |G13] IR-40 2.70{ 30,000 SLC 689 256 | 5,892,592 N/A N/A| 512,874 N/A NJA Partial Interchange Construction
UT IG6 | IR-84 14.15] 3,845/ TLTWO] 1,092 77 21,346,357 N/A N/A] 749,244 N/A) NIAL Addilion of two lanes
4.07] 18,374 692 319 | 9,053,671 N/A N/Aj 388,056 N/A N/AJ#-3) Classification Average

_1
“Cantract Days* refer to Galendar days of contract duration not Working Days.



The various costs and ranges c¢f traffic control elements
develcped through this research study should provide improved tools
for transportation professionals to use in c¢onsidering design
alternative costs for SLC and TLTWO traffic control strategies for
proposed construction projects.

Traffic Studies and Road User Costs

Field traffic studies were conducted at 25 construction
project sites in 11 States where lane closures were measured for
traffic delays, but definitive capacities were not determined
because of the wide range of work zone characteristics encountered.
It was concluded from the research that TLTWO lane closures in the
direction of the median crossovers have capacities during saturated
flow in the range of 1,500 to 1,580 vph, with a capacity of
approximately 1,800 in the opposite direction, while the SLC
capacity is about 1,800. These values may also be reduced because
of geometric restrictions or construction activitlies within a work
zone .

A quick estimating procedure to estimate road user costs for
SLC and TLTWO was developed and included within the research
report, based on findings from field studies and computer models
including QUEWZ. The vehicle delay procedure involves 4 basic
items: normal traffic demand volumes, estimated capacity through
the work zone, length of work zone and the percentage of trucks.
This prccedure enables preliminary analysis of both traffic control
strategies to determine road user cost estimates in conjunction
with use of either strateqgy for propesed construction projects.

Other Research Findings

Several procedures were developed and are documented within
this report £for possible reference and use by States and cther
research agencies in the collection of construction project cost
data, strategies for monitoring construction progress, acoident
data and field measure delay in work zones.
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APPENDIX A

CONSTRUCTION STUDY PROJECTS

Candidate Projects........

----------------------------------

Study Project Descriptions (51)........cccvou... et et e
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CANDIDATE PROJECTS
CANDIDATE PROJBCTS

A. PAVEMENT CRACKING & SEATING (3 Projects)
B. CONCRETE PAVEMENT OVERLAY (11 Projects)

Cand Route/Location Yr. TCP Dur Lngth Cost ADT Alt Fld Study
No Description {Mo) {Mi.) (8M) TCP Stdy Pot Cand Route/Location Yr. TCP Dur Lngth Cost ADT Alt Fl4 Study
ceem e——— ————— ceme cce M- ———— ———— —— —_—— — —— No Description ~(Mo) (Mi.) (SM) TCP Stdy Pot
West Virginia (2)
Michigan (5)

1. I-70 Elmn Grove-Dal Pke 86A LC 6 5.5 2.9 24500 N ?

5335-70-4.82, IR-0701{066)005 (0.2 Mi. Pavt Restor) (Beg Spr 87) 1. I-94 S5R51-5R40 86Cc TLT 7 S.0 6.7 18700 X N

) 3. I-94 11Mi R4 - 014 US27 86C TLT 6 5.8 §7.8 29000

2. I-64 Ona Mall 86A LC 4 1.2 1.2 20500 N ? 13082-24914 Pavement Recycled)

§306-64-18.49, IR-0641(152)018 (Beg Spr 87) 6. I-96 (Near Clarksville} B87P TLT 15 8.2 8.34 12800

80024-24754

Kentucky {1)
7. I-94 Helmer RA~Beadle 87P TLT 8 4.3 3.0 26500 N ?

6. DBluegraas Pkwy 87P LC ? 7 ? 4500 N W 13081-24112 (Pavt tao be pulverized prior to overlay)
8. 1~-94 Van Buren-PawPaw 87P TLT 8 5.8 7.0 18500 N N Yes
2/20/87
Oregon (4)
1. I-5 Albany,tinn Co g84C TLT 28 7.0 12.6 24200 N ¥ Yes

IR-5-4(95)228 ( 3Intgs kept cpen,ex pavt removed)
2. I-5NB Goshen-Saginaw B4C TLT 20 13.2 6.7 23700 N ¥
IR-5-3(132)174 (NB Only,asph overlay rsmvd, 3intgs kept open)
S. I-5SB Elkhead-RiceHil B4C + 23 7.1 2.1 13100 ¥ N .
IR=5-3(131)147 (= Partial detour + TLTNO w/conc bar, recycled)

6. I-84 Meacham-LaGrange B86C Both 6 ? 3.8 555¢ N N Yes

Utah (2)

4. I-15 N. Beaver-Wilcat B85A7 TLT 18 8.8 11.2 5750 N N Yes
IR-15-3(22)112 (Conc Bar)

S. I-80 Lake Pt Jct 85C TLT 20?7 4.9 10.9 12433 N N Yos

(]
IR-80 2(25)97 (Vert align corr, partial TLTWO on US40 ) 2/20/87
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CANDIDATE PROJECTS
C. CONCRETE PAVEMENT RESTORATION (6 Projects)

Lngth Cost ADT Alt Fld Study
TCP Stdy Pot

Yr. TCP Dur
(Mo) (Mi.) (SM)

Cand Route/Location
No Description

Kentucky (2)

5. I-75 Whitly-Laurel Co 86A LC 3 50.7 3.9 20000 N N

(6pot pavt repl & joint sealing)

8. WesternKyPkwy,Ohio Co 87P IL ? ? ? 4000 N N Yes

Louisiana (1)

12. I-10 Acadia to I-49 87P LC 12 10.0 9.2 18000 N N Yes
450~05-28 (Funding Delay)

North Carolina (2)

7. I~40 Iredell Co 83C LC 230 6.2 3.3 3500 N N Yes

8.1820401,IR-40-2(70)148 (Extens TCP Rev dur Constr, Iowa Weave)
8. I-$5 Johnston Co 84C LC 26 10.0 3.3 20000 Y N Yes
8.1310101,IR-95-2(73)97 (Bridge rehab in one-half sections)

Oregon (1)

4. I-5 Grant's Pass So. B86A Both 17 15.5 4.2 18300 N Yes
IR~5-1(111)G4Z (Sone conc bar in LC, TLTWO w/bar) /87
2/20/8

CANDIDATE PROJECTS

D. ASPHALT CONCRETE OVERLAY (35 Projects)

cand  Route?Location
Description
Arizona (5)

Yr. TCP Dur Lngth Cost ADT Alt Fld Study
(Mo} (MI.} (SM)

TCP Stdy Pot

9£10 Munds Pk-Airport 3/87P ? ? 13,8 4.9 9600 N N
IR-17-2(100)&(102) 5{+Hand Rail Repl-3 Brs, Redeck 1 Br)
11. I-10 Brenda-N Wtr 4/87p ? ? 10.0 1.1 8000 N N Yes
IR~10-1(66) MP 29.6 (Milling)
12. I-40BB Winona-TwAr 4/87p ? ? 5.8 2.0 9500 N N
IR-40-4(118) MP212 (Eastbooun Only)
13. I-17 BadgSprg-Cordes7/87P ? ? 6.7 3.8 14000 N N
IR-17-1(168) MP256
14. I-17 Camp Verde 8/87p ? ? 5.4 1.8 13000 N N
IR~-17-2(98) MP286
15, I-295(SR9A)Jacksnvle 86A LC 185 4.5 1.9 20000+ N Y? Yes
72001-3452 (Compl schd 5/87)
16. BR9A Jacksonville 86A LC 355 7.3 2.2 26000+ N Y? Yes
72001-3453
Florida (15) (Duration in days)
1. SR91, Tpk Ind R Co 86A LC 220 9.0 2.3 7500 N N
97880-9315
6. BR55 86C LC( 250 8.6 1.5 6070 N N
30010-3512 (&
7. $X121 NW34th St 86C LC 100 0.8 0.4 20620 N N
26250-3518 & 3519 (2 lane?)
8. US 1 (5R5) Stuart 86C LC 115 2.3 0.6 29300 N N
£9010-3540
9. SR 15 Jacksonville 86C LC 205 2.1 1.5 39100 N N
72030-3528
10. I-10(SR8) SwMacCleny 86C LC 209 11.1 2.7 13840 N R
27090-3424
11. I-75(SR93)NWLakeCity 86C LC 150 12.4 1.6 27620 N N
29180-3442 (ADT also 14250)
12. I-75(SR93)SantePeRNo 86C LC 200 13.2 2.1 28190 N ?
29180-3443
13, 8R55 Chfdn-Fng Sprgs 86A LC 170 8.8 1.5 12100 N N
34010-3526
14. I-10(SR8) NBE LiveOak 86C LC 255 10.3 2.6 11400 N N
37120-3418 :
19. US27 SE Fla 86C LC 105 6.7 0.7 10000? N N
93160-3530
20. US1 (5R5) So Btuart 83C LC 360 3,8 1.5 29300 N R
89010-3544
21. Fla Tpke Near FtLaud 86A LC 500 ? 5.2 76000 N ?

97650-3319

23/20/87 Rev 3/6/87
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D. ASPHALT CONCRETE OVERLAY (Continued)

Yr. TCP Dur Lngth Cost ADT Alt Fld Study
TCP Stdy Pot

Cand Route/Location
No Description {Mo) (Mi.) £3¥)

Kentucky (1) .
4. BR114 Cler/Pcwell Cos 86A LC 175 12.3 7.0 7000 N H Yes
(Mountain Pkwy)

Louislana (4)

3. I~10 New Orleans 877 LC 6 4.6 1.7 98070 N N No
450-15-78 (6 Lanes, Hight work?)

3. I-10 SR22-Blind River 86C 1LC 7 9.0 4.9 24070 N N Yes
450-11-24 {Conc Pavt repl prior to overlay)

4. I-12 Hamrond East 86C LC 3?7 13.0 12.9 21610 N N
454~03-21

11. I-10 Ibervle~Westvr 8&7F LC 10 8.0 4.6 27000 N ? Yes

450-08--22 (Funding Delay?)

North Carcolina (6}

11. I-95 Cumberland Co 84C LC 21 13.0 1.9 34000 Y N
6.1440301/Ir-95-2(74)56 (brumclos, reaab br halfs, 2“pavt milled
and recyclead)

12. I-95 Johnston/HarneCo84C TLT 29 10.6 1.2 20000 Y N Yas
8.1450201, IR-95-2(758)69 (Similur to #11)

«14.US70 Dyrham Co 86A LC 10 2.5 Q.8 26600 N ?
8.1350(501/PR~-66-1(1%) (Incl constr 2' Pavd Shldr)

#18 _US6E¢ Nash Co 86Cc L 9 15.0 2.4 9000 N N
8.1320101/FR =36-1{24) {Incl milling, ehidr drains)
%16.US64/264 Wake/Frnk Co 86C LC 9 16.4 2.9 %600 N N

8.1400701/901, FR-38/36 (Incl Milling, Shldr Drains)

»17.1~-85 Guilford Co 85A LC 323 11.2 3.4 46300 N ?

8.1491001/IR-85-3(110)126

Yeos
sAdded 3/27/86

Utah (2)

1. 1~-70 W Greenriv-Floy 87P LC 6 16.4 5.5 3618
I-IR-70-3(35)161 (3 1/2 asph + sealcuat}

2. I-15 Baker Ca-Meadow &7FP LC 6 15.3 4.0 4482 N N Yes

Oregon (1)
8. I-84 Eagle Cr-MitchPt 87P LC 4
IR-34~2(21)042

16.9 0.1 ? N Y? Yes

Michigan (2)

9. I-94EB Chelsen 86C LC ?
81104-24255 {Eastbound Only)

10. I-96 Coll Rd-Meridian 87P LC ?

6.5 2.3 26600 N N
6.0 1.8 24500 N N Yes
Rev 3/6/87

CANDIDATE PROJECTS
E. BRIDGE DECK OVERLAY (% Projects)

Cand Route/Location ¥Yr. TCP Dur Lagth Cost ADT Alt Fld Sstudy
No Description (Mo) (Mi.) (SM) TCP Stdy Pot

Kentucky (1)
1-75 Whitley-lLaursl Cos 87P LC ? 0.2 0.4 20000 R ? Yes
Michigan (2)

4. US131 I-94 over US131 86A LC? ? 0.1 0.2 23600 N N Yes
39014-21875 (Ramps Closed)

§, I~196 3 bridges 86A LC ? 0.3 0.5 11400 N N Yon
12111-24322, 80012~24322 (Conc Bar Closure)

West virginia (6)

3. I~64 Kenova Br $£2087 86A LC 6 0.7 0.2 13000 N N Yes
6350-64~1.25/IR-0641(144)001 (Late Overley, Compl 6/87)

4. I~-81 Martinbur Bridge 862 LC 6 0.7 0.2 24000 N N
£302-81~13.51/IR-0811(0¢4)013 {(Latex Overlay,Compl 4/87)

7. 1-64WB Gimlet Hold#2227 86A LC 6 1.0 0.2 15000 H N
8306-64~5.97/IR-0811(158)006 (Latex Ovrlay Westbound Only)

8. I-79 aAnma #2682 86A LC 18 0.5 1.5 S600 N N Yas
B8344-79~25.79/ IR-0791(056)035 (4 bridges)

123, I-77 Bast RivMtn Tun 86X LC 6 1.2 0.7 10000 N N
8328+77-2.95/1IR-77-1(23)3 (Latex Overlay)

13. I-79 Weaton Intge B6A LC 6 1.5 0.7 8400 N N

2/20/87
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CANDIDATE PROJECTS

F. BRIDGE DECK REPLACENMENT AND WIDBNING (14 PFrojects)

CANDIDATE PROJECTS
G. RECONSTRUCTION (14 Projects)

Cand Route/Location ¥r. TCP pur Lngth Cost ADT Alt F1d Study Cand Route/Location ¥Yr. TCP Dur Lngth Coet ADT Alt Fld Study
Ne Description {Mo) (MI.} (%) TCP Stdy Pot Ne Description (Mo) (Mi.} (6M) TCP Stdy Pot
Arizona (4) Arizona (3}

2. I-40 v Wash-Apach Co 86A LC? 11 4.2 2.3 9800 Y
IR-4A0-5(67) HP303

3, I-13 Virgin River Br 86C TLT 11 0.8 2.8 6700 Y
IR-15-(35)&1(34) MP9

6. I-10 Occtillo R4 86A TLT 5 0.2 1.5 12000 Y
IR-10~6(103) MP3I0d (+Guard Rail, Incentive clause)

8. I-10EB Benson SPRR 2/87p ? ? 0.2 0.1 12000 N

2 = = x=

Oregon (1)

3. I-84 Warr-Lyento StPk 85C LC 12 20+ 0,4 12300 N N
IR-84-2(16)36 (Bridgos Widen, Culvert Repair)

Kentucky (1)

3., SR 80 Floyd County 87A TLT ? 1.0 ? 10000 N N
(Temp TLTWO, Now Closed)

Louisiana (1)
1. US 190 Baton Rouge 86A TLT 13 1.0 15.0 18792 W N

Yes 1. I-40BB RiordonOP-USB89A 86C TLT 8 4.1 6.4 9400 ¥
IR-40-3(62) MP191 { Bastbound Omnly)

4. I-10 Gila R Br Apprs 86C LC 5 0.1 1.1 19000 W ]
ER-10-3(212) MPI04 (Wide Veh Datour)
Yes 5, I-8 86c ? 7 5.1 2,2 5500 N Yes

IR-8-2(86), MP 160.8 (+ Overlay, GR & Culvart)

Florida (%)
2. SR80 Palm Beach Co 85C LC 635 5.6 10.0 3800 N N Yea
93120-3524
Yes 3. §R710 85C LC 400 5.5 4.4 8010 N N
93310-3512
4. US29({5R95) LanogCr-CdA 86A LC 340 32,1 4,3 6000 N
418060~3519 (Bid 8/87, Overlay, Guard Rail, Culvert)
5. SR95 CR4A-CRéWest 86A TLT 470 3.0 4.9 4900 N N
No 48060~3515 (Widen 2 to 4 lanes)
17. S8R710{(Beeline) 84C LC 34& 3.4 3.6 6260 N N
93310-3511 (S0 of Palm Besch Gardens! (Two Lanes Added)

Kentucky (1)
Yes

2. U5137 Boyle Co 87P TLT ? ? ? 312000 W N Yes
North Carolina (3)
Louisiana (7)
6. I-240 Ashville A5A 4LT 22 0.3 5.1 70000 Y N No
8.140401/BHI~240-1(19)4 ({2-4 Lane Bridges, Incentive clause} $, I-12 Us61-0"Neal B6A 2L 13 5.0 15.2 48420 N Ne
9. US 1 Ne of Raleigh 85C TLT ? 0.5 0.9 15000 ¥ N Yes 454-01-40 (Widen 4 vo 6 lanes, mot sligible)
8.1401001/BRF-43-35(13) (Asphalr divider) 6. I-59 Pearl R Br-Miss L 86A TLT 23 5.0 10.6 22190 N N Yes
10, 1-240 Ashville 87P TLT 24 1.2 3.5 33000 ¥ ? Yes 453-01-28
8,1840402/IR-240~1(20)4 {(Conc Restor, Bridg» Rehab) 7. I-20 McIntyre-DixieInn 86A TLT 8 2.6 4.9 37590 N ? Yes
451-03-37
West Virginia (4) 8. I-20 Ruston-Choudrant 86A TLT 14 7.0 11.9 23870 N K
5. I-64 Winfield-st Alb. €7P TLT 18 0.6 2.8 46000 Y ? Yfes 451-05-59
£340-64-41.51/IR-0641(237)41 {Deck Repl/Widen) 9, 1-20 Rayville~-Holly Rg 86A TLT 12 6.7 10.5 16540 ¥ H Yes
6. X-77 Spicewood Cresek S6A TLT & 0.6 1.7 27000 N N Yus 451-07-30 {(Asphalt Divider)
5318-77-119.26/IR-0773{159)119 (New Deck, Pictures) 10. I-20 SR1755R577 20 87P TLT 13 6.0 B.1 13700 N N
451-07-29, -0B- .
9. I-70 Wheeling Fulton 86A TLT 20 0.5 2.0 39000 N ? Yes 13. I-10 Sulphur-Westlake 87P TLT 20 5.0 10.8 33000 N ? Yes

§335-70~-1.92/IR-70-1(37)2 (Intge within CZ, Lane Drop)
10. I-64 Hurricane 87P TLT 18 1.0 3.1 36000 Y ?
5340-64~-33.13/IR-0641(135)33 2 Bridges (Pictures)

11. I-470 Bo Wheeling B6A LC B 0.7 1.2 18000 N 7
X335-470-0.00,C-4/1-470-1(17)0,C-2 (Cable Repl, Conc Bar)

450-91-42 (Funding Delay?!
3/20/87 Rev 3/6/87

3/20/87
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CANDIDATE PROJECTS

G. RECONSTRUCTION (Continued)

Cand Route/Location Yr. TCP Dur Lngth Cost ADT Alt PF1d Study
No Description (Mo) (Mi.) (SM) TCP Stdy Pot

North Carolina (5)

1. I-40 West Ashville 84C LC 30 10.8 7.6 15000 N N
8.194402301/IR-40-1(93)4¢ (Bridge Rehab,GR Upgr, Perm Conc Bar)

2. I-40 West Ashville 85A TLT 24 14.3 8.7 25000 Y ? Yesn
8.1340205/IR-40-1(99)23 (8 Bridges + Same as 1)

#3.1-85 Charlotte (11/88)87P Both 24 6.4 &.1 30000 Y 7
8.1671501/IR-85-2(31)42 (Conc Reator, New Conc Bar,Temp Use)
#4.1-40 Ashville-Morgan 87P TLT 24 7.0 7+ 17000 ¥» N Yes

8.1870201/IR~40-2{72)71 (Sim to #3 w/Incentiva clause)
#5.I-77 Charlotte(11/88} 87P QC 24 9.3 6.0 320¢0 Y ? Yeos
8.1671701/1I-77-1(103)14 (Sim #3, 5"overlay, Quick change bar)
fTransferred from D. Conc Overlay Projects, 2/27/87
sFurnished

Oregon {1)

7. 1I-5 McKenzie-WillemteR 86A TLT 24 4,4 18,5 31500 N ?
IR-5-4(102)193 (Widen to 6 lanes betw Intgs, partial 4LTWO)

Utah (2)

2. I-70 Salina Canyon 864 ? 4 0.5 ? 235 N N No
BR-70-2(29)59 (Slide Correction, not comparable)
6. I-B4 W.Trem-Blu Cr Sum 84C TLT-24 10.9 20.8 4372 N N Yes
I-84-5(7)29 (Added 2 new lanes)
2/20/87 Rev 3/6/87

CANDIDATE PROJBCTS
H. NEW AND INTERCHANGE CONSTRUCTION (5 Projects)

Yr. TCP Dur 1Lngth Cost ADT Alt P14 Study
(Mo) (Mi.) (8) TCP Stdy Pot

Cand Route/Locatien
No Description

Arizona (1)

7. I-10 Tucson,Kino Intg B6A LC ] 1.0 7.1 33000 N Comxp Yes
IR-10-5(60),(61) ( Br Ovpass + New Razps)

Florida (1)

18. US441(SRBOINE Belgrd 84C LC 620 13.1 7.1 5340 K N Yeos
$3110-3510 .

Kentucky (1)

1.1-75 Scott County 87P TLT ? 1.0 7 25000 Y 7. Yas

{Toyota Plant Intge, partial TLTWO)
Michigan (1)

3. US127 Lansing 85A TLT ? 4.0 15,5 15500 N XN Yes
19042~24681 (Cortr. Negot. resulted in TLTWO w/Conc Bar)

North Carolina (1)

13. I-40 Durham 850 LC 2348 2.7 5.8 30000 ¥ ? Yes

8.1350401/IR-40-8(74)282
3/30/87



LOT

Btudy Project - California # Al
Concrete Pavement Recycling/Overlay

Method of Traffic Control: Single Lane Closure, Tubes

Fed. Proj. IR-BHI-080-4(135)166
State Proj.

