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PCC slab. The large number of layers may be cost-effective from the standpoint of agency costs~
however, the number of steps involved may increase the construction period increasing user
costs borne by the motoring public. It may be possible to minimize the number oflayers without
compromising the performance of the pavement by either thickening or using innovative highstrength materials. This may increase the construction cost, but, considering the user costs, it
may in the best interest of TxDOT to follow this option. In this report, the feasibility of this
aspect of expediting highways has been explored.
The research unfolded under the umbrella of expert system technology with the intent to capture
and preserve any piece of expertise towards expediting highway construction. The search for
expertise entailed exhaustive literature searches, and distribution of questionnaires and survey
forms among various forums of practitioners. The low level of response and the information
provided were not adequate for developing an expert system.
Another survey targeted on the collection of current rigid pavement practices in several TxDOT
districts. A sensitivity study of design parameters was performed on a few sections. The rigid
pavement design based on AASHTO 1993 is not sensitive to the modulus of subgrade reaction.
Therefore, any number of pavement sections with the same slab thickness will provide sufficient
capacity to carry the design traffic. Attempts to understand the rational behind the current
selection process for the number and nature of supporting layers led to local experience and
federal regulatory mandates. No design-related technical patterns could be found in the local
choices of layering.
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the motoring public, and also in some instances increasing the sensitivity of construction
schedules to weather conditions adding to their overall variability. It may be possible to
minimize the number of layers without compromising the performance ofthe pavement by either
using innovative high-strength materials. This may increase the construction cost, but,
considering the user cost savings, it may in the best interest of an agency such as TxDOT to
follow this option.
The process of selecting the most cost-effective and appropriate PCC pavement design for a
roadway project in a metropolitan or an urban area, consists of streamlining the construction
processes and minimizing traffic disruptions as best possible. This engineering decision-making
process strongly relies on budget availability and the expertise of the pavement engineer. In this
research project, the feasibility of a computerized methodology was investigated to mainstream
the construction of highways in urban settings, as well as in rural areas. We have focused on
gathering current rigid pavement construction practices in Texas, as well as expertise from
TxDOT personnel and other parties heavily involved in the construction industry.

The advantages of having such expertise stored and organized in a computer program include the
portability, readiness, and inexpensive access to specialized knowledge in real-world scenarios,
where sound decisions are required.

Ten appendices contain a literature review summary and references, survey forms, survey
response summaries, current rigid pavement design guidelines followed by TxDOT, and
construction schedules and costs estimates for traditional and alternative pavement sections.
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costs.
The American Association of State Highway and Transportation Officials (AASHTO) provide
guidelines for pavement type selection. AASHTO (1993) suggest the use of engineering
procedures and economic analyses as the primary items. They also caution that the structural
designs and economic analyses alone are not enough to select a pavement section. More factors
should be taken into consideration in the decision-making process. As the process becomes
more complex, the engineering experience and judgment of pavement managers and designers
become more necessary and crucial in the selection process of optimized pavement crosssections.
Traditional pavement construction methods are cumbersome and require several layers of different
materials to achieve a structurally sound pavement section. Constructing several different layers
sequentially increases the time required to open the roadway/intersection to public. Several groups
have been working towards streamlining the construction or rehabilitation processes to expedite the
opening of road sections and urban intersections to traffic in new construction, expansion and
rehabilitation or replacement situations. A number of papers and reports (e.g. Cole and Voight,
1996; and Secmen et al., 1996) have shared their experiences with materials and construction or
providing guidelines to facilitate the overall planning and execution to expedite the construction
process. For additional related literature refer to Appendix A.
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pavement. Different pavement engineers may disagree to some extent with other decisionmakers on the importance that some of the factors may have on the final decision. This
difference of opinions is reflected in the lack of consensus for pavement type selection and the
lack of rational and objective procedures to perform this task.
Field data and engineering calculations can be stored in databases that can later be summarized and
used to support decision making in regards to pavement selection procedures. Nevertheless, the
procedure of storing and using expertise is not the same as the one employed in storing and using
numerical data such as engineering data. There is no known method that allows storage of the
expertise and experience available in the pavement engineering field other than the human brain
processes. If the knowledge and expertise are lost, the process of re-acquiring the infonnation could
be considerably expensive and time consuming, and there is no guarantee that the same information
will be reproduced. Consequently, there would not be consistency in the decision making process
among experts to faci1itate its reproduced.
The research team's objective is to integrate a methodology to streamline the construction of a rigid
pavement into software that will aid in the rational decision-making process and somehow capture
the expertise available in the pavement engineering field.
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the inference engine.

Expert System Development Process
The development of an expert system entails the following steps (Turban, 1990):
1. Problem Identification and Justification
2. Appropriateness, Requirement Fulfillment and Availability ofKnowledge & Experts
3. Conceptual Design, Planning and Feasibility Study
4. Software and Hardware Selection
5. Knowledge Acquisition (System Design and Construction)
6. Knowledge Representation
7. Testing (Case Study Identification, Field Testing)
8. Implementation
9. Maintenance and Update
10. Evaluation
Steps 5 through 7 loop in a cycle called "Prototyping". An important characteristic of the
development of an expert system is that they can be quickly prototyped and expanded. All the
steps are standard, regardless of the nature of the system built; nevertheless, the content on each
step varies accordingly to it.
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Documented

Undocumented

Films
Computer Files
Pictures
Stories
People's minds

Searching through manuals
Using AI
Retrieve electronically
Questionnaires
Interview Analysis
Observation

Occasionally, multiple sources of koowledge or multiple experts are available for elicitation This
situation could be advantageous if the strengths of different approaches of reasoning can be
combined or to widen the coverage of proposed solution(s). However, the possibility exists that
knowledge may be incomplete in a certain aspect of the problem, or that it may originate from
different backgrounds and experiences. These problems can be addressed temporarily by reaching a
consensus.

7

There are two approaches to problem solving used in expert systems: the derivation approach
and the formation approach. The derivation approach involves deriving a solution that is most
appropriate for the problem at hand from a list of predefined solutions stored in the knowledge
base ofthe expert system. The formation approach involves furming a solution from the eligible
solution components stored in the knowledge base. This approach is typically implemented
using a lower level; language such as Lisp (Kostem and Maher, t 987). Depending on the
complexity of the problem being solved, an expert system may use one or both of these
approaches.
The following strategies are appropriate for the implementation of the derivation approach:
backward chaining, forward chaining and mixed initiative. These strategies require that the goal
states represent the potential solutions and the initial state represent the input data.

Backward Chaining: Backward chaining is a term used to describe running the rules in a
"goal-driven" way. In backward chaining, if a piece of information is needed, the program will
automatically check all of the rules to see if there is a rule that could provide the needed
information. The program will then "chain" to this new rule before completing the first rule.

