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PREFACE

This is the first and the final report for Project 3-8-71-502, "Evaluation
and Revision of Texas Highway Department Rigid Pavement Design Procedure."

The report presents a revised portland cement concrete pavement design
procedure based on information obtained from previous research, observation of
past performance of such pavements, and ideas developed by Texas Highway De-
partment Design personnel, based on their past experience.

The recommended revisions and design details are written in a form that
can readily be used by the Texas Highway Department for implementation. Pro-
cedure computations for the design details are also documented, for future
reference.

The cooperation of the entire staff of the Center for Highway Research of
The University of Texas at Austin is appreciated. The help of Mrs. Colleen
Trlica, Mrs. Marie Fisher and Mr. Arthur Frakes, for their assistance with the
manuscript, is appreciated.

Mr. Michael I. Darter is thanked for writing several concepts used in the
preparation of revisions to the design manual.

District personnel are thanked for their ideas and valuable suggestions.
Special thanks are due to Mr. Gerald Peck, Mr. James L. Brown and Mr. Billy

Rogers for their guidance in this research study.

B. Frank McCullough
Harvey J. Treybig
Ramesh K. Kher
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ABSTRACT

Recent experiences with the performance of concrete pavements in Texas
have been of major concern to design engineers, who have pointed out that
greater thicknesses of pavements than those predicted by the current design
manual should be used.

The report revises the current design manual and presents a new procedure
for the design of portland cement concrete pavements. The procedure is based
on information obtained from various research projects of the Texas Highway
Department as well as the experience and ideas of THD design personnel.

The report summarizes the findings that may be implemented immediately
by the Texas Highway Department. The draft of recommended revisions and design
details has been prepared in a form in which they can be included in the design
manual with a minimum of effort.

The recommended revisions provide an incremental step towards use of the
Rigid Pavement System (RPS), developed for the Texas Highway Department under
Project 1-8-69-123, since these revisions contain many of the concepts that

are used in RPS.

KEY WORDS: rigid pavements, pavement design, pavements, performance, relia-

bility, stochastic, concrete, Texas Highway Department.






SUMMARY

The report presents a review and revisions to the current portland cement
concrete pavement design procedure used by the Texas Highway Department. The
recommended revisions to the current design manual are based on the experience
of district personnel, observations of past performance, utilization of infor-
mation developed by other research projects, and various established design
theories. Texas Highway Department concrete pavement design details have also
been reviewed and revised.

The new design procedure, which provides an incremental step towards
phasing the Rigid Pavement System into THD usage, is presented in a format
similar to that of the current design manual to facilitate the implementation

of the new procedure.
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IMPLEMENTATION STATEMENT

The output from this study provides several items that may be or have
been implemented by the Highway Design Division of the Texas Highway Depart-

' was prepared

ment. Appendix B, '"Revised Design Manual for Rigid Pavements,'
so that it could be included in the design manual with a minimum of effort,
and the format used is that used in the manual. After appropriate review by
the sections of the Highway Design Division, the Appendix could be distributed
as an addendum to the manual.

The revised design details presented in Appendix C.l are already in use
by the Highway Design Division. For it no further action is required. The
handwritten computations in Appendices C.2, C.3 and C.4 should be retained for
future reference for revising the design details at a later date.

The utilization of the recommended revisions of the design manual will
aid in implementing the Rigid Pavement System (RPS) developed previously. The
recommended revisions contain many of the concepts that are used in RPS and,

therefore, the manual will provide incremental phasing in RPS.
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CHAPTER 1. INTRODUCTION

In the past couple of years, there has been an intense concern among
design engineers of the Texas Highway Department that additional pavement
structure may be required for concrete pavements in certain areas of the state.
There has been a special concern as to the thickness of continuously reinforced
concrete pavement. Recent experiences with concrete pavement in the Gulf Coast
area tend to validate this concern. 1In addition, many other pavement design
details currently being used were in need of revision and documentation. Thus,
Project 3-8-71-502, "Evaluation and Revision of Texas Highway Department Rigid

Pavement Design Procedure,' was initiated by the Highway Design Division, to
y ghway g

fulfill these needs.

Objectives

The primary objectives of this study were as follows:

(1) Review and revise current portland cement pavement design procedures,
based on discussions with district personnel, observations of past
performance, utilization of information developed on other research
projects, and established pavement design theories.

(2) Review and revise the current Texas Highway Department concrete
pavement design details, taking into account the results of objective
number one, and document their development for future reference and
revision.

Background

During the period 1949-1950, several continuously reinforced concrete
pavements were constructed in the Fort Worth area. The concrete pavement slabs
were 8 inches thick and reinforced with 7/10 percent longitudinal steel. These
pavements gave excellent performance under very high traffic volumes, and based
on this experience the decision was made in 1958 to utilize continuously rein-
forced pavement as a standard construction item. Based on experience in other

states and an extensive design analysis, it was felt these first pavements



probably had an excessive amount of steel. Therefore, in order to make this
pavement type competitive with other types, it was decided that a design detail
should be developed utilizing what was deemed as an adequate amount on the basis
of these studies.

In the latter part of the 1950's, the Texas Highway Department commenced
building continuously reinforced pavement on an extensive scale. By 1971,
over 2,800 miles of equivalent, two-lane miles of CRCP had been constructed.
The background information on development of the design criteria for these
pavements has been reported previously in a number of publications (Refs 1, 2,
3, and 4).

Basically, the design analysis required an 8-inch slab reinforced with
5/10 percent longitudinal steel on high volume highways. On secondary roads
and some frontage roads, considerable mileage of 6 and 7-inch pavements,
respectively, was constructed. The steel percentages, both longitudinally and
transversely, remain the same for all pavements. 1In connection with this
development, a new specification was developed for continuously reinforced
concrete pavement that was eventually included in the standard specifications.
The initial specification established a cement factor of four sacks of cement
per cubic yard of concrete. This decision was based on satisfactory experience
in the eastern part of the state with pavements where low cement factors were
used. Thus, considering this successful experience and a desire to make this
pavement type more competitive, what was considered as a minimum acceptable
cement content was used.

During 1959 and 1960, distress manifestations of several types were
observed on two of the earlier projects utilizing the new design standards.
One of the distress manifestations was related to insufficient lapping of the
longitudinal steel at trangverse construction joints., This was corrected by
requiring additional longitudinal bars at the construction joints (increased
to approximately 1 percent), requiring the longitudinal steel to extend into
the next day's placement a minimum of four feet, and a full lap staggering
procedure. Another distress manifestation was extensive cracking on the down
placement side of tramsverse construction joints that was a result of low den-
sity and poor quality concrete., Plan notes and specification required changes

such as additional hand vibration at the construction joint and the additiom of



extra cement for the first few batches to compensate for that lost in coating
the mixer walls during those batches. Although the concrete honeycombing
problem was not completely eliminated, the incident rate was reduced sharply.

In 1963, an extensive performance study of CRCP was initiated on the
pavements then in service on the Texas Highway System. The results of this
study have been reported previously (Refs 5 and 6). Generally, with 1/2 per-
cent longitudinal steel, it was found that under a wide range of environmental
conditions the steel stresses were well below the maximum allowable working
stress. Also, the deflection studies indicated that the previously established
equivalency of 8 inches of CRCP to 10 inches of jointed concrete pavement was
an acceptable criterion. The preliminary deflection studies showing pumping
and high deflection with some granular subbases led to the widespread use of
cement-stabilized, asphalt-stabilized, and lime-stabilized subbases.

The poor quality concrete and the greater surface deterioration experi-
enced with pavements constructed with the low cement factor led to increasing
the cement factor to 4-1/2 and finally 5 sacks of cement per cubic yard.

Considerable experience was gained with a number of experimental pavements
with thickened edges, lightweight aggregate, lower steel percentages, preformed
crack spacing, and various steel lapping procedures. The results of these
studies have found their way into the design procedures and specifications

over the development period.

Study Plan

The basic philosophy of this study was to gain as much information as
possible from the previous research in this area and also from the experience
and ideas developed by the Texas Highway Department design personnel in the
Austin office and the Districts. First, a series of meetings were held with
the Austin office design people. Next, field trips were made to Districts 2,
12, 15, 18, and 20 and the Houston-Urban Office to inspect the inservice pave-
ments and to learn the ideas and experience of the field personnel.

Several research projects have previously developed information that was
used in revising the design procedures. Project 1-8-63-46 provided essential
information on performance studies as to deflection and steel stress. Project
3-5-63-56 provided analysis tools (Refs 7, 8, and 9) that could be used to

extend the results of Project 1-8-63-46 to other conditions. Project 3-8-66-98



provided an extensive amount of information that was used to develop the sub-
base design procedures (Refs 10, 11, and 12), The terminal anchorage guide-
lines were developed from Project 1-8-63-39 (Refs 13,14, and 15). .
The design procedure revisions to the Texas Highway Department manual
recommended in Appendix B were developed for possible inclusion in the Rigid
Pavement System being developed in Project 1-8-69-123 (Refs 16 and 17). 1If
these revisions are included in the design manual in the near future, the de-
sign personnel will have an opportunity to achieve a familiarity with the
concepts; thus, the implementation of the Rigid Pavement System for normal
design will not involve the tremendous educational process and change that
were experienced in the flexible pavement system implementation. The concept
utilized in this study will provide a gradual change from one system to another

without an extensive educational effort.

Scope

Chapter 2 summarizes the discussions with the Texas Highway Department
field personnel about the design performance of CRCP. Chapter 3 presents back-
ground information on the recommended revisions to the design manual. Chapter 4
presents documentation information for the revisions and development of the
concrete design details. Chapter 5 contains the primary conclusions and recom-
mendations of this study.

Appendix A is a summary of the comments from each district. Appendix B
contains the recommended revisions to the Texas Highway Department Design
Manual that were developed in this study. Appendix C contains several sub-
sections relative to the revision, revision checking, and documentation of the
design details. Copies of the revised design details have previously been

supplied to the Highway Design Division.



CHAPTER 2. SUMMARY OF CONSULTATIONS WITH DISTRICTS

Prior to developing possible revisions to the design manual, a visit was
made to six Texas Highway Department Districts and the Houston-Urban Office
to seek their ideas and experience as to a suggested course of action. The
selected list, which included the Fort Worth, Houston, Houston-Urban, San An-
tonio, Dallas, and Beaumont districts, provided a variety of climatic traffic
and soil conditions, hence establishing a more rational basis for revisions.

The procedure used in each district was to consult with the District
Engineer, Design Engineer, Construction Engineer, and Maintenance Engineer,
either individually or as a group. The principal investigators and represen-
tatives of the Highway Design Division met with each of the districts. The
results of this survey are summarized in Table 1. 1In the following paragraphs,

the pertinent points of the table are discussed in more detail.

General Performance

The general performance of CRCP in the six districts has been quite satis-
factory, although each district has experienced various types of problems.
Most of the districts expressed the qualitative opinion that the roughness
level of CRCP was substantially lower than of jointed concrete pavement.

Table 1 shows that three districts indicated an excellent performance record
while two others rated the performance of CRCP as good and fair respectively.
Districts 2, 15, and 18, all of which are in the region experiencing severe
swelling clay problems, indicated that this pavement type has given a better
performance than jointed pavement where swelling clays are preseant. The pre-
vailing comment was that the CRCP tends to smooth out the heaves by giving

a lounger transition. It might also be hypothesized that the slabs' being tied
together brings more mass into play, thus reducing the magnitude of heave.

Two of the districts mentioned they had experienced localized failures
due to problem batches during the concrete placement, but the magnitude of this
problem has been reduced as more slip form pavers and central mixing plants

have been obtained on projects. Only District 20 reported distress that could



TABLE 1.

SUMMARY OF COMMENTS FROM DISTRICT SURVEYS

1. General perfor-
mance

[

Thickness rela-
tive to present

w
.

Concrete mix

design

a., Min. cement
factor

b. Max.coarse agg

4, Steel dasign

a, Use of trans-

verse steel
b. Present 7 of

longitudinal
steel
5. Subbase
a, Require
stability
b. Minimum
thickness
6. Pvt. terminals
a. Require
anchors
b. Problems

c, Joint seals

7. Construction &

specifications
a. Special
probleus

b. Slip form &
central mix

c. Non-agitating

trucks

8. Miscellaneous

Excellent

Acceptable

4.5

L NC*

Need

Acceptable

Yes

NC

No
Slab 1lift up

No problem

Extensive corin
slip form &
central mix

Prefer

Permit

Shoulder design
on horizontal
curves
(drain 5')

Excellent

Acceptable

5.0

NC

Need

Acceptable

8"

No

Slab 1lift up

Not working

RC

NC

NC

NC

Good

Greater

5.0

NC

NC

Acceptable

Yes

NC

Yes
NC

NC

Steel
placement

Prefer

Permit

NC

Greater

5.0

Smaller C.A.

Need

Acceptable

NC

NC

Yes

Slab lift up

NC

NC

NC

NC

Excellent

Greater

5.5

Smaller C.A.

Need

Acceptable

Yes

6"

Yes

Expansion where
no lugs
Not working

Eliminate long.
float & surface
requirements
NC

NC

* NC = No Comment



be attributed to structural inadequacy, and this seems to be more prevalent

on CRCP than on jointed concrete pavement. Their problem seems to be one of
excessive deflection. This is confirmed by the results of previous studies of

CRCP where deflection in District 20 was found to be the highest in the state

(Ref 5).

Pavement Thickness

Of the six districts interviewed, only two indicated that the present
design criteria provided inadequate thicknesses. District 18 and the Urban
Office stated a thickness in excess of 8 inches should be used on urban free-
ways, and both felt that 20 years was an inadequate design basis. A 30 to 40
year basis would be much more realistic. The impact of this point is empha-
sized when, watching the heavy flow of traffic on an urban freeway built in
the late 1950's, one realizes that over one-half of the theoretical 1life has
been used up.

Experience in District 20 indicates that the excessive deflection on CRCP
could be reduced by thicker pavements. The experience in this district empha-
sizes the need for considering a maximum deflection as a criterion for design

in addition to maximum stress.

Concrete Mix Design

Only District 2 stated that a cement factor of 4 1/2 sacks per cubic yard
was satisfactory. Their experience has been excellent with this requirement
and they obtain a 7-day flexural strength in excess of 700 PSI, so their stand
is quite valid. 1In contrast, District 18 reported problems in obtaining ade-
quate flexural strength with 4 1/2 sacks per cubic yard. Much of this may be
attributed to the difference in aggregates used in the two districts. Three
of the districts felt that the minimum cement factor should be 5 sacks per
cubic yard in order to prevent excessive surface wear. District 15 had an
unsatisfactory experience with soft aggregates in terms of skid resistance,
and an increase in the cement factor provides a stronger cement aggregate matrix
that is more polish resistant. The Urban Office recommends a mix of 5 1/2
sacks per cubic yard. It has progressively worked up to this value after start-
ing with a cement factor of 4 sacks per cubic yard. 1In addition to the reasons

expressed previously, the Urban Office indicates the uniformity of the concrete



is improved and there is a greater safety factor against the possibility of
losing cement during the mixing operations.

Two of the districts feel smaller coarse aggregates should be used, with
the Urban Office recommending the maximum size, 1 inch. The smaller size,
providing improved workability, is less inclined to produce honeycombing around

the steel bars.

Steel Design

Four of the districts expressed a positive need for transverse steel in
the CRCP. The consensus of opinion was that the transverse steel provided a
continuity in areas where longitudinal cracks occurred due to deep soil move-
ments among other reasons. District 2 and the Urban Office both had several
examples in which large cracks occurred in the pavement; thus severe deteriora-
tion and slab faulting would have occurred if transverse steel had not been
present.

Most of the districts felt the present percentage of longitudinal steel
was satisfactory, although the Urban Office has increased the percentage to
approximately 0.6. This increase was a result of the greater concrete strength
expected with the increased cement factor that was discussed in a previous
section and thus was not the result of unsatisfactory performance with the

older designs.

Subbase Design

Three of the districts recommended the use of stabilized subbases with
CRCP. District 18 specifically recommended that lime-stabilized materials not
be placed directly beneath the CRCP slab. They feel that there should be an
intermediate subbase layer of portland cement or asphalt-stabilized material.
Previous experience had indicated that the edge pumping was experienced where
lime-stabilized subbases were used. Although District 2 did not comment in
general, they quoted an example in which poor performance was achieved with a
6-inch CRCP on a lime-treated subgrade. 1In this case both pumping and exces-
sive deflections were the primary contributors to poor performance. It appears
that lime stabilization does not prevent edge pumping, thus remedial procedures
are required.

Minimum cement-stabilized subbase thicknesses of 6 and 8 inches were recom-

mended by the Urban Office and District 15, respectively. The Urban Office had



found through experience that a 4-inch cement stabilized subbase was undesirable,
expecially for construction traffic, and therefore they were using a 6~inch

thick subbase.