Route: Interstate 80

Location: Placer and Nevada Counties, Donner Pass

Project Length: 6.30 miles Average Daily Traffi: - 21,600
Construction Costs: Total - $ 13,295,635 (Incomplete Final Costs)
Traffic Control - $ 1,142,300 (9 &)
Alternate -~ $ 1,224,569
$ 1,387,490 (4LTWO)

Construction Period: Started - 2/24/88 {Bid Opening)
Completed - Bst. B/69 (350 working deys)

Description: Concrete Pavement Overlay. FCC (8") unbonded
overlay on AC {1") over existing PCC (8") with cement
treated base (4"), with transverse skewed joints,
bridge deck repairs.

Bridges: 1. Nine structures. Remove Exstg, AC Surf., Scarify
Deck (1 1/4"), New 7* RCP Deck, GM Par. Wall, Reinf.
Pier (Bent)

Other Bignificant Comments: 1, Project added late, no accident data
or file data collected.

2. Existing full shoulder on median side

(10') permitted traffic mesintenance
in 2 lenes directional, on each side
I-80.

3. Traftic maintsined in two lanes in
each direction, using full shoulder
(10') left and right and adjacent
lane.

Existing lanes coated with AC and two
11’ lanes maintained during
construction,

5. Single lane closure permitted during
concrete pourse.

Bridge Deck Work performed in 3
Btages

-

(-]

Study Project - Michigan #A2
Concrete Pavement Recycling/Overlay

Method of Traffic Control: TLWTO. Asphalt Divider, Tubes

Route: Interstate 94 Fed. Proj. ACIR-94-3(195)104
State Proj. 24914

Location: Cslhoun County., Bast of 11 Mile Rosd to East 0id US 27

Project Length: 5.80 miles Average Daily Traffic - 29,000
Construction Costs: Total - $ 7,968,964
Traffic Control - § 892,065 (11%)

Alternate - $ 1,252,960

Construction Period: Started - 5/9/86
Completed - 11/14/86

Description: Concrete Pavement & Shoulder Reconstruction,
Recycling, Permanent Signing. Remove & Recycle 9" RcCP
& remove 3" Subbase, & add RCP (10") on Sand Base
(4"). 1Includes two Interchanges.

Bridges: 1. None

Other Significant Coaments: 1. Legislative Speed Limit 45 mph
2. Conpletion incentive awarded § 66,000
(22 days @ $ 3,000/day
3. Construction time will also increase
an indeterminable amount of time,
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Study Project - Oregon ¢ Al
Concrete Pavement Recycling/Overlay
Method of Traffic Control: TLTWO, Concrete Barrier

Ped. Proj. IR-5-4(95)228
State Proj.

Route: Interstate 5

Location: Linn County, New Albany to Corvallis

Projact Length: 7.04 miles Average Daily Traffic - 24,200
Construction Coste: Total - § 12,012,163

Traffic Control - § 829,722 (7 %)

Alternate - N/A SLC not economically feasible.#

Started - 8/14/8¢
Completed - 10/10/86

Construction Period:

Concrete Pavement Inlaid, Continuously RCP (11")
over recycled existing {8") PCC, grading, guard rail.
Three interchanges. Median width 64°.

Description:

Bridges: 1. Total of 12 structures, & individual and 4 pairs of
structures, varying in length from 72' to 243'. Latex
modified overlays.

Other S8ignificant Comments: 1. Temporary concrete barrier State
policy for TLTWO for liability
reasons.

2. Three interchanges kept open during
construction with full access.

3. Maximum length of TLTWO of 3 miles.

4. Poor subbase material required
extensive additional work.

5. Profile raised 2 inches.

6. Met w/Resident Engineer. Commented
that the project could have been
constructed in two stages, instead of
three, and exceed 15,000 feet maximum
TLTWO length. No safety problems
encountered.

7. Some delays holiday/football weekends

Correctiozs made to geom. :emp. entr.

ramps.

#9. Reviewed by ACPA. Est. +16% Coat+time

10. Some accidents at median crosasovers

because of tight geometrics.
Geometrics improved.

Study Project - Oregon ¢ A2
Concrete Pavement Recycling/Overlay

Method of Traffic Control: TLTWO, Temporary Concrete Barrier

Fed. Proj. IR-5-3(132)174
State Proj.

Route: Interstate 5
Northboynd Only

Location: Lane County, Goshen to Cottage Grove

Project Length: 13.18 miles Average Daily Traffic - 22,550
Construction Costs: Total - S 9,940,549

Traffic Control - § 366,208 (3.5 %)

Alternate — N/A SLC not economically feasible.

Started - 3/11/85
Completed - 10/16/87

Construction Period:

Concrete Pavment Inleid, Continuously RCP {10") with
existing 8" PCC pavement recycled for base, grading,
bridge deck latex overlays (11),landscaping, roadway
lighting. 3 interchanges. Northbound only. Median
width 48°'.

Description:

Bridges: 1. 11 structures, 52' tc 434' in length, latex overlays &
some joint repair.

Other Significant Commenta: 1. Work in Horthbound lanes only.
Maximum Ilosure length, 3 miles.
3. 3 interchanges kept open.

4. Temporary concrete barrier State
policy for TLTWO for liability
reasons.

5. Profile grade raised 2.
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study Project - Utah @ M
Concrete Pavement Recycling/Overlay
Method of Traffic Control: TLTWC, Tenporary Concrete Barrier

red. Proi. IR-15-3{22)112
state Proj.

Route: Interstate 15

Location: Beaver County, North Beaver to Wildecat

Project Length: 8.769 miles Average Daily Traffic - 5,218 (Avg.)
Construction Costs: Total - § 11,640,008

Traffic Control - § 1,334,783 (10.5 %)

Alternate Constr. + §1,097,500 (add'l constr.

cost)
Alternate TCP - § 109,428

Construction Period: Started - 7/10/85
Completed - 11/13/8B

Description: Concrete Pavement Overlay. 10.5" PCC, over existing *
safety Upgrading, Grading (flatten slopes), quardrgil
removal, bridge deck repair. One interchange. Hedian
width 52° to 140°.

BPridges: 1. One pair structures, 108.38' in length. (Width 38.0'
Deck, parapet rehabilitation.

Other Bignificant Comments: 1. TLTWO in one operation (9 miles).

2. Interchange closed during
construction.

3. ACPA input on Alternate Analysis.
{+ 9.4 & Construction Cost)

4. Bst. Avg. 65,000/day motorist claims
for Bingle Lane Closure. (Alt. TCP}

5. Significant TCP cost in Hobilization.

Study Project —~ Utah & A5
Concrete Pavement Recycling/Overlay

Method of Traffic Control: TLTWO, Druns & Temporary Concrete Barrier
& 8ingle Lane Closure, Drims

Route: Interstate 80 Fed. Proj. IR-80-2(25)97

State Proj.

Location: Toocele and Salt Lake Counties, South of Great Salt Lake,
West of Lake Point to Black Rock
Project Length: 4.871 miles Average Daily Traffic - 12,860 (Avgi)
Construction Coste: Total - § 11,570,513
Traffic Control - § 1,195,718 (10 %)
Alternate - N/A No SLC Altarnate Feanible

Construction Period: 6tarted - 9/3/85
Completed --12/9/86

Description: Project to raise profile I-80 (6§'-8') to minipize high
water problem on Great Salt Lake. Concrete Pavement
Gverlay. PCC (11") over existing AC (10"}, structure
x:habilitution, grading, lighting, temporary traffic
signal.

Bridges: 1. None on I-80.

Other Bignificant Comments: 1. Detour both directidns over US 40
w/TLTWO during concrete overlay of
4500'+ of I-80.

Temp. Concrete Barrier, by C.O. US 40

2. TLTWO w/drume on 1-80 during uvverlay

3, Single Lane Closure during asphalt
base course construction raising
profile.

4. Bignificant TCP cost in Hobilization
by Specs.

5. Additional cost for advance flaggers
for worker aquipment protectien.

6. Extensive AC leveling on WB I-80 to
remove sxisting ruts & low spots.

7. Met w/Project BEngineer.
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Btudy Project - Louisisna §B14
Concrete Pavement Restoration

Method of Traffic Control: Single Lane Closure

Route: Interstate 20 Fed. Proj. None
State Proj. 451-07-36

Location: Richland Parigh, Start to Rayville

Project Length: 5.65 miles Average Daily Traffic - 23,470
Construction Costs: Total - § 699,782

Traffic control - § 15,000 (2 &)

Alternate - 5 585,988

Construction Perlod: Started - ¢/20/87
Conpleted -~ 7/2/87

Description: Concrete pavement restoration, full depth patching of
10" PCC, joint repair & undersealing of joints,
including cold planing 1 1/2* AC continuous for length
of project on shoulders (recycled.) Includes one
interchange.

Bridges: 1. None

Other Significant Comments: 1. Contract by purchase order for

expediting project.

2. Speed linmit 45 by statute during
construction,

3, Right lane construction 15' width
with 7° paved shoulder.

*4. Predominant work upgrading shoulders.
Minimal pavenent replacement. TLIWO
not cost effective,

Btudy Project - North Carolina & B7
Concrete Pavement Restoration,

Hethod of Traffic Control: Single Lane Closure, lowa Weave by €.0.
Fed. Proj., IR-40-2170)148

State Proj. 6.1820401
TIP & I-809

Route: Interstate 40

Location: Iredell County, Btatesville, City Line sast to US 64

Project Length: 5,819 miles Average Daily Traffic - 35,000
Construction Comts: Total - § 4,056,619

Traffic Control = § 235,927 (6 %)

Alternate - § 706,029

Conatruction Period: started - 2/6G/84¢
Coupleted - 9/5/85

Description: Concrete Pavemant Restorstion, Bridge dack repalrs,
guard rail, grading, shoulder widening, pavement
markings, signing. J dinterchanges.

Bridges: 1. 4 pair of bridges plus one pair on I-77 over I-40,
length varies frop 145' to 365'.. Deck rehabilitation
& tubular railing.

Other Bignificant Coxwento: 1. 45 mph work zone spead limit sdded

after 3 worker accidents.

2. Towa Weave used during constructicn,

3. Ramps closed as necessary for bridgs
deck repeirs.

4. 2 mile limit on lane closures.

S, Bxtensive TCP modifications during
constyuction.

6. Bstimated pavement quantities
increased 100 & during construction.

7. 8ignificant increases in tenporary
pavement markings & signs during
construction.
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8tudy Project - North Carolina 4 B8
Concrete Pavement Restoration

Method of Traffic Control: Single Lane Closure, Drums, Iowa Weave
added by C€.0.

Route: Intérstate 95 Fed. Proj. IR-95-2173)97
Btate Proj. 8.1310101
TIP 4 I-817

Location: Johnston County, US 70A at Selma to Kenly

Project Length: 10.048 miles Average Daily Traffic - 20,000
Construction Conts: Total - § 4,901,963+

Traffic Control ~ § 216,345 (4 &)

Alternate - $ 1,166,218

Construction Period: Started - 8/20/84
Completed - 4/27/86

Description: Concrete pavement restoration, Bridge deck
rehabilitation & railing retrofit. 5 Interchanges &
1 rest area.

Bridges: 1. 3 pairs of structures, 210’ to 404.25' in length.
Bridge deck repairs and railing retrofit.

Other Bignificant Comments: 1. Detour for overwidth vehicles.
2. Lane closures, max. length 2 miles,
-pinimum one mile between closures.
Initial speed zone 45 mph modified to
apply to work zones only. Flip signs
used, 55-45.
4. Problems with 28' bridge deck widths.
5. Iowa Weave added by C.D. for NB
traffic, south end project.
6. Extensive increanses in temporary
pavesient markings & concrete barrier.
*7. Project iime extensions needed & high
cost overruns.
8. Work zone rroblems prompted intiation
of TLTWO in North Carolina. )
9. Traffic backups on holiday weekénds
10. Bpecial Provisions - 82,500/day
liquidated damages for 1-95 Bridge
over Beaboard Coast RR.

3

Study Project - Ohio 4 B1
Concrete Pavement Rectoration

Hsthod of Traffic Control: Single Lane Closure, Drums

Route: Interstate 75 Fed. Prcj. IR-75-6(73)}179
State Proj. 273 (87), WOO-75-1§.91

Location: Wood County, East of Bowling Green, Ohio 64 to Ohio 582

Project Length: 5.016 miles Average Daily Traffic - 35,358
Construction Costs: Total - $ 3,615,648
Traffic Control - § 299,935 (8 %)
Alternate - § 562,795

Construction Period: Started - 7/11/87
Completed - 12/11/8B7

Description: Concrete Pavement Restoration (8"FCC), Concrete
pavement patching, 10' concrete shoulé~c: {3~ PCC),
4' asphalt concrete shoulders (1 1/4": No
interchanges. Median width 84'

Bridgea: 1. Two pairs of structures, 66.75' and 203.65' in length.
Deck patching and approach slabs.

Other Bignificant Comments: 1. Field delay studies condiictea,.
2. Extensive holiday & weekend delays
reported.
3. Maximum léne closure 2.5 miles.
4. Review and comménts by ACPA.
5. Delays during constructioh work due
concrete paving operation/other work.
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study Project - Oregon # B4
Concrate Pavement Restoration

Method of Traffic Control: Single Lane Closure, TCP for restoration
work; TLTWO, TCB for bridge work only. .

Fed. Proj. IR-5-1(111)043
State Prcj.

Route: Interstate 5

Location: Josephine & Jackson Counties, N. Grant's Pass to Rock
Point
Project Length: 15.52 miles Average Daily Traffic - 20,550
Construction Costs: Total - § 9,186,788
Traffic Control - & 562,754 (6 %)
Alternate - § 947,598 (TLTWO entire project,
TCB)

Construction Period: Started - 3/25/8%
Completed - 7/21/87

Description: Concrete Pavement Restoration. Reinforced PCC (12")
Petching & AC Shoulders (2"), drainsage, bridges (15)
Median width 8.4' to 64°:

Bridges: 1. 15 structures, 144' to 809' in length. Latex overlays
and some joint repairs.

Other Significant Cczments: 1. SLC w/TCE used for pavement
restoration work.

3. TLTWO w/TCB used {for bridge work.

3. puring bridge work, detours provided
w/interchanges closed to access.

4. Temporary concrete barrier State
policy for TLTWO for liability
reasons.

5. Maximum 3 miles TLTWO.

€. Extensive pavement replacement
{quantity doubled) due to length of
time between preliminary field
inspection & actual construction -
meveral years

7. If two concurrent work areas, two
miles unreetricted flow required by
plans between end of one section and
begin signing for 2nd

8tudy Project — Arizona #C5
Asphalt Concrete Overlay
Kethod of Traffic Control: Single Lane Closure
Route: Interstate 8 ¥Yed. Proj. IR-8~2(86)
Location: Pinal County, Stanfield TI to Midway Road
Project Length: 5.13 miles Averzge Dailly Traffic -~ 5,900
Construction Costa: Total - § 2,222,615
Traffic Control - § 247,029 {11 %)
Alternate - § 311,200

Construction Period: Started - 5/20/86
Completed - 11/22/86

Description: Milling (2 1/2") & Recycled Asphalt Concrete Pavement
(4"} and safety Upgrading

Bridges: 1. Over Sante Rosa Wash, Length 620', Width 30°. Replace
curb parapets w/barrier shape.

Other Significant Comnents: 1. One worker accident, fatal when
worker fell asleep driving truck.
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Btudy Project - Arizona {#C11
Asphalt Concrete Overlay

Hethod of Traffic Control: Single Lane Closure

Route:Interatate 10 Fed. Proj. IR-10-1{66)

Location: La Paz County, Brenda to New Water

Project Length: 12.10 miles Avearage Daily Traffic - 8,000
Construction Costs: Total - § 3,011,793
Traffic Control - 8§ 75,711 (2.5 %)
Alternate - $ 583,600

construction Periocd: Started - 11/12/87
Completed - 7/26/88

Description: Asphalt Concrete Overlay {3" + 1.5"), Milling (3") to
remove & recycle asphalt concrete. Determined that
heavy truck traffic warranted thicker surface course
and surface course non-perforeed for later work by
separate contractor.

Bridges: 1. Two bridges, 164' & 111' within project, but no work on
structures determined in bid analysis.

Other Significant Comments: 1. Al} contractors furnished $90,000
raquired bid for Traffic Control.

2. Pinal cost reduced by non-performance
of surface course because of need
for additional structural thickness
and separate contract. (Cost too
high for adding by Change Order.)

Btudy Project - Florida #C15
Asphalt Concrete Overlay

Method of Traffic Control: Single Lane Closure

Route: Interstate 295 PFed. Proj. ACIR-295-5(147)16
Btate Proj. 72001-3452

Location: Duval County, City of Jacksonville

Project Length: ¢.771 milesa Average Daily Traffic - 20,000

Construction Costs: Total - § 1,865,670
Traffic Control - § 137,851 (7 &)
Alternate -~ § 580,158

Construction Peried: Started - 11/5/86
Completed - 10/27/87

Description: Asphalt Concrete Overlay (3" Est. AC structural course
300#/sY + 5/8" friction course) with milling (3"
typical) on I-255 including ranps to and from three
interchanges including Interstate 10.

Bridges: 1. None

Other Significant Comments: 1. None



P11

Study Project - Florida #C16
Asphalt Concrete Overlay

Method of Traffic Control: Single Lane Closure

Route: Interstate 295 Fed. Proj. ACIR-295-5(148)9
Btate Proj. 72001-3453

Location: Duval County, City of Jacksonville

Project Length: 7.522 miles Average Daily Traffic - 26,000
Construction Costs: Total - § 2,466,210
Traffic Control - § 160,599 (6.5 %)
Alternate - § 747,453

Construction Perlod: Started — 1/25/87
Completed - 3/25/88

Description: Asphalt Concrete Overlay (3™ Est. AC structural course
300#/SY + 5/8" friction course) with milling (3"
typical) on Interstate 295 including ramps to and from
three interchanges. Some guard rail replacement.

Bridges: 1. None

Other Significart Comments: 1. 56,300 assessed for liquidated
damages.

Study Project ~ Kentucky #Cd
Asphalt Concrete Overlay, Breaking and Seating

Hethod of Traffic Control: B8ingle Lane Closure

Route: Kentucky Route 114 Fed. Proj.
State Proj. r 6-1(7)

Location: Clark/Powell County, Mountain Parkway

Project Length: 12.495 miles Average Daily Traffic - 7,590
Construction Costs: Total - § 7,602,570
Traffic Control — § 199,094 (2.5 &)

Alternate - § 318,952

Construction Period: Started - 9/25/85
Completed -~ 12/17/86

Description: Asphalt Concrete Overlay {3" base, 1 1/3" binder, 1"
surface course), breaking and saating, rsmove median
curb & reshape median, guard rail, crash cushions
Pavement

Bridges: 1. No work

Other Biynifican: Comrments: 1. Break and Secat Bxisting Pavement
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8tudy Project -~ Louisiana #C3J
Asphalt Concrete Overlay

Method of Traffic Control: Single Lane Closure, Drunms

Route: Interstate 10 Fed. Proj. IR-10-4{095)186, IR-10-4(096)190
State Proj. 450-11-24, 450-12-13

Location: Ascension & 5t. James Parishes, La. Rt. 22 to Blind River

Project Length: 8.957 miles Average Daily Traffi- - 24,070
Construction Costs: Total - § 3,588,713

Traffic Control - § 52,500 (1.5%)

Alternate ~ § 831,385

Construction Period: started - 3/17/86
Completed - 6/30/87

Description: Asphalt Concrete Overlay, w/some AC shoulder patching,
4" binder courses (2), 1 1/2" wearing course over
sxisting PCC and CRCP, one intarchange included.