8

C can be established
Rule 2: IF
Then D can be concluded
Begin with the observed facts A and B, use rule 1 to conclude C, use rule 2 to conclude D.
Respond to the current situation.
Mixed Initiative: A combination of forward chaining and backward chaining strategies.

Case Testing
During the prototyping phase of the development of an expert system, the knowledge engineer
tests the system by subjecting it to examples, which could be historical cases or sample cases
provided by users). The results are shown to the expert(s) and the rules are revised if necessary
(e.g. reformulated, redesigned or refined). PeriodicaJly, rules may also be deleted or added.
This quality control process measures the expert system with three different tests:
• Evaluation :Assess its overall value (e.g. if it's usable, efficient, cost effective).
• Validation : Asses if it performs with acceptable level of accuracy (e.g. if it's the "right"
system).
• Verification: Asses ifit correctly implements its specs (e.g. if it's the system is "right").

9

following requirements are met (Turban, 1990):

1. the task should not require common-sense knowledge;
the task requires only cognitive, not physical, skills;
at least one genuine expert, who is willing to cooperate, exists;
the experts involved can articulate their methods of problem solving;
the experts involved must agree on the knowledge and the solution approach to the
problem;
6. the task is not too easy nor too difficult for human experts;
7. the task is well understood, and is defined clearly;
8. the task definition is fairly stable;
9. conventional (algorithmic) computer solution techniques are not satisfactory;
10. the domain must be well bounded and narrow;
11. data and test cases are available;
12. the vocabulary has no more than a couple of hundred concepts;
13. the expertise is needed in many locations;
14. the system can be used for training;
15. the expertise improves perfonnance and/or quality;
16. the ES solution can be derived faster than that which a human can provide;
17. the expert system is more consistent than a human is.

2.
3.
4.
5.
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b) Prediction systems: infer likely consequences of given situations; include weather
forecasting, demographic predictions, economic or financial forecasting.
c) Diagnostic systems: include medical, electronic, mechanical and software diagnosis.
Diagnosis systems typically relate observed irregularities to underlying causes.
d) Design systems: configure objects under constraints, such as circuit layout, building design,
and plant layout.
e) Planning systems: develop plans to achieve goals in areas such as project management,
routing, communications, product development, etc.
t) Monitoring systems: compare observations to plan vulnerabilities, flagging exceptions.
Many computer-aided monitoring systems exist fur topics ranging from air traffic to fiscal
management tasks.
g) Debugging systems: prescribe remedies for malfunctions.
h) Repair systems: execute a plan to administer a prescribed remedy.
i) Instruction systems: diagnose, debugs and corrects student performance.
j) Control systems: they interpret, predict, repair, and monitor system behaviors.
Expert systems are "just right" for tasks where expertise is expensive but available, and facts are
known but not precisely. However, they may be too difficult to develop when expertise is not
available or nobody knows enough to be an expert, or when innovation is required.

II

such as Visual Basic, C, Dbase, ArcView and Prolog.
The most popular expert system developing tool is EXSYS, followed by a number of
commercial shells such as VP-Expert, CLIPS, Nexpert Object, and Turbo Prolog to name a few.
The papers report expert systems in pavements that range from the advising the selection of
pavement management strategies for maintenance and rehabilitation, diagnosis of surfilce
condition, and design of highway pavements. Other topics include diagnosis of damage to
structures, design of new construction, such as drilled shafts, or improvement of concrete
durability, and selection of earth-moving equipment.
The literature survey did not show any published documents addressing an expert system for the
selection ofPCC pavement designs for expedited construction. One paper by Hozayen and Haas
( 1992) provides some useful insight in developing an expert system for expedited construction.
This paper addresses the selection of pavement materials for proper mix design, clearly and
thoroughly defining the various steps and phases in the development of the expert system.
The following chapter describes the different steps taken towards the development of the
proposed expert system, as well as partial results and conclusions derived from the research up to
the date of this report.
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or improved pavement sections is required as welL The agency's goal is to open to traffic as
soon as possible to reduce delays and user costs. This constitutes the identification of the
problem domain.
The research team believe that the development ofan expert system is justified since:
I. Experti.~e is available: A few Districts, namely Dallas, Houston and Beaumont, among
other locations throughout the State, have experience in accelerating rigid pavement
construction, especially at urban intersections;
2. Expertise is necessary in many locations: The rapidly growing urban areas throughout the
State are also experiencing increasing levels of traffic. Therefore, maintenance and
rehabilitation will be required at many intersections. Inter-district experience would
grandfather the implementation of techniques to select pavement sections that will
optimize and expedite their construction and reduce opening times to traffic;
3. Expertise could improve quality and/or performance: Given the complex subgrade
conditions in Dallas, Houston and Beaumont districts, the development of an expedited
standard design applicable to all conditions, would be an oversimplification;
4. Expertise can be preserved and used for training: The integration of current pavement
design procedures, user cost estimation, and the expertise of the construction engineers,
into a piece of software, could provide the framework under which realistic design and
construction processes could be used for determining cross-sections for faster
construction in urban areas, and possibly rural areas as well.
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increasing the quality of the decisions;
4. A reliable source of specific pavement expertise would be available to all TxDOT districts
and the expert system can be used for potential low cost training. The expert system may
also be used by experts as knowledgeable assistants to enhance the process of selecting an
appropriate pavement design;
5. The expert system will be easy to use, flexible and can be expanded at a low cost, as more or
new knowledge becomes available;
6. Decisions have to be made under conditions where information could sometimes be uncertain
or unavailable.
To identify possible sources ofexpertise, the research team undertook two tasks:
• First, a comprehensive search for documented knowledge was conducted, in addition to the
preliminary literature survey made during the proposal preparation.
More than forty papers and technical reports were identified and secured for further analysis.
The paper topics range from PCC construction materials and materials selection, to selection,
design, construction and performance of concrete overlays, to opening to traffic criteria, to
expedited construction/reconstruction scheduling and sequencing. The contents are further
discussed in the knowledge engineering section.
•

Second, the research team engaged in the search for undocumented knowledge. A Texas
Cement and Concrete Promotion Council (CCPC) Concrete Paving Conference held in

22

December 2000 was considered an excellent opportunity to determine the availability and
extent of expertise. More than one hundred and twenty (120) researchers, DOT pavement
engineers, contractors, and material suppliers from various States attended the conference. A
preliminary survey was conducted among this forum, and is discussed in the knowledge
engineering section.
The research team believed that the number of publications found, and the number of attendees
to the conference, were sufficient evidence to support the fact that expertise was --possibly-available. Under this assumption, the conceptual design of the expert system was devised. Such
a system would recommend pre-design pavement sections, and provide a ranking based on
construction time.