Treatment of Pavement Terminals

Three of the districts require lug anchors as per the CRCP (TA) design
detail. Two of the districts have had excellent experience at the joints where
lugs were not used. District 15 emphasized that in all cases they have observed
only contractive movement, and thus they are using the H-beam joint. It should
be emphasized that both Districts 2 and 15 have used surface treatments beneath
their CRCP, and previous studies have indicated this is a high friction subbase,
which reduces the magnitude of movement (Refs 14 and 15). It is interesting to
note that the non-use of lugs occurs in the western-most districts interviewed
and use was required in the eastern three districts. The Urban Office and Dis-
trict 20 both indicated use of two anchor lugs along with a l-inch expansion
joint was sufficient, but the Urban Office cited several instances where prob-
lems had developed when lugs were deleted.

Three of the districts stated major problems at terminals were in the
vicinity of approach slabs, with Districts 2 and 15 definitely attributing the
problem to swelling clay. District 20 has attributed its problem to concrete
curling, since the uplift occurs on the pavement and not in the approach slab.
(Five lugs were used in the cited cases.) District 2 has attempted to correct
its problem by using less active materials (lower PI) in the embankment beneath
the bridge approach slab and pavement terminal slab. This is generally in the
form of a wedge section, with the maximum depth at the structure and tapering
to zero two hundred to three hundred feet from the structure. In addition, it
has used weakened-plane joints (inserts at the bottom of the slab), to allow
the slab to crack and provide greater flexibility in adapting to the profile
of the uplift. In an attempt to prevent the same type of problem, District 15
has used double layers of steel (2-1/2 inches from the top and bottom) in prob-
lem areas to provide a structural slab, but their experience has been inconclu-
sive. As a remedial procedure, District 15 has used concrete grinding, although
this is an expensive process.

Two of the districts reported that the expansion joint seal materials are

not working, District 15 has primarily used two component polymer sealings,



10

whereas the Urban Office has reported almost 100 percent failure with the
Neoprene compression seals. The failures generally consist of the material

being pulled out of the joint by the traffic action.

Construction

On the early CRCP, District 2 experienced some problems at the construc-
tion joint. These problems were generally with unconsolidated concrete on the
new side of the joint, where it is difficult to achieve adequate vibration.

To prevent the problem, it has required hand vibration and the concrete is
cored in these areas to insure that a uniform consolidated concrete is achieved.

Several steel detailing comments that were made indicate that some design
revisions may need to be considered or other construction techniques innovated.
The spacing of tiebars was felt to be complicated and offered some problems
with slip-form construction. Along with this problem was that of the over-
lapping of bent tiebars. The last comment about the tiebars was that the
length should be a multiple of the longitudinal steel spacing.

The Urban Office has prohibited the use of a longitudinal float in the
pavement train. It feels this equipment "over finishes'" the concrete and
brings the mortar to the surface, which reduces the uniformity of the concrete
and provides a surface that is subject to disintegration under traffic. In
addition to this step, it has eliminated the surface tolerance of 1/8-inch
deviation in 10 feet. The rationale is that the shorter deviation is not the
problem that causes an unsatisfactory ride, but rather that the longer wave-
lengths are the problem areas. Thus, the Urban Office has put special emphasis
in laying a smooth grade line to avoid roughness due to longitudinal wavelength.

With reference to slip form pavers and central mixing plants, Districts 2
and 18 stated a preference for this type of construction, the consensus of
opinion being that the central mixing plant produces a superior concrete in
terms of uniformity and that in turn the slip form paver requires a more uni-
form product to prevent edge slump. Also the slip form paver gives a pavement
with riding quality far superior to what was being achieved with a conventional
form operation.

In the early stages of the development of the central mixing plants in
Texas, there was a feeling that the use of nonagitating trucks might result in

premature setting of the concrete. To avoid taking two steps at one time,
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the specifications were written to require agitating haul trucks with the

early central mix concrete operations. After a successful experience with the
central mix, several districts experimented with the use of nonagitating trucks.
As a result of their experience, Districts 2 and 18 state a satisfactory product

can be achieved with this practice.

Miscellaneous

District 2 has experienced failure with shoulder designs on CRCP in the
area of super-elevated curves, due to bad drainage. To prevent this condition,
the district has installed transverse French Drains 5 feet apart across the
shoulder, with a minimum of three drains to a curve. This has prevented the
collection of water, which tended to weaken the load-carrying capacity of the
shoulder in the past. Performance with this change has been satisfactory thus
far.

The Urban Office has built several experimental pavements using light-
weight concrete. These pavements have served very heavy traffic for eight to
ten years and have required no maintenance, and the performance has been excel-
lent. It is the consensus of opinion among the personnel that lightweight con-
crete should be permitted.

A concrete overlay was placed by the Urban Office on a frontage road in
Houston., This overlay is on an old concrete pavement built by the city. No
bond breaker was used and the overlay is of varying thickness, 4 to 7 inches.
Longitudinal cracks have formed in the overlay over the longitudinal cracks in

the old pavement.






CHAPTER 3. BACKGROUND FOR RECOMMENDED REVISIONS TO DESIGN MANUAL

General

This chapter describes the basis for the recommended revisions to the
rigid pavement portion of the design manual. The new method is based on the
available state-of-the-art. Data and results from several studies conducted
by the Texas Highway Department have been utilized in preparation of the recom-
mended revisions.

An integrated approach to rigid pavement design has been utilized for this
analysis. Unlike in the past, when slab, subbase, and reinforcement designs
have been considered as separate problems, the revised design method considers
the entire design process as one operation. Design of one component is depen-
dent on the other so that output from one design operation becomes an input to
the other.

Economic considerations are included in the analysis. During the design
process, several design strategies are generated and analyzed from an economic
point of view to obtain the most economical design meeting the specified re-
quirements. This optimal design concept is similar in nature to that used in
the Rigid Pavement Design System (Ref 17) developed for the Texas Highway De-
partment under Project 1-8-69-123.

Various new concepts have been utilized for the design method presented
in the manual. A concept of reliability is introduced whereby a designer can
design a project at any level of reliability that is acceptable for his region.
The concept of deflection as a design criterion has been utilized in this
manual., Pavement design is restricted by a maximum allowable deflection., Sub-
base design has been extended to include the concept of considering the eroda-
bility of subbase materials during the lifetime of the pavement structure.

Details of the recommended design manual are given in Appendix B. This
chapter describes the basis for revisions and sources of data to support the
recommended revisions. For easy understanding, the main sections in this

chapter are written to correspond to those given in Appendix B.
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Analysis Period

Recommendations regarding the analysis period are given, based on a
thorough study of the current considerations used by the field engineers. 1In
urban areas, longer analysis periods are preferred to reduce high user costs
involved in subsequent maintenance operations. Also, in urban areas mainte-
nance and overlay operations create considerable public relations problems,
especially when the traffic volumes are very high and altermate routes for
detouring are unavailable. 1In contrast, low traffic volumes and availability
of detours in rural areas make it desirable, in some instances, to allow short-
er analysis periods and provide heavy maintenance at the end of such analysis
periods.

A variable analysis period, rather than 20 years in all cases, has there-

fore been recommended for the design manual.

Design Traffic

Equivalent 18-kip single-axle load applications (18 KSA) are utilized for
design. These applications are obtained by converting mixed traffic into a
single statistic using the equivalency factors developed at the AASHO Road
Test (Ref 18). Design traffic is determined using lane distribution factors

as determined by traffic distribution studies reported in Ref 19.

Performance Level

The concept of serviceability-performance is used in the design procedure.
The concept was first developed by Carey and Irick (Ref 20), based on the AASHO
Road Test data.

The life history of a pavement depends on its initial as well as its
minimum allowable serviceability index. The difference of the two indices,
called the range of serviceability index, determines the level of pavement
service, Estimates of initial and terminal serviceability indices are obtained
from Ref 21, Information on a nationwide survey of pavement terminal service-
ability modes conducted by Rogers et al (Ref 22) is also used as guidance to

select the values for the minimum allowable serviceability index.



15

Material Evaluation

Subgrade. Since traffic loads are eventually transferred to subgrades
through pavement structures, subgrade strength is used in every pavement de-
sign procedure in one form or another, Texas Triaxial class is one measure
of such strength and is generally available in Texas for the subgrade materials.
Therefore, Texas Triaxial class is used in design to account for the subgrade
strength.

The correlations of Texas Triaxial class to the subgrade modulus value
(k-value) are obtained from NCHRP Report 128 (Ref 19) and the THD design manual

for controlled access highways (Ref 23).

Subbase. The composite k-value at the top of the subbase layer must be
determined in order to design pavement thickness. This requires estimation of
modulus of elasticity for the subbase material. Methods to determine this
modulus value have been developed in Project 3-8-66-98. The indirect tensile
test method has been developed to determine material properties for stabilized
materials. In case the test is not available, a table for guidance to select
approximate modulus values for various stabilized materials has been prepared,
based on the findings of this project.

The values of the composite modulus as determined at the top of the sub-
base are liable to change due to the instability caused by traffic and environ-
mental factors during the lifetime of the pavement., Erosion, pumping, repetitive
loadings, and freeze and thaw are some of these factors. Models to quantify
the loss of support due to these factors have been developed in Report 123-5
(Ref 17) of Project 1-8-69-123. The loss of strength has been characterized
by an erodability factor and the values of this parameter for various materials
are given in the recommended manual.

The concept of determining the composite k-value and modifying it by the
erodability factor has been developed with the help of pavement stress predic-
tion models developed by Project 3-5-63-56 (Ref 24) and by elastic layered pro-

grams developed by Chevron Research Corporation (Ref 25).

Concrete. Two concrete properties used for pavement design use its 28-day
third-point-loading flexural strength and its modulus of elasticity. The con-
version factor to get this flexural strength from that obtained at the 7-day

center-point loading is taken from the old AASHO interim design guide (Ref 1).
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The guidance table for the selection of the modulus of elasticity of
concrete has been prepared for the manual, utilizing the models developed by
Pauw (Ref 26) and the Portland Cement Association (Ref 27) and the data pre-
sented in NCHRP Report 128 (Ref 19).

Rigid Pavement Design Criteria

Two new rigid pavement design criteria are used in the design manual:
reliability concept and maximum allowable deflection. These two criteria indi-
cate that in some cases thicker concrete pavements are required, as has been
demanded by several districts. The sources of these new criteria are described

below.

Reliability Concept of Pavement Design. The concept of reliability and

designing a pavement structure at any desired level of confidence has been
adopted from Project 1-8-69-123, Discussions of the variational properties of
materials, and variations in design parameter and the design nomograph recom-

mended for the manual have been taken from work done by Kher and Darter (Ref 28).

Deflection Criteria of Pavement Design. This is a completely new approach

to rigid pavement design in the state of Texas. Experience in District 20 has
indicated that excessive deflections have been experienced on CRCP and that
they could be reduced by thicker pavements,

Little information exists on what an acceptable design deflection for
rigid pavements should be. In the past six to eight years, the Texas Highway
Department has sponsored a large field study of continuously reinforced pave-
ment projects wherein deflections have been measured over a period of two years
in the four seasons. These deflection data have been obtained from every con-
tinuously reinforced pavement design type which had been constructed to 1965
(Ref 5). Other information collected in this performance study of continuously
reinforced pavements included serviceability index data and data at various
points in time (Ref 6). The deflection and serviceability index data from the
observed pavement test sections have been utilized to establish a desirable
deflection. The deflections of pavements which have served well and provided
good performance have been taken as a guide. Table 2 shows a list of such

projects and their deflections and serviceability indices.  These deflection

This selection is based on a survey of CRCP in Texas conducted by Frank
McCullough, Harvey Treybig, and Billy Rogers in the fall of 1970,



TABLE 2. DEFLECTION OF CRCP PROJECTS IN TEXAS WITH GOOD PERFORMANCE RATINGS*

Deflection for Period PSI**
Project ipti
roject Description in 1966
Oct - Dec Jan - March June~July March-~April Average
1963 1964 1964 1965
I35 Bexar County .0113 0121 .0112 .0086 .0108 3.85
17-10-1
I10 Colorado County - .0046 .0046 .0060 .0051 4.27
535-8-1
I45 Walker County -- .0123 .0119 .0091 .0111 3.72
675-6-1
I45 Walker County .0092 .0075 .0076 .0069 .0078 4.13
675-6-2
145 Walker County .0076 .0088 .0068 .0087 .0080 3.84
675-6-3
Average .0094 .0091 .0084 .0079 .0086 3.96

%
See THD Report 46-5 (Ref 30) for description of experimental measurements and test sections.

**PS] rated in 1966 as a part of Project 1-8~63-46

L1
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data indicate that an 8-inch continuously reinforced pavement which performed
well had an average deflection of about 0,009 inch.
Table 3 contains a list of continuously reinforced pavement projects
which have been observed to experience somewhat higher deflections. The ser-
viceability index is slightly less than it was on the pavements with the lower
deflections. The average deflection of the pavements listed in Table 3 is
about 0,017 inch, considerably higher than of those pavements listed in Table 2.
The deflection design method has been developed using the procedures
developed by Project 3-5-63-56, data gathered by Project 1-8-63-46, and the
data obtained from the AASHO Road Test.

Joint Design. Joint design as recommended in the manual has been based

on a comprehensive literature analysis of the theoretical and experimental

work performed in the past as well as of the data reported for the performance
of in-service jointed pavements. The table for design of dowels in contraction
and expansion joints of concrete pavements as reported in the design manual has
been taken from the recommendations of the ACI committee (Ref 29). Dowel diame-
ter and length and the spacing of dowels have been recommended as a function of

pavement thickness.

Reinforcement Design. Based on the survey conducted in the districts,

reinforcement design as given by the old manual has been generally found to
be satisfactory. The nomograph for longitudinal reinforcement design in CRC
pavements has been simplified for use. The simplified nomograph was taken from

NCHRP Report 128 (Ref 19).

Terminal Treatment. The design of anchor lugs has been extended for use

with various subbase types and for two different amounts of end movement. Data
from THD Project 1-8-63-39 and further research work have been used in the

preparation of these recommendations.



TABLE 3, CRCP PROJECTS IN TEXAS WITH HIGH DEFLECTIONS\)c
Deflection for Period PSI**
P ject D ipti
roject Description in 1966
Oct - Dec Jan - March June-July March-April Average
1963 1964 1964 1965
1820 Tarrant County .0135 .0164 .0176 .0134 .0152 3.67
8-13-2
S183 Dallas County .0139 .0156 .0144 .0146 .0146 3.78
94-7-1
120 Kaufman County .0150 .0169 .0128 .0130 .0144 3.33
95-4-1
I10 Jefferson County .0225 .0283 .0207 .0194 .0227 3.78
739-2-4
120 Smith County .0222 0164 .0205 .0082 .0168 3.91
495-4-1
Average 0174 .0187 0172 .0137 .0167 3.69

% £
See THD Report 46-5 (Ref 30) for description of experimental measurements and test sectioms.

**PSI rated in 1966 as a part of Project 1-8-63-46

61






CHAPTER 4. REVISIONS AND DOCUMENTATION OF PAVEMENT DESIGN DETAILS

The Highway Design Division in finalizing P. S. & E. for concrete paving
inserts special design details into the plans that provide pertinent construc-
tion information. 1In addition to using the design details for '"blueprints" in
the field, the contractor also uses the quantities for estimating purposes.

These design details have been prepared over a period of time and have
been continually revised as special problems arise. Thus, it was felt that
these details should be reviewed in light of the latest design procedures and
that, in addition, the quantities, dimensions, etc., should be verified and
documented for future reference.

As a part of this study, the following design details were reevaluated

using Appendix B, and changes were made where applicable:

(1) CPCR (B)-71 (1)
(2) CPCR (B)-71 (2)
(3) CPJR (B)-71

(4) CPJR (F)-71

(5) CPJR (DW)-71
(6) cCpCD - 71

(7) RC (CPCR)-71
(8) Js - 71

Following the general policy of the Highway Design Division, the last
number of these details has been changed to 71 to reflect the year of their
last major revision, i.e. 1971. A copy of each of these details is contained
in Appendix C.1.

In the following sections, several of the major work items in the revisions

are discussed.

Quantities

In Appendix C.2, the computation for quantities of steel reinforcement is

presented. This section serves a two-fold purpose since no files were available

21
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in the Highway Design Division which documented how the steel quantities were
arrived at and, as indicated earlier, the quantities required checking because
they had been changed from time to time as revisions were made in the standards,
All the steel details of each standard were evaluated and checked to document
the method used to compute the quantities. The procedure used for each stan-
dard is presented in the appendix. Errors in the standards have been summarized

and are presented.

Transverse Steel

In checking out the transverse steel design for each of the details, it
was found that the design standard CPJR (B)-69 required an excessive amount of
transverse steel, Computation documenting this work is presented in Appendix
C.3. The basic change is a reduction in the amount of transverse steel. The
design standard has been checked and evaluated and the changes made are indi-

cated for future reference.

CPCR Thickness

As a result of the consultations with various district persounnel and the
new design criteria in Appendix B, it is evident that thicker slabs will be
required for some pavement structures. Therefore, since slab thickness is
a parameter that will be selected for each job, it was felt that a wide range
of thicknesses should be included on the CPCR details,

Appendix C.4 presents the development of a series of 9 and 10-inch slabs.
These additional thicknesses were included on the CPCR details. 1In addition,
design details were prepared for two or three-lane pavements and also for four
or five-lane pavements. This provides for a less complicated detail since the
transverse steel requirements for the widths differ considerably. This complies
with the recommendations of several districts that the transverse steel details

should be less complicated.