Pridges: 1. No work, 3 puir of existing bridges (140°, 1,780', 175
in length.)

Other S8ignificent Comments: 1. Statewide 45 mph speed 1limit, during
construction.

Study Project - Louisiana #cCd
Asphalt Concrete Overlay
Method of Traffic Control: Single Lane (losure, Drums

Route:Interstate 12 Fed, Proj. IR-12-1(078}040
Btate Proj. 454-03-21

Location: Tangipahea Perish, Namnoad to 5t. Tammany Parish Line
Project Length: 12.862 miles Average Bally Traffic - 21,610
Construction Costs: Total ~ § 1,254,622

Traffic Control - § 35,000 (2.5 %)

Alternate - § 689,840

Construction Peried: started - 1/27/06
Completed ~ 7/17/86

Description: Asphalt Concrete Overlay, Cold Planing (2 5/8") with
AC wearing course (2%), three interchanges included.

Bridges: 1. Nc work, 10 pair bridges, from 195' to 773' in length

Other Significant Comments: 1. Statewide 45 mph speed 1imit during
during censtruction.
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8tudy Project - Michigan §c10
Asphalt Concretc Overley

Hethod of Traffic Control: Single Lane Closure.

Route: Interstate 96 Fed. Proj. I-96-3(119)107
state Proj. 25203A

Location: Ingham County, Southeast of Lansing, just east of US 127

Project Length: 5.88 miles Average Daily Traffic ~ 24,500
Construction Costs: Total - § 1,643,603

Traffic Control -~ § 38,042 (2 &)

Alternate ~ § 449,405

Construction Period: Started - 10/8/86
Completed - 8/21/87

Description: Asphalt Concrete Overlay, over EBxisting 8" PCC, 4"
Asphalt Conicrete Pavement and Shoulders in 3 courses,
Some additional superelesvation feathered, Spot PCC
repair, Guard Rail., One interchange.

Bridges: None.

Other Significant Comments: 1. Legislative Speed Limit 45 mph.
2. Some curves superelevation increased.

Study Projsect - North Carolins & C3
Asphalt Coiicrete Overlay

Method of Traffic Control: Single Lane Closure, Iowa Weave

Fed. Proj. IR-85-2(31)42

state Proj. 8.1671501

TIP # 1I-2107

Location: Mecklenberg County, North Charlotte, US 29 - NC 49
Connector to Cabarrus County Line.

Route: Interstate 85

Project Length: 6.004 milesn Average Daily Traffic - 30,000
Construction Costs: Total - § 3,437,750
Traffic Control - § 356,388 (10 &)
Alternate - § 759,445

construction Period: Started - 7/13/87
Completed - 11/2/88

Description: Asphalt Concrete Overlay (2" + 2"), Concrete Pavement
Patching (8"), resurface shoulder drains,
thermoplastic markings, signing. Two interchanges.

Bridges: 1. A pair of structures, 197' in length. No work included.

Other 8ignificant Comments: 1. Max. lane closure for concrete
repairs limited to 1/2 mile.

2. Max. lane closure 2 1/2 miles, min.
distance between closures 2 miles.

3. Peak hour lane closure restrictions
6AM - 8PM con Fridays.

4. Tenp. loop detectors used to locate
errant vehicles with warning alarm to
alert workers. Also used to locate
queues and variable message signs.
Ineffective. False actuations by
contractor equipment. Relocation of
detection equipment cumbersome.

$. Jowa weave provided to slow vehicles
approaching lane closures. Found to
be vary effective.
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Study Project ~ North Carclina ¢ C17
Asphalt Concrete Overlay
Method of Traffic Control: Single Lane Closure, Drums

Fed. Proj. IR-85-3(1101126
State Proj. 8.1491001

Route: Interstate B85

Location: Guilford County, East of Greensboxo, NC 3032 to east of
NC 61

Project Length: 11.820 miles Average Daily Traffic - 41,300

Construction Costs: Total - § 2,607,689
Traffic Control - § 155,501 (& %)
Alternate - 5 1,471,519 {AC Divider)

Construction Period: 5tarted - 7/30/85
Completed - 12/14/86

Description: Asphalt Concrete Overlay. Rinor milling (2") under
pridges, patched existing PCC w/AC, rezurfacing (2"
AC) and thermoplastic pavement msrkings. 5
interchanges.

pridges: 1. One pair of structures, no work identified.
Other Significant Comments: 1. Lane closures maximum 2 miles,

diatance between minimum 1 mile.
2. Field problems w/lane closures.

study Project - Oregen & C6
Asphalt Concrete Overlay

Method of Traffic Control: Single Lane Closure, Cones; TLTWO under
2 bridges raised only, Temporary Concrete
barrier

Route: Interstate 84 Fed. Proj. Iz-84-6(14)237
State Proj.

Location: Umatilla and Union Counties, Meachan to Hilgard
Average Dally Tragfic - 5,550

Project Langth: 18.39 miles
(3 mile gap in work!

Construction Costs: Total - § 6,824,651
Treffic Control - § 568,358 (8 N)
Alternate - § 972,454 (TLTWO/TCB entire projact)

Construction Period: Started - 4/29/86
Completed - 10/31/86

Pescription: Asphalt Concrete Overlay, milling (2"}, base course
(2") and wearing course (2"), grading, bridges (6
joint rapairs, 2 over Y-84 raised clearance). Not
permanent pavement improvement (additional purface
gourla in future). Three interchanges. Median width

4" to 280°'.

Bridges: 1. Two pairs of structures, 133°' & 425' in length, two
single structures, 121*' & 164" in length. (Two
structures over I-84 raised 2°'~-1" and 1°*~1%, 164' &
220' in length.) :

Other Significant Comments: 1, Milling was not continuous, but only

where pavenent rutted in outside lane

2. Significant increase in general
excavation quantities/coat. (Boubled)

3. Haterial milled recycled for use on
other project.

4. Temporary concrete barrier State
policy for TLTWO for liability
reasons.
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8tudy Project - Oregon # C8
Asphalt Concrete Overlay

Method of Traffic Control: Single Lane Closure, Cones({?)
Route: Interstate 84 Ped. Proj. IR-84-2(21)042
state Proj.

Location: Hood River County, Bas: o Portland, EBagle Creek to

Mitchell Point
Project Length: 16.89 miles Average Daily Traffic - 12,425 (Avg)
Construction Costs: Total - § 366,192

Tratfic Control - § 13,370 (3.5 %)
Alternate - § 620,430 (TCB)

Construction Period: Started - 4/16/87
Completed - 8/31/87

Description: Asphalt Concrete Overlay, Intermittant pavement
xilling (3"}, partial wearing course {2"), recessed
pavament markers. No interchanges.

Bridges: 1. Nine structures, no work identffied.
Other Bignificant Comments: 1. 1.2 mile gap in work.

2. 45 nph speed zone.
3. Overlay on outside lanes only.

Study Project - Utah & C3
asphalt Concrete Overlay
Method of Traffic Control: Eingle Lane Closure, Drums

Fed. Proj. IR-15-4(29)14%
Stato Proj.

Route: Interstate 15

Location: Hillard County, Bakexr Canyon to Meadow

Project Length: 15.34¢4 miles Avarage Daily Traffic - 4543 (Avg.)
Construction Costs: Total - § 2,813,652
Traffic Control — 6 832,641 (3 &) (See Comment 3)
Alternate - § 652,340 (Drums)
Construction Period: Started - 5/5/87
Completed — 7/18/87

Description: Asphalt Concrete Overlay, intermittent milling varies
(1", 2 1/2", 5 1/3"), AC Pavment {2 1/2", § 1/2"), 1"
Sealcoat entire project. Two interchanges, one pair
of rest areas. Median width approximately 64°.

Bridges: 1. None.

1. Lune closures limited to 3 niles nax.

2. BExtensive additional 2 1/3" milling.

3. Psrtial maintenance of traffic cost
within Mobilization, Lump Sum.

Other Significant Comments:
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8tudy Project ~ Kentucky @07
Bridge Deck Overlasy

Method of Traffic Control: Single Lane Closure, Drums or Typ.l1 Bar.
Route: Interstate 75 fPed. Proj. IR-75-11(87)14
Location: Whitely & Laurel Counties, Cumberlend & Laurel Riv. Brdgs

Preject Lenpth: 0.218 mile Average Dally Traffic ~ 26,000
Construction Costs: Total - § 493,852

Traffic Control - § 219,500 (4 W)

Alternate - § 219,055

Copstruction Period: Started - 11/3/86
Completed - 6/27/87

Description: Emergency Temporary Repairs to two pairs of Interstate
75 bridges, floorbeam strepgthening. abutment bearing
stiffeners, floorbeam knee mcdifications, expansion
dams .

Bridges: 1. Two bridge structures, 485.50° and 669.6' with 3¢’
decks.

Other Significant Comments: ). Separate pavement rehabilitation
contractor working adjacent.
2. Traffic Contrel ~ Lump Sum

Btudy Project - Michigan #05
Bridge Dack Overlay

Method of Traffic Contrel: Single Lane Closure w/ concrete bharrier

Route: Interstate 195 Ped. Proj. IR-196-5(152)2
Btate Proj. 28322A

Location: Berrien & Van Burer Counties north of Benton Harbor

Project Length: 0.08 miles Avessyd Dally Traffiec - 11,400
Construction Comts: Total ~ § 520,432
Traffic Control ~ $ 122,408 (24 %)
Alternate - § 497,757

Construction Period: Startea - 7/30/86
Completed - 11/8/86

Description: Bridge Deck Overlays & Bridge Painting, Three pairs
of bridges. Latex modified overlays, asphalt
concrete approach wedges, no parapet work.

Bridges: 1. One pair, 201' in length, 36'- 6~ in width.
2. One pair, 123'-9" in length, 42°'- 6" 4in width, (Coloma

Rd.
3. One pair, 108'- 3 1/8" in length, 33'-~ §" in width.
{32nd Avenue} .

Other Bignificant Comments: 1. Legislative Speed Limit 4% mph. -
2. Concrete Barrier usad for protection,
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Btudy Project - West virginia & D3
Bridge Deck Overlay
Mothod of Traffic Control: Single Lane Closure, Drunms

Yed. Proj. IR-64-1(144)1
state Proj. §350-54-1.25

Route: Interstate 654

Location: Wayne County, Southwest of Huntington, Kencva Bridges

Project Length: 0.69 miles Avarage Daily Traffic - 19,000
Construction Costs: Total - § 174,585
Tratfic Control - $ 15,978 (11 %)
Alternate -~ § 262,500 (TCB)

Congtructicn Perlod: Started - 10/14/86
Completed ~ 11/4/86

Dascription: Bridge Deck Overlay, Latex Overlay, Median width 40°.
Bridges: 1. One pair, 205'-5 1/2" in length, width 30°'.

Other Bignificant Comments: 1. Shadow vehicle required where werkers
present.
2. Law enforcement officer required

during overlay pours and 2 hours
subsequent.

Btudy Project - West Virginia @ D8
Bridge Deck Overlay

Hethod of Traffic Control: Single Lane Closure, Temporery Concrete
Barrier

Ped. Proj. IR-79-1(56125
State Proj. 5384-79-25.79

Route: Interstate 75

Location: Roane County, Amma

Project Length: 0.1€ miles Average Daily Traffic - 6,200
Construction Costs: Total - § 1,220,779
Tratfic-Control - § 18,417 (1.5 &)
Alternate - § 473,465 (AC Divider)

Construction Period: Started - 4/21/86
Completed - 9/25/87

Description: Bridge Deck Replacement/Retrofit Structural Steel to
stop cracks in steel floor beam connection plates by
drilling holesa, and providing steel angles bolted to
top flange as necessary for stiffening. Deck removal
apecified for access to perform retrofit work. Latex
overlay decks after retrofit. Bridge latecral bracing
systen renoved from one bridge (2682). Median width
approx. 40'

Bridges: 1. Two pair, 476' and 370' in length, widths 40°,

Other Significant Commenter: 1. Temporary road constructed to carry
traffic for lane closures on
approaches.

3. One lane traffic maintained during
bridge work.
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Study Project — Arizona #E2
Bridge Deck Replacement/Widening

Method of Traffic Control: Single Lane Closure {From TLTWO by Change
Order proposed by contractor)

Route: Interstate 40 Fed. Proj. IR-40-5(67)
Location: Navajo County, Twin Wash to Apache County Line

Project Length: 4.19 miles Average Dally Traffic - 8,800
Construciion Costs: Total - 5 2,558,259
Traffi¢ Control - § 253,094 (10 %)
Alternate - TLTWO Est. § 827,210 (7TCB entire
project)

Construction Period: Starved - 5/5/86
Completed - 6/4/87

Description: Asphalt Concrete Overlay (1 1/2" to 2"), Some milling
of Westbound Right Lane (2 1/2%), Slopes reshaped, Two
bridges included, major structure widening of one pair

from 30' to 42' (bridge length 482') dictated traffic

contyol. Conc. Bar., used for SLC at bridges

Bridges: 1. Over Big Lithendendron Wash (#541/#542), length 481.92"
Widened from 30' to 42'-1 1/2"

2. Over Amanda T.I. Road (#543/544), length 29'
width 38°'

Other Bignificant Comments: 1. Change Order altered method of
Traffic Control for bridges and the
entire project. Prestrziased slabs
on bridge decks. Savings - $250,000

8tudy Project - Arizona @#BE6
Bridge Deck Replacement/Widening

Method of Traffic Control: TLTWO, Concrete Barrier
Route: Interstate 10 Ped. Proj. IR-10-6(103)
Location: Cochise County, Ocotillo Road TI

Project Langth: 0.20 miles Average Daily Traffic - 12,000
Construction Costs: Total - § 1,681,428
Traffic Control - § 357,135 (21 &)

Alternate - N/A {Bridges replaced}*

Construction Period: Started - 10/12/86
Completed - £/1/87

Description: Replacement of two interchange bridge structures
including approaches and guard rail because of
foundation settlement problem.

Bridges: 1. Over Ocotillo Road (#2044/2045), length 101', width 42'
New structures preatressed box beam type

Other Bignificant Comments: 1. Ocotillo Road closed under I-10
during removal/construction of
bridges.

%2. Alternative TCP would have been to
close I-10 interchange bridges and
detour all I-10 traffic on ramps with
crosaroad traffic storped at exit
ramps. .

3. Total construction cost reflects
§40,000 incentive payment ($4,000
per day) for 10 day early completion.

4. All contractors submitting bids
furnished identical unit prices
for bldding traffic control.
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Study Project - Louisiana #E1
Bridge Deck Replacement/Widening

Method of Traffic Control: TLTWO, Flexible Tubes, Ceramic Markers

Ped. Proj. BHF-03-1(009)

Route: US Route 19%0
State Proj. 007-10-28

Huey B. Long Bridge

Location: East and West Baton Rouge Parishes, Baton Rouge,
Missiasipi River Bridge

Project Length: 1.19 miles Average Daily Traffic - 16,000
9 trains

Construction Costs: Total - § 15,020,322 {Incomplete Final Costs)

Traffic Control - § 544,540 (3.5 %)
Altexnate = N/A, Close each bridge*

Construction Period: Started - 5/27/86
Completed - 12/88 (?)

Description: Deck Replacement/Widening & Metal Work to repair
structural deficiencies, Concrete Repairs, Bach pair
lanes widened, 19'9" to 44°.

Bridges: 1. 3,879' length, combination 4 lane divided with RR
Tracks in median. Bach pair of lanes widened from
19'9" to 24°',

Other Eignificant Comments: 1. All txuck traffic detoured during

construction over Interstate 110

to Interstate 10 with directional

routing on Router 1 and 415 (west of

Mississippi Rivey)

*3. Alterpate TCP Analysis

a. Lan= Closure not practical -
Exsig. Deck 19'-9" (2 Lanes)

b. Other Alt. would be to close one
bridge and uae other for
directional traffic. Would
reaquire detour for all opp. dir.
to I-10 including trucks.

¢. Excessive mser costs for alt. No
feagible alternative,

3. Extensive Flex. Tube replacenent on

TLTWO. 3300 (116 »id) @ 850.00 for

total replacement cost $165,000

8tudy Project - North Carolina # E9
Bridge Deck Replacement/Widening

Mathod of Traffic Control: TLTWO, Raised Asphalt Divider w/tubes

Route: U, 5. Routes 1 Fed. Proj. BRF-43-3(12)
Southbound Only BState Proj. 8.1401001

Location: Wake County, Raleigh, Bridge over Neuse River

Project Length: 0.104 miles Average Daily Traftic - 15,000
Construction Costs: Total - § 879,999

Traffic Control - § 71,363 (8 &)

Alternate - § 103,000 (Detour)* SLC not. feasible

Construction Period: Started - 12/9/85
Completed - 7/31/87

Description: Bridge deck & structural repairs, parapet repairs,
drainage. Southbound bridge structure only.

Pridges: 1. One bridge, 295,.081°

Other Significant Comments: * 1. Alternate design analysis by State
estimated cost of $103,000 for
detour.

2. Bridge deck width narrowed from 137.4°'
to 36’

3. Project involves work on Southbound
structure only.

4. 45 nph Speed Limit during
construction.
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Study Project - West Virginiea # ES
Bridge Deck Replacement/Widening

Method of Traffic Control: TLTWO, Temporary Concrete Barrier
Route: Interstate 64 Fed. Proj. IR-64-1(137)41
Stats Proj. 5340-64-§1.51

Location: Putnam County, West of Charleston & US 35/Kanawha River,

over CR 29, Rock Step Run Creek & CR33/5 and river
Project Length: 0.826 miles Average Daily Traffic - 27,000
Construction Costs: Total -~ $§ 2,567,684 (Award)

Traffic Control - $ 709,449 (28 %)
Alternate — N/A MNot practical w/o detour.

construction Period: Started - 11/12/37
Completed - Early 1989

Description: Bridge Deck Widening/Rehabilitation. Repiace decks,
structural steel, parapets k piers, repair approach
slabs, drainage, grading & temporary lighting.
Median width 40°'.

Pridges: 1. Two pair, 128.31' and 285.25 in length. Widen from
37'-0" to 38'-6", and 30'-0" to 39'-4" respectively.

Other Significant Comments: 1. Field delay studies.

. Bxisting median crossovers used, then

to be removed with project.

TLTWO WB I-64 implemented 12/11/87.

. TLTWO aswitched to EB I-64, 8/26/88.

Substantial problems with deck/

structural repairs EB Structures and

length of time for TLTWO WB.

6. Traffic returned to normal flow in
December, 1988, Single Lane Closure
used January, 1989 to remove
CrossovVers.

1
2
3.
4
5

Study Project - West Virginia # B6
Bridge Deck Replacement/Widening

Method of Traffic Control: TLTWO, Temporary Concrete Barrier
Route: Interstate 77 Fed. Proj. IR-77-3(165)119
State Proj. S$318-77-119.26

Location: Jackson County, North of Charleston, Spicewood Creek
Bridge
Project Length: 0.598 miles Average Daily Traffic - 9,300
Construction Costs: Total - $§ 1,041,904
Traffic Control - $§ 315,922 (30 %)
Alternate - N/A SLC Alternate not practical w/o
detour.

Construction Period: Started - 10/20/86
Conmpleted - 11/6/87

Description: Bridge Deck Replacement/Widening, Replace decks,
structural steel, parapets & plers, repair approach
slabs, drainage, grading.

Bridges: 1. One pair, 150.00' in length. Widen decks from 37'-0"
to 38°'-6"

Other Significant Comments: 1. TLTWO switched from NE to SB
structures week of 6/1/87.
2. Alternate TCP not practical w/o
detour.
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Btudy Project - Kentucky {#F9
“Reconstruction

Heilaod of Traffic Control: TLTWO, Tubes, Lane Tape

Route: Western Kentucky Parkway State Proj. SSP 092-9001 082-085

Location: ©hio County

Project Length: 1.658 miles Average Daily Traffic - 4,200
Construction Coatam: Total - $§ 1,364,803
Tratfic Control - § 172,161 (13 %)
Alternate ~ N/A Landslide Repair.

Construction Period: sStarted - 10/7/86
Completed - 9/15/87

Description: Land Slide Repair to three sections of highway, Break
and Seat.

Bridges: 1. None

Other Significant Commants: 1. TLTWO only option for handling
traffic
2. Nearly one-helf of project cost is
embankment in place ($547,344 for
121,632 cY @ $4.50)

Study Project - Louisiana {F§
Reconstruction

Nethod of Traffic Control: TLTWO, Plexible Tubes, Ceramic Markers

Route: Interstate 59 Fed. Proj. IR-59-1{019)5
State Proj. 453-01-28

Location: 8St. Tammany Parish, W. Pearl River to Mississipi St. Line

Project Length: 5.537 miles Average Daily Traffic — 12,980
Construction Costs: Total - § 10,649,517 (Incomplete Pinal Costs)
Tratfic Control - § 900,438 (8.5 &)
Alternate ~ N/A DBridge widening work precludes
pingle lane closure (Existing
bridges 28' wide.)