Conceptual Design and Feasibility Study
As previously mentioned, the selection of a pavement section is an engineering decision-making
process that strongly relies on budget availability and the expertise of the pavement engineer.
During this process, several factors are accounted for such as: soil characteristics, pavement types,

The inputs to the system would be guided by a series of screens that prompt the user to select or
enter the required information. The order in which these screens may appear, will depend on the
implementation strategy selected for the system (backward chaining, forward chaining or both).
The research team considers that the economic feasibility of developing this expert system has
already been supported by TxDOT, with the approval of this proposal. The technical feasibility
is discussed in this report.
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.PC desktop
Windows 95/98/2000/NT4
Less than 1 hr.

Interface Engine .
Is the application dealing with uncertain data/knowledge?
Are there many different possible solutions?
Are there many different possible states?

_ Knowledge b~

---=------

Is this application's knowledge well documented?
Does the knowledge have an inherent structure of its own?

Is complete knowledge of past decisions made by the expert
available?

Most probably
Yes
Yes
-----~--

Unknown
Unknown, but highly desired and
expected
Unknown

Data Interface
Will this application be required to interface with other software-- c-Most likely, LCCA models and
systems? What kind?
pavement design models
Linkage to special purpose software
Most probably
-----c----- .

.

.

-

Vendor
--

Will this application be developed and supported in~house?

yes (if:necessary)

·--

--

····------

Four (4} final candidates were selected and further evaluated under various feature and capability
criteria proposed by Stylianou et al., (1994}. Table 3.2 summarizes the evaluation.
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from documented sources.

Undocumented sources
To elicit expertise from experienced professionals practicing PCC pavement design,
construction, or research, a short questionnaire with multiple-choice as well as open-ended
questions was developed. The questionnaire addressed factors to consider when using expedited
construction, criteria used to determine the time to open the pavement to traffic, software used
for mechanistic design or life-cycle cost analysis, among others. A sample of the four-page
questionnaire is included in Appendix B.
Approximately, one hundred and fifty (150) questionnaires were distributed among various
groups of ''potential experts". The first set of questionnaires was distributed among the
attendants to the Texas CCPC Concrete Paving Conference 2000. The second set was
distributed to the TRB A2FO 1 Pavement Construction Committee, and the third set was
forwarded to a group of attendees to a District Pavement Engineers Conference.
A total of twenty-two (22) responses were received. Most of the multiple-choice questions were
answered, while very few open-ended questions were partially answered. Appendix C
summarizes the responses.
Figure 3.3 shows a plot of number of responses to degree of importance of the listed factors,
when considering expediting the construction ofPCC pavement sections.
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Figure 3.3 -Factors Considered when Expediting PCC Pavement Construction

According to the survey, more than 70% of the respondents agree that the Time to Open to
Traffic, Construction Methods, and Durability are the primary factors to consider when
expediting PCC pavement construction, since they are rated as --Very Important --. Curing
Methods, Traffic Loads, Subgrade Type - Base Type and Properties, follow in degree of
importance since more than half of the respondents rated as --Very Important--, and the rest
consider them as either-- Somewhat important·- or- Not Important--.
About 65% of the respondents agreed that Use of Local Materials is --Somewhat Important --,
while for Climatic Conditions, Equipment Availability, and QAIQC procedures about half of the
respondents rank them as-- Very Important-- and the rest-- Somewhat Important- and very
few-- Not Important - at all. Ease of maintenance is the only factor where the respondents
disagree the most in its relative importance to expedite PCC pavement construction.
On Figure 3.4, the number of responses to each factor is plotted. I•1exural strength seems to be
the criteria that rules, while Compressive Strength and Maturity follow.
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Most of the respondents consider an economic analysis when contemplating expediting
pavement construction. About a half of them, consider initial costs, user costs, and life-cycle
costs. However, only a third of them report using software for economic analysis, such as
Darwin, Crystal Ball or customized software developed by research agencies or centers.
Some respondents added a few suggestions towards expediting pavement construction. The
suggestions are very general in nature, ranging from stabilizing layers, to improving construction
sequencing, to allowing contractor innovation. For additional comments on other survey
questions, refer to Appendix D.
The survey answers provide some insight as to the current state of design and construction
procedures considered for expediting pavement construction and early opening to traffic.
However. the number of responses is surprisingly low. No reasonable conclusions can be drawn
from this "small sample of opinions", and in addition, no fact-action relationships can be derived for
rule-based representation.
To complement the elicitation of knowledge from undocumented sources, a short informal
interview was scheduled by the Project Director in Dallas TX, with staff personnel from the
Dallas - TxDOT office, local contractors and material suppliers. According to the District
personnel, the main bottleneck to open as soon as possible to traffic relies on the efficient
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slab, 2-base, etc., last-subgrade); layer type (PCC slab, Base, etc.); TxDOT design standard if
used (e.g. CRCP (1)-94); layer thickness; descriptive information; soil classification, if available;
and PCC-slab joint and rebar type and spacing.
Thirteen out of seventeen (13/17) Districts replied to this second survey. Abilene and Corpus
Christ replied having no rigid pavement construction. Dallas, Forth Worth, Wichita Falls,
Lubbock, Tyler, Lufkin, Houston, Yoakum, Atlanta, Beaumont, and El Paso (see Figure 4.2)
responded with the different typical sections currently practiced in them. Appendix E shows the
different pavement sections. The remaining Districts surveyed are still pending a response.
Most survey forms were filled out properly. Some Districts included a Concrete Pavement
Design Standard code, instead of or in addition to filling out the joint and rebar information. The
details of these standards can be obtained from the District design engineer or the Construction
Division-Pavements Section, or some of them through TxDOT's Roadway Standards web page
(TxDOTa, 2001 ).
Table 4.1 summarizes the rigid pavement practices submitted. Six typical pavement section
designs were identified, classified under one, two, three, and four layer structures built above the
subgrade. Two and three layer structures are further subdivided in two categories, depending on
whether the slab is laid over a treated base or asphalt concrete. The total pavement section
depths range between ten and thirty-five (10" -35") inches, including a slab thickness that varies
between eight and fourteen (8"-14") inches.
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APSI: Difference between the initial design serviceability index (p0 ) and the design terminal
serviceabi1ity index (pt}
Sc : PCC modulus of rupture used for the specific project, (psi)
Cd : Drainage coefficient
J
: Load transfer coefficient used to adjust for load transfer characteristics of a specific
design
Ec : PCC modulus of elasticity, (psi)
k
: Westergard's Modulus of subgrade reaction, (pci)
AASHTO specifies procedures to modify the modulus of subgrade reaction (k) to account for
presence of subbase, presence of a rigid foundation at a shallow depth, its variations with the
season of the year, and loss of subgrade support. However, AASHTO does not mention how to
handle multi-layer pavement sections, such as typical ones in Texas.
TxDOT follows a set of federally mandated guidelines that recommend some design parameters
to improve the uniformity of designs prepared statewide. A copy of these guidelines is located in
Appendix F. Additional online information is also available in Section 4 ofTxDOT's Pavement
Design Manual (TxDOTb, 200 I).
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k
So
ZR