Longitudinal Reinforcement

The consensus of opinion among the district personnel as indicated in

Chapter 2 shows that the present longitudinal steel percentage of 0,5 percent
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is adequate in most situations. Therefore, the basic longitudinal steel

percentages were not changed in this updating of the design details, although

kS

0.6 percent was included for those desiring to select this steel percentage.

Summary

A considerable portion of the project effort was expended in checking
and documenting the design details. Since the finished product is a revised
detail, the information in Appendix C.l in reality reflects the effort in this

area.

*
Manual states the use of 0.6 percent longitudinal steel if mean flexural
strength greater than 625 psi is expected.






CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS

On the basis of the work conducted in this study, several major conclusions

and recommendations can be made. These reflect

(1)
(2)

(3)
(%)

the inspection of approximately 1,000 miles of in-service CRCP,

data and recommendations from eight Texas Highway Department research
projects,

two NCHRP research projects, and

recommendations of personnel in six districts and the Texas Highway
Department Highway Design Division.

It is felt that this study bridges the gap between developing research work

and applying it in the field.

Conclusions

Following are the pertinent conclusions developed in this study:

(L)

(2)

(3)

Inspection of the CRCP in the state and discussions with various
Texas Highway Department personnel indicate that basically CRCP

has provided excellent performance throughout the state. There

have been problem areas, some in design but most associated with
construction, The primary concern in the state pertains to pro-
viding adequate thickness for future traffic and wheel loads.

Recommended revisions to the Texas Highway Department design manual
are included in the appendix. The primary features contained in
the recommended revisions are as follows:

(a) consideration of longer analysis periods, especially in urban
areas;

(b) the use of a composite k-value that takes into account the
subgrade and the subbase stiffness characteristics;

(¢c) correction in the k-value to anticipate the degree of support
expected during the lifetime of the facility;

(d) a reliability concept that reflects the variability of material
properties and a desired level of confidence in the design; and

(e) a deflection criterion for selecting pavement thickness.

The pavement structure must be designed as an integral unit since
subbase thickness and pavement thickness are interdependent. The

25
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recommended revisions to the design manual allow the designer to
approach the design with a total concept.

(4) The greater the reliability the designer desires for his facility,
the thicker the pavement structure required.
(5) The need for use of terminal anchorage lugs is still questionable;
in some areas successful performance has been achieved without them
while in other areas the anchor lugs are essential for the successful
performance of CRCP at the terminals.
Recommendations

The report contains numerous recommendations in each of its chapters.

Following are several pertinent recommendations pertaining to the project.

(1)

(2)

(3)

(4)

The recommended revisions to the design manual are presented in
Appendix B, These have been prepared in a format that allows them
to be inserted into the design system after proper review with only
a minimal amount of change.

Utilization of the design manual will provide a transition stage
between the present design practices and the implementation of the
rigid pavement design system presently being developed in Project 123,

Through the use of the revised design manual, the implementation of
new research such as the indirect tensile test will become easy and
desirable.

In order to reduce the expense of terminal anchorage systems, it is
recommended that the H-beam expansion joints developed by the CRCP
group be utilized in areas where successful performance has been
noted with two or less lugs.
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APPENDIX A, SUMMARY OF COMMENTS FROM EACH DISTRICT

INTRODUCTION

As part of the project, the project staff together with the technical
contact representative from the Texas Highway Department met with Design, Con-
struction, and Maintenance Engineers in six districts of the Texas Highway
Department where rigid pavement is used extensively. These meetings included
discussions of (1) current design practices, (2) problems on in-service pave-
ments and solutions or attempted solutions, and (3) construction practices
and techniques and a brief survey of particular pavements.

The following sections are a brief account of what was discussed in each
of these meetings. These accounts serve to document the recommended revised

rigid pavement design manual.

SUMMARY NOTES - MEETING WITH DISTRICT 15, SAN ANTONIO,
SEPTEMBER 28, 1970

Three general pavement problems were found to exist in District 15:

(1) excessive pavement roughness from expansive soils,
(2) bridge approach-pavement end problems, and

(3) aggregate polishing.

Problems at pavement ends were at the ends of bridges first; then a bridge
approach slab was used and tied to the abutment and the problem was transferred
to the joint between the pavement end and the bridge approach slab. The prob-
lem is one of joint opening and slab lift-up or maybe curling. Remedial action
has been grinding.

Other attempts made to solve the problem have been to lower continuous
steel to 2-1/2 inches from the bottom of the slab at the end and also to place
top steel about 2-1/2 inches from the surface, thus in effect making a struc-
tural slab, 1In areas where this has been donme there has been no lift-up of

slab ends, but these areas are not on very expansive soils.
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Lug anchors are not used in the San Antonio District. The experience is
that the pavements have not grown longer, but actually shortened.

The limestones in the San Antonio area are somewhat softer than others
used for concrete aggregates. This has led to surface polishing and loss of
skid resistance. For this reason, a cement factor of 5.0 sacks per cubic yard

is being used.

SUMMARY NOTES - MEETING WITH DISTRICT 2, FORT WORTH,
OCTOBER 5, 1970

In general, the Engineers of this district are satisfied with their rigid
pavement designs and how they perform. For CRCP they support the 8-inch slab
with a stabilized subbase. On bridge approaches, special care is made to pro-
vide good materials under the pavement end and the bridge approach slab to
prevent action of expansive soils and the erosion due to pumping action.

The emphasis of the meeting was on the construction of rigid pavements
and CRCP in particular. This district is probably the only one still using a
cement factor of 4.5. They contend that this is good since concrete strengths
average about 700 psi. They favor slip-form paving because of its required
uniformity of concrete. For hauling central mix concrete they also use non-
agitating trucks to their satisfaction. The concrete is cored at each header
to insure uniformly consolidated concrete at these locations. The area at
headers was a real problem on all early continuous pavements.

Two design features which were discussed were the use of weakened plane
joints at the pavement end to insure desired cracking and the use of French
drains in low or super-elevated areas. Surface failures in the shoulders have
occurred with certain shoulder designs with CRCP in super-elevated sections.

This has been a general problem that is not related to pavement type.

SUMMARY NOTES - MEETING WITH DISTRICT 18, DALIAS,
OCTOBER 6, 1970

No particular pavement problems which are unique, i.e., non-existent in
other districts, have been experienced in this district. From a design view-
point, 8-inch CRCP may be too thin for urban freeways., For subbase design,
either asphalt or cement layers must be used on lime-treated subgrade. A

cement factor of 5.0 sacks per cubic yard is thought to be necessary in order
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to meet the minimum strength requirement. Anchor lugs are used to restrain
pavement movement; for this, designs call for two lugs only. Designs include
a bridge approach slab.

Specific mention was made of several items with regard to construction.
Slip=-form paving provides a product superior to that of conventional form-
paving. As is done elsewhere, central mix concrete can be hauled in conven-
tional dump trucks.

Several comments on steel detailing indicate that some design detail
revisions need to be considered or other construction techniques innovated.
The spacing of tiebars was thought to be complicated and offered some problems
with slip-form construction. Along with this problem was that of the over-
lapping of bent tiebars. The last comment about the tiebars was that the
length should be a multiple of the longitudinal steel spacing.

Another design comment discussed, which may or may not be related to pave-
ment design, is the height of header bank fills. Designers in this district
feel they should not be higher than 13 feet.

A significant pavement performance comment was that CRCP performs better

on expansive soils than does jointed concrete pavement.

SUMMARY NOTES - MEETING WITH DISTRICT 12, HOUSTON
NOVEMBER 30, 1970

Rigid pavement in the Houston District is essentially all of the jointed
type design. Several problem areas were cited and the worst problem has been
spalling. Other problems which are of much less concern are longitudinal
cracking and steel corrosion., Another problem which has caused pavement
failures is that of improper concrete batch quantities. Expansion or growth
of pavements has been noted on jointed as well as continuously reinforced
type pavements.

Design practices include a redwood board for the joints in the 60-foot
joint spacing design. Reds7ood has been selected because of unsatisfactory
performance with other sealers. Dummy joints spaced at 20 feet are also used
with the 60-foot spaced redwood board joints. Because of good performance of
jointed pavement on the Gulf Freeway, which is serving very heavy traffic, the
designers are satisfied with jointed type pavement; they also feel that con-

tinuous pavement as built, at a thickness of 8 inches, is too thin, and there-

fore continuous designs are not used,
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Maintenance repairs to rigid pavement indicate that failures other than
joint problems are largely a result of improper concrete batch quantities.
Where sections of slab have been removed, stabilized subbases are still sound

and do not need repairs.

SUMMARY NOTES - MEETING WITH HOUSTON URBAN OFFICE, HOUSTON,
NOVEMBER 30, 1970

Rigid pavements built on the Houston expressway system by the Urbam Pro-
ject Office are essentially all continuously reinforced concrete designs.
Pavement problems have been very minor, including some spalling, bad concrete
batches, and some problems at pavement-bridge ends where no lug anchorages are
provided.

The designers in this office feel very strongly about several CRCP design
factors. The first is that pavements for urban freeways, such as in Houston,
should not be designed for 20 years but for a more indefinite time. Some of
the design practices used by the Houston Urban Office have set a precedent
which has been followed by others. The Urban Office has shown design leader-
ship by promoting thicker CRCP, heavier steel requirements, and a higher cement
factor together with outstanding construction features. It is the feeling of
this office that transverse steel in CRCP serves a very definite function and
should not be removed.

The Houston Urban Office has built several experimental pavements using
lightweight concrete, These pavements have served very heavy traffic for eight
to ten years and have required no maintenance, and the performance has been
excellent. That lightweight paving concrete should be permitted is the gen-
eral feeling in this office.

A concrete overlay was placed on the frontage road of the South Loop
(Homes Road). This overlay is on an old concrete pavement built by the city.
No bond breaker was used and the overlay is of varying thickness, 4 to 7 inches.
Longitudinal cracks have formed in the overlay over the longitudinal cracks in
the old jointed pavement.

Experience with Neoprene joint seals on the urban freeways is that they
are a 100 percent failure for pavements and a success about 50 percent of the

time on bridges.
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Other recommended design features included a stabilized subbase, 6 inches
thick as a minimum. Also, based on experience, pavement end movement can be
successfully controlled by using two lug anchors and several l-inch joints

between the pavement end and the bridge or bridge approach slab.

SUMMARY NOTES - MEETING WITH DISTRICT 20, BEAUMONT,
DECEMBER 1, 1970
The weakest subgrades in the entire state of Texas are probably in the
Beaumont District. Along parts of I10 in Jefferson County, the water table
is about 1 foot beneath the top of the subgrade. Many failures have occurred
on the 8-inch CRCP, and many of them can probably be attributed to the very
weak subgrade. This has been substantiated by deflection measurements as well,
In general, 10-inch unreinforced pavement has performed better than 8-inch CRCP.
Problems which have been encountered along with the already weak subgrade
conditions include dirty concrete aggregates, lime-treated subbases, and
severe pavement end movements.
The designers feel strongly about and use pavement lug anchors. They
have reduced concrete aggregate size as have most other districts. Also they

recommend and use a cement factor of five sacks per cubic yard.
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4-403 RIGID PAVEMENT STRUCTURES

4-403.1 INTRODUCTION

"Rigid Pavements'" as used in this chapter includes three types of pavement
structures that contain portland cement concrete: jointed unreinforced con-
crete pavement with load transfer devices at joints (CPCD), jointed lightly
reinforced concrete pavement with load transfer devices at joints (CPJR), and
continuously reinforced concrete pavement (CPCR). This section covers design
traffic, materials evaluation, variability characterization, selection of thick-
nesses, reinforcement, joints, and terminal treatment. It is anticipated that
future additions to this chapter will cover maintenance and economic considera-

tions.

4-403.2 PAVEMENT STRUCTURE DESIGN

The intent of this manual is to bring about the selection of the most
economical design which fulfills the requirements specified by the designer.
A step-by-step procedure for accomplishing this objective is shown in Fig 4.1.
Where applicable, the appropriate design chart is also listed. Necessary de-
scriptions related to the development and use of these charts are given in
subsections 4-403.3 through 4-403.10.

The design approach shown in Fig 4.1 is as follows:

(1) Evaluate subgrade modulus of the natural material.
(2) Select possible stabilization types.

(3) Ascertain the modulus of elasticity and erodability factors for the
materials being considered for the subbase layer.

(4) Select a range of trial subbase thicknesses.

(5) Ascertain pavement design parameters such as level of service, pave-
ment type, concrete properties, and traffic.

(6) Determine a composite k-value at the top of the subbase.

(7) Modify the composite k-value based on the erodability characteristics
of the subbase material.

(8) Determine the required thickness for the concrete pavement.

41
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(9) Design reinforcement for the concrete pavement.
(10) Estimate pavement cost for this design configuration.
(11) Repeat steps 5 through 10 for other design configurations.

(12) Compare the resulting costs of various design configurations and
select the most economical design.

4-403,3 ANALYSIS PERIOD

The analysis period is the duration for which a pavement is designed, i.e.,
the time during which the pavement serviceability will reduce to an extent that
an overlay will be required. 1In the past, the analysis period has always been
taken as 20 years, i.e., all designs have been cited as being 20-year designs.
This number, however, should be rationally evaluated for each facility and
should not be arbitrarily selected.

The length of the analysis period depends upon several factors, such as

(1) 1location of a facility, i.e., urban or rural;

(2) additional vehicle operation costs incurred during pavement rehabil-
itation;

(3) accessibility of parallel lanes for handling traffic detours during
overlay construction;

(4) surface drainage characteristics, i.e., whether or not inlets need to
be raised with overlay construction; and

(5) other socio-economic and political reasons.

With traffic volumes as they exist today, longer analysis periods in urban
locations are imperative, i.e., the 20-year design is no longer adequate, while
in rural locations an analysis period of less than 20 years may be acceptable.
Experience and engineering judgement must be appliéd by the designer in select-
ing the appropriate number. It is emphasized that the longer the analysis per
period and the greater the terminal serviceability, the greater the initial

pavement thickness.

4-403.4 DESIGN TRAFFIC

In addition to the provisions in this section, general instructions in
section 4-402.4 pertaining to acquisition of design traffic-data are applicable,
Traffic evaluation for rigid pavement design is based upon an analysis

of the total traffic which the pavement will serve in its analysis period. The
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Planning Survey Division (D-10) of the Texas Highway Department will furnish
the designer with the number of equivalent 18-kip single axle load applications
(18 KSA) based upon the mixed traffic in the direction of interest.

The 18 KSA for rigid pavements varies with the thickness of the concrete
pavement. When requesting 18 KSA from D-10, the designer should request out-
put for all possible thicknesses that might be selected. As an example, if it
is anticipated that a project will require 7 or 8 inches of continuously rein-
forced concrete pavement, the traffic request should be for 18 KSA for 6, 8,
and 10-inch rigid slabs. (Linear interpolation or extrapolation for 5, 7, 9,
or ll-inch slabs should be accurate enough for use.)

Design 18 KSA is estimated as follows:

18 KSAD = (18 KSA) x IDF ,
where
18 KSAD = design 18 KSA
18 KSA = total equivalent 18-kip axles in one direction
1DF = 1lane distribution factor, the ratio between

the traffic in the lane of interest and the
one-directional traffic

On freeway facilities where more than two lanes are used in each direc-
tion, a lane distribution factor will be required and will depend upon the
number of lanes. For a two-lane roadway, the factor is 1.0, TFor facilities
with more than two lanes, the lane distribution factor can be taken from
Table 4.1 (Ref 6 at the end of Part 4-403).

Design traffic to be obtained from D-10 should be that expected in the

first analysis period, as established in Section 4-403.3.

4-403,5 PERFORMANCE LEVEL

The designer can select any performance level for a facility by establish-
ing a change in serviceability during the analysis period. Figure 4.2 illus-
trates the concept of serviceability index versus pavement life. In the design

nomograph presented here, the designer must select the values of the initial and
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TABLE 4.1. 1IANE DISTRIBUTION FACTORS FOR MULTILANE
ROADWAYS (after Ref 6)

Total Number of Lanes,

One Direction Lane Distribution Factor
2 1.0
3 0.8 - 1.0

3+ 0.4 - 0,6
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Fig 4.2. 1Illustration of serviceability versus pavement life.



47

the terminal serviceability indices. In this section, guidance is given for
establishing the values of initial and terminal serviceability indices.

The initial serviceability index of a pavement when its construction is
completed is referred to as Pl' An average value for Texas pavements has
been cited as 4.2 (Ref 7 at the end of Part 4-403), while at the AASHO Road
Test the average initial serviceability index was 4.5. A design value of 4.2
is recommended unless experience is such that a value greater than this is
validated by field measurements of some kind, i.e., by Mays Road Meter or by
some other such serviceability index measuring device.