Construction Peoriocd: Started - 2/19/88
Completed ~ 89k as of 10/11/88 (74 & time)

Description: Complete Reconsatruction, Removal existing PCC/Surface
courses, New PCC {12") on AC base (2"), Widening &
pairs of bridges.

Bridges: 1. Widen 6 pairs of bridges, 160' to 400' in length,
widened irom 28' to 40' width.

Other Significant Comments: 1. Desigion on TLTHO for reconstruction
prompted bridge widening while one
half of freeway closed,

4. Some time lost by widening bridges
first during good weather.

3. 8peed limit 45 by statute during
constructien.

4. Extensive tube replacement {11,168).
Alternate TLTWO using AC Divider
would have been more sconomical,
(Est. §210,7€¢1, AC Divider, vs
$476,550 for tube replacement alone)

AC Divider Est. = $3.15/Ft x 11.074 mi. x 5280 = §184,166
591 x §45 (Tube repla t) = 26,595
TOTAL §210,761
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Study Project - Louisiana #F7
Reconstruction

Method of Traffic Control: TLTWO, Paddles & ceramic markers

Route: Interstate 20 Fed. Proj. IR-20-1(160)042
state Proj. 451-03-37

Location: Webster rarish, McIntyre to Dixie Inn

Project Length: 2.681 miles Average Daily Traffic - 27,590
Construction Costs: Total - § 5,048,848
Tratfic Control - § 698,387 (14 %)
Alternate - N/A Bridge widening work precludes
wingle larne closure (Existing
bridges 26°' wide.)

Construction Periocd: started - 1/10/86
completed - 6/25/87

Description: Complete reconstruction, removed PCC (10"), sand
blanket (2") & soll cement {6"), new 13" PCC on
2" AC base course and 6" subbase treatment, widen one
pair of bridges from 26' to 40'. Includes one
interchange.

Bridges: 1. One pair of bridges, 160’ in length, widened from 26°
to 40°

Other Bignificant Comments: 1. Separation devices initially
installed were flat cross section and
were blown over by passing trucks,
replaced with flexible tubes.

2. Speed limit 45 by statute during
construction.

3. Right lane construction 15' wiith
with 7' paved shoulder.

Btudy Project - Louisiana #F%
Reconatruction

Method of Traffic Control: TLTWO, Raised Asphalt Divider, Flexible
Posts (Paddle Type)

Fed. Proj. IR-20-3(085)137
State Proj. £51-07-30

Route: Interstate 20

Location: Richland Parish, Rayville to Holly Ridge

Project Length: 6.780 miles Average Daily Traffic ~ 13,530
Construction Costs: Total -~ § 10,111,189

Traffic Control - § 887,875 (9 W)

Alternate - N/A Exisating bridges 26' wide.

Construction Period: Started - 9/12/85
Completed - 6/19/87

Descrijtion: Complete reconstruction, removed PCC (10" continuously
reinforced) and subbase, new 18" AC pavement with a
wearing course {1 1/2"), AC binder course {(4"), on AC
base course (12 1/2") and subbase treatment (6").
Includes two interchanges.

Bridges: 1. Two pair of bridgex, 150’ in length, 26' width, no work
identifiea

Other Significant Comments: 1. Alternate TCP for Single Lane Closure
impractical because of existing 24°
width of PCC continuously reinforced

' concrete to be removed.
2. Speed limit 45 by statute during
construction.
3. Right lane conetruction 15' widih
with 7' paved shoulder.
4. Significant replacement of impact
ettenuators during construction.
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Study Project - Louisiana #F15
Reconstruction

Method of Traffic Control: TLTWO, Flexible post (paddle), ceramic
markers.

Route: Interstate 20 Ped. Proj. IR-20-2{060)86
State Proj. 451-05-59

Location: Lincoln Parish, Ruston to Choudrant Highway

Project Length: 7,207 miles Average Daily Traffic - 23,870
Construction Costs: Total - § 11,947,245
Traffic Control - $ 1,040,073 (9 %)
Alternate - § 876,780

Construction Pecriod: Started - 12/16/85
Completed - 2/1/88

Description: Complete reconstruction, removed PCC pavement (10"),
sand blanket {2") and soil cement (6"), new PCC {13")
on AC base course (2") and subbase treatment {6").
Includes 2 interchanges. Right lane width = 15°'.

Bridges: 1. At least one pair. Length/Width not determinable from
construction plans.

Other Significant Comments: 1. Speed limit 45 by statute during
construction.

2. Right lane construction 15' width
with 7' paved shoulder.

3. Alternate TCP for Single Lane Closure
will lengthen time of work an
indeterminable amount of time.

4. Extensive damage t& tubes prompted
additional enforcement during constr.

study Project - Michigan #F6
Reconstruction
Method of Traffic Control: TLTWO, Raised Asphalt Divider, Tubes

Ped. Proj. IR-96-2(130)54
State Proj. 24662A

Route: Interstate 96

Location: FKent & Ionia Counties, Northwest of Clarksville

Project Langth: 6.2 miles Average Daily Traffic - 12,800
Construction Costs: Total - § 8,304,603
Traffic Control - § 394,681 (5 %)
Alternate - $918,630%

Construction Period: Started ~ 3/17/87
Completed - 11/13/87

Description: Concrete Pavement & Asphalt Shoulder Reconstruction,
Recycling, Safety Upgrading. Remove & Recycle 9" RCP
& remove 3" Subbase, & add RCP (9") on Open Graded
Drainage Course {4"). Includes one interchange.

Bridges: 1. One pair of bridges over C & O RR. Approx. 170' in
length by 38' wide, skewed. No work involved.

Other Significant Comments: 1. Legislative Speed Limit 45 mph.
. 2nd coat paint on bit. divider.
* 3. Alternate Lane Closure not
economically feasible., Analysis
performed to verify.
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8tudy Project - Michigan #F§
Reconstructien

Method of Traffic Control: TLTWO w/asphalt divider

Route: Interstate 94

Fed. Proj. IR-94-2(102)59

State Proj. 24755

Location:

Project Length: 5.97 miles

Van Buren & Kalamazoo Counties, Paw Paw to Mattawan

Averaga Daily Traffic - 18,500

Construction Costs: Total - § 7,638,414
Trayfic Control ~ $ 406,969 (5.5 %)
Alternate - §1,588,88¢ *

Construction Period:

Started - 5/19/87

Completed - 6/16/88

Description:
Recycling.

Concrete Pavemart & Shoulder Reconstruction,
Renove & Recycle 9" RCP

& remove 3" Sublase, & add RCP (10") on Open Graded

Drainage Course

Bridges:
-8", width, &4'.

Other Significant Comments: 1.
2.

3.

4.

1. One pair of bridges over Paw Paw River.

(4"). 1Includes two interchanges.

Length, 145’
No work.

Legislative Speed Limit 45 mph.
Alternate Lane Closure not tfeasible.
Retro~reflectometer bid to check
construction signs. ($2,700)
Bxisting crossovers (4) constructed.
in previous project. Two removed, 2
retained after construction.
{$24,350 each avg. cout for removal.)
Alternate Lane Closure not
econonically feasible. Analysis
performed to verify.

8tudy Project - North Carolina #Fl
Reconstruction

Method of Traffic Control: Single Lane Closure, Drums, Conc. Barr,
at PBridges.

Route: Interstate 40 Fed. Proj. IR-40~1(97)4
State Proj. 8.1940204, TIP I-B06/807/808A

Location: West of Ashville, MP 4 to NC 1366

Project Length: 18.431 miles Average Daily Traffic - 15,000
Construction Costs: Total - § 9,135,648
Traffic Control - § 977,682 (10.5 %)

Alternate - § 1,516,804

Started - 9/17/84
Conpleted - 6/3/87

Construction Period:

Asphalt Overlay, Milling & Recycling (4"-6"depth),
Safety Upgrading, Remove & Replace Conc. Median Bar.,
Structure Rehab. (6), Signing, Thermoplastic Markings,
Plowable RPM's. Includes 3 interchanges, 2 tunnels,
one Welcome Center/Rest Area. Mountainous terrain.

Pescription:

1. Six single bridge structures.
611°', widths vary 58' to 748'.

Bridges: Lengths vary 163' to

Other Bignificant Comments: 1. Legislative Speed Limit 45 mph.

2. Lane closure length max. 4 miles,
min. between closure 1 mi. same .dir.

3. TCP problems w/Lane closures.
Extensive changes, improvements made.

4. Extant of milling added $1 M by C.0.
Bid 3"-3.5", Actual 4"-6" required.

5. Pavt. Dropoff problem, w/milling

6. Six feet mzdizn typical for majority
of project length,
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Btudy Froject - North Carclina #F2
Reconstruction
Method of Traffic Control: TLTHC (Conc. Bar.) & Lane Closure (Drums)

Ped. Proj. IR-40-1{99)23
state Proj. 8.1940205, TIP $I-908B/808B

Route* Interstate 40

Location: Haywood & Buncombe Counties, West of Ashville, NC 1366 to
NC 1200, Adjmcent to and east of Project F1
Project Length: 14.234 miles Average Daily Traffic - 25,000
Construction Coats: Total - § 9,523,184 (98 & Compl. Cost)*
Traffic Control - § 934,015 (2) (10 &)
Alternate - § 1,197,550* (NC perfrmd alt. anal.)

Construction Feriod: Started - 12/9/85
Completed - 6/33/88

Deacription: Asphalt Overlay, Milling & Recycling {1"-3"depth),
Safety Upgrading, Remove & Replace Conc. Median Bar.,
Structure Rehab. {6), Signing, Thermoplastic Markings,
Plowable RPM's. Includes 4 interchanges. Mountainous
terrain.

Bridges: 1. Five single, plus one pair of bridge structures.
Lengths vary 134' to 213', widths €3’ on single
structures and 28°' on the pair of bridges.

Other Significant Comments: 1. Legislative Speed Limit 45 mph.
2. Lane closure length max. 4 miles,
nin. between closure 1 mi. same dir.
3. TCP worked well. Traffic Control Unit
performed &lt. TCP analysis in design
&. Milling changed from 2" & 1.5" to 3"
& 1% during constr.
5. Pavt. Dropof{ problem, w/milling
6. Six feet median typicml for majority
of project length.
*7. Movable Concrete Barrier as Alternate

Etudy Project - North Carolina # F4
Reconstruction

Method of Traffic Control: TLTWO, with Raised Asphalt Divider, tubes
Ped, Proj. IR-40-2(82)77

State Proj. B.1870203
TIP & I-810

Route: Interstate 40

Location: McDowell County, Between Marion and Morganton

Prcject Length: 8.955 miles Average Daily Traffic - 17,000

Construction Costs: Total - § 6,416,317 (Award *, 55 % Compl.)
Traffic Control. - 8§ 1,112,589 (17 & =)
Alternate - § 1,684,062 (Transp. Conc. Bar.)

€Construction Period: 6Gtarted - 1/28/88
Completed ~ 55 & (12/21/88), Bst. 12/89

Description: Reconstruction. Concrete rehadb., Asphalt Overlay,
Guard Rail, Brosion Control & Landscaping,
Thermoplastic Markings., S5igning. Three interchanges
& Pair of Rest Areas. Median width 36'. Mountainous
Terrain.

Bridges: 1. Pair of structures, 124.58' in length. d" asphalt
overlay with parapet/rail raised.

Other Significant Comments: 1. Construction progressing with no
significant problems.
2. 21 & commercial vehicles.
3. Contractor not permitted to work en
opposite sldes of freeway
concurrently.

4. West crossovers to be left in place
for use cn adjacent project.
5. Incentive/Disincentive c¢lause

6. Access maintained for interchanges
and rest areas. Common median
cross-over used for both directions
of TLTWO. Temporary AC in entire
median for 650° for cross-overs.
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8tudy Project - North Carolina # F5
Reconstruction

Method of Traffic Control: Single Lene Closure, Movable portable
concrete barrier

¥ad. Proj. IR-77-1(103)14
State Proj. B8.1671701

Route: Interstate 77

Location: Mecklenberg County, Charlotte, from I-85 north to NC 2004

Project Length: 9.228 niles Average Daily Traffic - 32,000
construction Costs: Total - § 5,472,109 (98 & Compl.)
Traffic Control -~ § 1,302,858 (24 %)+
Alternate — § 1,609,404 (AC Divider)

Construction Perliod: Started - 12/3/87
Completed - 93 % (1/13/89)

Description: Reconstruction. Concrete pavement repair, Asphalt
concrete pavement overlay (2" + 2") and shoulders,
bridge rail strengthening, shoulder drains,
thermoplastic markings. Three interchanges. Median
width approximately 100'.

Bridges: 1. One pair of structures, 124'-7" in length. Concrete and
metal railings repaired and heightened.

Other Significant Comments: 1. "Quick Change” Movable Concrete
Barrier & Transporter Equipment used
& furnished to NC DOT after
completion.

29 % Commercial traffic.

. Mininmum 2 miles between lane clotures

. No closures, 6-9:30AM SB, 3 - 7FM NB,

between 6AM - 8PM Fridays.

*5. Transporter Cost - 8§185,000. 8006'
of TCB @ $70.00/LF = $506,420. Remove
and Reset B0,618' @ §3.00/LF. =
$241,854.,

= we

Study Froject - Arizona @ G7
New/Interchange Construction

Method of Traffic Control: Single Lane Clomure/Concrete Barrier

Route: Interstate 10 Ped. Proj. IR-10-5(60)

Location: Pima County, Tucson, Kino Interchange

Project Length: 2.11 miles Average Dally Traffic ~ 23,07
Construction Costs: Total - § 3,085,206
Traffic Control - § 375,802 (12 &)
Alternate - § 252,400

Construction Period: Started - 5/27/86
Completed - 5/19/87

Description: Addition of 5 interchange ramps to partial interchange
to provide all traffic movements and a coaplete
interchange.

Bridges: 1. New bridge for ramp over Ajo Way, Length 176°', Width
26'. Bastbound and Westbound I-10 bridges widened.
Langth 85', EB widened from 38' to 64', WB 38° to
50"

Other Bignificant Comments: 1. Field delsy study performed 2/9-~10/87
2. Apparent Incentive/Disincentive

Clausz, but no bid tabulation record
of payment or penalty.
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Study Project - Florida #G5
New/Interchange Construction

Nethod of Traffic Control: TLTWC on Existing 2-Lane Highway

Route: FPlorida State Route 95 (US 26) State Proj. No.d48060-3515

Location: Escambia County, CR 4A (Bluff Springs Rd.) - CR 4 West

Project Length: 3.024 miles Average Daily Traffic - 4,900
Construction Costs: Total - § 5,610,988
Traffic Contrecl - $ 151,636 (3 %)
Alternate - N/A {Used Existing Highway)

Construction Perlod: Started - 7/14/86
Completed - 2/2/88

Description: Bxisting Two Lane Highway, New Additional Pair Lanes,
Resurface Existing Pair (0.55 Mi.) (New Additional
Pair of Lanes {(1.26 Mi.), Partial made 5 lanes
undivided {1.21 Mi.). Asphalt Concrete (3" + 5/87)

Bridges: 1. WNone, three culverts, 26' long
Other Significant Conmments: 1. Project construction/traffic control

not uniform and difficult to use for
conparative purposes.

Route: Interstate 75

Study Froject - Kentucky @Gl
New/Interchange Canstruction

Method of Traffic Control: TLTWO with Cones {Daily Install/Remove)
/Single Lane Closure

Fed. Proj.
State Proj. BED 63-4

Location: Scott County, North of Lexington, Delaplain Re, ‘Intge.,
XY 620
Project Length: 0.398 miles Average Daily Traffic - 23,000
Construction Costs: Total - § 2,409,566
Traffic Control - § 122,040 (5 &) (includes est.

cost of $71,040 for median
cross-overs constructed
previously in separnte
project)

Alternate - N/A (Daily frwy. closure using
interchange ramps for traffic
maintenance. Bridge overpass
constructicn precludes aingle
lane closure alternate.}

Conestruction Period: Started - 2/2/87
Completed - 10/14/87

Description: Interchange Reconstruction, Widen interchunge overpass
structure deck from 2 to 5 lanes, including additional
pier construction, widening ramps, roadway lighting,
two traffic signals and signing.

Bridges: 1. Interchange overpass structure over Interstate 75
widened from 2 to 5 lanes plus shoulders {82' overall
width) with existing deck removed, new pi:rs
constructed.

Dmher significant Comments: 1. Unique TLTWO on Interstate 75 during
bridge work with daily installation and
removal of cones for channelizaticon snd
TLTWO. Work pernitted from 7:00 AM,
Monday through Friday Nooa during

ht ura, and sxcluding specified
holiday periocds., TLTWO used for 22
days.
2. Single lane‘closures permitted on
outside lanes for construction of ramp
terminals and piers during periods
apecified above.
3. Project constructed for new Toyota
Auto Plant,
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8tudy Project - Michigan #G3
New/Interchange Reconstruction

Method of Traffic Control: TLTHO, Corncrete Barrier by C.0. on US 127

Route:Incersrzte 69 Yed. Proj. I-69-3(061)89
State Proj. 24681A

Locatisn: Cliuton County, Lansing, WH. of Clark Rd. to W. of
Chandler R4.

Projeat Langth: 2.02 miles Average Daily Traffic - 15,500
{(Us 127)
Conatruction Costs: Total - $ 15,976,716 (Final Costs Incomplete).
Traffic Control - § 296,642 (2%)
Alternate - § 100,552 *

®* Contractor propeosed TLTWO by Change Order
at no cost to State, which was used instead
of Single Lane Closure original bid.

Construction Period: Started - 9/28/85
Completed - (1988)

Description: New/Interchange Construction, Three bridges & Culvert.
Study is for maintaining traffic on US 127.

Bridges: 1. None on US 127

Other Significant Comments: 1. Legislative Speed Limit 45 mph.

2. Study is for US 127 for the period
9/28/85 to 12/19/86. TLTWO was
used 5/13/856 - 12/19/86 during
interchange construction on approx. 2
miles.

3. 5ingle Lane Closure on US 127
required in original plans. Change
Order requested by contractor at no
cost to State to provide TLTWO with
State reguiring concrete barrier
separation. Contractor estimate for
TLTWO was + § 175,241, with no cost
to ke Btate.

Btudy Project - North Carolina ¢ G13
New Construction/Interchange

Method of Traffic Control: Single Lane Closure, Concrete Barrier
Ped. Proj. IR-40-4(74)282

Btate Proj. B.1350401
TIP # I-1026

Route: Interstate 40

Location: Durham County, Raleigh, Interchange w/NC 1959 (South
Miami Boulevard) rear Research Triangle Park,.
Project Length: 2.703 miles Average Deily Traffic - 30,000
Construction Costs: Total - § 5,892,592
Traffic Control -~ § 51,974 (9 %)
Alternate ~ $ 1,111,15C

Construction Period: Started - 7/28/86
Completed - 6/16/88

Nescription: Partial Interchange Construction, grading, drainage,
structures, signing, pavemen: markings, temporary
traffic signals. Two interchanges, one partial
interchange.

Bridges: 1. One bridge, 164' in length. New structure over NC 1973

Other Significant Comments: 1. Maximum lan: closure 1 mile, minimum
1/2 mile between lane closures.
2. I-40 lane/narrowing time restrictions
(6AM - 8PM), peak hour restrictions
on Miami Boulevard.
3, Temporary and permanent traffic
signals.



el

d
Btudy Project - Utah & G¢
New/Ihterchange Comstruction

Method of Traffic Contral: TLTWO, Drums (Used Bxisting 2-Lane Hwy.)

Route: Interstate 84 Fod. Proj. 1-84-5(7)29
State Proj.

Location: Box Elder County, West Tremonton to Blue Craek Summit
Project Length: 14.147 miles Averags Daily Traffic - 3,845 (Avg)

Construction Costs: Total - § 21,346,357
Traffic Control - § 749,244 (3.5 %)
Alternate - N/A {Used Existing 2-Lane Highway)

Construction Period: Started - 12/10/83
Completed - 12/6/86

Description: Started - New Construction of Two additiovnal lanes to
existing 2 lane 2-way highway. PCC (10"}, vrainage,
grading, structures, signing, stock trails.

Bridges: 2. None on I-84

Other Significant Comments: 1. Significasat TCP cost in Mobilization.
2. Substantial cost increase for
flaggers. Mobilization cost AQoubled,
3., TLTWO utilized on new pavement during
upgrading of existing to interstate
stendards.