: 350 pci (average of suggested range)
:0.39
: -1.645 (based on 95% reliability, see Huang, 1993, p. 572. 95% assumed as typical value)

The backcalculated traffic W,s, about 10.5 million ESALs. The parameter that represents the
pavement structure underneath the slab (number and type of layer material) is the modulus of
subgrade reaction (k). All parameters including traffic were fixed, except for the modulus of
subgrade reaction (k), which was varied from 100 to 600 pci in increments of 50 pci, (assuming
equal likelihood of occurrence at any time) to see the effect on the slab's thickness variation. The
variation in the slab thickness with the variation in modulus of subgrade reaction is depicted in
Figure 4.4. The maximum difference in thickness is approximately one (1) inch. This corresponds
to +0.6 in. when (k) decreases 250 pci and to -0.4 in. when (k) increases 250 pci. This small
variation in slab thickness confirms that this parameter is slightly sensitive to (k) the modulus of
subgrade reaction.
Similar exercises were performed on other pavement sections from other districts. with similar
resuhs. The conclusion is that any number of pavement section designs with the same slab
thickness will provide sufficient capacity to carry the design traffic.
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problem. To understand how different states justify and consider a large number of shift layers in
their operations, an electronic inquiry was submitted over the Internet to the subscribers to the
PAVENET (a pavement design chat room) and the FWD user's chat room. More than twenty
responses were received with no technical information provided. Several states, just as Texas,
assume a constant value independent of the number and nature of base and subbase or the condition
of subgrade. Many others basically go through the procedure advocated by AASHTO. No group
could provide an indirect way of considering the improved remaining life of the pavement because
of the added stabilized layers.
Apparently, alternative pavement sections to expedite the construction cannot be obtained from
the design standpoint using the AASHTO design procedures. Other mechanistic approaches like
Finite Element Analysis (FEM) combined with layered theory analysis should be used to
structurally evaluate the proposed fast-track pavement sections. The problem is reduced to a
minimization of project schedules, for various pavement sections, where the layer thickness are
decreased until eliminated, and simultaneously increasing the thickness of other layers such as
the PCC slab.
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HiperPav (By TransTu Consultants)
HIPERPAV (High PERformance PAVing) is a concrete paving software product which can be used
to assess the influence of PCC pavement design, concrete mix design, construction methods and
environmental conditions on the early-age behavior of Portland cement concrete pavements
(PCCP} HJPERP AV can be used to:
a. to develop quality control specifications for a particular project based on the available materials
and climatic conditions of the region in study;
b. to optimize their pavement designs based on the best selection of the design variables that will
produce a better end product and guarantee long-term pavement performance while maximizing
economy;
c. to prevent expensive repairs by predicting potential damage due to unexpected conditions and
determine the best set of factors that will prevent damage to the pavement;
d. to manage the temperature of the concrete based on mix designs and specific climate and project
conditions.
HIPERPAV' s integration captures all aspects of a concrete pavement construction project and
provides a real systems approach to analyze the first 72 hours after construction, assessing the
development of stresses and strength in concrete pavement during these critical first 72 hours to
maximize quality, increase long term performance, boost productivity, and optimize pavement
options.
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CONPAV-R: assumes that the operator has already chosen the repair/rehabilitation procedure,
such as partial-depth repairs, full-depth repairs, bonded concrete overlays, unbonded concrete
overlays and diamond grinding and milling. Some information is provided which may help in
the selection ofthe appropriate procedure.
PCase (By Anny Corps ofEagineers)
Pavement-Transportation Computer Assisted Structural Engineering programs include rigid and
flexible airfield design by conventional and layered elastic methodologies, rigid and flexible road
design, as well as railroad design and evaluation programs.
The Road Design (Empirical) software provides criteria for the design of pavements for roads,
streets, walks and open storage areas at U.S. Army and Air Force installations. These criteria
include subgrade and base requirements, thickness designs, and compaction requirements,
criteria for stabilized layers, concrete pavement joint details, and overlays. The rigid pavement
design procedure is based upon critical tensile stresses produced within the slab by the vehicle
loading. The accompanying manual provides standard specifications for soil compaction and
treatment, a procedure to determine the modulus of subgrade reaction, as well as a procedure for
the design ofCRCP.
CRCP 8 & 9 (By Center for Transportation Research)
The CRCP programs simulate the early-age behavior of continuously reinforced concrete
pavement. They can be used to predict crack spacing, crack width, steel stresses, punch outs
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Specific user cost models will have to be investigated and should be specifically targeted to lane
additions and new construction. The lane addition calculations and modeling of user-costs
should address the cases that involve lane closures or lane narrowing or a combination of both.
The case of new construction should evaluate network user-cost impacts caused by the
unavailability ofthe new link being constructed.
The lane closure case has been extensively researched in the literature (Memmott and Dudek,
1981.) and several computerized modules are available for evaluating user costs. The lane
narrowing case is not widely addressed in the literature and will need additional research by the
project staff to address the issue. Once the lane narrowing modeling and calculations are
addressed during the second year of this research project, the results will be documented in a
future report.
The new construction approach is a more complex issue to be addressed. This will estimate user
costs due to the delays in opening to traffic of a specific newly constructed high volume link that
would relieve existing congestion on a existing, at capacity~ link. Each aclditional day of delay in
the construction of the new link, means additional user costs on the existing congested link. This
is a fairly complex problem, that will have to be addressed through estimates of traffic diversions
from the existing, at capacity, network link to the new pavement network link under evaluation
for expedited construction. A simplified approach to estimate these costs is under investigation
by the project staff and will be documented on a future report.
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construction, among a few others; joint details and finishing on the concrete slab are also
removed from this analysis for simplification reasons;

3) Productivity l'tltes:
a) based on RSMeans (200 1) nationwide compilation;
b) the schedules assume full-depth construction, beginning with subgrade compaction, and
ending with the concrete pouring of the PCC-slab. Any other required wait times before
opening to traffic are not included in the analysis;
c) concrete slab is normal setting and hardening time (no additives or special materials are
considered);
d) concrete reinforcement is not included;
e) single crew and/or equipment shifts are considered.
The work items addressed in TxDOTc (2000) are generic in nature. No details are provided as to
the type of construction equipment considered, or layer thickness assumed for base preparation or
wearing courses. Conversely, a range of productivity rates for a variety of detailed work items are
listed in RSMeans.
The simplified construction timeframes for the selected pavement sections are included in Appendix
G. The schedules are presented in tabular format listing the construction activities considered, the
corresponding lift/layer thickness, the selected production rate, units, and the estimated time of
completion for each activity, in both eight-hour-days and total-hour formats. A "serial'' sequence
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Concrete Paving
(inc. rebar and curing)

8
9
10
12
15

3250
3000
2600
2300
2000

S.Y.
S.Y.
S.Y.
S.Y.
S.Y.