Terminal serviceability index of a pavement Pt refers to the level of
service when rehabilitation of the pavement will be required. More traffic
can be carried if the designer is willing to accept a lower level of terminal
serviceability index. Based on past experience in Texas, interstate and pri-
mary highways are generally upgraded before their serviceability index drops
to a level of 3.0, while the lesser traveled secondary highways normally fall
to a serviceability index of about 2.5 before their surfaces are upgraded to a

satisfactory serviceability level.

4-403.6 MATERIALS EVALUATION

The designer must evaluate and characterize the properties of the sub-
grade material, the subbase material and the paving concrete. 1In the follow-
ing sections, guidance is given for characterization of the materials for each
of the layers for use in determining the pavement structure thickness in
section 4-403.,6. 1In some cases, the designer may have two or more materials
to characterize for each of the layers. The charts presented are based on the
assumption that the materials are prepared in accordance with standard specifi-

cations.

Subgrade Evaluation. 1In order to determine the pavement thickness, a

subgrade modulus (k-value) must be determined for the subgrade. Plate load
tests have proven too cumbersome for determining this value; therefore, Texas
Triaxial class of the subgrade should be used.

A plot of triaxial classification versus station number should be prepared.
This plot should be divided into design sections observing the plot and noting

where obvious changes of soil properties occur. Next, a weighted mean triaxial
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class value should be computed using the length of each section as the weight-

ing factor.

Subbase Evaluation. The design of subbase to provide a relatively perm-

anent structural foundation for the concrete pavement must be coordinated with
the pavement thickness design. This requires that a k-value at the top of the
subbase layer be determined. The desirable evaluation would be after the sub-
base is in place, but for pavement design purposes a value will have to be
estimated before the subbase is constructed. Subbase evaluation will consist
of determining a modulus of elasticity and an erodability factor for the sub-
base material. The erodability factor is defined as an index which represents
the loss of subbase support during the life of the pavement.

During the mix design phase, the modulus of elasticity characterization
can be performed. For granular materials, the stress-strain data from the
triaxial test can be used, and for chemically stabilized materials the char-
acterization can be made by the indirect tensile test (Refs 8, 9, and 10 at
the end of Part 4-403). If these tests are not available, the modulus values
can be estimated as outlined in Table 4.2. Although the values given in
Table 4.2 are rough estimates, their use will be better than an oversight.

Table 4.3 gives guidance in selecting the erodability value for a sub-
base. For fine-grained and granular materials, the larger the proportion of
fine grains, the higher the erodability factor will be. For chemically stabi-
lized layers, a general guide would be to reduce the erodability factor as the
proportion of stabilizing agent increases. The third classification will be
for special conditions where a one or two-course surface treatment is applied
over the subbase layer. The designer should recognize that the selection of
the erodability factor is also dependent on the amount of heavy truck traffic
and the amount of water penetrating the pavement structure. Generally, higher
erodability factors should be associated with higher traffic and larger avail-
ability of water to the subbase.

The k-value at the top of the subbase used in design should represent the
support conditions during the life of the pavement, not just the initial con-
ditions. Uniform support conditions beneath the slab are generally lost during
the life of the pavement due to various reasons. Any change in soil type, com~

paction, moisture, and factors such as loss of support, erosion, and pumping
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TABLE 4.2. TYPICAL SUBBASE MODULI

Material

Granular
Cement-~stabilized base
Cement-stabilized soil
Asphalt-treated base

Asphalt-emulsion treated

Stiffness Range, psi

8,000 - 20,000
500,000 - 1,000,000
400,000 - 900,000
350,000 - 1,000,000

40,000 - 300,000
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TABLE 4.3. ERODABILITY VALUES FOR VARIOQUS SUBBASE MATERIALS

Material Erodability Value

(1) Granular materials

(a) Fine-grained 3.0
(b) With large percentage of coarse 2.0-2.5
aggregates

(2) Bituminous-treated materials

(a) With amount of bitumen less 1.0
than optimum

(b) With optimum amount of bitumen 0

(3) Cement-treated materials

(a) With cement less than 3 percent 0.5
by weight
(b) With optimum cement content 0

(4) Lime-treated materials 1.0-2.0
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cause variations in foundation support along a project during numerous seasonal
cycles in the design life of a pavement. Estimation of possible variations in
k-values suggests that a coefficient of variation of about 35 percent should
be expected on a pavement project. This number is used in the development of

the design nomograph in Section 4-403.7.

Concrete Evaluation. The engineering properties of the portland cement

concrete required for slab thickness design are modulus of elasticity and
28-day flexural strength obtained by third-point loading of a standard test
beam as specified in ASTM-Designation-T-97.

For flexural strength, the Texas Highway Department uses tests with center-
point loading at an age of seven days. This strength should, therefore, be
transformed to 28-day third-point loading strength. The following equation

should be used:

s’ = 1,107 S
C C

where

S = mean flexural strength of concrete at seven daYs by center-
point loading tests, psi;

§¢ = mean flexural strength of concrete at 28-days by third-point
loading tests, psi.

According to several studies (Ref 11 at the end of Part 4-403), concrete
flexural strength is the most important variable affecting the concrete pavement
thickness. The mean flexural strength value should be determined as closely as
possible by analyzing the beam tests performed on other projects where similar
concrete has been used.

The modulus of elasticity can be determined by using a static compression
test on concrete cylinders (TEX-418-A). Experience has shown that the modulus
of elasticity can be roughly categorized into two groups: concrete with sili-
ceous gravel aggregates and concrete with crushed limestone aggregates. The
modulus of elasticity of concrete made with crushed limestone aggregates has a
value very near to that of lightweight concrete or concrete made with synthetic

aggregates.
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Concrete containing siliceous gravel aggregates usually has a modulus of
elasticity of about 5.5 million psi, whereas concrete with crushed stone or
synthetic aggregate has a value of about 2 million psi. The concrete modulus
is also dependent on the flexural strength of concrete. Modulus values for
various concretes and flexural strengths are tabulated in Table 4.4.

Concrete properties generally have large variations associated with them.
The causes of these variations are attributed to two major factors; nonhomo-
geneous ingredients and nonuniform concrete production and placing. Property
variations due to ingredients arise from changes in types and quantities of
aggregates, cement, and water during concrete pavement construction. Varia-
tions due to concrete production occur during batching, mixing, transporting,
placing, finishing, and curing of concrete. Nonuniform concrete placing pro-
duces such effects as nonhomogeneous distribution of concrete air content,
which gives rise to localized spalling areas during freeze and thaw cycles.

The plots of standard deviations versus average compressive or flexural
strengths show a general increase in standard deviation as a function of aver=-
age strength. The estimate of possible variations in flexural strengths as
obtained from data on actual projects indicates a coefficient of variation of
about 10 percent. The same coefficient of variation is also observed in the
modulus of elasticity of concrete. This value is used for these concrete pro-

perties in the development of the design nomograph in Section 4-403.7.

4-403,7 PAVEMENT COMPONENTS
(a) Subbases

General. The subbases under concrete pavements are provided to serve the

following functions:

(1) 1improving the foundation strength,

(2) providing a workable platform upon which to construct the concrete
slab, and

(3) providing a stable structural foundation for reasons such as pumping,
frost action, shrinkage and drainage.

Subbase Stabilization. Using knowledge of materials and costs in a par-

ticular locality, the designer should select one or more subbase types. The

choice will depend on the availability of local materials as well as the cost



TABLE 4.4, MODULUS VALUES FOR VARIOUS CONCRETES

Material Modulus Value
Siliceous gravel aggregate 5.5 X 106 psi
Lightweight aggregate 2 X 106 psi

MODULUS VALUES BASED ON CONCRETE FLEXURAL STRENGTH

Flexural Strength, psi Modulus Value, psi (X 106)

500 3

550 3.3
600 3.6
650 3.9
700 4,2
750 4.5
800 4.8
850 5.1
900 5.6
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of stabilizing agents and materials processing, such as selective grading for
natural subbases or mixing for stabilized materials.

The mix design for cement should satisfy Texas Test Method Tex 120-E with
the compressive strength recommended therein being considered a minimum (Ref 5
at the end of Part 4-403). T1f asphalt stabilization is selected, the mix
designer should remember that except when carrying construction traffic, dura-
bility is more important than stability.

Design of the subbase to act as an adequate working platform becomes
simply a separate structural pavement design problem in which the traffic is
the construction traffic. Unless the specifications prohibit batch trucks
from hauling on the subbase, it should be designed as recommended in Texas
Test Method 117-E (Ref 5 at the end of Part 4-403)., A design wheel load of
10-kips and a load frequency design factor of 0.65 are recommended as minimum

loads.

Subbase Thickness. To provide a reasonably permanent foundation for the

concrete slab, the subbase should be resistant to the hydrodynamic forces that
may be applied., Tt is required as a minimum that the top 4 inches of the sub-
base be stabilized with asphalt or cement to insure that a nonerosive subbase
is obtained.

For obtaining a most economical overall design, several subbase thicknesses
should be selected. This range should be based on minimum and maximum thick=~
nesses derived from construction limitatioms, agency administrative require-

ments, engineering judgements, etc.

Composite Modulus, The composite k-value at the top of the subbase is

required for design of concrete pavement thickness. This value should be ob-
tained from Fig 4.3, using the Texas Triaxial value of subgrade as determined
in Section 4-403.6, the modulus of elasticity of the subbase material selected
from Table 4.2, and the thickness of the subbase as specified. The k-value
thus obtained should be modified according to Fig 4.4 to take into account the
influence of material erodability. Figure 4.4 gives the modified k-value using

the initial k-value and the erodability factor as established by Table 4.3.

(b) Concrete Pavement

Concrete pavement thickness should be designed by two methods, the

Modified AASHO Interim Guide method and the deflection method. The higher of
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the two values thus obtained should be considered as the design pavement

thickness. The two methods are described in the following sections.

Modified AASHO Interim Guide Method. The procedure presented here makes

it possible to design a pavement thickness at any level of reliability taking
into, account the uncertainties associated with various parameters. The design
thickness bears a promise that it will last the required number of applications
with the reliability for which it is designed. Pavement design procedure is
taken from a research study conducted to upgrade the AASHO interim design guide
(Ref 11 at the end of part 4-403). The procedure takes into account the aver-
age conditions of variabilities in material properties and other design param-
eters. Concrete pavement thickness should be established by taking the fol-

lowing steps:

Step 1. Determine the overall variance in pavement performance (VAR)
by the following method:

(1) Select a variance value from Table 4.5 (an initial
estimate of the required thickness will be needed to
use this table) called Vp .

(2) Add to Vp the variance VT due to traffic prediction
error by using the following equation:

log(twice 18 KSAD) ~ log(half 18 KSAD) 2
; x 1000

Step II. Estimate the design reliability level based on experience and
judgement. The design reliability should depend upon the
"consequence of failure' in order to provide an adequate per-
formance throughout the design period. The consequence of
failure should be judged by user delay and accident costs
during rehabilitation operations and other socio-economic-
political effects. Thus the design reliability level should
be selected based upon consideration of all these factors,
not only the initial construction cost. As a rough guideline,
the original AASHO interim design guide exercised a design
reliability of 90 to 95 percent on the pavement thickness

designed by that nomograph.
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Step IT1I. Select the concrete thickness from the nomograph in Fig 4.5 in

the following manner.

(1) Join "Reliability" and '"Variance' to intersect at TL 1.

(2) Draw a line through '"Traffic'" and the point established
on TL 1 above to intersect TL 2.

(3) Go to TL 3 from TL 2 through "Minimum Allowable Service-
ability Index."

(4) Go to TL &4 from TL 3 through "Joint and Crack Load Trans-
fer Coefficient."

(5) Go to TL 5 from TL 4 through '"Concrete Flexural Strength"
(do not use any safety factor).

(6) Start now on the extreme right hand side of the nomograph
and draw a line through '"Gross Foundation Modulus'" and
"Concrete Modulus of Elasticity" to intersect TL 6.

(7) Join the two points established in Steps 5 and 6 on TL 5
and TL 6 respectively. This joining line will pass through
"Concrete Design Thickness'" and will intersect it at the
required design concrete thickness.

Deflection Method. The use of deflection as a rigid pavement design cri-

terion is a new approach in the state of Texas. This criterion limits the
pavement slab deflection from exceeding the specified maximum value. The pro-

cedure is described in the following steps:

Step I. Using Fig 4.6, estimate the maximum allowable deflection for
the pavement structure based on total number of equivalent
18-kip axle loads.

Step II. Using the deflection obtained in Step I, select the required
concrete pavement thickness with the help of Figs 4.7 and 4.8
for jointed reinforced and continuously reinforced pavements,

respectively.

4-403.8 JOINT DESIGN

Joints that are used in portland cement concrete pavement include trans-
verse contraction, transverse expansion, transverse construction, longitudinal
grooved, and longitudinal construction joints. The joints should be in accor-
dance with the design details, (See Standard Design Details listed in Ap-

pendix A at the end of the manual.)
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Load transfer in all longitudinal construction joints should be maintained
by the use of tiebars. The transverse steel through longitudinal joints should
be equivalent in load carrying capacity to that in the slab. The length of
the tiebar should be a minimum of 60 diameters with one-half of the bar length
on each side of the joints.

Load transfer in all tramsverse joints should be developed by the use of
round steel dowels. The design of dowels is based on recommendations of the
American Concrete Institute (Ref 12 at the end of Part 4-403). Table 4.6
lists the required diameter, length, and spacing of dowels as a function of
pavement thickness. Great care in installation is needed to assure that dowels
are properly aligned and installed to insure satisfactory performance.

Details for recommended joint seals are shown in Standard Design Details

listed in Appendix A.

4-403,9 REINFORCEMENT

(a) Continuous Reinforcement

The selection of continuous longitudinal steel is based on Vetter's analy-
sis of reinforced concrete (Ref 4 at the end of Part 4-403). The nomograph
in Fig 4.9 shows a graphical solution for percentage of longitudinal steel.
The longitudinal steel detail shown in Continuously Reinforced Concrete Pave-
ment Standard Design Details (see Standard Design Details listed in Appendix A)
has been selected from Fig 4.9. TFigure 4.10 can be used to select the bar
spacing. When 7-day concrete flexural strengths greater than 625 psi are ex-
pected, the higher of the two percentages of longitudinal steel shown on the
design standards should be specified unless experience has shown that the
lower percentage of steel has provided satisfactory service.

The transverse steel requirement in continuously reinforced concrete pave-
ment is based on the subgrade drag theory (Ref 3 at the end of Part 4-403).
Figure 4.11 can be used to determine the percentage needed. This method is
reflected in the transverse steel details shown in the Design Details (see
Standard Design Details listed in Appendix A).

The percentage of longitudinal steel should not be less than 0.4 percent
for concrete made with conventional coarse aggregates even though Fig 4.9 may

indicate less. Deflection studies on in-service pavements have shown that the
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TABLE 4.6. RECOMMENDED DOWEL REQUIREMENTS FOR EXPANSION
OR CONTRACTION TRANSVERSE JOINTS IN HIGHWAY

CONSTRUCTION
Pavement Dowel Dowel Dowel
Thickness, Diameter, Length, Spacing,
in. in. in. in.
6 3/4 18 12
7 1 18 12 -
8 1 18 12
9 1-1/4 18 12

10 1-1/4 18 12
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Bar spacing design.
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continuity condition across a transverse crack (full load transfer) is lost

when the percentage of longitudinal steel decreases below 0.4 percent. Pave-
ments with less than 0.4 percent have stayed in service for extended periods,
but not without problems. 1In special cases, where the concrete coarse aggre-
gate has a thermal coefficient of from 2 X 10-6 to 4 x 10-6 in/in/°F , the

minimum allowable longitudinal steel can be reduced to 0.35 percent.

(b) Jointed, Light Reinforcement

The distributed steel reinforcement requirement for lightly reinforced
jointed concrete pavements can also be obtained from Fig 4.11. Recommended
reinforcement details for jointed concrete pavements are reflected in Standard
Design Details for Contraction Design & Jointed Reinforced Design with Steel

Bars and Welded Wire Fabric (see Standard Design Details listed in Appendix A).
4-403,10 TERMINAL TREATMENT

(a) Anchorage Systems

The termini or ends of portland cement concrete pavements may require
special treatment in order to reduce the detrimental effects of pavement move-
ment. The use of anchor lug systems is optional, depending upon the district's
experience with such pavement growth. Table 4.7 is a table of terminal treat-
ment showing the number of end anchorages required for different subbase types
to combat a 100° F temperature change. The number of end anchorages may be
determined by entering the table with the subbase type and the allowable move-
ment for the expansion joint sealer material proposed for use.

For an anchorage system containing five anchor lugs, design details are
shown in Standard Design Details listed in Appendix A.

The recommended anchor lug details for jointed concrete pavement are

shown in Standard Design Details listed in Appendix A.

(b) Bridge Approach Slabs

The bridge approach slab is a heavily reinforced slab placed between a
bridge and a pavement end. The approach slab is designed to perform as an

unsupported slab over a short length. The use of approach slabs is optional
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TABLE 4.7 RECOMMENDED NUMBER OF ANCHOR LUGS FOR SUBBASE
TYPE AND ALLOWABLE JOINT MOVEMENT

Number of Lugs for
* Allowable Joint
Subbase Type Movements of

ok *%
+ 1/2 in. * 1/4 in.