APPENDIX B

FIELD STUDY PROJECTS - INSTRUCTIONS/PROCEDURES

Instruction/Frocedure Page
General. .. .ot ieeetsrnensrsteriorirassronrasranraroenanes 134
Weekday Peak Periocds — SLC. . ... iirimatt i an e caneeaeeiacanns 135
Weekday Peak Periods — TLTWO. ...t irientanonncnacneenan e m e 143
Weakday Off-Peak FPeriods = SLC. ... .cueemeemonceceenoenaennenns 1438
Weekend - SLC....... Ce et s e e et e e e et ce 152
Weekend — TLTHO. s it ensvraersnsensanonanssnrssncornnmennennnnns 154
Holiday Weekend — TLTIWO. .. i it i tn i teceetsecctootnaaanannanens 157

TRAFFIC FIELD STUDY FORMS

Form Bage
Form A--S8ite Characteristices...... et e e, e 139

Form Bl--Traffic Counts and Queues {(SLC in One
DireCtion ONlyY) @i vt ot ieeereoneinsessnnseseaseoesesansasas 140
Form Bl-0OPl--Traffic Counts and Queues (SLC in Both
Directions/Direction 1) ... ..t iincenonnnosonnsnnneneennn 1490
Form Bl1-OFP2--Traffic Counts and Queues (SLC in Both
Directions/Direction 2) ... ..o iou i inacs oo enaeonsoaeanennns 141
Form B2--Traffic Counts and Queues (TLTHWO) .. .i v emeernnnenn- 141

Form B2-Ramps--Traffic Counts on Entrance and Exit Ramps

(SLC and TLTWO) ... v v i it i i e e e e e e O I 9
Form C--Travel Time ard Queue Lengths (SLC and TLTWO)....... 142
Form D-——Vehicle DCCUPANCY . ot v it cn et trrenecneemnoaseenaneenn= 143

133



PeT

GENERAL INFORMATION
FIELD DATA COLLECTION

DTFH61-86-C-00064
Construction Costs & Safety Impacts of Work Zone
Traffic Control Strategies
E. N. Burns & C. L. Dudek

Background

The purpose of the studies at the highway construction work
zones is to collect traffic data in order to evaluate the effects
that the construction has on traffic. The results of the studies
will be used- to estublish guidelines for the entire country.
Therefore it is extremely important that your measurements and
counts are accurate. You must take extreme care to assure that the

data you collect are accurate.

Types of Work Zomnes

You will be collecting data at two types of highway work
zones:

1. Single Lane Closures, and
2. Two-Lane, Two-Way Operation.

Form Bl illustrates examples of Single Lane Clogures: Form B2 shows
a sketch of a typical Two-Lene, Two-Way Operation traffic control

approach.

All of the studies will be conducted at highway work zones on
four-lane divided highways. Although the Single Lane Closure or
the Two-Lane, Two-Way Operation traffic control approaches can be
used on other types of highways, our studies will be made only at
work zones on four-lane divided highways where there are two lanes
in each direction that are separated by a median divider.

Data Forms

Seven different data recording forms will be used-durigg the
A minimum of four forms will be used at each highway

studies.
gonstruction site.
1. Form A - Used at each site to record information
about the construction gite
2a. Form Bl - Used only at gingle lapne closure sites to
record traffic counts and information about traffic
queues (backups)
Page 1 of 3
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2b., Form Bl1-OF1 - Ysed only at sites with single lane
closures in both directions to record traffic counts and

information about traffic queuecs in one direction
(Direction 1)

2c. Form B1-OP2 - Used only at sites with pingle lane

closures in both directions to record traffic counts and

information about traffic queues in the opposite
direction (Direction 2)

2d. Form B2 - Used only at two-lane, two-way operat sites
to record traffic counts and information about traffic
queues

2e, Form B2 -~ Used at gingle lane osure and two-

two-way Operation eites to record B2-Ramp traffic counts

on entrance (on} and exit (off) ramps

3. Form C - Used at each site to record travel times through
the construction zone and the length of the gqueues

4. Form D - Used at each site to record the number of
persons (occupants) in the vehicles on the highway

Data Collection Schedule

It is our intention that data will be collected at two
construction sites during a given week. Therefore it may be
necéssary to travel to a site on a Sunday. Data can be collected
during any morning or afternoon peak and during any off-peak period
Honday through Friday. In some cases, it may be necessary to
collect data on Saturday or Sunday if that is when the peak traffic
periods occur.

Contact With Study Supervisor

It is important that you maintain contact with your Study
Supervisor before, during, and after data collection at each site.

Prior to leaving home to travel to a study site, your Study
Supervisor (Nels Burns or Conrad Dudek} will call you to discuss
travel plans and any potential problems (e.g., inclement weather)}.

After you arrive at a study site and drive through the site
to inspect the site conditions, you should telephone your Study
Supervisor to discuss the site conditions prior to any data
collection.

You should also telephone your Study Supervisor after ycu
complete collecting data at the site and before you leave for the

Page 2 of 3
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next site or leave for home.

You should telephone your Study Superviscr jmmediately &t any
time during data collection at a gite if any problems occur.

JTelephone Number
Nels Burns (614) 888-3094
Conrad Dudek {409) 823-5106 or (409) 845-1727

Mailing Data

At the end of the week after you have finished collecting
data, you should mail all the completed data forms and all data to
Conrad Dudek as soon possible. Your Study Supervisor will give you
more specific instructions.

Dr. Conrad L. Dudek
2301 Oxford
Bryan, TX 77802.

Page 3 of 3
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FIBLD DATA COLLECTION INSTRUCTIONS
WEEKDAY PEAK PERIODS
SINGLE LANE CLOSURES

Period of Time

Field data collection can be completed during a 1 1/2-day
period for Single Lane Closure traffic control plans when two
persons collect data, or during a 1-day period when three or more
persons colleéct data. Note: One additional perscn must be used for
every entrance (on) or exit {off) ramp where traffic counts must
be made,

Two-Person Crew

Data must be collected during the a.m. peak, off-peak and p.m.
peak periods. Whether you start during the a.m. peak, off-peak or
p.m. peak will be determined by the direction of the lane closure.
If the lane closure is in the inbound direction, then the studies
must begin during the a.m. peak ({Schedule A). If the lane closure
is in the outbound direction, then the studies must begin either
during the p.m. peak (Schedule C) or the off-peak (Schedule B;
depending on your travel schedule. Thus the following schedules

apply:
Schedule A Schedule B Schedule C
1. a.m. peak (day 1) 1. off-peak [day 1) 1. p.m. peak {(day 1)
2. off-peak (day 1} 2. p.:.:. peak (day 1) 2. a.m. peak {day 2}
3. p.m, peak (day 1) 3. a.m. peak (day 2) 3. off-peak (day 2}
4. a.m. peak (day 2) 4. p.m. peak (day 2) 4. p.m. peak (day 2)

puring the a.m. and p.m. peak periods, data should be
collected for 2 consecutive hours. The a.m. peak period is from
7:00 a.m. to 9:00 a.m. The p.m. peak period is from 4:00 p.m. to
6:00 p.m. Off-peak hours for data collecticn are between 9:00 a.m.
and 3:00 p.m.

The next page identifies the specific studies and the schedule
of the studies that must be conducted. The studies and starting
periods are dependent upon whether the lane closure is in the
inbound or outbound direction.

Page 1 of 8
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TWO- PERS08 CREW
(Additional persons may be needed to count traffic on the
ramps)

ane Clos In The Direction O -M. Peak
1. Day 1: Conduct A,M. Study 1

2. Day 1: Conduct A.M. Study 2

3. Day 1: Conduct Off-Peak Study 1

4. Day 1: conduct Off-Peak Study 2

5. Day 1: Conduct P.M. Study 1

€. Day 1: Conduct P.M. Study 2

7. Day 2: Conduct A.M. Study 3
8. Day 2: Conduct A.M. Study 2

2 Closure he Direction Of P.M. Peak

1. Day 1: Conduct P.M. Study 1
2. Day 1: Conduct P.M. Study 2

3. Day 2: Conduct A.M, Study 1
4. Day 2: Conduct A.M, Study 2
5. Dey 2: Conduct Off~Peak Study 1
6. Day 2: Conduct Off-Peak Study 2
7. Day 2: Conduct P.M. Study 3

Lane Tlosure In The Direction Of P.M. Peak (Alternatel

1. Day 1: Conduct Off-Peak Study 1

2. Day 1: Conduct Off-Peak Study 2
1: Conduct P.M, Study 1

4. Day 1: Conduct P.M. Study

2
1
: Conduct A.M. Study 2
3

5. Day 2: Conduct A.M. Study
€. Day 2:
7. Day 2: Conduct P.M. Study

Page 2 of 8
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Three- or More Person Crew

Data must be collected during the a.m. peak, off-peak and p.m.
peak periods. It is preferred that data collection start during the
a.m. peak period sc that data can be collected at a site during one
day, eliminating the need to spend a night in a motel or making an
extra .trip to the work site. However, if necessery, data
collection can beyin during the off-peak or p.m. peak period. The
following schedules apply:

(Preferred)
Schedule A Schedule B Schedule ¢

1. a,m. peak (day 1) 1. off-penk (day 1) 1, p.m. peak (day 1)
2. off-peak {(day 1) 2. p.m. peak (day 1) 2. a.m. peak {day 2)
3. p.m. peak {(day 1) 3. a.m. peak (day 2) 3., off-peak (day 2)

During the a.m. and p.m. peak periodz, data should be
collected for 2 consecutive hours. The a.m. peak period is from
7:00 a.m. to 9:00 a.m. The p.m. peak period is from 4:00 p.m. to
6:00 p.m. Off-peak hours for data collection are between 9:00 a.n.
and 3:00 p.m.

Page 4 identifies the specific studies and the schedule of the
studies that must be conducted.
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THREE- OR MORE PERSON CREW

(Additional persons may be needed to count traffic on the ramps)

Lane Ciosure_ Studies Beginning During A.M. Peak (Preferread)
1. Day 1: Conduct A.M. Study 1

2. Day 1: Conduct A.M. Study 2

3. Day 1: Conduct A.M. Study 3

4. Day 1: Conduct Cff-PeakX Study 1

5. Day 1: Conduct Off-Peak Study 2

6. Day 1: Conduct P.M., Study 1

7. Day 1: Conduct P.M. Study 2

8. Day 1: Conduct P.M. Study 3

Lene Closure Studies Beginning During Off Peak (Optional)

1. Day 1: Conduct
2. Day 1: Conduct
3. Day 1: Conduct
4
5

Off-Peak Study 1
Off-Peak Study 2

P.M. Study 1

. Day l: Conduct P.M. Study 2
. Day 1: Conduct P.M. Study 3
Day 2: Conduct A.M. Study 1
A.M. study 2

Day 2: Conduct A.M, Stuay 3

6.
7. Day 2: Conduct
8.

Lane Closure Studies Beginning During P.M. Peak (Optional)

l. Day 1: Conduct
2. Day 1: Conduct
3. Day l: Conduct

4. Day Conduct
5. Day 2: Conduct
6. Day 2: Conduct
7. Day 2: Conduct
8. Day 2: Conduct
Page 4 of 8
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P.M. Study 1
P.M., Study 2
P.M. Study 3
A.M. Study 1
A.M., Study 2

A.M, Study 3
Off-Peak Study 1
Off~Peak Study 2

SINGLE LANE CLOSURE STUDY DETAILS

A.M. PEAK STUDY 1

Starting at 7:00 a.m., collect two hours of traffic counts on

~ the highway in the direction of the peak traffic flow. This will

be at either Location 142 or Location 3+4 in the Northbound,
Southbound, BEastbound, or Westbound heavy <raffic Cirection,
whichever applies (See Porm B1).

The counts must be made far enough before (upstream) the
construction zone to assure that none of the vehicles must slow
down because of backups from the construction =zone. In other
words, the counts are far enough upstream of the work zone and at
a location where nore of the drivers must reduce thelr speeds, You
must use good judgement in selecting the count location. Remember,
the backup may not take place until after you start coupting. So
be sure you leave enough distance for a certein amount of backup
to ocecur.

You will separate your counts into two groups: Cars (C} and
Trucks (T). The following vehicles will be counted as Cars and
recorded in the "C” colurn on Form Bl: cars, vans, pickup trucks,
and small trucks with 2 axles. Trucks with 3 or mcre axles and
buses will be counted as Trucks and recorded in the "T" column.

Data are recorded on Form Bl. Record the counts every 15
minutes. You should pot reset the counters until the end of the
2-hour study. Simply cummulate the counts. The counts can be made
and recorded by one person. Make sure you make a note on Form Bl
during each 1l5~minute period that the traffic queue comes near ycur
count station. Continue the counts until 9:00 a.m..

Entrance apd Exit Ramps

At construction sites where entrance and exit ramps are
located between count stations 1+Z (or 3+4) and 5 or 6, additional
persons must make traffic counts at the entrance and/or exit ramps
using Form Bl-Ramps. Follow the instructions given in paragraphs
3 and 4 in the above section on A.M. Peak Study 1, except use Form
Bl-Ramp.

A.M. PEAK ETUDY 2

Ansther person uses Form C to record (1) the length of queue
{backup) measured from the beginning of the lane closure (barricade
or cone taper}, and (2) the travel time through the construction
zone. You will use the car odometsr (mileage indicator) tc
determine the distance of the gueue, and your watch or a stop watch

Page 5 ol 8
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to determine the travel times. Starting &t 7:00 a.m. simply 3drive
your car in traffic in the heavy traffic Direction (See Form Bl1),
on one of the lanes. When you arrive at the tail end of the queue,
note and record (1] the odometer reading to the nearest one-tenth
of a mile and (2) the time on your watch to the nearest second.
{If you are using a stop watch turn the watch on at this point.)
If there is ne backup make a note a note on the Form. You must
have a record for every run.

Stay in the lane and move in traffic. When you reach the
beginning of the lane closure (taper), record (1) the odometer
reading and (2) the time or your watch or stop watch.

Drive through the construction zone. %hen you arrive at the
end of the lane closure record (1} the odometer reading and (2} the
tine.

Then turn around and travel in the opposite Direction. After
you pass the construction area and the backup in the heavy traffic
Direction, turn around &nd make another run in the heavy traffic
Direction in a different 1lane. Repeat the data collection
pracedure. However, each time you make a run, use a different
lane. That is drive lane 1 the first time, lane 2 the second time,
lane 1 the third, etc.

Continue this study until 9:00 a.m.

A.M. PEAK STUDY 3

Count the vehicles traveling past Station 5 or Station 6
{depending upon which lane is closed) during the 2-hour study
period. Use Form Bl to record the counts every 15 minutes. Be sure
you group the vehicles into fars (C) or Trucks (T) just like you
did in A.M. Peak Study 1. Position yourself so that you can see
whether vehicles are backing up because of the lane closure. Make
a note each 15-minute period to indicate whether vehicles were
backed up throughout the 15-minute period. There i1s a special
calumn on Form Bl to record information about whether queues are
present.

OFF-PRAK STUDY 1

Make the necessary measurements to complete Form A. It will
take two persons to make the measurements. Some distances such as
the width of a lane will be measured in feet and inches with a tape
measure; other distances such as the length of the lane closure
will be measured to the nearest one-tenth of a mile with the
odometer of your car,
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OFF-PEAK STUDY 2

Use Form D to sample the vehicle occupancy--the number of
people in the vehicles traveling on the highway. Collect Adata in
the heavy traffic Direction until you record 100 vehicles. As a
vehicle passes, count the number of people in the vehicle and place
2 check mark in the proper cell on Form C. You are going to be
sampling, therefore you do not have to record every vehicle that
passes. You might look at every third or fourth vehicle and recora
the number of people until you reach 100 vehicles. Remember to
record in the proper cell. There is a place for cars, vans, trucks
and buses.

After you record 100 vehicles, repeat thé study in the
opposite Direction. Again, record the vehicle occupancy for 100
vehicles,

P.M. PEAK STUDY 1

Starting at 4:00 p.m.,collect two hours of traific counts on
the highway in the direction of the peak traffic flow. This will
be at either Locstion 1+2 (See Form Bl) or Location 3+4 depending
upon which direction the peak traffic is going.

The counts must be made far enough before (upstream) the
construction zone so that none of the vehicles must slow down
because of backups from the construction zone. In other words, the
counts are far enough upstream of the work 2one and at a location
where none of the Arivers must reduce their speede. You must use
good Jjudgement in selecting the count location. Remember, the
backup may not take place until after you start counting. So be
sure you leave encugh distance for a certain amount of backup to
sccur.

Just like you did for A.M. Peak Study 1, you will peparate
your counts into two groups: Cars (C) and Trucks (7). The
following vehicles will be counted as Cars and recorded in the "C"
column on Form Bl: cars, vans, pickup trucks, and small trucks with
2 axles. Trucks with 3 or more axles and buses will be counted as
Trucks and recorded in the "T" colunn.

Data are recorded on Form Bl. Record the counts every 15
minuteas. You should pot reset the counters until the end of the
2-hour study. Simply cummulate the counts. The counts can be made
and recorded by one person. Make sure you make & nota on Form Bl
during each 15-minute period that the traffic queue comes near your
count station. Continue the counts until 6:00 p.m.
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Entrance _and Exit Ramps

At construction sites where entrance and exit ramps are
located between count stations 1+2 (or 3+4) and 5 or 6, additional
persons must make traffic counts at the entrance and/or exit ramps
using Form Bl-Remps. Follow the instructions given in paragraphs
3 and 4 in the above section on P.M. Peak Study 1, except use Form
Bl-Ramp.

P.M. PEAK STUDY 2

Another person uses Form C to record {1) the length of queue
(backup) measured from the beginning of the lane closure (barricade
or cone taper), and (2) the travel time through the construction
zone. You will use the car odometer (mileage indicator) to
determine the distance of the queue, and your watch or a stop watch
to determine the travel times. Starting at 4:00 p.m. simply drive
your car in traffic in the heavy traffic Direction (See Form B1)
on one of the lanes. When you arrive at the tail end of the queue,
note and record (1} the odometer reading to the nearest one—tenth
of a mile and (2) the time on your watch. (If you are using a stop
watch turn the watch on at this point.) If there is no backup make
a note on the Form. You must have a record for every run.

Stay in the lane and move in traffic. When you reach the
beginriing of the lane closure (taper}, record (1) the odometer
readini and (2) the time on your watch or stop watch,

Drive through the construction 2one, When you arrive at the
end of the lane closure record (1) the odometer reading and (2} the
time.

Then turn around and travel in the opposite Direction. After
you pass the construction area and the backup in the heavy traffic
Direction, turn around and make another run in the heavy traffic
Direction in a different lane. Repeat the data collection
procedure. However, each time you make a run, use a different
lane. That is drive lane 1 the first time, lane 2 the second time,
lane 1 the third. etc. Continue this study until 6:00 p.m.

P.M. PEAK STUDY 3

Count the vehicles traveling past Station 5 or Station 6
{depending upon which lene is closed) during the 2-hour study
periocd. Use Form Bl to record the counts every 15 minutes. Be sure
you group the vehicles into Cars (C) or Trucks (T) just like you
did in A.M. Peak Study 1. Position yourself so that you c¢an see
whether vehicles are backing up because of the lane closure. Make
a note each 15-minute period to indicate whether vehicles were
backed up throughout the 15-minute period. There is a special
column on Form Bl to record informetion about whether Queues are
present.
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10,
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12,
13.
14,
15,
16,

17.

18,

Form A--Slte characteristics.

Site #: Date

State:

Location {City, Highway):
feet {North South East West) (Circle One) Mile Marker No.

Type of traffic control (Single Lane Closure or Crossover):

Length J} single lane closure (Beginning of taper to end of lane
closure): miles (Direction 1)

Length of single lane closure (Beginning of taper to end of lane
closure):___ _ miles (Direction 2 for closures in both directions)

Length of crossover {Beginning of taper on the side closea for

censtruction to the location at the end of the crossover where the two
miles

Yanes begin again in the same direction):
Width of roadway at Station 5* {ncluding shoulaer: teet
Widtn of roadway at Station 6% including shoulder: feet

Width of roadway at Station 7* {ncluding shoutder:_ feet (for
closures in both directions)

Width of roadway at Station 8% including shoulder: feet (for
closures in both directions)

Width of normal highway lanes: _ _ feet
wWidth of shoulder next to lane i":____ feet
Width of shoulder next to lane 2%:_  feet
Width of median:__ ___ feet

Width of shoulder next to lane 3*:__ feet
Width of shoulder mext to lane 4*:_____feet

What type of traffic control device (concrete varriers, cones, barrels,

etc) 1s Deing used to separate the workers from traffic at the location
where there 1s only one lane?

What type of traffic control device (concrete barriers, cones, barrels,
etc) 15 being used to separate the two lanes of traffic at the location
where there are two lanes on one side?

In 2addition to the above, draw a sketch of the locatfon of all traffic
control devices, ramps, peginning and end of lane closures or crossovers,
etc.

* See Forms Bl & B2

Page 1 of 1
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Form D1-OP1--Traffic counts and queues

Form Bi1--Traffic counts and queuss
(SLC In both directions/direction 1)

(SLC In one directidn only).