0.49
0.53
0.62
0.70
0.80

3.94
4.27
4.92
5.57
6.40

At this point, no task variability has been considered, which would account for changes in
weather (e.g. precipitation) during the construction process.
For each case scenario, the top schedule corresponds to the "Traditional Design" pavement
section, according to District practices. For example, in Houston District, the construction of
four-300 feet long lanes with a four-layer pavement section, can take about twenty-eight (28)
consecutive days to build before opening to traffic. While in Forth Worth, a three-layer
pavement section in a similar roadway length, can take up to thirty.. nine (39) days to open to
traffic. Note that the eighteen inches (18") of lime-stabilized subgrade are built in two phases
with different production rates that depend on the lift thickness; and for each phase a fourteen
(14) day curing period after stabilization is required by specification.
The major bottlenecks in the construction process of the design sections include: "waiting times
after stabilization or treatment' and "concrete curing time".
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Figure 4.5 - Proposed Alternate Pavement Sections

Since no "expert" input was available, the authors proposed these alternatives based on their own
judgments. The authors realize that the proposed sections may not comply with federally
mandated regulations. Performances of the proposed sections will have to be established through
the construction of test sections were parameters will be carefully controlled and productivity
rates for construction and the impact on construction schedules will be evaluated.
The alternate construction schedules (Appendix G) show noticeable improvements in
construction time reduction for Houston and Forth Worth Districts, for both length scenarios;
about 78-84% for the 300 feet scenario, and between 45-70% for the one mile scenario. For El
Paso District, the improvements in time reduction are 2% and 6% for the 300 feet and one-mile
scenarios, respectively.
Figure 4.6 shows the total construction time comparison between the traditional design pavement
sections, and the proposed alternatives for the one mile case scenario in all three Districts.
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Figure 4.6- Construction Time Comparison among Alternative Section Designs
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system software, from the conceptual design, to the selection of the software development tool,
to the acquisition of documented and undocumented information on rigid pavement construction.
The most relevant publications of the last fifteen years provide vast amounts of facts related to
fast-track. However, the relationships among these are very difficult to derive for the
development of rules to incorporate into an expert system.
A number of questionnaires were forwarded to various forums to elicit any expertise from
practicing professionals. Less than 15% ofthe surveyed professional replied to the survey with
very limited responses. The Project Management Committee always provided strategic support
to elicit as much participation as possible from various ''potential" sources. However, due to the
low level of"expert" participation, and to the futile attempts to collect pieces of useful expertise
from documented sources, knowledge representation is practically ''not feasible".
In Chapter 4, the compilation of the results of the survey of several TxDOT districts for current
rigid pavement section practices is included. A sensitivity study on design parameters based on
AASHTO 1993 was performed on a few sections. The results showed that the PCC slab design
is not very sensitive to the type and number of layers underneath. Consequently, alternative
pavement sections that can expedite the construction of highways cannot be determined from the
design standpoint. A nationwide attempt to obtain quantitative information yielded no additional
information. Therefore, two non-federally compliant alternative pavement structures were
proposed, determining simplified construction schedules and cost estimates. Some potential
directions for evaluating user-costs were documented in this chapter.
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4. Determine a theoretical Cost-Benefit ratio for each type of section analyzed based on
construction costs and user's cost.
5. Complete the information in the matrix of feasible expedited cross-sections regarding the
user-cost impacts for the lane additions and new construction cases as discussed in Chapter
4 of this report.
The feasibility of these cross-sections needs to be evaluated from the standpoint of pavement
performance, constructability and the compression of construction schedules and consequent
reduction of user costs, through the implementation of pilot test-sections where these parameters
would be carefully monitored.
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PCC. RHCC can be used anywhere Portland-cement concrete can be used. When doing the
curing procedures, precautions must be taken to protect RCHH from high temperatures and
dry winds.
o A paper by Packard (2000) presents a reconstruction project on Interstate 10 in California. A
2.8 lane-km of concrete pavement was replaced in 55 hours over one weekend. The
rehabilitation project used fast-track concrete with 4-hr curing time and two different
construction windows: one 55-hr weekend lane closure and a series of repeated nighttime
closures of7 and 10 hours. The weekend closures were 55% more productive than nighttime
closures. The overall progress of the project was found not to be controlled by the demolition
activities. Concrete delivery to the site was found to be the constraining factor.
o A paper by Delatte and Laird (1999) presents performance of bonded concrete overlays
(BCO). BCO is a concrete pavement rehabilitation method used to extend the life of an
existing concrete pavement. The BCO should bond fully with the existing concrete, leading
to a thicker composite pavement section, a much stiffer pavement, and a considerable
decrease in pavement stresses. For one project, cost estimates for a BCO were half as much
as for full-depth replacement of a pavement. In some cases, BCOs have de bonded shortly
after construction. If this occurs, the design assumptions are violated and the increase in
pavement life may not be achieved. This paper discusses some of the causes of early age
debonding in BCOs. The early age behavior of newly constructed BCOs is examined. The
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temperatures may exceed 90<>.F. This paper gives useful recommendations on improving
pavement performance, especially for PCC pavement and gives guidelines for selecting
coarse aggregate. The paper provides concrete placement guidelines and some conclusions
relative to general PCC pavement developments, such as the evaporation of surface moisture
and operational techniques.
o Morlan et al. ( 1999) present several criteria to select materials and to control construction
quality. The 1-15 reconstruction project in Salt Lake City was issued as a design-build
contract with both maintenance and warranty requirements, to build a pavement which would
perform in an excellent manner for forty years or more. Innovations in concrete mix design,
and materials management were made to aid the progress of the project, and to assure that
construction schedules and quality objectives are maintained. The design criteria were
essentially the same as that one used by the Utah DOT, (a): the performance criterion were
based on durability, friction level, structural capacity, etc.; (b) the construction quality
measured by strength, air-entrainment, W/C ratio, slump, etc. The paper also encourages the
optimization of life cycle costs during the pavement design process.
o Ramseyer et al. (1999) wrote an article on very-early-strength (YES) Portland cement
concrete suitable for patching rigid pavements. The problem addressed is about the time
required for a concrete mixture to achieve a minimum compressive strength since it
influences the timing of opening a repaired road to service. The study consisted of three
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cost of construction, construction sequencing and scheduling, location of business entrances,
utility requirements and risks involved. Components of intersection reconstruction process
model was given and conclusions with four main components for expedited urban
intersection reconstruction were drawn as follow:
(1) Planning: screens the intersection to determine if it is a candidate for expedited
reconstruction within 72 hrs.
(2) Design: confirms that the intersection can be completed within 72 hours or less, and
develops design documents that contain sufficient information for contractors to
effectively bid a 72-hour intersection reconstruction project.
(3) Contractor interaction: is critical for planning the details of construction to ensure that
the most efficient and cost effective construction effort is accomplished and completed
within the contract time allowed.
(4) Construction operations: monitored to ensure that the intersection is completed and
opened as planned.
IJ