Surface treatment (chip seal)
Lime stabilization

Asphalt stabilization

Cement stabilization

River gravel

Crushed stones

Sandstone

Natural soil

WNHNOOOOOO
AP O

Notes:
These recommendations were derived from a field study in Texas.

*
The material that the CPCR is resting directly on should be used in this
analysis,

x% .
The number of terminal anchor lugs required to restrict the end movement
to variation indicated.



depending upon experience in the locality. Recommended design details are

shown in Standard Design Details listed in Appendix A.
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aceme

LANE. THE SPACING DF TME ADDITIOMAL STEEL
IN ORDER TD PROVIOE A NINIMUM CLEARANCE OF
TUOTMAL REINFORCING BAR.

BARS SHALL BE VARIEO AS DiRECTED
T-34 7 FROM EACH REGULAR LONGI-

TEXAS HIGHWAY DEPARTMENT

CONCRETE PAVEMENT DETAILS
CONTINUOUSLY REINFORCED
STEEL BARS

CPCR (B)-71 (2)
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Cantraction Jaint —f
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jREE
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-=—— Direction of Paving

Grooved Longitudinal

Jo-ar

w w "
th ot ;——Vrmvllle Bor ongitudnal Bors @ @—1 'E“
1 L . i
T n I
I_® N Pavemert Edge z_J
TWO LANE PAVEMENT PLAN
(24 1. Plocement
606" -
SEeanEER SEs==gE=1
Dowets @ 127" — 4

ol

Controcticn voint =

Trorvarse Bt $© g Direction of Poving

Grooves Longisudinal ™
, Jainr !

-2

'
£

<
x'-j i
= P KLoanﬂmol Construction ot ® :E .
r ‘ = a 14
LR o 7T g R |
+ o
:_F4 Lengnugnal Bars @ B F P
e e -—t
FFEEF] 1 + T3 H
L@ ¥Puuw\em Edge

THREE LANE PAVEMENT
{12t ond 24 11. Placement )"

PLAN

**WITH THE APPEOVAL OF THE ENGINEER, THE CONTRACTOR MAY PLACE
THE PAVEMENT THE FULL ROADWAY WIDTH As ONE PLACEMENT. [F SO
PLACED, THE LONGITUDENAL CONSTRUCTION JOINT SHOWN SHALL BE
REPLACED BY THE GROOVED LONGITUDNAL JOINT.

Sane -m- o for katohve
shoud

Tocren " whowm henbace

purposes  only
be vied if m a-ﬂ.u with fypecal crom
o,

and

Joint Sealing Matarial v
o B

Method & _— [ Dowals, Cooted

L pond

Trontverse Bors-

Epproved Support o8 required 1o
(@ Dowels in proper pomtion

hal
CONTRACTION JOINT

Section w—w

Jomt §eolmq uatenot
Metnod A

5

el
# @ \Ymﬂs'usl Bars

I
WITH THE ~PPROVAL OF THE ENGINEER, MULTIPLE PIECE TIEBARS (THREADED
COUPLING OR OTHER ADECUATE DEVICE) MAY BE USED TO FACILITATE CON-
STRUCTION PROVIDED THE $YSTE: DEVELOPS A FORCE EQUAL TO 1 1/2 TIMES

SENCRAL NOTES
JOINT GROOVE AMD SEAL DETAILS SHALL BE AS SHOMN ELSEWMERE [N YME PLAN:

IN DERTH TC

COUSTAUCTION JOINTS WAy BE FORMED Y THE USE OF METAL OF woOD Fokms Eoust
€ Mom OTMER MEANS WHICH MAVE SEEN APRROVED 8Y TME

W OF THE FAVEMENT, OR BY
MG IMEEN PRIOR T0 THETA VS,

TREATMENT OF PAVEMENT EMOS AT STRUCTURES OR AT FIXED OBJECTS WILL BE SHOWN ELSEWHERE
[N THE PLANS .,

POR FURTHER INFORMATION REGAQDING THE PLACEMENT OF CONCRETE AND REIMFORCEMENT REFER TO
THE GOVERNING SPECIFICATIONS FOR "CONCRETE PAVEWENT''.

OATATLY AS TO PAVEMENT WIDTH, PAVEMENT TMICKNESS, AND YHE CROWN CROSS-SLOPE SeALL BE
AL $MOMM ELSEWHERE [N THE PLANS,

LOMGITUDINAL AMD TRAWSVERSE BARS SNALL BE OF STEEL (ONFORMING TO A4TM DESIGNATIONS;
A-615 OR A3TM A-616 (GRAOE §0) AS NOTED IN TME SPECTFICATIONS. THE STZE AND SPACING
EMALL BE M ACCORDAMCE WITH TABLE SHOWN BELOW

BARY OF ASTM OR3IGMATION: A-615 OR A-61F, GRADE £C, SMALL KOT #E BENT. IF
ELECTS 0 MDD THE TIE BARS, THEY SWALL 8 STEEL CONFORMING TO ASTM DESIGATION;
GRAOE 40, AND SPACED AT 24"

THE CONTRACTOR
a-61%

IT IS TME NTENT OF TMIS OESIGN THAT THE LONGETUDIMAL STEEL RE AT TWE CENTER OF THE
1T AHALL BETHE BEIRONBIBILLTY OF THE CONTRACTON 10 TAEE ALL NWECEsSARY BRECAUTOWS 70 INGUE
TMAT THE FINAL POSITION DF THE STEEL [S WITHIN 1/2 INCH OF THE SLAB CENTER.

CONCRETE SWALL NOT BE DISCMANGED FRON THF MIXER DIRECTLY ON TOP 0f QR DN TME SIOES OF
THE JOINT AssEmsLT

AN APPROVED METAL CHAIR TYPE OR DESIGN, WHICH MILL SATISFY TME REDUIREMENTS MOTED MEREON
WILL BE PERWITTED, CHAIR SPACINGS SHALL NOT aE SREATED TWAN 607 C-C MEASURED PANALLEL TO
THE PAVEMENT CENTER LINE AND. 300 C-C MEASURED BERPENDICULAR To THE AwEmENT CENTER L INE

KoOITIONAL CHATRS SALL BE WSED 15 WECESSARY TO WEET THE STEEL PLACEMENT RECUTAIMENT .

LONGITUDIMAL M3 TRANSVERSE $TEEL SPACING SHALL MOT VARY MORE TWAK OME TWELFTw OF The
SPACING SHOWM ME

SEE RCCCPCR)= 70AFOR STEEL PLACING REGUIREMENTS [N THE AREA OF CONFLUENCE AT RAWP TERNINALS

TABLE OF REINFORCING STEEL SIZES, SPACINGS
AND ESTIMATED QUANTITIES

THE M INDAUM YIELD FORCE OF THE TIEBAR SHOWN, THE SPACINGS FOR THE 24 PLACEMENT WIDTH [l 12 PLACEMENT wWiDTH DOWELS | TIE BARS
SYSTEM.SHALL BE LESS THAN Ok EQUAL TO THE SPACING ALLOWED FOR BARS s {SMOOTH pEFoRMENTR
D7 SWILAR YIELD STRENGTH @ L ONGITUDINAL @
LONGITUDINAL  CONSTRUCTION JOINT st [rcsness| | NOTUONAL free) bif] [asfwr| ]
Sect X=X ® @ o sPac| size |senc|#AT]
v | 1D (01w |©0|%] Do [0[0]%] |msq [wmps
AN | IN) N3] IR LR L
£t Groowad 10 |3 [snfion o [36] 3 [soel[ 3 [ [0 4 [36] 3 jandtE ] 12 [resl" 36 ose
Jot Sealing m}‘_zl_‘_/[a“. of Lana L s 3|6 |u%]a 36| 55l 5|3 [1k]ase|s keellhy 1z [563] md 36 loe]
[ Mebod A o 8 Y- T — 8 |3 s]isk]a[se] 3 fsuz) 3 [s%]is4] asq
% 1%’"""'”' Bors jJ}z 10 [ 3]a%n[7%)a |2a] 8 jair] 3 |2k|t|4 jo67]
A - '_) A L H s [ 3]ele®]a foelskirsalls [ |a¥]a s
é Tronsverse Bors 9 ° 3 |<k|o™|a |30 3 laer|3 le% (9% a
GROOVED LONGITUDINAL JOINT WOTE -
() One of the oliernate designs must be crossed out
o L offerrate-lo tn used with subboses howng o low
et focor
Section Y=Y b H ohemol—10 be uaed wih sbbomes hoveg o hegh
frckon fockr.
@ Sl -qm are for controcior's sk anly ond incude
waign of Jongptuding) ond wonwerse bars.
Soocgs shown ars for ASTM Designation . A-813 or A-6%,
Grade 60 Tiebars
——
Q__.__,__Q__,._/\,__,__.__,._._j —© TEXAS HIGHWAY DEPARTMENT
1 J J Longtudmol Bars
— P4 CONCRETE PAVEMENT DETAILS
- }‘r Tearavars Bact— = }. ‘

TYPICAL SECTION

Section Z—-1

JOINTED REINFORCED
STEEL BARS

CPJR (B) =TI (REV)
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GENERAL_NOTES
. 1 JOWNT GROOVE AND JEAL DETAILS SHALL S AS SHOWN ELSEWHERE IN THE PLANS.
—————————Doweis @ 12" {Smoom) 8" Dowels @ 12°(Smooth) —————————
1. NTTRUCTION JOINTS MAY BE FORMED BY THE USE OF METAL Ol WOOD FORMS FOUAL
Povement £4dge of Longitudingl Jo'-!' INN"N'OIOI INGRINAL DEPTH OF THE PAWY Ol JY OTHER MEANT WHICH HAVE
/_ N 11 SEEN APPROVED BY THE ENGINEER PRIOR TO THER U
T b 1T 7 T T r Note TIQ Mlmlﬁv of ke Dowsh 10 3 TREATMENT OF PAVEMENT ENDS AT STRUCTURES Of AT PIXED ORICTS WILL B AS SHOWN
+4 | 7 @V T a8 inforcing Wires may vary due ELSEWNERE IN THE PUANS, -
H ) . Y = rences in Concrete Plocement Dowe! Length)
B t T " Seavencen N 4. FOR FUTHER IRFORMATION HGAIDING THE PACEMENT OF CONCRITE AND REINRORCT-
Direction of Paving L3S MENT REFER TO THE GOWERNING SPECIFICATIONS POR "CONGRETE PAVEMINT".
= - Jaint Secl WMaoierial Dowels, Coated \VEME) MICKINESS, CROWN CROSS-!
N H . ol - Bond 5. DETAILS A3 TO PAVEMENT WIDTH, PA\ Nlr , AND THE ~SLOPE
H 4 | - ] LLL L 4 [ o Frent SHALL 82 AS SHOWN ELSEWNERE IN THE PLANS.
= 1 H
2 ‘l’q_J ® E | [N 1umnummwo!mwnowuvml:m
H =y 5 PN LONGITUOINAL LAP. IF (SED, SAALL B BN0AL 7O TH CENTER 1O CRNTEL
2 = #4230" Tiwbars- @ 30" L-l-" ) — | « 2 moumlwuum
H  ———— e ST s Tranaverse Wices 7. ITISTHE BT OF T3 DESIGN THAT THE LONGIOUTINAL STERL o€ AT THE CENTEL OF
3 -+ — - 3 " aporoved Support ea requived fo THESLAB._ T SHALL M THE RELIO NEBILITY OF TE CONTIACTOR vgmwlcama
2 i THAT THE FINAL PO! |' ™ L
H . ¥ Grooved Longitedingl Joint _ £ Nold Dowsls in proper position. T, ot FINAL PORITION OF
g
2
ool 4 "‘l oY CONTRACTION JOINT 8. CONCRETE SHALL NOT SE DISCRARGED FROM THE MIXER DIRECTLY ON TOP OF O ON THE.
b Section W-W SI0ES OF THE JOINT ASSEMALY.
8| 13 4 r 9. LONGITUDINAL AND TRANSVERSE STEEL SPACING SHALL NOT VARY MOM THAN OME
° H ® t B TWELITH OF THE SPACING SHOWN MEREON .
1 1 | = H i) 1o ggpcp-n,%(mnm 3 14 ML ANSA OF
_1 1 —1 L T b " AT MAMP TEBVENALS
3 ¥ H
Povement u..—/ ZJ H
Dowsis @ (2” (Smoctm) Oowsts @ 12° (Smooth)—————— Jeint Baol i
- Mathod A
PAVEMENT PLAN TABLE OF \ARYWG DEPTHS
*WITH THE APPROVAL OF THE ENG INEER, THI CONTRACTOR MAY PLACE Dowels Yehers 3 |
THE PAVERENT THE FULL BECADWAY WIDTH AS ONE PLACBANT. P 3O . “~_~‘ L34 [Stani Weided| Edge LN [Smoeth Bers) [ )
MACED, THE LONGITUDINAL COMSTIUCTION JOINT SHOWN SHALL Bt WITH THE APPROVAL OF THE ENGINEER, MULTINE PRCE TIERARS (THIGADED r " Wirs Febric® (Soacing r—— ooy
KEPLACED BY THE GROOVED LONGIUDINAL JOINT. COUPLING OF OTHER ADEQUATE DEVICE) nv-u!ovonauuncou- Thickaese sre e | @ | W | s MW ") ww
STRUCTION PROVIDED THE 5Y! WNWAFMMW|V’M$ Gn) -
THE MINIMUM YLD FORCE OF THE TEERAR SHOWN, SPACINGS FOR THE -
SYSTIM SHALL 0€ LELS PN O EQUAL TO T SPACING ALLOWED FOn ball 0 (el ) 4 fedshy a2z iz |76 *eudr| 20 |087
WIHMVIIDIWIN -
L o2l Yol ¢ [e3s|i] 20" 12 | 863 [*4r0"| 30 [0er
1 #-0" | LONGITUDINAL CONSTRUCTION JOINT az-Ygt | & js4al"ue”] 12 |40t [®ax307 30 joer
r _l 0 | safy | 3 faso|fe2] 12 |7es | ee3d] 30 |aer
€ al groomed mmma 21, E0 o Lee H s oot 1} 3 [eze| 207 12 |83 ["4rs0] 30 [oe?
Beal usteriol —
Mothod A of B . ea-do2 | 3 | rai{ r"uet| 12 [a0i Fazso] s [oer

‘I. dhnn.~-u-u-h

' Mn. ] nerncte

,_IE Langitudinel Wires LOme of e Goeigne st m

ln-wm-hu-u-ln-mm
o high fricen festor.

2 Steel meighis &re for aomirociors iormatien only.
"Code fer welded wire fubric

% 13— eootm of waraverse wiee

o tor L-Alternaw
" for H-Alternate
T

s aens Y GROOVED LONGITUDINAL JOINT o e vy
Section Y-¥ Soacing of et

3. Specinge shown are for ASTM Detignotion: A-88 o
A8, Grote 60, tabery. ¥ tabary e o be bent,
ooy shul be stesl conforming to ASTM Designotion:
A-635, Grode €0, end wpoced ot 24° C~C.