FORX B) Sizep
Date Seary nt FORR B1-OP1 sttes
Location Rezorder. g State
tocatfon Recorder
Peak Period Direction
Peak Paricd Direction
AM Or PM?
e ——————e—]
AM or PM? L S T
AM or PM? ‘i_z__zém’m _____ NB SB 5
Do LAl | o BB WO
AM or PM? - = e é ______ 3.
—
— ] NE
AM ? = /74 SB & ;
or PM 1~ —<=—= 4 ———*—‘EB WB? AM or PM?7 Z_ = o _ X A R —— NB sB
1 _—= £B wo
E NTER READI
TiM cov EADING TIME COUNTER RE ADING
Beoim | Emg | 1*2 & 6 | asa [Quives Tima Time } 442 5 ° Queue ?
d YorN
clt|c T cjtrijc T Begin Eni
[ T [ T c T
|
Sheet_of 2

Deet__of 2
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Form B1-OP2--Tratfic counts and queues Form B2--Traffic counts and queues
(SLC in both directions/direction 2). (TLTWO).

FORX 82 Sites
date FCRR 81-0P2 Sites Dote_____ State
— e —— Sstace fon
Locatio Recarder
Location Recorder
Peak i
Peak Period i Direction eak  Period Dirsction
s— |
—_— NN AM oOr
AM or PM? _ _=_ _ > C‘Q_.__g
[~ 7 P
AM  or
[)
—— 8 | .- _3
AM o or PMT - — s S SSSSSES I
7 SR
TIME COUNTER READING TIME COUNTER READING
Time Time Queye ? Time Time - Queve ?
Begin End 7 8 3+4 Y or N Begin End Y 42 8 [ ] 3+ 4 Y or'N
c T cT < T [ T c T [ T [+ T {Time?}

Sheet_of 2 Sheet__of 2
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Form B2.Ramps--Trattic counts on entrance an

Date

Locat ten,

(SLC and TLTWO).

d exit ramps

FAME s
l RumrS 1 state,
Bezorder

(IS,

o

Pesk Petiod /u,-
o

0

OFrr

——
Raup :_\ Direction

\\

©CFF Rampr 4

d

On Ramr 8

[ TIME COUNTYER .READING

— Y OFF o4 Tg

Time Time OFF ey usye 2

Begin End  [RAnP A |Ramp 3Y@A~s c{lamP D |y o0 n
clrfelv)cvic | Tme

SMet__of 2

Form C--Travel #ime and queus lengths
(SLS and TLTWO).

FORR ( Site ¢
m"——_____ State
Locatfon Recordar
Olreactioy
[ 1]
€E WB
. Beginning of nd of
End of Queus Lana Closure iosure
Timn Lane |Odumatsr Time | Odcmerer Time Tims
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FORM D

Yehicle Dccupanc

Form D--Vehlclé cccupancy

(SLC and TLTWO).
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Site #

Lecation,

State

Recorders

+ Time of Day

NB SB EB wB

FIELD DATA COLLECTION INSTRUCTIONS
WEERDAY PEAR PERIODS
THO-LANE, TWO-WAY OPERATIONS

Period of Time

Field data collection ran be completed during a 2-day pericd
for Two- Lane, Two-Way Operation traffiec control plans when two
persons collect data, or during a 1-day period when three or more
persons collect data. Note: Ore additional person must be used for
every entrance (on) or exit (off) ramp where traffic counts must
be made.

Two-Person Crew

Data must be collected during the a.m. peak, off-peak and p.nm.
peak periods. Whether you start during the a.m. peak or p.m. peak
will be determined by your travel schedule., It is anticipated that
studies will be conducted at two construction sites in one week.
This requires that the studies begin at the first site during the
a.m. peak period on Monday. The studies at the second site will
begin during the p.m. peak on Wednesday.

During the a.m. and p.m. peak periods, data will be collected
for 2 consecutive hours. The a.m. peak period is from 7:00 a.m.
to 9:00 a.m. The p.m. peak period is from 4:00 p.m. to 6:00 p.m.
Off-peak hours for data collection are between 9:00 a.m. and 3:00

p.m.

Schedule A Schedule B
1. a.m. peak {(day 1) 1. p.m. peak (day 1)
2. olf-peak (day 1) 2. a.m. peak (day 2}
3. p.m. peak (day 1) 3. off-peak (day 2)
4. a.m. peak (day 2) 4. p.m. peak (day 2)
5. p.m. peak (day 2} 5. a.m. peak (day 3)

Page 2 identifies the specific studies and the schedule of the
studies that must be conducted.
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TWO-PERSON CREW

{Additional persons may be needed to count traffic on the
ramps)

Two-Lane, Two-Way Operation Studies Beginning During the A.M. Peak

1. Day 1: Conduct A.M. Study 1
2. Day 1: Conduct A.M. Study 2
3. Day 1: Conduct Off-Feak Study 1
4. Day 1: Conduct Off-Peak Study 2
5. Day 1: Conduct P.M. Study 1
6. Day 1: Conduct P.H. Study 2

7. Day 2: Conduct A.M. Study 3
8. Day 2: Conduct A.M. Study 2
9. Day 2: Conduct P.M. Study 3
10. Day 2: Conduct P.M. Study 2

Two-Lane, Two-Way Operatiorn Studies Beginning During The P.M. Peak

1. Day 1: Conduct P.MH, Study 1

2. Day 1: Conduct P.M. Study 2

3. Day 2: Conduct A.M. Study 1

4. Day 2: Conduct A.M. Study 2

5. Day 2: Conduct Off-Peak Study 1
6. Day 2: Conduct Off-Peak Study 2
7. Day 2: Conduct P.M. Study 3

8. Day 2: Conduct P.M. Study 2

9, Day 3: Conduct A.M. Study 3

10 Day 3: Conduct A.HM. Study 2
Page 2 of 9
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Three- ¢r More Person Crew

Data must be collected during the a.m. peak, off-peak and p.m.
peak periods. It is preferred that data collection start 3uring the
a.m. peak period so that data can be collected at a site during one
day, eliminating the need to spend a night in a motel or making an
extra +trip to the work site. However, if necessary, data
collection can begin during the off-peak or p.m. peak period. The
following schedules apply:

(Preferred)

Schedule A Schedule B Schedule €
1. a.m. peak (day 1} 1. off-pesk {(day 1) 1. p.m. peak {day 1)
2. off-peak {day 1} 2. p.m. peuk {day 1) 2. a.m. peak {(day 2}
3. p.m. peak (day 1) 3. a.m. peck {day 2) 3. off-peak (day 2}

During the a.m. and p.m. peak periods, data should be
collected for 2 comsecutive hours. The a.m. peak period is from
7:00 a.m. to 9:00 a.m. The p.m. peak period is from 4:00 p.m. to
6:00 p.m. Off-peak hours for data collection are between 9:00 a.m.
and 3:00 p.m.

Page 4 identifies the specific studies and the schedule of the
studies that must be conducted.
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THREE- OR MORE PERSON CREW

{Additional persons may be needed to count traffic on the
ramps)

Two-Lane, Two-Way Operation Studies BeainniningDuring TheA.M. Peak

(Preferred)

1. Day 1: Conduct A.M. Study 1
2. Day 1: Conduct A.M. Study 2
3. Day 1: Conduct A.M. Study 3
4. Day 1: Conduct Off-Peak Study 1
5. Day 1: Conduct Off-Peak Study 2
6. Day 1: Conduct P.M. Study 1
7. Day 1: Conduct P.M. Study 2
8. Day 1: Conduct P.M. Study 3

Two-Lane, Two-Way Operation Studies Beginning Duyring The Off-Peak
(Optional)

1. Day 1: Conduct Off-Peak Study 1
2. Day 1: Conduct Off-Peak Study 2
3. Dey 1l: Conduct P.M. Study 1
4. Day 1: Conduct P.M, Study 2
5. Day 1: Conduct P.M. Study 3
6 Day 2: Conduct A.M. Study 1
7. Day 2: Conduct A.M. Study 2
8 Day 2: Conduct A.M, Study 3

Two-Lane, Two-Way Operation Studies Beginning During The P.M. Peak
{Cptional)

1. Day 1l: Conduct P.M, Study 1
2 Day 1: Conduct P.M. Study 2
3. Day 1: Conduct P.M. Study 3

4 2: Conduct A.M. Study 1
5. 2: Conduct A.M. Study 2
6. Day 2: Conduct A.M. Study 3
7 2: Conduct Off-Peak Study 1
8 2: Conduct Off-Peak Study 2

Page 4 of 9
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TWO-LANE, TWO-WAY OPERATTON STUDY DETAILS

A.M. PEAK STUDY 1

Starting at 7:00 a.m., collect two hours of traffic counts on
the highway in the direction of the peak traffic flow. This will
be at either Location 142 or Location 3+4 in the Northbound,
Southbound, Eastbound, or Westbound heavy traffic Direction,
whichever applies (See Form B2}.

The counts must be made far enough before (upstream) the
construction zone to assure that none of the vehicles must slow
down because of backups from the construction zone. In other
words, the counts are far enough upstream of the work zone and at
a location where none of the drivers must reduce their speeds. You
must use good judgement in selecting the count location. Remember,
the backup may not take place until after you start counting. So
be sure you lemve enough distance for a certain amount of backup
to occur.

You will separate your counts into two groups: Cars (C) and
Trucks (T). The following vehicles will be counted as Cars and
recorded in the "C" column on Form B2: cars, vans, pickup trucks,
and small trucks with 2 axles. Trurks with 3 or more axles and
buses will be counted as Trucks and recorded in the "T" column.

Data are recorded on Form B2. Record the counts every 15
minutes. You should not reset the counters until the end of the
2-hour study. Simply cummulate the counts. The counts can be made
and recorded by one person. Hake sure you make 8 note on Form B2
during each 15-minute period that the traffic qQueue comes near your
count station. Continue the counts until 9:00 a.m.

Entrance and Exit Ramps

At construction sites where entrance and exit ramps are
located between count stations 1+2 (or 3+d) and 5 or 6, additional
persons must make traffic counts at the entrance and/or exit ramps
using Form B2-Ramps. Follow the instructions given in paragraphs
3 and 4 in the above section on A.M. Peak Study 1, except use Form
B2-Ramp.

A.M. PEAK STUDY 2

The second person uses Form C to record (1) the length of queue
{backup) measured from the beginning of the lane closure (barricade
or cone taper), and (2) the travel time through the construction
zone. You will use the car odometer (mileage indicator) to
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determine the distance of the queue, and your watch or & stop watch
to determine the travel times. Starting at 7:00 a.m. simply drive
your car in traffic in the heavy traffic pirection {See Form B2)
on one of the lanes. When you arrive at the tail end of the queue,
note and record (1) the odometer reading to the nearest one-tenth
of a mile and (2) the time on your watch to the nearest second.
(If you are using a stop watch turn the watch on at this point.)
If there is no backup make a note a note on the Form. You must
have a record for every run.

Stay in the lane and move in traffic. When you reach the
beginning of the lane e¢losure (taper), record (1) the odometer
reading and (2) the time on your watch or stop watch.

Drive through the construction zone. When you arrive at the
end of the lane closure record (1) the odometer reading and (2) the

time.

Then turn around and travel in the opposite.Dire?tion. Colleqt
and record the same type data in the opposite Direction as you did
in the heavy traffic Directior.

After you pass through the lame closure in the oppcsige
Direction, turn arocund and make another run in the heavy traffic
Direction in a different lane. Repeat the data collection
procedure. However, each time you make a run, use a difte{ent
lane. That is drive lane 1 the first time, lane 2 the second time,
lane 1 the third, etc.

Continue this study until 9:00 a.m.

A.M. PEAK STUDY 3

Count the vehicles traveling past Station 5 or Station &
{depending upon which lane is clos2d) during the 2-hour study
period. Use Form B2 to record iile counts every 15 minutes. Be sure
you group the vehicles into Cars (C) or Trucks (T} just like you
did in A.M. Peak Study 1. Position yourself so that you can see
whether vehicles are backing up because of the lane closure. Make
a note each 15-minute period to indicate whether vehicles were
backed up throughout the 15-minute period. There is & special
column on Form B2 to record information about whether queues are

present.

OFF-PEAK STUDY 1

Make the necessary measurements to complete Form A. It will
take two persons to make the measurements. Scme distances such as
the width of a lane will be meacured in feet and inches with a tape
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measure; other distances such as the length of the lane closure
will be measured toc the nearest one—tenth of a mile with the
odometer of your car.

OFF-PBAK STUDY 2

Use Form D to sample the vehicle occupancy--the number of
people in the vehicles traveling on the highway. Collect data ir
the heavy traffic Direction until you record 100 vehicles. 2As a
vehicle passes, count the number of people in the vehicle and place
a check mark in the proper cell on Form C. Yeou are going to be
sanpling, therefore you do not have to record every vehicle that
passes. You might lcok at every third or fourth vehicle and record
the number of people until you reach 100 vehicles. Remember to
record in the proper cell. There is a place for cars, vans, trucks
and buses.

After you record 100 wvehicles, repest the study in the
opposite Direction. Again, record the vehicle occupancy for 100
vehicles.

P.M. PEAK STUDY 1

Starting at 4:00 p.m.,collect two hours of traffic counts on
the highway in the direction of the peak t-affic floew. This will
be at eithcy Location 142 (See Form B2) or Loca-ior 3+4 depending
upon which direction the peak traffic is going.

The counts must be made far enough before (upstirear) the
construction zone so that none of the vehicles must slow down
because of backups from the construction zone. In other words, the
counts are far enough upstream of the work zone and at a location

where none of the drivers must reduce their speeds. You must use

good judgement in selecting the count location. Remember, the
backup may not take place until after you start counting. Sc be
sure you leave enough distance for a certain amount of backup to
occur.

Just like you qAid for A.M. Peak Study 1, you will separate
your counts into two groups: Cars {C) and Trucks (T). The
following vehicles will be counted as Cars and recorded in the "C"
column on Form B2: cars, vans, pickup trucks, and small trucks with
2 axles. Trucks with 3 or more axles and buses will be counted as
Trucks and recorded in the "T" column.

Data are recorded on Form B2. Record the counts every 15
minutes. You should not reset the counters until the end of the
2-hour study. Simply cummulate the counts. The counts can be made
and reccorded by one person. Make sure you make a note on Form B2
during each 15-minute period that the traffic queue comes near your
count station. Continue the counts until 6:C0 p.m.

Page 7 of 9
7/1/87



LPT

Entrance and Exit Ramps

At construction sites where entrance and exit ramps are
located between count stations 1+2 (or 3+4) and 5 or 6, additional
persons must make traffic counts at the entrance and/or exit ranps
using Form B2-Ramps. Follow the instructions given in paragraphs
3 and 4 in the above segction on A.M. Peak Study 1, except use Form
B2-Ramp.

P.M. PEAK STUDY 2

The second person uses Form € to record (1) the length of queue
(backup) measured from the beginning of the lane closure (barricade
or cone taper), and (2) the travel time through tiie construction
zZone. You will use the car odometer (mileage indicater) to
determine the distance of the queue, and your watch or a stop watch
to determine the travel times. Starting at 4:00 p.m. simply drive
your car in traffic in the heavy traffic Direction (See Form B2)
on one of the lanes. When you arrive at the tail end of the queue,
note and record (1) the odometer reading to the nearest one-tenth
of a mile and (2) the time on your watch. [If you are using a stop
watch turn the watch on at this point.) If there is ne backup make
a note on the Form. You must have a record for every run.

Stay in the lane and move in traffic. When you reach the
beginning of the lane closure (taper), record (1} the odometer
reading and (2) the time on your watch or stop watch.

Drive through the construction zone. When you arrive at the
end of the lane closure record (1) the odometer reading and (2) the
time.

Then turn around and travel in the opposite Direction. Collect
and record the same data in the opposite Directicn as you did for
the heavy traffic Direction.

After you pass the construction area and the backup in the
heavy traffic Direction., turn around and make another zun in the
heavy traffic Direction in a different lane. Repeat the data
collection procedure. However, each time you make & run, use a
different lane. That is drive lane 1 the first time, lane 2 the
second time, lane 1 the third, et¢. Continue this study until 6:00
p.m.

P.M. PEAK STUDY 3

Count the vehicles traveling past Station 5 or Station 6
(depending upon which lane is closed) AQuring the 2-hour study
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period. Use Form B2 to record the counts every 15 minutes. Bé sure
you group the vehicles into Cars (€) or Trucks (T) just like you
did in A.M. Peak Study 1. Position yourself so that you can se&
whether vehicles are backing up because of the lane closure. Hake
A note each 15-minute period to indicate whether vehicles were
backed up throughout the 15-minute period. There is a special
column on Form B2 to record informatlion about whether queues are
present.
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FIELD DATA COLLECTION INSTRUCTIONS
WEEKDAY OFF-FEAK
SINGLE-LANE CLOSURES

Offpeak Single-Lane Closure Studies

There will be some study construction sites (for example,
paverent overlay projects) where because o¢f the type of
construction and the extremely high traffic volumes during the
morning and afternoon peak periods, traffic lanes are closed only
during off-peak periods. Therefore data will be collected only
during the off-peak periods on weekdays. A_mipimur of three
persons are reguired to conduct the cff-peak studies, Additiongl
persons are required if traffic counts must he made at entrance

on} and exit (off anps.

Period of Time

Field data will be collected on weekdays after the morning
peak period but before the . afternoon peak period begins. The
starting time may be different at each study site; however, it is
expected that the study will be conducted sonewhere between 9 a.m.
and 4 p.m. Dr. Dudek will determine the starting time for ecach
weekday study. You are to contact him for instructions.

Lane Closure In One Direction Only

1. Travel To Study 5Site

2.Conduct Weekday Off-Peak Study 1
3.Conduct Weekday Off-Peak Study 2
Conduct Weekday Off-Peak Study 3
Conduct Weekday Off-Peak Study 4
Conduct Weekday Off-Peak Study 5
. Return Hone

~N o e

‘Lane Closures In Both Directions

1. Travel To Study Site

2.Conduct Weekday Off-Peak Study 6
3.Conduct Weekday Off-Peak Study 7

4. Conduct Weekday Off-Peak Study 8
5. Conduct Weekday Off-Peak Study 9
6. Conduct Heekday Off-Peak Study 10
7. Conduct Weekday Off-Peak Study 11
8. Conduct Weekday Off-Peak Study 12
9. Conduct Weekday Off-Peak Study 13
10. Return Home
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OFF-PEAK SINGLE-LANE CLOSURE STUDY DETAILS

LANE CLOSURE IN ONE DIRECTION ONLY
WEERKDAY OFF-PEAR STUDY 1

Starting at a time specified by Dr. Conrad L. Dudek, collect
two or three hours (es specified by Dr. Dudek) of traffic counts
on the highway in the closed lane direction. This will be at
location 1+2 in the Northbound, Southbound, Eastbound, or Westbound
lane closure Direction, whichever applies (See Form Bl).

The counts 1.ust be made far enough before (upstrean) the
censtruction zone to assure that none of the vehicles nmust slow
down because of Hackups from the constructior. zone. In other
words, the counts are far enough upstream of -the work zore and at
a location where none of the drivers must reduce their speeds. You
must use good judgemernt in selectirg the count location. Pemember,
the backup may nat take place until after you start counting. Sc
be sure you leave erough distance for a certairn amount of backup
to occur.

You will separate your counts into twe groups: Care {(C) ard
Trucks (T). The following vehicles will be counted as Cars ancé
recorded in the "C" cclurn on Form Bl: cars, vans, pickup trucks,
and small trucke with 2 axles. Trucks with 3 or more axles and
buses will be counted as Trucks and recorded in the "T" column.

Data are recordéded or Form Bl. Record the counts every 1%
minutes. You should pot reset the counters until the end of the
2- or 3-hour study. Simply cummulate the counts. The ccunts can
be made and recorded by one person. Make sure you maks a note orn
Form Bl during each 15-minute period that the traffic queucs comes
near your count station. Continue the counts until the 2- or
3-hour study period has ended.

Entsance and Exit Rarps

At conctruction sites where entrance and exit rarps are
located between count stations 1+2 (or 3+4} and 5 or 6, additionel
persons must make traffic counts at the entrance and/or exit rarps
using Form Bl-Ramps. Foilew the instructions given in paragraphs
3 and 4 in the above section on Weekday Off- Peafl Study 1, excep:
use Form Bl-Ramp.

WEEKDAY OFF-PEAK STUDY 2
The second person uses Form € to record (1) the length of queue
{backup) measured fror the beginning of the lane closure (barricade

or cone taper), and (2) the travel time through the construction
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zone. You will use the car odometer (rileage indicator) tc
detevrrine the distance of the queue, and your watch or a stop watch
to deterrine the travel times. Starting at the time specified by
Dr. Dudek, simply drive your car ir traffic in the closed lane
Direction (See Form Bl), on one of the lanes. When you errive at
the tail end cf the queue, note and record (1) the odometer reading
to the rnearest one- tenth of a mile and {2) the time onh your watch

to the nearest second. {If you are using a stop watch turn the
watch on at this point.) If there is no backup make a note on the
For:. You must have a record for every run.