A paper by Benz et a/. ( 1998) describes that TxDOT faced rehabilitating of Interstate
Highway 45 due to an aging structure that had exceeded its design life. Several measures
were used to reduce the duration of the project. These measures included using a
reconstruction process using computer modeling, cost + time bidding, bonus/penalties for
early/later completion, a fast track construction sequence using precast structural member,
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o A paper by Ansari et al. (1997) describes a full-depth repair of jointed concrete slabs before
bituminous overlay, developed by the New Jersey DOT. The agency requirements for the
concrete included: a compressive strength of about 2500 psi and a modulus of rupture of
about 350 psi in 6 to 7 hours after placement operations; use of accelerators limited to
nonchloride·based admixtures; and workability for placement and finishing operations.
Essential to the successful production of very high early-strength concrete include the mix
proportions, concrete temperature, admixture dosage rates, curing and early age thermal
insulation of the pavement joint. In this project, Type I cement was used but there were
variations among different brands. Comprehensive studies in terms of cement brands and
durability issues for these mixes were developed afterwards.
l:l

A paper by Godiwalla (1997) discusses the total demolition and reconstruction of a heavyduty intersection at Hobby Airport. Since only one runway can carry commercial airline
traffic during reconstruction, the intersection was constructed on a fast track basis and was
reopened to aircraft traffic within sixteen days. This required the use of high performance
concrete, specified to 750 psi of flexural strength in 24 hours, and 850 psi in 28 days. The
type of cement specified was Pyrament, CTS or Type III high-early-strength cement.

o

A paper by Jeppson et al. (1997) addressed three methods for paving intersections with
concrete: a) full depth repair, where the existing pavement is removed and replaced with
concrete; b) white topping, where a depth of 4 to 5 in. of asphalt is removed and replaced
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use of maturity measurements in the control of traffic sensitive areas.
a

Three papers by Cole and Voigt (1996, 1995a, 1995b) address modifications to traditional
fast-track PCC pavement construction. Fast track often uses conventional concrete paving
materials and procedures, but key changes can significantly expedite construction, such as
material modifications, equipment specifications, changes in worker responsibilities,
construction staging, pavement joint construction, blanket curing, nondestructive testing and
opening-to-traffic criteria.

a

Another paper by Delatte et.a/. (1996) presents criteria for opening expedited bonded
concrete overlays (BCO) to traffic. For rehabilitation of concrete pavements, resurfacing with
a bonded concrete overlay may provide significantly longer life and reduced maintenance
costs. Two important issues considered in rehabilitation are bonding and rapid reopening of
resurfaced sections. The purpose of expedited concrete paving is to limit both the duration of
lane closure and the inconvenience to the public. Expedited BCOs offer an economical
method for substantially extending rigid pavement life. Research for expedited BCOs in El
Paso and For Worth, Texas, has been carried out for the Texas DOT. Results of previous
expedited BCO construction are reviewed. Laboratory testing for this project included a
high-early-strength mix design, bond development of that mix design, and early-age fatigue
strength of half-scale BCO models. A 122-m-long test strip was cast with eight different
expedited BCO designs, and accelerated traffic loading was imposed at 12 hr. Current
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strength testing required on larger projects; (5) End-result specifications five the contractor
the flexibility to customize fast track procedures to fit each job best.
a

Risser and Johnston (1996) provide some tips for reconstructing concrete intersections.
Intersections represent a special challenge in concrete pavement construction. Having to
accommodate traffic flow while striving to meet project specifications for drainage,
smoothness, and other structural requirements tests a contractor's construction and
organizational skills. By carefully considering phase options, employing fast-track paving
techniques such as the use of high-early-strength concrete, and using proper approaches to
drainage and jointing, contractors can construct a concrete intersection that will serve for
decades.

o A paper by Cole and Okamoto (1995) presents rational criteria for opening concrete
roadways to traffic, based on flexural strength to apply to new construction, reconstruction
and concrete overlays, except bonded concrete overlays. The criteria to open pavements to
traffic are generally based on in-place concrete strength, not on time. The rate of concrete
strength gain is affected by a number of fuctors other than time, such as water-to-cement ratio
and properties of cement (composition and fineness). The flexural strength required for
opening depends on a number of pavement-specific factors such as pavement application
(new construction, unbonded overlay, concrete overlay of existing asphalt); type, weight, and
frequency of anticipated loadings; distance and distribution of loads from edge of pavement
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a

Nagi et al. (1994) researched on minimum strength levels of concrete used for rapid repair of
pavements. The article reports on the scope of the investigation, field test techniques, and the
findings at field sites. The following field tests are used: water content using microwave
oven drying; temperature matched curing, maturity monitoring and ultrasonic pulse velocity.
Based on the results of the study, the authors draw five conclusions: 1) microwave oven
drying is a rapid means to determine water content of fresh concrete, 2) early strength gain
can be monitored via maturity and pulse velocity during the curing period in pavement repair
slabs, 3) the maturity approach offers a more exact prediction of strengths close to time
opening, 4) nondestructive test readings must be calibrated to strength prior to constructio~
and S) curing test cylinders in a well-insulated curing box may offer a simple means of
prediction in-place strength of rapid repair mixes.

CJ

An investigation of the strength and durability of field concretes used for rapid highway
repairs was described by Nagi and Whiting (1994). This Strategic Highway Research
Program study involved sites in Georgia and Ohio. Three categories of opening times were
chosen: 2 to 4 hours, 4 to 6 hours, and 12 to 24 hours. Compressive strength and splitting
tensile strength were tested as well as freeze-thaw resistance testing. Results of the study
indicate that relatively high long term compressive strengths can be achieved using a variety
of rapid pavement repair materials typically obtained by using a high cement content, low
water-to-cementitious materials ratio and accelerating admixtures.
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projects, encouraging competing technologies.
o White and Pumphrey (1992) discussed overlay design procedures for PCC pavements for the
Indiana DOT. Initial analysis of tests and performance observations based on a statistical
experiment design resulted in unsatisfactory performance functions. Because great care had
been applied in identifying the significant mctors and their levels in arriving at the
experimental design, the overall concept of the experiment was reviewed. As a result, it was
realized that the experimental design grouped all combinations of PCC and composite
pavements. The database used included several pavement combinations.
o Drinkard (1991) reported a repair work made to a runway of an Air Force Base that reopened
to traffic within several hours. A number of logistical problems were solved and a functional
scheme using new cement materials was proposed after continuous designer and contractor
input. This paper details the pavement design, the characteristics of the new cement
technology, and the construction methods utilized in successfully completing the 67 day
replacement of a complete runway intersection while maintaining daytime aircraft
operations. The relative economical benefits are compared to those of fucility shutdown.
The advantage of designer/contractor interaction during the design of a fast track project is
also emphasized. The experience of using new material technology combined with intensive
designer/contractor interaction during design as weJI as construction, resulted in a successful
project that should give outstanding performance for many years.
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the maturity and flexural strength. The project established the feasibility of using Fast Track
II to construct Portland cement concrete pavement at night and opening the roadway to traffic
the next day.
a