<

1T e TEXAS HIGHWAY DEPARTMENT
T Miraam Ovarharg [ pmertnst wes 'ﬁ_hdn;’m‘ CONCRETE PAVEMENT DETAILS
SRR X TYPICAL SECTION JOINTED REINFORCED
Sectisa 2~

WELDED WIRE FABRIC

TYPICAL SHEET OF WELDED WIRE FABRIC P
CPUR (F) = T1 (REV)




SEMERAL WOTER

g of qvoovldl longitudinol joint 2. (Edqn of lone

™ 2 Dows! Langth
i 1. JDIMT GROOVE AND SEAL DETAILS SHALL BE AT SMOWN ELSEWMERE IN TME PLAMS.
W Joint Seding Materidl Eli 2. COWSTRUCTION JDINTS NAY DE FORMEO BT THE USE OF WETAL OR W00D FOINS EQUAL [N DEPTH
[~ Pavement Edge S Method a'or 8 i Om IrAL DEPTH OF THE PAVEMENT, 08 87 DTHER HEANS WICK WAVE SEEN APPROVED Bv THE EeIWEER
M i 1o pravent bon PAION TD THEIR USE
Longliuding! Wires | 3. numnv OF PAVEMENT ENDS AT STAUCTURES OR AT FIXED OBJECTE SHALL Bf AS SHOWN ELSEWHERE [N
THE PLAN
g Direction of Paving -
4, POR PURTHER !MPORMATIDN REGARDI[MG TNE PLACEMENT OF CONCAETE AND AEINFORCEMENT AEFEN TO THE
o GOVERNING SPECIPICATIONS POR "CONCRETE PAVEMENT".
- Lop of Longitudinal Wires. 5. DETAILS AS TO PAVEMENT WIDTH, PAVEMENT THICKNESS, AND TNE CROWN CAOSS-SLOPE A wown
% 4 X 30" Tiebar ot & neld Dowels it proper position §. THE MINIMUK LAP OF THE LOMGITUDINAL SHALL BE EQUAL TO TWE CENTER TO CENTER SPACIMG OF
" .‘Spocmg shown In toble g CONTRACTION  JOINT THE THANSVERSE WIRES AS SHOWN IN DETAIL "F™,
Ry | 2 & SECTION W-w
= I i br N
al [ —— 1 T, [T,I8 THE INTENT Or THLS DESIGH TAAT TnE CoITUOLAL STEEL 8 AT The CEMTER OF TN tp. 1T
1l B W I Y S A 0 S A U Y O 14 T g SHALL BE TME RESPONSIBILITY DF THE CONTRACTOR TO TAKE ALL NICISSAIV PIICAUYXNS TO
S ESmeE === o . L_ THE FIMAL POSTTIDN DF THE UDIMAL STEEL IS WITHIN 1/. SLas CENTER EXCEPT THAT
o o o o > €of grooved long. joint Edge of fone THE TOUERANCE SHOMM.ON THE.LONE 1 TUDINAL (AP OETATL SWALL GOVERN AT TAT FOINT. TAANIVERRE WinES
- T 1 - ) WAY BE PLACED ON TOP OR BOTTOM,
—\Tyoncol o Joint sealing material 8. CONCRETE SMALL NOT BE DISCWARGED PROW THE MIXER OIRECTLY ON TOP OF OR ON THE SIDES OF THE JOINT
/va( ?'l Tronar Wires—__ A two mats ore used Dnrhn. = (Method A or au’\ ASSEMBLY.
— ,
Typlcal Rei " 2 pulz*::fsh‘o::: ?a%le | Mm_ Longituding! Wi 3. DOMELLS LOGATED AT TRANSVERSE UOINTS SKALL BE UNIFORMLY COATEO TO PREVENT BOHD AS DIRBCTES aY
1 mot d lane £ . L
1Tt Zﬁm ¢ vhed parfone ; [a 10. SLIGHT VARIATIONS IN MAT DIMENSIONS MAY BE ABSORBEG IN THE EOGE SPACINGS.
'\ i i o 5 Trontverse Wires— 11. TRANSVERSE AND LOWGITUDINAL STEEL SPACTMG SHALL NOT VART MORE THAN ONE TWELATW OF TME SPACING
o km ol F z \—Lu\gnuaiml Consteuction Jolet®| H SHOMN MEREOW.
N a
3 .
Smooth Dowets @ 12 o or Edge of Povement 12. ADJACENT MATS SWALL OF SECURELT PASTENEO TOGETMER IN A MAMNER TO PRECLUDE SEPANATION OF TIE
coaled to prevent bond * 4 X 30" Tiebor of i STEEL DURIMG CONCRETE PLACEMENT AMD FINISHING OFERATIOM3. .
(Size ond Length is Spacing shown In foble . GROOVED LONGITUDINAL JOINT 13 SPACINGS SHow FOR TIEMMS MRE OB ASTW DESTCNATION A-613 OK A-616, CMADE GO, Tirstss
shows in toble) {thres lone povement only) o SECTION  Y-Y WHICH SHAL| . TIEBARS ARE TO BE BENT THET SWALL BE STEEL COMPORMING TO
IaE] ASTR D(usunou A EL%, GRADE N0, SPACED AT 24" TNCHES £rc
wilw Controction Joint Controetion Joint L. BEE RC(CPCRI-TINFOR STEEL PLACING EQUIREMENTS IN THE AREA OF CONFLUENCE AT RANF TERMINALS.
 — oniroc! e ™
> 4 Tiebor, % 4X 30"
1 62'-q" :: Joint Saoling Mataric 15" Spoced os shown
(Method Aor B 4" in table
= 4 .
; |
PAVEMENT PLAN SHOWING TYPICAL REINFORCEMENT !
PATTERN FOR ONE LANE Y T
Tronsverse Wires.
NOTE: LANE WIDTHS ARE FOR ILLUSTRATIVE PURPOSES ONLY AND SHOULD NOT BE USED o . z 3 Dowels Tisbars
'IN CONFLICT WITH TYPICAL CROSS SECTIONS SHOWN ELSEWHERE IN THE Normoi Dn.normom LONGITUDINAL CONSTRUCTION JOINT Atternate {Povement Wire Sizs waignt t Smon!h Bars ) {Deformed Bars )
LANS. 14 {with tiebars ) Dusl Thickness
ons |0 * Waight Average Jeigtt
. . - inches) . { Tromev. [ T/ sou Shocey | Yeis!
“WITH THE APPROVAL OF THE ENGINEER, THE CONTRACTOR MAY PLACE ? 7 SECTION  2-2 (inehes) | vong. | Tronsr. g s M b s pnchart | ¥ (T
THE PAVEMENT THE FULL BOADWAY WIDTH AS ONE MACEMENT. I $O "
PLACED, THE LONGITUDINAL CONSTRUCTION JOINT SHOWN e - - X 3 "
huAcED, T LoA PAL CONSTRUCTION JOM SHALL : £s 10 D-7.6|0-7.6| .46 [i4'x22"| 12 | 7.65 |[#4x30" 30 0.67
€ —Transverse wires of o E L ° o-6.8|D-6.8! a.88 [ x20" 30" v
I ore mot f. 6.! 6.l 88 |i'x20"| 12 | 3.63 [vax 30 |ose
£ L
H s ° 8 0-60|D-6.0] 4.31 [1"x8"| 12 |4.00 [@ax30] 30 | 0.67
3 -
% o
" . 2| 4 ' 0 |o00|p-00f 7.8 |i'xz2] 2 | res leax30| 30 [ 07
§
. = e — _ - .
50 _ Longitudinl Wiees (Size o H s wld _ H 9 |0-90]|0-90] 646 | x20| 12 | 463 [eaxso’| 30 | o867
= £ X 8 |D-60|0-80] 574 (x| 12 401 Jeaxso’| 30 |oer
b1 ~—Transverse wires of -
N {Size shown In tobis) ”7 H adj mot =3
N Y 3 [ 1. ONEOF THE ALTERNATE DESIGNS MUST B2 CROSSED OUT.
- LA £
Ry v T T &3 . L AUTERNATE - TO BE USED WITH SUBRASES HAVING A LOW FRICTION FACTOR.
o 1 PLAN PLAN b. H ALTERNATE - TO BE USED WITH SUBMASES HAVING A HIGH FRICTION FACTOR,
L T 3 NUMAEES DESIGNATING WBE SIZES GIVE THE NOMINAL ALEA OF THE WBE IN
| - ‘'~ § HUNDREDTHS OF AN INCI
LR "o N
T 28 s"’“',l.o_':- 30-4 |'7 hang g - Long wire 3. STEEL WEIGHTS ARE RASED ON 17 FT. LANE WIDTH AND LENGTH OF 62'~4" WITH
e 1 - -~ | +~ 9 ~ ONE LONGITUDINAL AND ONE TAANSVERSE LAY. ~STEEL WEIGHTS AZE FOR CON-
—1" Ovarhang =y T INFORMATION ONLY.
= - =
TYPICAL MAT DESIGN*® S L L @
TEXAS HIGHWAY DEPARTMENT
SECTION SECTION ' of adj. mot

* NoTE: At Loucnunmur!amummmmamzmnou Lavhe OF CONCRETE PAVEMENT DETAILS
(GTTUDINAL STEEL SHALL B LOCATED WITHIN 1/2* OF THE SLAB CENTER. DETAIL D JOINTED REINFORCED

rn! CENTEELINE OF THE UPPER LAYEN OF LONGITUDINAL irln nnu.l

* WITHIN | 1/2° OF THE SLAS CENTEE.
NOTE:  REINFORCEMENT MATS MAY B FURNISHED TN ml WIDTH SHOWN OR IN THE
RULL LANE WIDTH (176%) AT THE OPTION OF THE CONTRACTOR. ANY LENGTH “:,',':,',CE‘:;E“:@:S OEFORMED  WIRE  FABRIC
MAY &I USED EXCEPT THAT MO MAT LESS THAN 16'~4" MAY M USED WITHOUT
THE PERMISSION OF THE ENGINEIR, MINIMUM LAPS SHALL BE 10 INCHES
TH DETALS D% AND 7 RESPFECTIVELY. TYPICAL LAF OF LONGITUDINAL WIRES

18
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Pavement Edge—"7

36
2-0" 1-10° 12-2"
" 2 Jl—— i
v ¢ of Graoved
Loncituding) S Long Joint 2 Edge of Lane
Construction Joimt — .

LI
11

{_Jlll +

T TTTT1
3 19 ¥ Dowel Length. Joint Seoling Material
£ . Method AorB
: 7 >_‘< X 30" Tnobou—< > 0 5::;",:“'.4 10 prevent l:;pﬂng::.:uip:o"flo::";g:i‘::ﬁlo
: i ik BN [
i T i
[ ! H -
Smooth domel bars ': H T
" woun 4 tabre S T - & TRANSVERSE CONTRACTION JOINT
DU L T D L L TR ety Section X-X
TTT T I]’_llllllllllll_l‘[llllllg‘lllll
Transverse
| Controction Joint _Lr_
4 | ; )
THREE LANE PAVEMENT PLAN O aned Aor B 2
(12 {t. 8 24 f1. Placemen!)” + v 1" Min. L
- " » -
240" + “ X0 et 1 Y
= == a—— LONGITUDINAL CONSTRUCTION JOINT
TN NIRRT, Section Y-Y
] ' I I l l ' l ‘ WITH THE AMPROVAL OF THE ENG INER, IIJU'I-l'lCl'MM
4 of Grooved i COUPLING OR OTHER ADEQUATE DEVICE) MAY 32 USED TO FACK TATE CON-
Longituginal voint ERCIEN s X S o o L 1 1 T
. q g —!‘l— .‘xgo’ “.“" N w':s‘;?;nnglmvomvxmmwmuwa
& - - )
@ s —r M & /;\._ of Grooved
s € = (e 15" 2% Longitudinal Joint
H N R %
H H Q—L»-@ HE - -
4 e R Lo v T g
. -
WEEREREE AN AN EERE RN L %4x30° Tievors / 1
lllllllllll_]_llll!lllllll © 307 c—c
i & GROOVED LONGITUDINAL JOINT
—L— Section 2-2
: : t
TWO LANE PAVEMENT PLAN
“:_&- 21—0 IZ'-Z- ° Loﬂl mﬁl ore for lhll".'u:: ~n:'cl'7xy
'7 m-ed aou nﬂl-u shown elsewbere in
Edge of Luno?__' “1;0 uTl:_b:u .'_l Ihe plons.

TYPICAL SECTION

(24 11, Placemenn)”

GENERAL NOTES

NO EXPANSION JOINTS WILL B USED EXCEPT AT STRUCTURE ENUS OR FIXEU OBJECTS AS SHOWN ELSE-
WHERE 1N THE PLANS,

FOR FURTHER INFORMATION MGARLING THE PLACEMENT OF CONCRETE ANU LOAL TRANSFER LEVICES
REFER TO THE GOVERNING SPLCIFICATIONS FOR "CONCRETE PAVEMENT",

DETAILS AS TO PAVEMENT WIDTH, PAVEMENT THICKNESS, ANU THE CROWN CBOSS-SLOPE SHALL B AS
SHOWN ELSEWHERE IN THE PLANG .

JOINT GROOVE AND SEAL WETAILS SHALL B AS SHOWN ELSEWHERE IN THE PLANS.

nMs !mu BE SECURED PARALLEL TO THE PAVEMENT SURFACE ANU PERPENUICULAR TO THE CENTER-

fo) USE OF BAR CHARS

&) n:unmv PLACEW IN POSITION ON THE SCREEDED CONCRETE IY MEANS OF AN APPROVEL
FORCED TO THE MOPER POSITION WITH A SLTTABLE TOOL, O

(@) w ANV OTHER MEANS WHICH, PRIOR TO ITS USE, HAS BEEN APMROVED IY THE ENGINEER,

uowll WARS SHALL BE SECURED PARALLEL TO THE PAVEMEN! SURFACE ANW CENTERLINE IY A UOWEL
MC

WHEN WORK 15 STOPRED wUE TO BREAXDOWN Ol OTHER CAUSE, CONCRETE SHALL B REMOVEY BEYONU
LAST CONTRACTION JOINT IN PLACE AND A MEAUER INSTALLED.

WHELE A MONOUTHIC CUBS (3 SPECIFIED, THE JOINT IN THE CURS SHALL COINCIOE WITH PAVEMENT
JOINTS AND MAY BE FORMAED BY ANY MEANS WHICH, FREOR TO ITS USE, HAS SEEN ANROVED BY THE
ENGINEER,

CONSTRUCTION JOINTS vuroumlvuszovmuo-wooorousmmummml
NOMINAL DEFTH OF THE PAVEMENT, Of BY MEANS WHICH HAVE BEEN APPROVEL BY THE
ENGINEER PRION TO THEIR USE.

. LONGITUDINAL AND TRANSVERSE svul SPACING SHALL NOT VAZY MORE THAN ONE

TWELFTH OF THE SPACING SHOWN Mi

. THE TIEBAR SPACINGS SHOWN AIE FOR ASTM DESIGMATIONS: 4615, OR A-618, GRADE 40,

TIEBARS, WHICH SHALL NOT BE BENT. IF TIERARS AN TO B BENT, THEY SHALL BE STEEL
CONFORMING TO ASTM DESIGNATION: A-413, GRADE 40, WITH A CENTER TO CENTER
SPACING OF M lNcnl

. SEE I:(C'CIHWOI trers o MEGUIREMENTS IN THE AREA OF CONFLLENCE

AT RAMP TERMI

DEPTHOF DOWELS (SMOOTH BARS)
SIZE AND AVERAGE WEIGHT PER
(Ncwes) LENGTH frer S e el
8 X 18" 12 2.0
9 X 20" 12 5.63
10 X 22" 12 765
1 1§ X 24" 12 10.10

TEXAS HIGHWAY DEPARTMENT

CONCRETE PAVEMENT DETAILS
CONTRACTION DESIGN
CPCD-71 (Rev)




Tie Bors Spoced same os Stondord for.
Roadway. 7

Longiludinal Construction

= 3
i FREEWAY TRAFFIC y Contiyencs
- = [y — WEDEN —
ENTRANCE RAMP LAYOUT
Tia Bars Spaced sams ae Stondard for Roadway,
—— — - / T WEGEN - — ¢ - -

' Arsa ot _Contivence

i 23 P

FREEWAY TRAFFIC

Longiiuding! Consiruclion Joinr
Edge of Fraeway Lons | 1 ot

¥y ﬁg
Edgs of Rawp-

DETAIL 2

Pavemant Dewil for
Beginning ar End of Ramp

Shoulder

Jointed Concrate Pavameat +—|—= CPCR Romp

Detoils of joints and seals are
shown elsewhere in the plans.

L LT e ——

T

Permisaible Construction Jomt” K"

4
+
——————
.- Ll g
L Pavement stemt (1t raqulud)_) A M }
% 2 Laywrs of 30%rooting

a0 with graphile lightly
sprinkied betwssn loyere

(Upper limit of poymest for Concrale siset trowel
Sisepsr Slab finish )
-3
-
f-c*

i
B bors *a o
T+y \‘ @n"
45°
oy

Tvors: 300 *4 xRamo Widh tene 4 @ ©{* c-¢

RAMP TERMINUS DETAIL FOR JUNCTURE

WITH JOINTED CONCRETE PAVEMENT STRUCTURE
Section C-C

EXIT RAMP LAYOUT

Terminate CPCR ramp if
connecting mith jainted
Concrate Pavement or
Flasible Povement Siructurs

Fromtags Wood

n A-A required, it romp with CFCR
connecls to frontage rood with CPCR

Joint Seoling Materiol
Method Aor B amp reeway

15

Tis Bars ¥ X 30° Spaced same os Standord for
a2

L-Longitudinol Bars
)

\

LONGITUDINAL CONSTRUCTION JOINT

Seclion A-A

|.————Proposed Tarminus of CPCR on Romp

- l'_z. CPCR sn-l\

|  Flexibie v Ld P
Povermnt —-CPCR —— 4 }-} tf
Slvuchlﬂ) T}

DETARL. FOR JUNCTURE WITH
FLEXIBLE TYPE PAVEMENT STRUCTURE
Section B-B

F £

Transverse Bor

GENERAL NOTES

FOR FURTHER INFORMATION REGARDING THE PLACEMENT OF CONCRETE AND REINFORCEMENT REFER TO
THE GOVERNING SPECIFICATION FOR CONCRETE PAVEMENT.