Stay in the lane and move in traffic. When you reach the
beginring of the lane closure (taper), record (1) the odometer
reading and {(2) the time on your watch or stop watch.

Drive through the construction zone. When you arrive at the
end of the lane closure, record (1) the odometer reacing and (2)
the time.

Then turn around and travel in the opposite Direction. After
you pass the construction area and the backup in the closed lane

Direction, turn around and make another run in the closed lane
Direction in a different lane. Repeat the data collection
procedure. However, each time you make a run, use a different

lane. That is drive lane 1 the first tire, lane 2 the second tine,
lane 1 the third, etc.

Continue this study until the end of the 2- or 3-hour period.
WEERDAY OFF-PEAK STUDY 3

. The third person will count the vehicles traveling past
Station 5 or Station 6 (depending upon which lane is closed) during
the 2- or 3~hour study period. Use Form Bl to record the counts
every 15 minutes. Be sure you group the vehicles into Cars (C) or
Trucks (T) Jjust like Weekday Off-Peak Study 1. Position yourself
so that you can see whether vehicles are backing up because of the
lane closure. Make a note each 15-rirute period to indicate
whether vehicles were backed up throughout the 15-minute period.
There is a special colurn on Form Bl to record informatior about
the Queues.

WEERDAY OFF-PEAK STUDY 4

Starting at a time specified by Dr. Dudek, make the necessary
measurements to complete Form A. It will take two persons to make
the measurements. Some distances such as the width of a lane will
be measured in feet and inches with e tape measure; other
distances such as the length of the lane ¢losure will be measured
to the nearest one~tenth of a mile with the odometer of your car.
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WEEKDAY OFF-PEAR STUDY 5°

Starting at a time specified by Dr. Dudek, one person can
sample the vehicle occuparncy--the number of people in the vekicles
traveling on the highway using Form D. Colliect Gata ir the closed
lane Direction until you recor@ 10C vehicles. As a vehicle
passes, count the number of people in the vehicle and place & check
mark in the proper cell on Form €. You are going to be sampling,
therefore you do not Lave to record every vehicle that passes. You
might look at every third or fourth vehicle and record the number
of people until you reack 100 vehicles. Remember to recorZ ir the
preper cell. There is a place for csrs, vans, trucks and tuses.

After you rccord 100 vehicles, conduct the same study in the

opposite Direction. MAgain, record the vehicle occupancy for 100
vehicles.

LANE-CLOSURES IN BOTH DIRECTIONS

WEERDAY OFF-PEAK STUDY 6

Starting at a time specified by Dr. Conrad L. Dudek, zcllect
two or three hours (as specified by Dr. Dudek) of traffic counts
or the highway in one direction (Let's refer to it as Direction 1.
This  will be at Location 1+2 in the Northbound, Southbound,
Eastbound, or Westbound lane closure Direction, whichever applies.
You will use Form B1-OP1.

The counts must be made far enough before (upstrear} the
construction zone to assure that none of the vekicles must slow
down becauce of backups from the construction 2zone. Ir other
words, the counts are far enough upstrear of the work zone and at
a location where none of the drivers must reduce their speeds. You
must use good judgement in selecting the count location. Rermenber,
the backup may not take place until after you start counting. 5o
be sure you leave enough distance for a certain amount of backup
to occur.

You will separate your counts into two .groups: Cars (C) and
Trucks (T). The following vehicles will be counted as Cars and
recorded in the "C" column on Form B1-OPl: cars, vans, pickup
trucks, and small trucks with 2 axles, Trucks with 3 or nmore axlet
and buses will be counted as Trucks and recordec¢ in the "T" column.

Data are recorded on FPorm B1-OP1. Record the counts every 15
minutes. You should pot reset the counters until the end of the
2-hour study. Simply cummulate the counts. The counts can be made
and recorded by one person. Make sure you make a note on Fornm B1
during each 15~minute period that the traffic queue comes near your
counit =tation.
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Repreduced from
best available copy.

Continue the counts until thz 222 ¢f the 2~ or 2-houwr perics.

Entrarnce and Exit Rarmps

At construction sites where entrance and exit ramps ars
located betweer ccunt stations 1+2 and 5 or 6, additional persons
must make traffic counts at the entrance and/or exit ramps using
Form Bl-Ramp. Fclilow the instructions given in paragrapbe 3 and
d in the above secticn or Weekday Off-Pecak Study 6, except use Forn
Bl-Ramp.

WEERDAY OFF-PEAK STUDY 7

The second person uses Form C to record (1) the length of gueue
{backup) measured frox the beginning of the lane closure [(barricade
or cone taper), and (2) the travel time through the coastruction
zone. You will wuse the car odometer (rileage indicater) to
determine the distance of the queue, and your watch or a stop watch
to determinc the travel tires. Starting at a tire specified by Dr.
Dudek, simply drive your car in traffic in one direction (let's
call it Direction 1) or one of the lanes. When you arrive at the
tail end of the queue, note and record {1} the odoneter reading to
the nearest cne- tenth of a mile and (2) the tire on your watch to
the neerest second. (If ycu are using a stop watch turn the watch
orn at this point.) If there is no backup nmake a note orn the Fornm.
You nust have a reccrd for evVery run.

Stay ir the lane anéd move in traffic. When you reach the
beginring of the lane clcsure (taper), record (1) the cdometer
reading and (2) the time on your watch or stop watch.

Drive through the constructicn zone. When you arrive at the
end of the lane closure, record (1) the odoreter reading and ({2)
the tire.

Ther turr arcund and travel ir the opposite Direction.
Collect and record the same type datz in the opposite Direction as
ycu did in Direction 1. Drive ycur car in traffic in the opposite
Direction (See Fcrr. B1-0OPZ) on cone of the lanes. When you arrive
at the tail end of the gqueue, ncte and record (1) the odometer
reading to the rearest one-tenth of a rile and (2) the time on your
watch to the nearest secend. {If ycu are using a stop watch turn
the watch on at this poirnt.) If there ie no backup make a note a
note on the Form. You must have a record for every run.

Stay in the lane and move ir traffic. When you reach the
beginning of the lane clesure {taper), recerd (1) the odometer
reading and (2) the time on your watch or stop watch.

Drive through the construction zone. When you arrive at the
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end of the lane closure recerd (1) the odcreter reading and (2) the
tire.

After you pass through the lane closure in the opposite
Direction, turn arcund ané make arncther run in Direction 1 in a
different lane. Repeat thé data collecticr procedure. However,
each tirme ycu rake a run, use a different lane. That is drive lane
1 the first tire, lane 2 the second rize, 2ane 1 the thizd, etc.

contirnue thik study until the 2- or 3-hour period ends.
WEERDAY OFF-PEARK STUDY 8

The third perscn counts the vehicles traveling past Station
5 or Station 6 (deperding upor which lane is closed! during the 2-
or 3-hour study period. Use Form B1-OPl tc record the counts every
1% rminutes. Be sure you group the vehicles inte Cars {(C) or Trucks
(T) just like ip Study 6. Position yourself so that you .can see
whether vehicles ere backing up beczuse of the lan¢ ciosure. Make
a note each 15-minute period to indicate whether vehicles were
out the 15-rinute peried. There is & special
coluxr on For:m Bl to record informeticn about whether queues are
present.

WEEFDAY OFF-PEARK STUDY 9

Make the necessary measurements to cenplete Form A. It wiil
take twWwo persons to meke the measurements. Some distances sucl as
the width of a lare will be meacsured In feet and inches with a tape
measure; other distances such as the length of the lene closure
#ill he meascred to the nezrest one-tenth of a mils with the

odometer of your car.

WEERDAY OFF-PEAK STUDY 10

Use Form D to sample the vehicle oceuparncy--+he nurmber of
reople ir the vehicles traveling on the highway. Coliect date ixn
Direction 1 until you record 10C vehicles. As a vehicle passes,
count the nurber of people in the vehicle arnd plaece a check nark
in the proper cell on Form C. ¥ou are going to be sanmpling,
therefore you do not have te recerd every vehicle that passes. You
right look at every third or fcurth vehicle and recoré the number
of people until you reach 100 vehicles, Remember to record in the
proper cell. There is a place for cars, vans, trucks and buses.

After you record 100 vehicles, repeat the study in the
opposite Direction . Again, reccrd the vehicle occupancy for 100
vekicles.
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WEEKDAY OFF-PEAK STUDY 11

Starting at a time specified by Dr. Cecnraé L. Dudek, coliect
two or three hours {as specified by Dr. Dudek%) of treffic counts
or. the highway in the opposite Direction. This will be at Location
3+4 in the Northbound, Scuthbound, Eastbound, or Westbound lane
closure Direction, whichever applies. You wild use Form B1-OP2.

The counts nust be made far enough before {upstream) the
construction zone to assure that norne of the vehicles must slcw
down because o0f backups fror the construction zone. In other
words, the counts are far enough upstreacr of the work zone and at
a lccation whare none of the drivers must reduce their speeds. You
must use good judgerent in selecting the covnt locatiorn. Remerber,
the backup may not take place until after you starrt counting. So
be sure you leave enoughk distance for a certain amount of backup
to occur.

You will separate your counts into two groups: Cars (C} and
Trucks (T). The following vehicles will be counted as Cars and
rzcorded in the "“C" column on Form Bl-OP2: cars, vans, pickup
trucks, and small trucks with 2 axles. Trucks with 3 or mere axles
and buses will be counted as Trucke and recorded in the "T" column.

Data are recorded on Form Bl1-OP2. Record the counte every 15
minutes. You shculd pot reset the counters until the end of the
2-hour study. Sirply cummulate the counts. The counts can be made
and recordec by one person. Make sure you make a note on Fornm Bl
during each 15-minute period that the traffic queue comes near your
count station.

Continue the counts untilthe end of the 2- or 3~hour period.

Entrance and Exit Ramps

At construction sites where entrance and exit ramps are
located between count stations 3+4 and 7 or 8, additionzl persons
must make traffic counts at the entrance and/or exit rawmps using
Form Bl-Ranmp. Follow the instructions given in paragraphs 3 ané
4 in the above section on Weekday Off-Peak Study 11, except use
Form Bl-Ramp.

WEEKDAY OFF-PEAK STUDY 12

The second person uses Form C to record (1) the length of quzue
(backup) measured from the beginning of the lane closure (barricade
or cone taper}, and (2) the travel time through the construction
zone. You will wuse the car odometer {mileage indicator) to
determine the distance of the queue, and your watch or a stop watch
to determine the travel times. Starting at a time specified by Dr.
Dudek, simply drive your car in traffic in the opposite Direction
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on one of the lanes. When you arrive at the tail end of the qu=zue,
note and record (1)} the odometer reacing to the nearest one-tenth
of a mile and (2} the time on ycur watech tc the nearest second.
(If you are using a stop watch turn the watch on at this point.)
If there is nc backup make & note on the Form. You must have a
recerd for every run.

Stay in the lane and move in traffic. Wher you reach the
ng of the lane clesure (taper), record (1) the odometer
and (2) the time or your wazch or stop watch.

begin
reading

Orive through the construction zorne. When you arrive at the
2nd of the lane closure, record (i1} the odormeter reading and {2}
the time.

Then turr arcuné and travel in Direction 1. Collect and
record th: sane type data in the Direction 1 as you did in opposite
Direction. Drive your car in traffic in the Direction 1 (See Form
Bi~OPl) on one of the lanes. When you arrive at the tail end of
the queuc, note and record (1) the odcmeter reading to the nearest
or.e-tenth of a mile and (2) the iire on your watch to the nearest
second. {If you are using a stop watch turn the watch or at this
poirt.} If there is no backup make a nete a note on the Ferm. You
must have a record for every run.

Stay in the lane ané move in traffic. . When ycu reach the
beginning of the lane closure (taper), record (1) the odometer
reacding and (2) the time on your watch or-stop watch.

Drive through the construction zone. When you arrive at the
enc of the lare closure record (1] the odometer reading and (2) the
tire.

hfter you pass through the lane closure in the Direction'l,
tury arournd ané xake another run in the opposite Direction ir a
different lane. Repeat the data collection procecure. However,
each time you rake a run, use a different lane. That is drive lane
1 the first time, lane 2 the second tine, lane 1 the third, etc.

Continue this study until the 2- or 3-hour period ends.
WEERDAY OFF-PEAR STUDY 13

The third perscr counts the vehicles traveling past Station
7 or Station 8 (depending upon which lare is closed) during the 2~
oxr 3-hour study period. Use Form B1-OP2 to record the counts every
15 minutes. Be sure ycu group the vehicles into Cars (C) or Trucks
{T} just like in Study 11. Position yourseif so that you caL sce
whether vehicles are backing up because of the lane closure. Meke
a note each 15-minute period to indicate whether vehicles were
backed up throughout the 1S-minute period. There is a special
colunn on Form Bl to record information whether queues are present.
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FIELD DATA COLLECTION INSTRUCTIONS
WEEKEND
SINGLE LANE CLOSURES

Weekend Studies

There will be some study construction sites where the peak
traffic periods occur on weekends--Friday afternoons and evenings
with traffic moving away from large cities, and Sunday afternoons
and evenings with traffic moving toward the 1large cities.
Therefore data will be collected on Friday and Sunday at these
sites, rather than during the week. Also, three people will be
required to collect data on weekends. Note: One additional person
must be used for every entrance (on) or exit (off) ramp where
traffic counts must be made.

Period of Time

Field data will be collected on Friday afternoon and evening
and on Sunday afternoon and evening for Single Lane Closure traffic
control plans. The starting time may be different at each study
site; however, it is expected that the study will be conducted
somewhere between 3 p.m. and 8 p.m. Dr. Dudek will determine the
starting time for each weekend study. You are to contact him for
instructiens.

Lane Closure In The Outbound Direction

1. Travel To Study Site

2. Conduct Friday Off-Peak Study 1
3. Conduct Friday Off-Peak Study 2
4. Conduct Friday Peak Study 1

5. Conduct Friday Peak Study 2

6. Conduct Friday Peak Study 3

7. Return Home

Lane Closure In The Inbound Direction

1. Travel To Study Site

2. Conduct Sunday Off-Peak Study 1
3. Conduct Sunday Off-Peak Study 2
4. Conduct Sunday Peak Study 1

5. Conduct Sunday Peak Study 2

6. Conduct Sunday Peak Study 3

7. Return Home
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WEEKEND
SINGLE LANE CLOSURE STUDY DETAXLS

FRIDAY PEAR STUDY 1

Starting at a time specifjed by Dr. Conrad L. Dudek, collect
two or three hours (as specified by Dr. Dudek) of traffic counts
on the highway in the direction of the peak traffic flow. This
will be at either Location 142 or Location 3+4 in the Northbound,
Southbound, Eastbound, or Westbound heavy traffic Direction,
whichever applies {See Form Bl).

The counts must be made far enough before (upstream) the
construction 2one to assure that none of the vehicles must slow
down because of backups from the construction zone. In other
words, the counts are far enough upstream of the work zone and at
a location where none of the drivers must reduce their speeds. You
must use good judgement in selecting the count location. Remember,
the backup may not take place until after you start counting. 8o
be sure you leave enough distance for a certain amount of backup
to occur.

You will separate your counts into two groups: Cars (C)} and
Trucks (T). The following vehicles will be counted as Cars and
recorded in the "C" column on Form Bl: cars, vans, pickup trucks,
and small trucks with 2 axles. Trucks with 3 or more axles and
buses will be counted as Trucks and recorded in the "T" column.

Data are recorded on Form Bl. Record the counts ‘every 15
minutes. You should pot reset the counters until the end of the
2- or 3-hour study. Simply cunmulate the counts. The counts can
be made and recorded by one person. Make sure you make a note on
Form Bl during each 15-minute period that the traffic queue comes
near your count station. Continue the counts until the 2- or
3-hour study period has ended.

FRIDAY PEAK STUDY 2

The second person uses Form C to record (1) the length of queuve
{backup) measured from the beginning of the lane closure (barricade
or cone taper), and (2) the travel time through the construction
zone. You will use the car odometer ({(mileage indicator) to
deternine the distance of the queue, and your watch or a stop watch
to determine the travel times. Starting at the time specified by
Dr. Dudek, simply drive your car in traffic in the heavy traffic
Direction (See Form Bl), on one of the lanes. When you arrive at
the tail end of the queue, note and record (1) the odometer reading
to the nearest one- tenth of a mile and (2) the time on your watch
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to the nearest second. {If you are using a stop watch turn the
watch on at this point.) If there is no backup make a note a note
on the Form. You must have a record for every run.

Stay in the lane and move in traffic. Wwhen you reach the
beginning of the lane closure (taper), record (1) the odometer
reading and (2) the time on your watch or stop watch.

Drive through the construction zone. When you arrive at the
end of the lane closure record (1) the odometer reading and (2} the
time.

Then turn around and travel in the opposite Direction. After
you pass the construction area and the backup in the heavy traffic
Direction, turn around and make another run in the heavy traffic
Direction in a different 1lane. Repeat the data collection
procedure. However, each time you make a run, use a different
lane. That is drive lane 1 the first time, lane 2 the second time,
lane 1 the third, etc.

Continue this study until the end of the 2- or 3-hour period.

FRIDAY PEAK STUDY 3

The third person will count the vehicles traveling past
Station 5 or Station 6 (depending upon which lane is closed) during
the 2- or 3-hour study period. Use Form Bl to record the counts
every 15 minutes. Be sure you group the vehicles into Cars (C) or
Trucks (T} Jjust like you did in during Friday Peak Study 1.
Position yourself so that you can see whether vehicles are backing
up because of the lane closure. Hake a note each 15-minute period
to indicate whether vehicles were backed up throughout the
15-minute perjod. There is a special columm on Form Bl to record
information about the queues.

FRIDAY OR SUNDAY OFF-PRAK STUDY 1

Starting at a time specified by Dr. Dudek, make the necessary
measurements to complete Form A. It will take two persons to make
the measurements. Some distances such as the width of 2 lane will
be measured in feet and inches with a tape measurs; other
distances such as the length of the lane closure will be measured
to the nearest one-tenth of a mile with the odometer of your car.
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FRIDAY OR SUNDAY OFF-PEAK STUDY 2

Starting at a time specified by Dr. Dudek, use Form C to
sample the vehicle occupancy--the number of people in the vehicles
traveling on the highway. Collect data in the heavy traffic
Direction until you record 100 vehicles. As a vehicle passes,
count the number of people in the vehicle and place a check mark
in the proper cell on Form C. You are going to be sampling,
therefore you do not have to record every vehicle that passes. You
might look at every third or fourth vehicle and record the number
of people until you reach 100 vehicles. Remember to record in the
proper cell. There is a place for cars, vans, trucks and buses.

After you record 100 vehicles, repeat the study in the
opposite Direction. Again, record the vehicle occupancy for 100
vehicles.

SUNDAY PEAK STUDY 1

Starting at a time specified by Dr. Dudek, collect two or
three hours (specified by Dr. Dudek) of traffic counts on the
highway in the direction of the peak traffic flow. This will be
at either Location 1+2 (See Form Bl) or Location 3+4 depending upon
which direction the peak traffic is going.

The counts must be made far enough before (upstream) the
construction zone so that none of the vehicles must slow down
because of backups from the construction Zone. In other words, the
counts are far enough upstream of the work 2one and at a location
where none of the drivers must reduce their speeds. You must use
good judgement in selecting the count location. Remember, the
backup may not take place until after you start counting. S35 be
sure you leave enough distance for a certain amount of backup to
occur,

Just like you did for Friday Peak Study 1, you will separate
your counts into two groups: Cars (C) and Trucks (T). The
following vehicles will be counted as Cars and recorded Jn the "C"
colunn on Form Bl: cars, vans, pickup trucks, and small *trucks with
2 axles. Trucks with 3 or more axles and buses will r= counted as’
Trucks and recorded in the "T" column.

Data are recorded on Form Bl, Record the couats every 15
minutes. You should pot reset the counters until the end of the
2- or 3«hour study. Simply cummulate the counts. The counts can
be made and recorded by one person, Make sure you make a note on
Form Bl during each 15-minute period that the traffic gueue comes
near your count station. Continue the counts until the 2- or
3-hour period is over.
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SUNDAY PEAR STUDY 2

The second person uses Form C to record (1) the length of queue
{backup) measured from the beginning of the lane closure (barricade
or cone taper), and (2) the travel time through the construction
zone. You will use the car odemeter {mileage indicator) to
determine the distance of the queue, and your watch or a stop watch
to determine the travel times. Starting at the time specified by
Dr. Dudek, simply drive your car in traffic in the heavy traffic
Direction (See Form Bl) on one of the lanes. When You arrive at
the tail end of the queue, note and record {1} the ocdometer reading
to the nearest one~ tenth of s mile and (2) the time on your watch.
(If you are using 8 stop watch turn the watch on at this point.)
If there is no backup make a note on the Form. You must have a
record for every run.