A paper by Knutson (1990) presented a cost-effective, long-term solution to improve the
structural capacity and rideablility of existing concrete pavements. One option is a thinbonded concrete overlay. By increasing slab thickness, a bonded overlay substantially
increases pavement structural capacity resulting in less pavement damage per applied load.
Increasing the monolithic slab thickness beyond eleven ( 11) inches practically eliminates
fatigue cracking except under extremely heavy traffic conditions. Compared with asphalt
overlays, bonded concrete overlays provide significantly more structural improvement per
inch of thickness.

a

In the past, fast track concrete has proven to be successful in obtaining high early strengths.
This benefit does not come without cost. Special Type III cement and insulating blankets to
accelerate the cure, add to its expense when compared to conventional paving. Grove (1989)
addressed a research program attempting to determine the benefit derived from the use of
insulating blankets to accelerate strength gain in three concrete mixes using Type I cement.
The goal was to determine mixes and curing procedures that would result in a range of
opening times. This determination would allow the most economical design for a particular
project by tailoring it to a specific time restraint. Three mix designs with various cement
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3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Subgrade Type and Properties
0
Base Type and Properties
0
0
Traffic Loads
0
Climatic Conditions
0
Curing Methods
Time to Open to Traffic
0
QC/QA
0
Equipment availability
0
Ease ofMaintenance
0
D
Durability
Please name other important factors that are missing:

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

D

2. Do you use software to design pavements for expedited projects? IJ Yes
If yes, which software programs?
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0 No

example: new materials, construction methods, modifiers, reduced pavement sections such as
removing a specific layer, etc.):

6. Do you know of any experimental or innovative projects throughout the nation that we
should consider as a case study in this project?

7. Do you mind if we contact you for some clarification and information? DYes D No
If no, what is the best means? D Phone De-mail
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(5) Traffic Loads:

(6) Climatic Conditions:
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(11) Ease of Maintenance:

( 12) Durability:

(13) Others:
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• Joint Design
• Time of initialization

• Cost incentives for early completion I disincentives for late opening

* One respondent left these blank.

Notes from some respondents:
• Traffic volumes are Somewhat Important, and the traffic loads are Not Important.
• Only cover the first question and leave others blank.

2. Do you use software to design pavements for expedited projects?
(11) Yes

(9) No

(2) Blank

If Yes, which software programs?
• ACPA
• ACI
• FAA
• Darwin from AASHTOware to determine the time to open the pavement to traffic.
• LEDFAA
• PCA
• AASHTO
• ISLAB 86 -Automated AASHTO Method
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•

•
•
•

opening, not due to more definitive test method. Flexural, time, modulus of elasticity,
etc. are all ways of measuring strength and suitability for loading.
If we use compressive strength for opening to traffic, we make a number of informational
cylinders and cure them next to the slab. The road may be open to traffic if the
informational cylinders break above 2500 psi. When we go fast track, maturity vs.
compressive strength curve is made at a field tests slab near the project to find the degreehours needed to reach 2500 psi. We monitor the degree-hours on the project and open
after the specified degree-hours are obtained.
MDOT (Michigan) specimens require beam breaks at jobsite to verify flexural strength
before opening.
As outlined in the specific book.
The Atlanta district has done one intersection under accelerated conditions.

4. Do you consider economic analysis when considering expedited pavement projects?
(19) Yes

(3) No

If yes, what parameters do you consider? (Mark as many as applicable)
(10) Initial costs
(l2) User Costs
(12) Life-cycle Costs
( 3) Other Costs: Construction Costs, Airline delays, Maintenance costs, traffic control costs,
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•
•
•
•
•

•
•
•
•

•
•
•

In airfields-remove concrete down to CTB and come back up
Inlay replacement
Permeable base course
PCC Bonded overlays
More streamlined process for introducing new products and construction techniques,
more emphasis on concrete pavement subbase structure, and longer life-cycle pavements,
more disseminating of knowledge to contractors regarding pavement distress for warranty
work.
Don't limit contractor innovation. Decide what factors are important.
Preparation, preparation and preparation
We have used calcium chloride and super plasticizers to speed the process.
MDOT (Michigan) and the industry are finding that complete closures often have the best
cost/benefit to the motoring public as well as offering safer constructor for drivers and
workers. Public seems to agree: close it and get it done vs. lane closures.
Bonus/Penalty incentives
Full depth concrete intersections.
This depends on the scope of work. For rehabilitation projects, recommend in place
stabilization of existing materia~ then base or HMA overlay.

6. Do you know of any experimental or innovative projects throughout the nation that we
should consider as a case study in this project?
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0 Other
Specify time: ---------------------------------------Specify required psi:------------------------------3a. Would you like to use NDT to open the pavement to traffic? DYes

0 No

4. What are the most common base treatment methods used (if any) in your District?
(Mark as many as applicable)
0 Asphalt
0 Fly-ash
0 Other ---------0 Lime [] Cement

5. What are the most common subgrade treatment methods used (if any) in your District?
(Mark as many as applicable)
0 Lime
0 Cement
0 Asphalt
6. Comments
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This draft document only covers the preparation of designs for
new construction (the rehabilitation po~rtion is currently being
prepared).
We are asking Districts to begin implementing this material in
the preparation of their rigid paveme~t design documentation.,
Please contact the Pavement Design Section of the Highway Design
Division with any questions or'comments you might have regarding.
these guidelines.
Sincerely,

I~~~

~i~~

Chief Engineer. Highway Design

Attachment
cc: Engineer-Director
Deputy Directors
Internal Review
General Counsel
D-18

l05

For the concrete elastic modul\is,
two ·values will be
recoamended based on the coarse aggregate anticipated for the
project under consideration. These values are identical to those
recommended in the past:
4,000,000 psi for crushed limestone
5,000,000 ·psi for siLiceous river gravels
The actual modu~us va~ues may vary. The aggregate type that
is used on the job may even be something other than that
anticipated.
It.should be noted however that these eventualities
will not significantly alter the design and should therefore not
cause alarm.
The values recommended a9ove are provided strictly to
maintain some level of consistency in design.