RAMP DETAILS ARE TYPICAL ONLY. GEOMETHIC DETAILS AS TO ALIGNMENT, PAVEMENT WIDTH, PAVE-
MENT THICKNESS, AND THE CROWN CROSS SLOPE SHALL BE AS SHOWN ELSEWHERE [N THE PLANS

THE DESIGN REQUIREMENTS FOR THE PAVEMENT STRUCTURE, |.E. BAR SPACING, BAR SI2€, LAP REQUIRE-
MENTS, ETC., SHALL BE AS SHOWN ON THE APPROPRIATE CPCR DESIGN DETALL

IF THE CONTRACTOR ELECTS TO CONTINUE THE REGULAR TRANSVERSE STEEL THROUGH THE JOINT AT THE
LONGITUDINAL CONSTRUCTION JOINTS, THE NUMBER $ ROUND TIERAR AS SHOWN HEREON MAY 8E
OELETED. THE LOCATION OF THE RAMPS SHALL BE AS SHOWN ELSEWHEAE IN THE PLANS.

THE SEQUENCE OF OPERATION IN PLACING THE RAMP SHALL BE AS DIRECTED BY THE ENGINEER. THE
LONGITUDINAL STEEL SHALL BE PLACED IN A DIAECTION APPROXIMATELY PARALLEL TO TME DIAECTION OF
THE RAMP.

LONGITUDINAL AND TRANSVERSE STEEL SPACING SHALL NOT VARY MO THAN ONE
TWELFTH OF THE SPACING SHOWN HERFON .

IN THE AREA OF CONFLUENCE TRANSVERSE RMARS AND TIE RAJS (AN LANES AND MAMPS)
WALL BE 75 BARS WITH SPATING SAME AS THAT 1N STANDARD FOR BOADWAY .

TEXAS HIGHWAY DEPARTMENT

RAMP COMNECTIONS
FOR
CONCRETE PAVEMENT
CONTINUOUSLY REINFORCED

RC (CPCR)-71 (REV)

£8
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178" Min,

AR
d T

1

1/8” Min.

/8" Min.
174"max. | |

/4 Min.

S

f Actual shope of

It o
moy vary with the
opprovai of the

GROOVED
LONGITUDINAL JOINT
{TYPES L-1 or L-2)

Engineer.
LONGITUDINAL FORMED SAWED
CONSTRUCTION JOINT CONTRACTION CONTRACTION EXPANSION
(TYPE L-2) JOINT JOINT JOINT

(TYPES FC=} or FC-2)

{TYPES SC-1 or 5C-2)

(TYPES E-1, €-2 or E-3)

LONGITUDINAL JOINT SEALS

v 1
=

NI
R

Conlf|

FOR USE WITH
EXPANSION JOINTS

PREFORMED

METHOD A:

COMPRESSION

TRANSVERSE JOINT SEALS

TYPES FC-1 or FC-2 »»
FOR USE WITH
FORMED GROOVES

SEAL

TYPES SC-lor SC-2 »x
FOR USE WITH
SAWED GROOVES

TYPES

#* 3%  See Gengrol Note No. 6

PREFORMED COMPRESSION SEALS

GLNERAL NOTES FOR METIOO “A™

1 OF EACN SIIE AMD TYRE OF SEAL FROPOSED FOR USE SALL DE APFROVED BY THE O INEER

S NETHOO AT "ET MAY BE USEQ AT ANT JOINT AEQUIRING A SEAL, HOWEVER,

THE BANE SEAL SHALL BE USED THARHOUT THE PROJECT \BALESS OTHERNTSE AUTRORIZE RY'THE’ EMGINEER

3. LONGITUOIMAL JOINTS EHALL BE SAWED STRALGHT AMD TAUE TO LIME AS DETAILED 1N THE STAMDARD SPECI-

L. TRAMSVENSE JOINTS MAT SE SAWED OR FORMED AND MALL SF PLACED AS SHOWN ELSEWMERE UM THE PLANS.
5. THE SEALS DESIGMATED L-1 AND L-2 SMALL WAVE A COWFISURATION SINILAR TO THE TYPE FC OR $C.

TMER INTERION CONFICURATIONS AT BR USID PROYIDED THE MATERIAL WNEETS ALL OF TE REQUIRENEWTS
CIFICATIONS AND AS OTHESNISE SHOWM WEAFON OR FLSEWWERE (M THE PLANS. T

CXNESS OF THE EXTER]ON AND | TLRION WALLS SALL BE SUCH AS TO

AN ADEQUATE CONPAESSIVE FORCE TO WAINTAIN 4 POSITIVE SZAL

somr [T oRcove] wmewu somT sta szt To st usep 2 | sem
TTPE b E A .:&‘4' B e g R Faloa Yo TeaTALLATIoN.
A 23] 78 [sne §sm | /e o 0040 [-0005] L-1 2. Tee SEALS SHOWM A
JowT i3 v ] 7/m {23s32] 732 ]o. -0008] L-2
sawep Trans-f o O iz T e T1-z8 | 174 [o0eof-0.012 [0.040 [-a009] sc-¢ Frprtii)
%W 3t 374 | 13/16 | 1-178 | 5/)6 |0.080{-0.012|0.040 |-0009| $C-2
Forsen Tae] 378 [ w/a 13006 | /8 | 3216 {0.080 0.012 [c.0e0]-0009] Fc-1
TION JOWMT | 5/8 | N/A | H/a | -1/2] s/8 |o.0e0]-0012]0080]-00refr-2 ] % .
expanson | : 218 | v5/8 | ra8 | 778 |0.004[-0.018 [0.080{-0012] £-1 ,.,..,_":.m ANe/oe The THI
somrs | HaTEM] 2 2 1\ [oi2s |-ooelono [-coefe-2
s8] 3376 2172 | 2-3m] 1-174 | 0.i87 [-o016[0.128 {-0.006] E-3 ST IF 50 FORNED,

WINTER SEASON, THIS GROONVE SHALL BE INCREASED 1,

1. DUETO W,

THIS GROOVE WIDTH IS FOR SUMMER CONCRETE PLACEMENT, WHEN CONCRETE IS PLAGED DURING THE
18"

VARIATIONS IN SEAL SIZES, THIS DIMENSION MAY HAVE TO 8t MODIFIED SUIGHTLY TO

INGURE FROPER lnsm.uHON THIS DIMENSION I3 APPLICABLE ONLY WHEN A STEFPED GROOVE IS

USEO. N/Ar NOT

AT NO EXTRA EXPENSE TO THE STATE.

PROPER INSTALLATION 1S POSSRLE.

THESE DIMENSIONS ARE MINBAUM DIMENSIONS. DIMENSIONS GREATER THAN THOSE SHOWN MAY 3L
USED [F APPROVED BY THE ENGINEER AND IF THEY PERMIT INSTALLATION IN A WORKMANLIKE MAMNER

ONLY MINIMUM TOLERANCES ARE SHOWN, ANY REASONABLE OVERSIZE WILL BE ACCEFTEQ PROVIDED

7. UMLESS OTMEANISE SPECIFIED, THE SIOES OF Trl FORMED CONTRACTION JOINT MAY BE FORMED PARALLEL,
THE SEAL SHALL BE AN APPROPAIATE TYPE 3C SEAL APPROVED BY TME EMGIWEER.
8. UNLESS THE GAOOYE D SEAL COMGTMATION It SPECITICALLY DESICMATED eLstwine [N TrE PLANS, ANY
AL COMBINATION SMOMN [N THE TASLE FOR A PARYICULAR TYPE JOINT MAY B UBED, ST
T R o raovED oY e D IER:

Joint Seoling 4
Compound <

Space Filler (Sae Note 4).

Jont Secling
Compound

~ e Mimmum Optional Sew
Cut (Sue Mote 3)

GROOVED
LONGITUDINAL JOINT

LONGITUDINAL
CONSTRUCTION JOINT

LONGITUDINAL JOINT SEALS

78"

’_n-l/z“ | s

Joint Saoling
Campound

Joint Seoling
Compound

T/4" Min.

Space Filler
Yie" Minlmum Optionol| |
Sow Cut (See Note 3) !

FORMED
CONTRACTION JOINT

TRANSVERSE JOINT SEALS

METHOD B: JOINT SEALING COMPOUND

GENERAL NOTES FOR METHOD

T/4"Min.

Spoce Filler

Optianol Configuration
"5 (Ses Note )

7 =
7S
2 Premoided Asphott Hoards 3/4"
Thick or Equivaient Combination ~

SAWED
CONTRACTION JOINT

EXPANSION JOINT

LONGITUDINAL JOINTS MAY BE SAWED OR FORMED AS DETAILED IN THE STANDARD SPECIFICATIONS,

. TRANSVERSE JOINTS MAY B SAWED OR FORMED AND SHALL B PLACED AS SHOWN ELSEWHERE IN THE PLANS

. A SUITABLE SPACE FILLER SHALL BE USED WHERE SHOWN AND THE JOINT SEAL COMPOLND POURED TO THE DEPTH
INDICATED LXCEPT THAT IF THE MINLWUM SAW CUT IS USID, THE SPACE FILLER MAY BE DELETED.

. AT THE OPTION OF THE CONTRACTOR, THE SPACE FILLEL MAY BE QMITTED IN THE LONGITUDINAL JOINT ONLY AND
THE JOINT SEALING COMPOUND POURED FULL DEPTH.

. UNLESS OTHFRWISL SPECIFIED, THE SIDES OF THE FORMED CONTRACTION JOINT MAY BE FORMED PARALLEL AT THE
OPTION OF THE CONTRACTOR.

>

. UNLESS OTHERWISE SHOWN IN THE PLANS, EITHER METHOD "A* OR METHOD " MAY BE USED.

TEXAS HIGHWAY DEPARTMENT

CONCRETE PAVING DETAILS
JOINT SEALS
JS— 71




APPENDIX C.2

COMPUTATIONS FOR
QUANTITIES OF STEEL REINFORCEMENT

A CHECK OF ALL RIGID PAVEMENT
DESIGN STANDARDS






Concrete Pavement Details - Reinforcing Steel Checks

A,

Longitudinal and Transverse Reinforcement

CPCR (DW) - 69

Calculations based on 32-foot cover length and indicated width (12 or 24
feet). Longitudinal reinforcement, transverse reinforcement, and splices
are included. Calculate the number of longitudinal and transverse wires
needed per placement area. Determine longitudinal, transverse, and splice
lengths from details. Multiply the numbers of wires times their respective
lengths times their respective weights and divide by the placement area in

square yards.

CPJR (F) - 69

Calculations based on ''Typical Sheet of Welded Wire Fabric" detail. Cal-
culate the number of longitudinal and transverse wires per sheet of fabric.
Determine lengths of longitudinal and transverse wires, multiply the number
of each wire type times its respective length times its respective weight,

add them together, and divide by the placement area in square yards.

CPJR (DW) - 69

Calculate the number of longitudinal and transverse wires per foot (12"/
bar spacing, inches). Add together and multiply times 9 to obtain the
number of wire-feet per square yard. Multiply this times wire weight. 1If
wire weights are different for longitudinal and transverse steel bars, cal-
culate the number of wires per foot for each, multiply each number times

its respective weight, add together, and then multiply times 9.

CPJR (B) - 69

Calculations based on 60.5-foot length and 12-foot or 24-foot width. Cal-
culate the number of longitudinal and transverse wires per placement area
based on 60.5-foot length, indicated width, and indicated spacings. Take
into account all edge spacings. Multiply the number of wires times their
respective lengths times their respective weights, add, and divide by the

placement area in square yards.

87
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Miscellaneous Details

Tiebars or Tie Wires
Find the number of bars per foot (12 inches/bar spacing, inches),

multiply times bar length times bar weight.

Dowels
Find the number of bars per foot (12 inches/bar spacing, inches),

multiply times bar length times bar weight.

Additional Steel Transverse Construction Joint
Divide number of wires per lane by the lane width, multiply times

wire length times wire weight.



CPIR (F) -6
Fvement Weight Dovels Tiebars
Thickness . Standard 502 Dife, Standard 502 Diff Standard K02 D& |
10 635 -021-%02| 7182 - 1% — | 061 - 067 —
D 6.35 =031-*02 Q.61 - 561 — | .61 n -
8 44 - BA4b-+o2| 4OV - 40} —| Ol ~ » —
10 820 -819- -1 7.8 -89 — | Ob1 ~— ¢ -
) B3 =830~ 09| 561 - 5671 —| 0l - »u -
8 121 -T13--08| 401 -~ 40l T QL1 - n —
CPIR (DW) -9
Pavement We.(gki' Dowsels Tie bacs
Thickness Standard 502 D#f.  Standard 502  Dff, Stardard 502  QFF.
Te 540 - 547~ *oi |19 - 7189 — | 061 - 0617 —
D 4.89% - 490~ 02| 5.0 561 — " - _—
8 4.3 - 433- *02| 401 - 401 — | " -~ —_
|0 718 - 72 - 03| 189 - 189 — L - —_—
2 b4 - 049 - *03 | 561 - 567 — e~ w —
g R4 - 8771 - +03]| 401 - 401 — | ¥ " ——
CPCO -9
Pa.ve.\men* Dowels
Thiek ness &ﬂsr 4 5072 D\?’f
=) 40\ - 40! —
=) 547 =~ 560 ol
10 7.8% - 78 —
u 103 " /0.3 —
C PR (OW) -0
%vtmsv* 24-' \2| Add'l . Steel T\\Q wn.f‘lJ

Thickness Stand, S©2 D.IE,

Stand, £02 DiEE,_Siana. 502 DIFE,

Stond, 502 DI,

& |iost - 1651 — |04 - 1640 —]2.65 - 2.65 — |0.450- .450
7  |1440 - 1440 — [30° 430 = [2.60° 260 — [0.36f = Bt —
© |Il236 " 12,36- 011228~ 220~ 0\ |20 - 2.60- -0 fo282- ,280- =02
CPIR (B) -6°
Pavement 24 r4 Dowels Tie Bars
Thickmse, Stand, 562 DSl Stand, 502 OfE,  Stand. 502 OIE.  Stand, 802 DEE.
0 |33 -637- *03|630- 633 - %03 [782 -7.80 — |06 - D7 —
D |522- 595- 103|602~ (05" 03 BT -~ 567 — | v - v —
8 |5S50- 553~ +t03|641° 549~ 022|400 - 40/ — | » W
10 [8s7 - 8.2/ +04/B26- 831~ 0O5[182 ~ 18D — | ¢ y —
9 |22 - 736~ +,04[742 - T40- TO4(SK1 - S — | " - M —
B [bo - 6.o4- *+.035D- 6.l - *03/401 - 4oy — |V -~ a —
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CPcR (B)- 69()

Rive mest 24! 12! Add'|.
Th;d«ncsr S‘L&nd SOZ__DFF‘(:. Stan&. 69_2_ wa. S'léné 502 D-‘FL X
9 20.01 - 2000 -0({ [2040 2040 —— |2l - 241 —

8 Mbb - 66 — [1805 1805 — | 24l - 26/ —
7 109 - /b.02 ——|I510 570 — } 261 - 26 —
b 12.93 - 293 — [12.93 293 — | 1617 - 167 -
9 2321 - 232¢ — |238{ 238 — (30 - 360 —
8 2040 - 2040 — |zu18 2018 — 1260 - 26y —
7 1805 - /805 — ||80% 1805 — |26 - 2.6/ —
b 16.09 — 1609 — |]649 48 01 |209 ~ 209 —

CPCR (B) - 62 (2)

pavemu'\‘ 24 12" Md-‘ |
Thickness  Stand, 502 DY, r__Stand- 502 DXL, Stand. %02 D&

) 2031 - 2001 *3012100 - 2100 —— |2\ ~ 2Lt —
-8 18.26 - 18.20 i85 - (965 — | 2l - 261 —

[4 110 - IO — | W30 - 630 —— (2.6t - 241 —

b 12,52 - 1383 Yol [ 1352 - 353 -*to( | L] ~ L1 —

2 2398 - 238 — | 2441 - 2¢¢4] — 300 - 300 —

8 2100 = 2,00 — |2v18 - 2178 — | 2.6l -~ 2.6/ —

T 1865 = (865 — [1865 - 8BS — (2.l - 26/ —

b 10 = 16710 — [0 - 1709 — 209 - 2.0 —




APPENDIX C.3

DESIGN REVISION AND CHECK
CPJR (B) - 69






Check Percent Steel CPJR (B)Y-69

FE = 100x Avey Steel

Avea Concrete

Lomyfu.dkna\ Steel ( Low Friction)

10 bsrs x arca/bav-

93

PS = 100x |Obarspace5 x sPacma x thickne ss
\COx 0% Q.2 200 o
= - -‘ /
t= 10 P = 7o x10.25 %10 1025 ©:195 o
100 %10 Y 0.2 200 o
t: 9.n P, = tox1.5x9 = 034 0.133 %o
\coniay 0.2 200
tz Bin Po: 16r 13.25%8 - Joec =~ ©189°%
L.Or\rjn’fu.o\ina\ Steel (H\%h Friction)
5 100 X110 O.2 o
T=101n 5% J95xw0x10 - ©:258 /o
100X 10 X 0.2 .
= 0.
t= 9in s = 8.625 %10 X9 258 %

OO 10N 0.2 o/
+: 8wn Ps » 8625 xiorxe - C#ex /o
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Trangverse Steel  (Low Friction)

Area Steel Avea | bar
Ps= 00 oy Concrete 00 har spac'\nﬂxﬁnckhess
100 (0.2)
t= 10in F_) = 35 xt0 Q.0667 Y%
oo (0.2)
—_— °
T=9m P Soxg T 904 %
100 (0.2)
1= 8mn Ps = 30 x 8 = c.c83 %
Transverse Steel (Hiqh F'\r\cT\on\
100 (0.2) .
foiom BT Tayie o C0enh
lao (0.2) .
teom Bt Zesgg - 0080 %
voo (0.2)

— (-]
t-8in Ps= 30x8 ©.0834 7



CPJIR (B)-69
COW\P\de F, values ‘for transverse steel \'f

its sFacch Y c\r\anﬂed te 361N, ﬁor the |0w '&:mdloh S:BLTGP

1060 x 0.20
. - =« 0.0%5%¢0
1'= 1O in, F;—‘ 26 x \Q
100 % O.20
. T = 0.Q6l8
1- 9 in, Fs 36x 9
100 x O, 2
~ Ps = =™ ————— =z 0.069%
f: 6‘”. 2 SLx 8

C-OMPuTe Py \“eciu.\red J§o\r 5moo+\'\ Suhhase

For 5 lane |0 'ﬁ. l)avemehf
L= &o
F=10 Q.75 % 60,000

e
Ss‘-'- 45,000 (Hlsh )ue\d)

LF
P. = xi0o = 0.067°%/g -
24 TR 0K but w0 64 in,

designs ashaye

Sl\ghfLy less

S 36in. Spacing
not sat n{ac"u
ﬁor S\Sne Pvt

For 36+, , 3 lane pvtf
F-=1lo

gs < 45,000 PJ\

Ps= 0.040 %

95
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Check Intermediate Grade tiebars

36 €t slab (alane,ilahe Jom‘\)
We 24 €t
F= o

{,* 30,000 (0.75 x 40,000)

24x 1,0 x100 o
R= = 30000~ 2>°4 /o

fov tiebars 0.04°0 iwtermediate

%rade Steel is veqmreé

transverse bars or tiebars spaced
@ % in in 8,910t slabs yield
steel pevcentages Cj\«eed'ev thaw
004 °o ., for 3 lane pvt 3¢ 1w,

trans steel € tiebar spacing is ok.
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C_OW\F&LTQ We\SH's 0]( 5\'@.?-\ fOV CPJR(B)'G%
1T transverse steel Spacing 1s \ncreased fo

361in. fov \ow 'FY‘\CT\OV\ 5\.\\3&53&.