Stay in the lane and move in traffic. When you reach the
beginning of the lane closure ({taper), record (1) the odometer
reading and (2) the time on your watch or stop watch.

Drive through the construction zone. When you arrive at the
end of the lane closure record (1} the odometer reading and (2} th.
time.

Then turn around and travel in the opposite Direction. After
you pass the construction area and the backup in the heavy traffic
Pirection, turn around and make another run in the heavy traffic
Direction in a differ .t lane. Repeat the data collection
procedure. However, each time you make a run, use a different
lane. That is drive lane 1 the first time, lane 2 the second time,
lane 1 the third, etc. Continue-this study until the 2- or 3- hour
period is over.

SUNDAY PEAK STUDY 3

The third person counts the vehicles traveling past Station
5 or Station 6 (depending upon which lane is closed) during the 2-
or 3-hour study period, Use Form Bl to record the counts every 15
minutes. Be sure you group the vehicles into Cars (C) or Trucks (T)
Just like you did during Friday FPeak Study 1. Position yourself
&0 that you can see whether vehicles are backing up because of the
lane closure. HMake a note each 15-minute period to indicate
whether vehicles were backed up throughout the 15-minute period.
There is a special column on Form Bl to record information about
the Queues.
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FIELD DATA COLLECTION INSTRUCTIONS
WEEKEND
TWO-LANE, TWO-WAY QPERATIONS

Weekend Studies

There will be some study construction sites whzre the pesk
traffic periods occur on weekends~-~Friday afternoons and evenings
with traffic moving away from large cities, and Sunday afternoons
and evenings with traffic moving toward the large cities.
Therefore data will be collected on Friday and Sunday at these
sites, rather than during the week. Also, three people will be
required to collect data on weekends. Note: One additional person
must be used for every entrance {(on) or exit (off) ramp where
traffic counts must be made.

Period of Time

Field data will be collected on Friday afterncon and evening
and on Sunday afternoon and evening for Two-lane, Two-Way Operation
traffic control plans. The starting time may be different at each
study site; however, it is expected that the study will be
conducted Eomewhere between 3 p.m. and 8 p.m. Dr. Dudek will
determine the starting time for each weekend study. You are to
contact him ter instructions.
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Two-Lane, Two-Way Operation In The Outbound

Friday

1. Travel To Study Site

2. Conduct Friday Off-Peak Study 1
3. Conduct Friday Off-Peak Study 2
4. Conduct Priday Peak Study 1

5. Conduct Priday Peak Study 2

6. Conduct Friday Peak Study 3

7. Return Home

Direction

gunday
8. Travel To Study Site

9. Conduct Sunday Peak Study
10. Conduct Sunday Peak Study
11. Conduct Sunday Peak Study
12. Return Home

we -

Two-Lane, Two-Way Operation In The Inbound Direction

Friday .
1. Travel To Study Site
2, Conduct Friday Peak Study
3. Conduct Friday Peak Study
4. Conduct Friday Peak Study
5. Return Home

W -

. Travel To Study Site
7. Conduct Sunday Off-Peak Study 1
8. Conduct Sunday Off-Peak Study 2
9, Conduct Sunday Peak Study 1
10. Conduct Sunday Peak Study 2
11. Conduct Sunday Peak Study 3
12. Return Home
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WEEEEND
TWO-LANE, TWO-WAY OPERATION STUDY DETAILS

PRIDAY PEAR STUDY 1

Starting at the time specifi2d by Dr. Dudek, collect two or
three hours (specified by Dr. Dudek) of traffic counts on the
highway in the direction of the peak traffic flow. This will be
at either Location 1+2 or Location 3+4 in the Northbound,
Southbound, ZEBastbound, or Westbound heavy traffic Direction,
whichever applies (See Form B2).

The counts must be made far enough before (upstream) the
construction zone to assure that none of the vehicles must slow
down because of backups from the construction zone. In other
words, the counts are far enough upstream of the work zone and at
e location where none of the drivers must reduce their speeds. You
must use good judgement in selecting the count location. Remember,
the backup may not take place until after you start counting. So
be sure you leave enough distance for a certain amount of backup
to occur.

You will separate your counts into two groups: Cars (C} and
Trucks (T). The following vehicles will be counted as Cars and
recorded in the "C" column on Form B2: cars, vans, pickup trucks,
and small trucks with 2 axles. Trucks with 3 or more axles and
buses will be counted as Trucks and recorded in the "T" column,

‘Data are recorded on Form B2. Record the counts every 15
minutes. You shculd pot reset the counters until the end of the
2- or 3-hour study. Simply cummulate the counts. The counts can
be made and recorded by one person. Make sure you make a note on
Form B2 during each 15-minute period that the traffic Queue comes
near your count station. Continue the counts until the 2~ or
3-hour study period ends.

FRIDAY PEAK STUDY 2

The second person uses Form C to record {1) the length of queue
{backup) measured from the beginning of the lane closure (barricade
or cone taper), and (2} the travel time through the corstruction
zone. You will use the car odometer (mileage indicator) to
determine the distance of the gueue, and your watch or a atop watch
to determine the travel times. Starting at the time specified by
Dr. Dudek, simply drive your car in traffic in the heavy. traffic
Direction (See Form B2) on one of the lanes. When you arrive at
the teil end of the queue, note and record (1) the odometer reading
to the nearest one- tenth of a mile and (2) the time on your watch
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to the nearest second. (If you are using a stop watch turn the
watck on at this point.) If there is no backup make a note a note
on the Form. You must have a record for every run.

Stay in the lane and move in traffic. When you reach the
beginning of the lane closure (taper), record {1) the odometer
seading and (2) the time on your watch or stop watch.

Prive through the construction 2one. When you arrive at the
end of th: lane closure record (1) the odometer reading and (2} the
time.

Then turn around and travel in the opposite Direction. Collect
and record the same type data in the opposite Direction as you did
in the heavy traffic Divection.

After you pass through the lane closure in the opposite
Direction, turn around and make another run in the heavy traffic
Direction in a different lane. Repeat the data collection
procedure. However, each time you make a run, use a different
lane. That is drive lane 1 the first time, lane 2 the second time,
lane 1 the third, etc. Continue this study until the 2- or 3- hour
study pericd ends.

FRIDAY PEAK STUDY 3

The third person counts the vehicles traveling past Station
5 or Station 6 (depending upon which lane is closed) during the 2-
or 3-hour study period. Use Form B2 to record the counts every 15
minutes. Be sure you group the vehicles into Cars (C) or Trucks (T}
Just like in Friday Peak Study 1. Position yourself so that you
can see whether vehicles are backing up because of the lane
closure. Make a note each 15-minute period to indicate whether
vehicles were backed up throughout the 15-ainute period. There is
a ppecial column on Form B2 to record information about the queues.

PRIDAY OR SUNDAY OFF-PEAK STUDY 1

Make the necessary measurements to complete Form A. It will
take two persons to make the neasurements. Some distaaces such as
the width of a lane will be measured in feet and inches with a tape
measure; other distances such ag the length of the lane closure
will be measured to the nearest one-tenth of a mile with the
odometer of your car.
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PRIDAY OR SUNDAY OFF-PEAK STUDY 2

Use Form D to sample the vehicle occupancy--the number of
people in the vehicles traveling on the highway. Collect data in
the heavy traffic. Direction until you record 100 vehicles. As n
vehicle passes, count the number of people in the vehicle and place
a check mark in the proper czll on Form D. You are going to be
sampling, therefore you do¢ not have to record every vehicle that
passes. You might look at every third or fourth vehicle and record
the nunber of people until you reach 100 vehicles. Remember to
record in the proper cell. There is a place for cars, vans, trucks
and buses. N

After you record 100 vehicles, repeat the study in the
opposite Direction. Again, record the vehicle occupancy for 100
vehicles.

SUNDAY PEAK STUDY 1

Starting at the time specified by Dr. Dudek, collect two or
three hours (specified by Dr. Dudek) of traffic counts on the
highway in the direction of the peak traffic flow. This will be
at either Location 1+2 (See Form B2) or Location 3+4 depending upon
which direction the peak traffic is going.

The counts must be made far enough before {upstream) the
construction zone so that none of the vehicles must slow down
because of backups from the construction zone. In other words, the
counts are far enough upstream of the work zone and at a location
where none of the drivers must reduce their speeds. You must use
good "judgement in selecting the.count location. Remember, the
backup may not take place until after you start counting. So be
sure you leave =nough distance for a certain amount of backup to
occur,

Just like you did for Friday Peak Study 1, you will separate
your counts into two groups: Cares (C) and Trucks (T). The
following vehicles will be counted as Cars and recorded in the "C"
column on Form B2: cars, vans, pickup trucks, and small trucks with
2 axles. Trucks with 3 or more axles and buses will be counted as
Trucks and recorded in the "T" column.

Data are recorded on Form B2. Record the counts every 15
minutes. You should pot reset the counters until the end of the
2=~ or Y-hour study. Simply cumnulate the counts. The counts can
be made and recorded by orne person. Make sure you make a note on
Form B2 during each 15-minute perjod that the traffic queue conmes
near your count station. Continue the counts until the 2- or
J-hour study period ends.
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SUNDAY PEAK STUDY 2

The second person uses Form € to record {1) the length of queue
{(backup) measured from the beginning of the lane closure (barricade
or cone taper), and (2) the travel time through the construction
zone. You will use the car odometer {mileage indicator) to
determine the distance of the queue, and your watch or a stop watch
to determine the travel times. Starting at the time specified by
Dr. Dudek, simply drive your car in traffic in the heavy traffic
Direction (See Form B2) on one of the lanes. When you arrive at
the tail end of the queue, note and record (1) the odometer reading
to the nearest one- tenth of a mile and (2] the time on your watch.
(If you are using a stop watch turn the watch on at this point.)
If there is no backup make a note on the Form. You must have a
record for every run.

Stay in the lane and move in traffic. When you reach the
beginning of the lane closure (taper), record (1) the odometer
reading and {2) the time on your watch or stop watch.

Drive through the construction zone. W¥hen you arrive at the
end of the lane closure record {1) tue odometer reading and (2) the
time.

Then turn around and travel in the opposite Direction. Collect
and record the same data in the opposite Direction as you did for
the heavy traffic Direction.

After you pass the construction area and the backup in the
heavy traffic Direction, turn around and make another run in the
heavy traffic Direction in a different lane. Repeat the data
collection procedure. However, each time you make a run, use a
different lane. That is drive lane 1 the first time, lane 2 the
second time, lane 1 the third, etc. Continue this study until the
2- or 3-hour study period ends.

SUNDAY PEAK STUDY 3

The third person counts the vehicles traveling past Station
5 or Station 6 (depending upon which lane is closed) during the
2-or 3-hour study period. Use Form B2 to record the counts every
15 minutes. Be sure you group the vehicles into Cars {(C) or Trucks
(T) Jjust like you did during Friday Peak Study 1. Position
yourself so that you can see whether vehicles are backing up
because of the lane closure. Make a note each 15-minute period to
indicate whether vehicles were backed up throughout the 15-minute
period. There is a special column on Form B2 to record information
about the queues.
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FIELD DATA COLLECTION INSTRUCTIONS
HOLIDAY WEEKEND
TWO-LANE, TWO-WAY OPERATIONS

Holiday Weeckend Studies

There will be some study construction sites where the peak
traffic periods occur on hcliday weekends--Friday afternoons and
evenings with traffic moving away fror large cities, and Monday
afternoons and evenings with traffic moving toward the 1large
cities. Therefore data will be collected on Friday and Monday at
these sites, rather than during the week. MAlso, three people will
be required to collect data on hoiiday weekends. Note: One
additional person must be used for every entrance {on} or exit
(off) ramp where traffic counts must be made.

Period of Time

Field data will be collected on Friday afternoon and evening
and on Monday afternoon and evening for Two-Lanc, Two-Way Operation
traffic control plans. The starting time may be different at each
study site; however, it is expected that the study will be
conducted somevwhere between 2 p.m. and 8§ p.m. Dr. Dudek will
determine the atarting time for each holiday weekend study. You
are to contact him for instructions.
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Twe-Lane, Two-Way Operation In The Outbound Direction

Eriday

1. Travel To Study Site
2. Conduct Friday
3. Conduct Friday
4, Conduct Friday
5. Conduct Friday Peak Study 2
6. Conduct Friday
7. Return Home

Off-Peak Study 1
Off-Peak Study 2
Peak Study 1

Pzak Study 3

Monday

8. Travel To Study Site

9. Conduct Monday Feak Study 1
10. Conduct Monday Peak Study 2
11. Conduct Monday Peak Study 3
12. Return Home

Two-Lane, Two-Way Operation In The Inbound Direction

Friday

1. Travel To Study Site

2. Conduct Friday Peak Study 1
3. Conduct Friday Peak Study 2
4. Conduct Friday Peak Study 3
5. Return Home

6. Travel To Study Site

7. Conduct
8. Conduct
9. Conduct
10. Conduct
11. Conduct

Monday
Monday
Monday
Monday
Monday

12. Return Home
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Off-Peak Study 1
Off-Peak Study 2
Peak Study 1
Peak Study 2
Peak Study 3

HOLIDAY WEEKEND
TWO-LANE, TWO-WAY OPBRATION STUDY DETAILS

FRIDAY PEAK STUDY 1

Starting at the time specified by Dr. Dudek, collect two or
three hours (specified by Dr. Dudek) of traffic counts on the
highway in the direction of the peak traffic flow. This will be
at either Location 142 or Location 344 in the Northbound,
Southbound, Eastbound, or Westbouad heavy traffic Direction,
whichever applies (See Form B2).

The counts must be made far enocugh before (upstream) the
construction zone to assure that none of the vehicles must slow
down because of backups from the construction zone. In other
words, the counts are far enough upstream of the work zone and at
a location where none of the drivers must reduce their speeds.: You
must use good judgement in selecting the count location. Remember,
the backup may not take place until after you start counting. So
be sure you leave enough distance for a certain amount =f backup
to occur.

You will separate your counts into two groups: Cars (C)} and
Trucks (T)., The foliowing vehicles will be counted as Cars and
recorded in the "C" column on Form B2: cars, vans, pickup trucks,
and small trucks with 2 axles. Trucks with 3 or more axles and
buses will be counted as Trucks and recorded in the "T" column.

Data are recorded on Form B2. Record the counts every 15
minutes. You should pot reset the counters until the end of the
2- or 3-hour study. Simply cummulate the counts. The counts can
be made and recorded by one person. Make sure you make a note on
Form B2 during each 15-minute period that the traffic queue comes
near your count station. Continue the counts until the 2- or
3-hour study period ends.

FRIDAY PEAK STUDY 2

The second person uses Form C to record (1) the length of qQueue
{(backup) measured from the beginning of the lane closure (barricade
or cone taper), and {2) the travel time through the construction
zone. You will use the car odometer (mileage indicator) to
determine the distance of the queue, and your watch or a stop watch
to determine the travel times. Starting at the time specified by
Dr. Dudek, simply drive your car in traffic in the heavy traffic
Direction (See FPorm B2) on one of the lanes. When you arrive at
the tail end of the queue, note and record (1) the odometar reading
to the nearest one- tenth of a mile and {(2) the time on your satch
to the nearest second. (If you are using a stop watch turn the
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watch on at this point.} 1If there is no backup make a note a note
on the Form. You must have a record for every run.

Stay in the lane and move in traffic. When you rezch the
beginning of the lane closure (taper), record (1) the cdometer
reading and (2) the time on your watch or stop watch.

Drive through the construction zone. When you arrive at the
end of the lane closure record (1) the odometer reading and (2) the
time.

Then turn around and travel in the opposite Direction. Collect
and record the same type data in the opposite Direction as you did
in the heavy traffic Direction,

hAfter you pass through the lane closure in the opposite
Direction, turn around and make another run in the heavy traffic
Direction in a different lane. Repeat the data collection
procedure. However, each time you make a run, use a different
lane. That is drive lane 1 the first time, lane 2 the second time,
lane 1 the third, ete. Continue this study until the 2= or 3- hour
study period ends.

FRIDAY PEAK STUDY 3

The third person counts the vehicles traveling past Station
5 or Station 6 (depending upon which lane is closed) during the 2-
or 3-hour study period. Use Form B2 to reccrd the counts every 15
minutes. Be sure you group the vehicles into Cars (C} or Trucks (T}
just like in Friduy Peak Study 1. Position yourself so that you
can see whether vehicles are backing up because of the lane
closure. Make a note each 15-minute period to indicate whether
vehicles were backed up throughout the 15-minute period. There is
a special column on Form B2 to record information about the queues.

FRIDAY OR MONDAY OFP-PEAK STUDY 1

Make the necessary measurements to complete Form A. It will
take two persons to make the measurements. Some distances such as
the width of a lane will be measured in feet and inches with a tape
measure; other distances such as the length of the lane closure
will be measured to the nearest one-tenti of a mile with the
odometer of your car.

FRIDAY OR MONDAY OFF-PEAK STUDY 2

Use Porm D to sample the vehicle occupancy--the number of
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people in the vehicles traveling on the highway. . Collect data in
the heavy traffic Direction until you record 100 vehicles. As a
vehicle passes, count the number of people in the vehicle and place
a check mark in the proper cell on Form D. You are going to be
sampling, therefore you do not have to record every vehicle that
passes. You might look at every third or fourth vehicle and record
the number of people until you reach 100 vehicles, Remember to
record in the proper cell. Therc is a place for cars, Vans, trucks
and buses.

After you record 100 vehicles, repeat the study in the
opposite Direction. Again, record the vehicle occupancy for 100
vehicles.

MONDAY PEAK STUDY 1

Starting at the time specified by Dr. Dudek, collect two or
three hours (specified by Dr. Dudek) of traffic counts on the
highway in the directicn of the peak traffic flow. This will be
at either Location 1+2 (See Form B2) or Location 3+4& depending upon
which direction the peak traftfic is going.

The counts must be made far enough before (upstream) the
construction zone so that none of the vehicles must slow down
because of backups from the construction zone. In other words, the
counts are far enough upstream of the work zone and at a location
where none of the drivers must reduce their speeds. You must use
good judgement in selecting the count location. Remember, the
backup may not take place until after you start counting. So be
sure you leave enough distance for a certain amount of backup to
occur.

Just like you did for Friday Peak Study 1, you will separate
your counts into two groups: Cars (C) and Trucks {T). The
following vehicles will be counted as Cars and recorded in the "C"
column on Form B2: cars, vans, pickup trucks, and small trucks with
2 axlesz, Trucks with 3 or more axles and buses will be counted as
Trucks and recorded in the “T" column.

Data are recorded on Form B82. Record the ecounts every 15
minutes. You should pot reset the counters until the end of the
2- or 3-hour study. Simply cummulate the counts. The counts can
be made and recorded by cne person. Mmke sure you make a note on
Foirm B2 during each 15-minute period that the traffic queue comes
near your count ctation. Continue the counts until the 2- or
3-hour study period ends.
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MONDAY PEAR STUDY 2

The second person uses Form € to record {1) the length of queue
{backup) measured from the beginning of the lane closure {barricade
or cone taper), and (2) the travel time through the constructien
zone. You will use the car odometer (milemge indicator) to
determine the distance of the queue, and your watch or a stop watch
to determine the travel times., Starting at the time specified by
Pr. Dudek, simply drive your car in traffic in the heavy traffic
Direction (See Form B2) on one of the lanes. When you arrive at
the tail end of the gueue, note and record {1) the odometer reading
to the nearest one- tenth of a mile and (2) :he time on your watch.
{If you are using a stop watch turn the watch on at this point.)
If there is no beckup meke a note on the Form. You must have a
record for every run.

Stay in the lane and move in traffic. When you reach the
beginning of the lane closure (taper}), record (1) the odometer
reading and (2) the time on your watch or stop watch.

Drive through the construction zone. When you arrive at the
end of the lane closure record {1) the odometer reading and {2) the
time.

Then turn arcund and travel in the opposite Direction. Collect
and record the same data in the opposite Pirection as you did for
the heavy traffic Directien.

After you pass the construction area and the backup in the
heavy traffic Direction, turn around and make another run in the
heavy traffic Direction in a different lane. Repeak the data
collection procedure, However, each time you make a run, use a
different lane. That is drive lane 1 ¢he first time, lane 2 the
second time, lane 1 the third, etc. Continue this study until the
2- or 3-hour study period ends.

MONDAY PEAX STUDY 3

s The third person counts the vehicles traveling past Station
5 or Station 6 (depending upon Which lane is closed; during the
2-or 3-hour study period. Use Form B2 to record the counts every
15 minutes. Be sure you group the vehicles into Cars (C) or Trucks
(T) 3just like you did during Friday Peak Stucy 1. Position
yourself 8o that you can see whether vehicles are backing up
because of the lane closure. Make a noie each 15-minute period tc
indicate whether vehicles were backed up throughout the 15-minute
pericd. There is a special ecolumn on Form B2 to record information
about the gqueues.
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