PRELIMINARY

SU·BJECT TO REVISION
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when stabilized subbase .are to be

provided~

SEIVICEABILtTY LOSS (2.0)
(Article 2.2.1, Page II-12)
Rather than establishing the appropriate values fpr ioitial
and terminal serv1ceab1lity it bas been ·determined· that the
difference
between
the
two
is
the
only
value.
of
real
significance.
Therefore rat. her than attempt:Lng to predict what
initial ride quality wil~ be prov~ded or at what point the
pavement will be considered failed, it is requested that a value
of two ( 2 .0) be used as tbe differene_,e between tbeee ewo point~
in time.

PREL\MlNARY
SUBJECT TO R_EV\SlON
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A drainage coefficient has been incorporated in the des~gn
equation to account for the significant"' ·impact: water has on t:he
performance of PCC pavem~nts. The coefficient likewise has a very
significant impact on the pavement design.
It is suggested t:hat the values used here shou~d be based on
anti.cipated exposure to moisture as well as the quality bf· the
drainage provided.
As a whole, the state has not been typically
providing
significant
drainage
systems
for
its ·concrete·
pavements.
This is primarily based on the belief that such
efforts are
not
warranted
at
this · time.
The
non-erosive
stabilized
subbases
currently
used
around • the
state
are
performiniJ satisfactorily in morst cases.
It is believed that
these stabilized subbases prov:i.de a Mfair" level of drainage.
With this in mind the drainase enefficient: will be selected based
solely on the anticipated exposu~e t:o water, anticipating that a
non-erosive stabilized subbase will be provided.

.

PRELIMINARY
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conservative value of 0.39 has been selected until a better value
can be developed.

~

RELIABILITY (85,95,99,99.9)
(Article 4.4, Page I-62)
(Article 2.1.3, Page II-9)
One reliability factor is now provided co aecoauo.odate the
designers desire to economieally assure adequac~ performance.
This "factor of safety" was applied pr1marily to the concrete
strength in the past:.
This reliability. is now provided as a
separate input co encourage des1gnera to establish their desired
reliability independent of the other design inputs used.

PRELIMINARY
SUBJECT TO REVISION
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the design life.
For rigid
(30) years will now be used.

pavements a

design ·life

of

thirty

'

•'

PRELIMINARY
SUBJECT TO REVISION

110

26

Ill

112

Appendix G

Soil Compaction (
Concrete paving I
Concrete paving II
curing time + ope

ALTERNATI

Soil Compaction (
Asphalt Base I
Asphalt Base II
Concrete paving
curing time + ope

ALTERN

Lime mix and curi
Lime Stabilization
Wait Time after S
Cement treated b
Wait Time after T
HMAbase
Concrete paving
curing time + ope

SECTI

(4 lanes 12' wi
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Soil Compaction (
Concrete paving I
Concrete paving I
curing time + ope

ALTERNATI

Soil Compaction (
Asphalt Base I
Asphalt Base II
Asphalt Base Ill
Asphalt Base IV
Concrete paving
curing time + ope

ALTERN

Lime mix and curi
Lime Stabilization
Wait Time after S
Lime Stabilization
Wait Time after S
HMAbase
Concrete paving
curing time + ope

SECTI

(4 lanes 12' wi

Soil Compaction (rid
Concrete paving (In
curing time+ open t

ALTERNATIV

Soil Compaction (rid
HMA base
Concrete paving (In
curing time + open t

SECTIO

(4 lanes 12' wide
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Soit Compaction (ridi
Concrete paving I (In
Concrete paving II (In
curing time+ open to

ALTERNATIVE

Soil Compaction (ridi
Asphalt Base I
Asphalt Base II
Concrete paving (Inc
curing time + open to

ALTERNATI

Lime mix and curing
Lime Stabilization S
Walt Time after Stabi
Cement treated base
Wait Time after Treat
HMAbase
Concrete paving (Inc
curing time + open to

SECTION

(41anes 12' wide

Soil Compaction (r
Concrete paving I
Concrete paving II
curing time + open

ALTERNATI

Soil Compaction (r
Asphalt Base I
Asphalt Base 11
Asphalt Base Ill
Asphalt Base IV
Concrete paving (
curing time + open

ALTERN

Lime mix and curi
Lime Stabilization
Wait Time after St
Lime Stabilization
Wait Time after St
HMAbase
Concrete paving (
curing time + open

SECTI

(4 lanes 12' wi
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Soil Compaction (ridi
Concrete paving (Inc
curing time + open to

ALTERNATIVE

Soil Compaction (ridi
HMA base
Concrete paving (Inc
curing time+ open to

SECTION

(41anes 12' wide

Appendix H

CSI N
023153
027403
027403
0275010

Unit
C.Y.
S.Y.
S.Y.
S. Y.

Unit CSI N
C.Y. 0231530
S.Y. 0275010
S.Y. 0275010

Qty
266.670
1,600.000
1,600.000
1,600. 000

Qty
266.670
1,600.000
1,600.000
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CSI N
023405
023405
027403
027501

Unit
S.Y.
S.Y.
S.Y.
S.Y.

Qty
1,600.000
1,600.000
1,600.000
1,600.000

S.Y.
S.Y.
S.Y.
S.Y.

Unit

Qty

Qty
Unit CSI N
266.667 C.Y. 023153
3,200.000 S.Y. 027501

266.667 C.Y. 023153
6,400.000 S.Y. 027403
1,600.000 S.Y. 027501

CSI N

CSI N
023405
023405
027403
027501

Unit
Qty
1,600.000
1,600.000
1,600.000
1,600.000

CSI N
C.Y. 0231530
S.Y. 0274030
S.Y. 027501 0

Unit
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Qty
Unit CSI N
266.670 C.Y. 0231530
1,600.000 S.Y. 0275010

Qty
266.667
1,600.000
1,600.000

CSI N
023405
023405
027403
027501

CSt N
023153
027403
027403
027501

CSI N

Unit
S.Y.
S.Y.
S.Y.
S.Y.

Unit
C.Y.
S.Y.
S.Y.
S.Y.

Unit

Qty
4,693.333
28,160.000
28,160.000
28,160.000

4,693.333 C.Y. 023153
28,160.000 S.Y. 027501
28,160.000 S.Y. 027501

Qty
28,160.000
28,160.000
28,160.000
28,160.000

CSI

S.Y.
S.Y.
S.Y.
S.Y.

Unit

C.Y. 02315
S.Y. 02740
S.Y. 02750

CSI
02340
02340
02740
02750

Unit
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Qty
Unit CSI
4,693.333 C.Y. 02315
56,320.000 S.Y. 02750

Qty
4,693.333
112,640.000
28,160.000

Qty
28,160.000
28,160.000
28,160.000
28,160.000

Unit CSI
C.Y. 02315
S.Y. 02740
S.Y. 02750

Qty
Unit CSI
4,693.333 C.Y. 02315
28,160.000 S.Y. 02750

Qty
4,693.333
28,160.000
28,160.000
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