24-T4 plac.e.Men‘\’ width

24F+x 60.5 {* S
9{1‘/5)4 = 161,333 /Panc\

Steel wis: #3= 0.376“’/1‘1
"4z 0.668 "%

104n. slab

24 €4 -11in. = (231" ) (12") /vons” = 27.024
. 28 long bars
06 -¢" = (gq‘\(tz_")/u“ =20, .. Trans bays

(9.376)(28)(60) = 631.080 Ib (Lonalfudmaﬂ
(0.668)(211(23.667) = 332.001 Ib (Transverse )
| 2 = 963.68)

#
Ws = 963.681 /lbl.333 T 5,973 /Sy
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9-in. slab

24-12" = (as‘)(u_“)/\\.s = 23989,

25 long. bars alsa 21 fvans. bars

Cozte #/5+) (25 bars)(60') = 564,000 (long.)
( 0.668 "/£1)(21 bars)(23.667' )= 332.001 (trans)

S. 89¢.001 ¥

W¢= 896.00! *

= 5554 4='/5)/
l61.3373 Sy

8-n. slab
24'-10" = (232" )(12") /13.25 = 20.981 |

2L long,.bavs alse 21 trans.hars

(22 barsY(o.376 */£1)(60') = 496320 (long))
(21 bars)(0.668*/f1) (23.667) 332.000 (frans.)

2= 828.32\

828.30 "

#
W= 161333 sy = 5.134 /57
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12- €+ Placement Width

1261 x 60.5ft

= 80667 S.Y.
9

10-4in, slab

2= (2" ees 12 975, w4 long: bars
60-6'—=~ (60')(12") /36 = 20 v 21 Trans, bars

(14 bars)(0.376 *5:)(60) = 3is.840 "

(21 bars) (0.668 5r)(1b6T) 1636647 *

2 = 479,505

479,505 " i
Wi+ 80.667 sy >.9%4 /sy

Yin. slak

12-6" = (-G sy oz e a3 long, bars

(13 hars)(0.376"/54)(60') = 293 260
(21 hars) (0608 1) (1.66T): 163,665

456,945 "




100

84n. slak

2 ns" = (a2 Y (12 s - 10,

o \ows. hars

(W bars) (o376 /8) (60') = 248,160 * (lorq)
(21 hars) (0.608 ") (Ieer)s 163.665%  (trans.)

S 411.825

411,825 ®
Ws = 80.667 sy

i

510 52-:“/5}/



APPENDIX C.4

DESIGN COMPUTATIONS FOR
SERIES OF 10-IN. SLAB CPCR DESIGNS

AND

REVISION OF CPCR (B) - 69 - (1) REVISED
AND CPCR (B) - 69 (2)






Design C OMFu.TaT\ons

fov‘ 10~-in. C.PCR

0.5 Percent Loncjn'fu.:ima\ Sieel

® Tv)/ "5 hars @ 6 1n.
Spacing = 6n, )®= 2in.

10 SP@ 6\,
B = 100 As depth = 10wm.
s ;;G
1O Q.3) 3,0 3.
R =% Coxio = '°° gon ~ o
F, = 0.5\
_\, +
@ try Tebhars @ 8in.
. 4. 4 4
F$= 100 M, 100 4 =
8 x\ox 10 800 8.0
Fs® o.550

@) 4ry Tebars @ 85in

oo 34 44
Pb = 857‘\0 5-5

Fs * 0.518

103



104

0.6 Pevrcent Lovxfil'tu.cima\ Steel

@ T¥~>l A Bars Ca) T in,

y
-
9
>
-
1
"
>

Psf

Ps“ - c

i
o
o

™~
(W)

@ Tvy P obars (@ 7,89m.

4.4 4 4
|-"J’ - 100 ——— = —_
s 75 N\0 1.5
= o 386

@ Try *Cbars L@ 7.25 in.

4.4
g (6 ———
= 19° e

Ps = G, 60T



Addtfmm&' Steel a1 Transverse
Constrction Jomnts

o-m. CPCR
Pesign No. Additional Bars $ov Width N Avq W*/f’r
2lanes 1lane (Pesign) Spacing
| 24 12 i \Z 447
2 18 % 9 15 3.%8
3 20 | 0 10 (4 »16e
5 0 Y T 15 4.7

S01



106
C_Omru.fa‘hons fmr Weights  of Steel /Sy

CPCR-(B)- 69(2) —— 1oin, slak

24 - €+ Piscewment With

L rans. Steel

®* [48 bars b a

Wg = x 1.043 + 0.334) 9.000 * 21.780
24 54 ba\r/gi;

"

35
[‘— ¥y 1.502 4+ 334 9,000 22.71e
@ Ws = 4

U]

L5524

40

@ W = T*X 1,502 + 334] 9.000
29

@ Ws = Y_—Z—4-‘ |.502 + J:’M]q,ooo = 24.41%

42
@ Ws = K—?-*- % LE0Z + .334 ]a.ooo = 6. 00T

‘2~ Ay Placement Width

24
® W E—\': X LWO0AZ + Q, 554] 4.000 * 2(,7180

\8

@WS: —‘: * 1,802 % 0.334'] 9,000 = 23,283

20
@ Ws= [—: x (.%02 + 0-334]‘3‘000 = 25, 514

20 7
@. w; - E—- x 1502 + 0,334 [4,000 = 25524
&

2\
@ Ws = {—\‘: x 1LBQZ + 0.334 0.000 T 26,667

—

*Theat number 3 refer to aﬁac\m’ Summary 13\;\e



CPCR-(B)Y-69LY) 1o, slab

24- fT Placement Widih

48
@ Ws = [—Z % 1.O4A3 + o.zGTa]%.ooo = 21119

35

®. Ws = —2'4"' v Lso2 4 O 261216.000 = 22,118
40

@ Ws- v \Bo2Z + 0.26TL (90 24.934

39

42
> v |.802 ¥ O.2672
& Ws [14

x L5072 + o,z.nzjosooo = 24.372

3.000 T 2¢.06!

2 - {1‘ Placement Width

24

B Ws * - X 1.04% + 0.1672.]°>.on0 = 241719
18

@ W = = % 1502 + 0.2L72 %000 = 22682

Ow. |22

39
@ W-s Yol 1.L502 + o.ze'ra“g_wo = 24934

x L5022 + 0-2612.:(‘3‘000 = 24.93%

21
@ Ws E\?- vy L.SO& 4 O.261LJ°\.ooo = 26.006\
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Steel Weight —- CPCR(B)-69(1) Revised

108
(Trans Steel @ 36")

Steel Bars
_24' Placement width

45 Bars "
Wy = (N/M x 1.043 + Q.?.Z.Z‘l) %000 /Sy

IN |4° | = | 46 | 40 |
IWs lia.6047 117,258 115,603 | 17,649 |

* 4 Bars
Ws (a2 /24 ¥ 0.668 + o.az_u)%oo

Ws 12,5253 */s_r

* 6 Bars
Ws = (57/?_4 ¥ |.90Z + o.z&l?)‘).OOO
Ws = (35/2-4 * 1.502 4 0.2_2_27) 9,000

[}

22, B44

2L, 7179 ¥4y,

Ws = C4Q/a4 x 1.502 + Q.2227) 9.000

\&K Place ment

¥s Bars

Wy = <N/|z_ K 1,043 + o.zz?.?\)").oooo */s.y.

IN_ | 23 | 2o | 17 | 24 | & |
|w5 |\<5.°>553 ||1.6+°s||5.3oz |zo.77'8| 16.0848 |

¥t Bars
Ws = '(2l/|2. x 0.668 + o.z.z.?.?) 3.000
Ws = (2.5%52553 “/5,y,

* oPBars
We = Qa/la x 1502 4 o.zza'r) 9.000
Ws = 23,407 */s.y.

Wy = (lsllz x L%02 4 0.2.2.?.7)").000 =22 . 281%

#/s.y.

24, 535 u/s'y,

“Is.y.

Ws = (20/1z x 1502 + 0.2227) 9000 2 24,5331 /sy,
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Additional Steel Bars at Transver se

Construction Joint CPCR(B) - 690N

N = number of additional bavs
For Even number of lateral spaces qreater

than 5 inches

Na. spaces ‘
N = 2 !

Far Odd number of lateval spaces 3rca"ev

than 5 inches

N o, spaces ~|

N = 2 '

fane width - 2 ®*
Avey-acje Spscing per lane = N

WenghT of steel

N bars we\sh'f qf bar 36w lcn%"'k N Wf Qf kar

12 €4 X foat of bar le,hjﬂ;\ ) Lin /€ i Tft

*This value from table on Aesu}n 51‘&“:{5\'&, bav—sPacmrj



Add tienal Steel at Construction Joint

CPCR(B)-©9(1)

Fercent Thickness| Bav Size | Additional Bavs(N) N Avs. \N?/ff
Steel Use an Design | spacing (in)
12 ft 24 €t Std. Ib/5+
width W 1d th
9 5 T 22 W 12 2. 87
8 5 10 20 ) 14 2.6l
0.5 7 5 9 |8 9 ) 2.35%
6 4 i 20 10 14 161
9 A {0 19 \O 4 3176
o) 5 n 23 i iz z2.87
Q.6 7 5 10 20 10 14 2.61
@ 5 9 ¥ 9 5 2.3%

011



DESIGN COMPUTATIONS

FOR WEIGHTS oF STEEL FOR CPCR(B)

69(f) REVISED FOR 36-IN. SPACING OF TRANSVERSE STEEL IN-
CLUDING PROPOSED 10-IN. SLAB DESIANS USING THE FOLIOWING FORMULA

WT. = Mo BARS LONMGITUDINAL 12 N X TRANSVERSE
PLACEMENT BAR WI./pr T BAR WT/FT
WIGTH (FT) TRANSVERSE BAR OPACING

a
R

NO. oF RARS

PLACEMENT "WMILUThR \Va-FT PLACENMENT WICTH 24- BT
! 1 | !
'SZ; G147 11119 |20 12y |23 {24135 |37 39T40 42 4% 46
L | Sizf . ! _ ! | | ;
4 | 1253 | ! 253" !
T T
05 | 5 {1830 1765 20.00 15,69 17.26 | 119,60
DI — S — i
| i
© 22.28 ‘ 2172 |
5 16.08 \7.65 2078|1569 \7.65 20.00
0.6 N -
b 234! | 2452 2234 524‘53
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CPCR (B)— 69(2)
10- INCH DESIGNS

g " 24-FT PLACEMENT WIDTH 12~ FT. PLACEMENT W\DTH | ADO'L, STEEL "o)cousrmd
O |
z %EJ § § # | geacing c-c (] NO [ STEEL apacing c-c )| NO  {SterL Ava | NO. | WA
P 1Sg8l L Sfjey # oF SIZE o
42 §§5§5 a35lAala{c e?:as /sy A 18 | € oS */Sy SPAC f:?e /e,
1 lsirwo |5 |3 |6 |e |aslare] 3|6 |6 |oalam|il] 2|2 |ar
| _ -
2 lstlo |6 |3 ]5 |85 |35 || 3 [s25] 85 |18 |os2s| |15 | 9 338
3 [rfio | 6 | 3 |es8|725]40 [ossal 4 |o38|725 |20 [2s52| 0. 14 | 10 |57
3 g 3 37
4 |86l | 6 6 |75 |39 |49 825 75 [20 |25.52) 4.~ | \4 | 1O [3.76
.,4"¢ _-T
5les| 06 | 3 |45|70 |42 [ea| 3 |6 |70 |21 266 0|3 i ers

24-INCH SFACIuG OF TRANSVERSE STEEL

(481



CPCR(E)— 920)
I0-INCH DESIGNS

3 " 24--FT. PLACEMENT WIOTH 12~ FT. PLACE MENT WIOTH | App/L. STEEL® CowsT Sou

g EEJ !i‘g a:% SPACING CC NO. |sTeey SPACING C-C NGO  |STEEL ‘A% NO.  JWEGHT

éd %23 g’g‘ (Lr:i‘ OF ﬁ/ oF % SIZE o = #’/

33 |89HEE|Pw| A | B 1 C maasl sy | N D L C foms |y seac. fave | /T

{1 (szfo s |3 6|6 (48lsla e |6 |24 2839, [12 [\2 Jai7
. ; 13, %

2 |s81o |6 |3 |5 |85 35 [2u2f 3 [525]85 |18 [aes|elh)is |9 |238
3/4.:1

3|70 |6 |3 |eo8lras|so [um|a [e38|res |0 fwos| ] e |10 (376
3"

4 (58610 16 |3 |6 |15 (39 (2437 3 525|175 |20 |2e23] %014 |10 |37
3~

rS 623110 | 6 |3 |45 |70 |42 |60l 3 | & [7.0 |24 ze.oafaz. 13 |1 |43

30 IWCH SPACING OF TRANSVERSE STSEL

£11



TABLE OF REINFORCING STEEL SIZES,
AND ESTIMATED QUANTITIES

SPACINGS,

' ' DOWELS TIEBARS
24 PLACEMENT WIDTH {2 PLACEMENT WIDTH SMOOTH BARSH  (DEFORMEDXS)
JALTERNATE| PAVEMENT - @ @
|
pEsions [THokness|FONGTUDINAL | TRANSVERSE | \2 | LONGITUDINAL TRANSVERSE ave | wr ave | Wi
@ ( @ ) BAR [SPAC |SPAC| BAR |SPAC|SPAC #/ BAR |SPAC|SPAC | BAR |SPAC |SPAC # SIZE|SPaC| #/FT.[SIZE [SPAC (H/FT.
INCHES
a | ® # OO 5| & |® s | ©|@®] s (4N |oF uTl N JoF 1]
(IN)] ON) UN) 1 (IND NS | AN (lN.)ﬁ (IN.)
1, ! n | —INE #41_ ¥
10 3 |5%2(104| 4 136] 3 597} 3 57 110% 4 136 | 3 lsokll 3. 12 |T65) S 830 | 56
1 L - i L %4
L 9 316 (1172] 4 |36 315'55 303 |12 4 20! 3 56bihdg| 12 [563) 35 3¢ | 56
8 3|5 |13k 4 |36t 3 I513{ 3 [s%|134] 4 36| 3 |5 xlIS" 2 |40I fz?d* 26 | S6
s
0 || 3 |a%|7% 4 |2a| 3 |si7||3 |2%|7% |4 |24 | 3 |seslT,| 12 765" 20 [os7
. =
H 9 || 3|6 (8% 4 |26%s5%[732]l3 |3 [8%| 4 |26 5 [7a2]l8 | 12 [563 75, 30 (067
8 || 3|4%|9% |4 [30] 3 leer 3 |a%[9%]| 4 |30 3 [es8|| |g| 12 [201| 745 30 067

CPIR (BY-T]|
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